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B. Optimal Bounds for a Finite Set of Arcs

In practice we often focus on a finite number of
arcs. For instance, in a typical EFT only the first
few powers of s are phenomenologically interesting
– at tree-level this corresponds to the first few arcs.
Thus it is natural to ask,

Question 2: Considering only a finite number N of
arcs, what are their optimal constraints?

Here optimal means the projection of all constraints
on the finite set. In the language of the previ-
ous section, we ask: assuming the components of
~a = {ŝ2a0, . . . , ŝ2+2NaN} are moments, what is the
subspace A(N) ⇢ RN on which ~a takes values?

Of course Eq. (10) still holds and, for k+n  N , it
involves only the first N arcs. The constraints with
k + n � N imply however additional conditions on
the subset n  N . In what follows we will show a
simple procedure to extract this information.

Similarly to Question 1 – that implied finding
the most general positive function in [0, 1] – Ques-
tion 2 requires finding a parametrizsation for the
most general polynomial p(x) =

PN
i=1 ↵ixi of finite

degree  N , positive in x 2 [0, 1]. Indeed, via Eq. (7),
each such p(x) leads to a condition on arcs,

Z 1

0
p(x)dµ(x) > 0 )

NX

i=0

↵iai > 0 . (12)

One can prove that any such polynomial can be writ-
ten as [30],

p =
X

J

q2
J,1|{z}

type-1

+ xq2
J,2| {z }

type-2

+ (1 � x)q2
J,3| {z }

type-3

+ x(1 � x)q2
J,4| {z }

type-4

(13)
where qJ,k(x)’s are non-zero real polynomials – not
necessarily positive – such that p(x) is degree N ,
i.e. qJ,k has at most degree dk, with d1 = bN/2c,
d2 = d3 = b(N � 1)/2c and d4 = b(N � 2)/2c,
where bkc is the integer part of k � 0. Since Eq. (13)
is a sum over positive terms, it is su�cient to dis-
cuss them individually. Therefore we drop the index
J and consider one by one generic polynomials qk of
each type-k in Eq. (13),

qk(x) =
dkX

j=0

↵kjx
j (14)

with arbitrary real coe�cients ↵kj .
We define the Hankel matrix (H`

N )ij = ai+j+`, for
i, j = 0, . . . , b(N �`)/2c, so that H`

N involves arcs up

to aN for N � ` even and aN�1 for N � ` odd. For
instance,

H0
4 = H0

5 ⌘

0

@
a0 a1 a2

a1 a2 a3

a2 a3 a4

1

A . (15)

Now, polynomials of type-1 imply,

Z 1

0
q1(x)2dµ(x) = ŝ2

bN/2cX

i,j=0

ŝ2(i+j)↵1i ai+j ↵1j > 0 .

Since the vector {↵10, ↵11ŝ2, ↵12ŝ4, . . . ↵1,N/2ŝ
N} is

arbitrary, the following Hankel matrix must be posi-
tive definite,

H0
N � 0 . (16)

Following similar steps one finds that the positiveness
of

R 1
0 xq2

2(x)dµ(x) > 0,
R 1
0 (1 � x)q2

3(x)dµ(x) > 0 andR 1
0 x(1 � x)q2

4(x)dµ(x) > 0 imply,

H1
N � 0 , (17)

H0
N�1 � ŝ2H1

N � 0 , (18)

H1
N�1 � ŝ2H2

N � 0 , (19)

respectively. We refer to Eqs. (16-17) as homogeneous
and Eqs. (18,19) as inhomogeneous constraints.

Since (13) is an arbitrary positive polynomial for
x 2 [0, 1], Eqs. (16-19) represent the optimal con-
straints, providing an answer to Question 2. For
instance, Eqs. (16-19) with N = 2 define the A(2)
region:

✓
a0 a1

a1 a2

◆
� 0 , a1 > 0 , a0 > ŝ2a1 , a1 > ŝ2a2 .

(20)
This is illustrated by the left panel of Fig. 2. The
first constraint in (20) implies a0a2 > a2

1, and is sat-
urated by the lowest parabola in Fig. 2; the fourth
constraint in (20) is saturated by the upper line, the
other constraints imply that the coordinates lie in
the interval [0, 1].

Similarly, evaluating Eqs. (16-19) for N = 3, we
find A(3):
✓

a0 a1

a1 a2

◆
� 0 ,

✓
a0 � a1ŝ2 a1 � a2ŝ2

a1 � a2ŝ2 a2 � a3ŝ2

◆
� 0 ,

✓
a1 a2

a2 a3

◆
� 0 , a1 > ŝ2a2 , (21)

which we illustrate in the right panel of Fig. 2.
Eqs. (16-19) capture how the full constraint on the

arc sequence is projected on the first N arcs. Of

Moments
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B. Optimal Bounds for a Finite Set of Arcs

In practice we often focus on a finite number of
arcs. For instance, in a typical EFT only the first
few powers of s are phenomenologically interesting
– at tree-level this corresponds to the first few arcs.
Thus it is natural to ask,

Question 2: Considering only a finite number N of
arcs, what are their optimal constraints?

Here optimal means the projection of all constraints
on the finite set. In the language of the previ-
ous section, we ask: assuming the components of
~a = {ŝ2a0, . . . , ŝ2+2NaN} are moments, what is the
subspace A(N) ⇢ RN on which ~a takes values?

Of course Eq. (10) still holds and, for k+n  N , it
involves only the first N arcs. The constraints with
k + n � N imply however additional conditions on
the subset n  N . In what follows we will show a
simple procedure to extract this information.

Similarly to Question 1 – that implied finding
the most general positive function in [0, 1] – Ques-
tion 2 requires finding a parametrizsation for the
most general polynomial p(x) =

PN
i=1 ↵ixi of finite

degree  N , positive in x 2 [0, 1]. Indeed, via Eq. (7),
each such p(x) leads to a condition on arcs,

Z 1

0
p(x)dµ(x) > 0 )

NX

i=0

↵iai > 0 . (12)

One can prove that any such polynomial can be writ-
ten as [30],

p =
X

J

q2
J,1|{z}

type-1

+ xq2
J,2| {z }

type-2

+ (1 � x)q2
J,3| {z }

type-3

+ x(1 � x)q2
J,4| {z }

type-4

(13)
where qJ,k(x)’s are non-zero real polynomials – not
necessarily positive – such that p(x) is degree N ,
i.e. qJ,k has at most degree dk, with d1 = bN/2c,
d2 = d3 = b(N � 1)/2c and d4 = b(N � 2)/2c,
where bkc is the integer part of k � 0. Since Eq. (13)
is a sum over positive terms, it is su�cient to dis-
cuss them individually. Therefore we drop the index
J and consider one by one generic polynomials qk of
each type-k in Eq. (13),

qk(x) =
dkX

j=0

↵kjx
j (14)

with arbitrary real coe�cients ↵kj .
We define the Hankel matrix (H`

N )ij = ai+j+`, for
i, j = 0, . . . , b(N �`)/2c, so that H`

N involves arcs up

to aN for N � ` even and aN�1 for N � ` odd. For
instance,

H0
4 = H0

5 ⌘

0

@
a0 a1 a2

a1 a2 a3

a2 a3 a4

1

A . (15)

Now, polynomials of type-1 imply,

Z 1

0
q1(x)2dµ(x) = ŝ2

bN/2cX

i,j=0

ŝ2(i+j)↵1i ai+j ↵1j > 0 .

Since the vector {↵10, ↵11ŝ2, ↵12ŝ4, . . . ↵1,N/2ŝ
N} is

arbitrary, the following Hankel matrix must be posi-
tive definite,

H0
N � 0 . (16)

Following similar steps one finds that the positiveness
of

R 1
0 xq2

2(x)dµ(x) > 0,
R 1
0 (1 � x)q2

3(x)dµ(x) > 0 andR 1
0 x(1 � x)q2

4(x)dµ(x) > 0 imply,

H1
N � 0 , (17)

H0
N�1 � ŝ2H1

N � 0 , (18)

H1
N�1 � ŝ2H2

N � 0 , (19)

respectively. We refer to Eqs. (16-17) as homogeneous
and Eqs. (18,19) as inhomogeneous constraints.

Since (13) is an arbitrary positive polynomial for
x 2 [0, 1], Eqs. (16-19) represent the optimal con-
straints, providing an answer to Question 2. For
instance, Eqs. (16-19) with N = 2 define the A(2)
region:

✓
a0 a1

a1 a2

◆
� 0 , a1 > 0 , a0 > ŝ2a1 , a1 > ŝ2a2 .

(20)
This is illustrated by the left panel of Fig. 2. The
first constraint in (20) implies a0a2 > a2

1, and is sat-
urated by the lowest parabola in Fig. 2; the fourth
constraint in (20) is saturated by the upper line, the
other constraints imply that the coordinates lie in
the interval [0, 1].

Similarly, evaluating Eqs. (16-19) for N = 3, we
find A(3):
✓

a0 a1

a1 a2

◆
� 0 ,

✓
a0 � a1ŝ2 a1 � a2ŝ2

a1 � a2ŝ2 a2 � a3ŝ2

◆
� 0 ,

✓
a1 a2

a2 a3

◆
� 0 , a1 > ŝ2a2 , (21)

which we illustrate in the right panel of Fig. 2.
Eqs. (16-19) capture how the full constraint on the

arc sequence is projected on the first N arcs. Of

Moments
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B. Optimal Bounds for a Finite Set of Arcs

In practice we often focus on a finite number of
arcs. For instance, in a typical EFT only the first
few powers of s are phenomenologically interesting
– at tree-level this corresponds to the first few arcs.
Thus it is natural to ask,

Question 2: Considering only a finite number N of
arcs, what are their optimal constraints?

Here optimal means the projection of all constraints
on the finite set. In the language of the previ-
ous section, we ask: assuming the components of
~a = {ŝ2a0, . . . , ŝ2+2NaN} are moments, what is the
subspace A(N) ⇢ RN on which ~a takes values?

Of course Eq. (10) still holds and, for k+n  N , it
involves only the first N arcs. The constraints with
k + n � N imply however additional conditions on
the subset n  N . In what follows we will show a
simple procedure to extract this information.

Similarly to Question 1 – that implied finding
the most general positive function in [0, 1] – Ques-
tion 2 requires finding a parametrizsation for the
most general polynomial p(x) =

PN
i=1 ↵ixi of finite

degree  N , positive in x 2 [0, 1]. Indeed, via Eq. (7),
each such p(x) leads to a condition on arcs,

Z 1

0
p(x)dµ(x) > 0 )

NX

i=0

↵iai > 0 . (12)

One can prove that any such polynomial can be writ-
ten as [30],

p =
X

J

q2
J,1|{z}

type-1

+ xq2
J,2| {z }

type-2

+ (1 � x)q2
J,3| {z }

type-3

+ x(1 � x)q2
J,4| {z }

type-4

(13)
where qJ,k(x)’s are non-zero real polynomials – not
necessarily positive – such that p(x) is degree N ,
i.e. qJ,k has at most degree dk, with d1 = bN/2c,
d2 = d3 = b(N � 1)/2c and d4 = b(N � 2)/2c,
where bkc is the integer part of k � 0. Since Eq. (13)
is a sum over positive terms, it is su�cient to dis-
cuss them individually. Therefore we drop the index
J and consider one by one generic polynomials qk of
each type-k in Eq. (13),

qk(x) =
dkX

j=0

↵kjx
j (14)

with arbitrary real coe�cients ↵kj .
We define the Hankel matrix (H`

N )ij = ai+j+`, for
i, j = 0, . . . , b(N �`)/2c, so that H`

N involves arcs up

to aN for N � ` even and aN�1 for N � ` odd. For
instance,

H0
4 = H0

5 ⌘

0

@
a0 a1 a2

a1 a2 a3

a2 a3 a4

1

A . (15)

Now, polynomials of type-1 imply,

Z 1

0
q1(x)2dµ(x) = ŝ2

bN/2cX

i,j=0

ŝ2(i+j)↵1i ai+j ↵1j > 0 .

Since the vector {↵10, ↵11ŝ2, ↵12ŝ4, . . . ↵1,N/2ŝ
N} is

arbitrary, the following Hankel matrix must be posi-
tive definite,

H0
N � 0 . (16)

Following similar steps one finds that the positiveness
of

R 1
0 xq2

2(x)dµ(x) > 0,
R 1
0 (1 � x)q2

3(x)dµ(x) > 0 andR 1
0 x(1 � x)q2

4(x)dµ(x) > 0 imply,

H1
N � 0 , (17)

H0
N�1 � ŝ2H1

N � 0 , (18)

H1
N�1 � ŝ2H2

N � 0 , (19)

respectively. We refer to Eqs. (16-17) as homogeneous
and Eqs. (18,19) as inhomogeneous constraints.

Since (13) is an arbitrary positive polynomial for
x 2 [0, 1], Eqs. (16-19) represent the optimal con-
straints, providing an answer to Question 2. For
instance, Eqs. (16-19) with N = 2 define the A(2)
region:

✓
a0 a1

a1 a2

◆
� 0 , a1 > 0 , a0 > ŝ2a1 , a1 > ŝ2a2 .

(20)
This is illustrated by the left panel of Fig. 2. The
first constraint in (20) implies a0a2 > a2

1, and is sat-
urated by the lowest parabola in Fig. 2; the fourth
constraint in (20) is saturated by the upper line, the
other constraints imply that the coordinates lie in
the interval [0, 1].

Similarly, evaluating Eqs. (16-19) for N = 3, we
find A(3):
✓

a0 a1

a1 a2

◆
� 0 ,

✓
a0 � a1ŝ2 a1 � a2ŝ2

a1 � a2ŝ2 a2 � a3ŝ2

◆
� 0 ,

✓
a1 a2

a2 a3

◆
� 0 , a1 > ŝ2a2 , (21)

which we illustrate in the right panel of Fig. 2.
Eqs. (16-19) capture how the full constraint on the

arc sequence is projected on the first N arcs. Of

Moments
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B. Optimal Bounds for a Finite Set of Arcs

In practice we often focus on a finite number of
arcs. For instance, in a typical EFT only the first
few powers of s are phenomenologically interesting
– at tree-level this corresponds to the first few arcs.
Thus it is natural to ask,

Question 2: Considering only a finite number N of
arcs, what are their optimal constraints?

Here optimal means the projection of all constraints
on the finite set. In the language of the previ-
ous section, we ask: assuming the components of
~a = {ŝ2a0, . . . , ŝ2+2NaN} are moments, what is the
subspace A(N) ⇢ RN on which ~a takes values?

Of course Eq. (10) still holds and, for k+n  N , it
involves only the first N arcs. The constraints with
k + n � N imply however additional conditions on
the subset n  N . In what follows we will show a
simple procedure to extract this information.

Similarly to Question 1 – that implied finding
the most general positive function in [0, 1] – Ques-
tion 2 requires finding a parametrizsation for the
most general polynomial p(x) =

PN
i=1 ↵ixi of finite

degree  N , positive in x 2 [0, 1]. Indeed, via Eq. (7),
each such p(x) leads to a condition on arcs,

Z 1

0
p(x)dµ(x) > 0 )

NX

i=0

↵iai > 0 . (12)

One can prove that any such polynomial can be writ-
ten as [30],

p =
X

J

q2
J,1|{z}

type-1

+ xq2
J,2| {z }

type-2

+ (1 � x)q2
J,3| {z }

type-3

+ x(1 � x)q2
J,4| {z }

type-4

(13)
where qJ,k(x)’s are non-zero real polynomials – not
necessarily positive – such that p(x) is degree N ,
i.e. qJ,k has at most degree dk, with d1 = bN/2c,
d2 = d3 = b(N � 1)/2c and d4 = b(N � 2)/2c,
where bkc is the integer part of k � 0. Since Eq. (13)
is a sum over positive terms, it is su�cient to dis-
cuss them individually. Therefore we drop the index
J and consider one by one generic polynomials qk of
each type-k in Eq. (13),

qk(x) =
dkX

j=0

↵kjx
j (14)

with arbitrary real coe�cients ↵kj .
We define the Hankel matrix (H`

N )ij = ai+j+`, for
i, j = 0, . . . , b(N �`)/2c, so that H`

N involves arcs up

to aN for N � ` even and aN�1 for N � ` odd. For
instance,

H0
4 = H0

5 ⌘

0

@
a0 a1 a2

a1 a2 a3

a2 a3 a4

1

A . (15)

Now, polynomials of type-1 imply,

Z 1

0
q1(x)2dµ(x) = ŝ2

bN/2cX

i,j=0

ŝ2(i+j)↵1i ai+j ↵1j > 0 .

Since the vector {↵10, ↵11ŝ2, ↵12ŝ4, . . . ↵1,N/2ŝ
N} is

arbitrary, the following Hankel matrix must be posi-
tive definite,

H0
N � 0 . (16)

Following similar steps one finds that the positiveness
of

R 1
0 xq2

2(x)dµ(x) > 0,
R 1
0 (1 � x)q2

3(x)dµ(x) > 0 andR 1
0 x(1 � x)q2

4(x)dµ(x) > 0 imply,

H1
N � 0 , (17)

H0
N�1 � ŝ2H1

N � 0 , (18)

H1
N�1 � ŝ2H2

N � 0 , (19)

respectively. We refer to Eqs. (16-17) as homogeneous
and Eqs. (18,19) as inhomogeneous constraints.

Since (13) is an arbitrary positive polynomial for
x 2 [0, 1], Eqs. (16-19) represent the optimal con-
straints, providing an answer to Question 2. For
instance, Eqs. (16-19) with N = 2 define the A(2)
region:

✓
a0 a1

a1 a2

◆
� 0 , a1 > 0 , a0 > ŝ2a1 , a1 > ŝ2a2 .

(20)
This is illustrated by the left panel of Fig. 2. The
first constraint in (20) implies a0a2 > a2

1, and is sat-
urated by the lowest parabola in Fig. 2; the fourth
constraint in (20) is saturated by the upper line, the
other constraints imply that the coordinates lie in
the interval [0, 1].

Similarly, evaluating Eqs. (16-19) for N = 3, we
find A(3):
✓

a0 a1

a1 a2

◆
� 0 ,

✓
a0 � a1ŝ2 a1 � a2ŝ2

a1 � a2ŝ2 a2 � a3ŝ2

◆
� 0 ,

✓
a1 a2

a2 a3

◆
� 0 , a1 > ŝ2a2 , (21)

which we illustrate in the right panel of Fig. 2.
Eqs. (16-19) capture how the full constraint on the

arc sequence is projected on the first N arcs. Of

Hankel:
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B. Optimal Bounds for a Finite Set of Arcs

In practice we often focus on a finite number of
arcs. For instance, in a typical EFT only the first
few powers of s are phenomenologically interesting
– at tree-level this corresponds to the first few arcs.
Thus it is natural to ask,

Question 2: Considering only a finite number N of
arcs, what are their optimal constraints?

Here optimal means the projection of all constraints
on the finite set. In the language of the previ-
ous section, we ask: assuming the components of
~a = {ŝ2a0, . . . , ŝ2+2NaN} are moments, what is the
subspace A(N) ⇢ RN on which ~a takes values?

Of course Eq. (10) still holds and, for k+n  N , it
involves only the first N arcs. The constraints with
k + n � N imply however additional conditions on
the subset n  N . In what follows we will show a
simple procedure to extract this information.

Similarly to Question 1 – that implied finding
the most general positive function in [0, 1] – Ques-
tion 2 requires finding a parametrizsation for the
most general polynomial p(x) =

PN
i=1 ↵ixi of finite

degree  N , positive in x 2 [0, 1]. Indeed, via Eq. (7),
each such p(x) leads to a condition on arcs,

Z 1

0
p(x)dµ(x) > 0 )

NX

i=0

↵iai > 0 . (12)

One can prove that any such polynomial can be writ-
ten as [30],

p =
X

J

q2
J,1|{z}

type-1

+ xq2
J,2| {z }

type-2

+ (1 � x)q2
J,3| {z }

type-3

+ x(1 � x)q2
J,4| {z }

type-4

(13)
where qJ,k(x)’s are non-zero real polynomials – not
necessarily positive – such that p(x) is degree N ,
i.e. qJ,k has at most degree dk, with d1 = bN/2c,
d2 = d3 = b(N � 1)/2c and d4 = b(N � 2)/2c,
where bkc is the integer part of k � 0. Since Eq. (13)
is a sum over positive terms, it is su�cient to dis-
cuss them individually. Therefore we drop the index
J and consider one by one generic polynomials qk of
each type-k in Eq. (13),

qk(x) =
dkX

j=0

↵kjx
j (14)

with arbitrary real coe�cients ↵kj .
We define the Hankel matrix (H`

N )ij = ai+j+`, for
i, j = 0, . . . , b(N �`)/2c, so that H`

N involves arcs up

to aN for N � ` even and aN�1 for N � ` odd. For
instance,

H0
4 = H0

5 ⌘

0

@
a0 a1 a2

a1 a2 a3

a2 a3 a4

1

A . (15)

Now, polynomials of type-1 imply,

Z 1

0
q1(x)2dµ(x) = ŝ2

bN/2cX

i,j=0

ŝ2(i+j)↵1i ai+j ↵1j > 0 .

Since the vector {↵10, ↵11ŝ2, ↵12ŝ4, . . . ↵1,N/2ŝ
N} is

arbitrary, the following Hankel matrix must be posi-
tive definite,

H0
N � 0 . (16)

Following similar steps one finds that the positiveness
of

R 1
0 xq2

2(x)dµ(x) > 0,
R 1
0 (1 � x)q2

3(x)dµ(x) > 0 andR 1
0 x(1 � x)q2

4(x)dµ(x) > 0 imply,

H1
N � 0 , (17)

H0
N�1 � ŝ2H1

N � 0 , (18)

H1
N�1 � ŝ2H2

N � 0 , (19)

respectively. We refer to Eqs. (16-17) as homogeneous
and Eqs. (18,19) as inhomogeneous constraints.

Since (13) is an arbitrary positive polynomial for
x 2 [0, 1], Eqs. (16-19) represent the optimal con-
straints, providing an answer to Question 2. For
instance, Eqs. (16-19) with N = 2 define the A(2)
region:

✓
a0 a1

a1 a2

◆
� 0 , a1 > 0 , a0 > ŝ2a1 , a1 > ŝ2a2 .

(20)
This is illustrated by the left panel of Fig. 2. The
first constraint in (20) implies a0a2 > a2

1, and is sat-
urated by the lowest parabola in Fig. 2; the fourth
constraint in (20) is saturated by the upper line, the
other constraints imply that the coordinates lie in
the interval [0, 1].

Similarly, evaluating Eqs. (16-19) for N = 3, we
find A(3):
✓

a0 a1

a1 a2

◆
� 0 ,

✓
a0 � a1ŝ2 a1 � a2ŝ2

a1 � a2ŝ2 a2 � a3ŝ2

◆
� 0 ,

✓
a1 a2

a2 a3

◆
� 0 , a1 > ŝ2a2 , (21)

which we illustrate in the right panel of Fig. 2.
Eqs. (16-19) capture how the full constraint on the

arc sequence is projected on the first N arcs. Of
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t = 0

Crossing
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A2 � s̄2A4 � s̄4A6 � · · · � 0

Moments

vanishes for 
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A/sn�2

Froissart’61; Martin’63;

 Haring,Zhiboedov’22; 


Caron-Huot,Mazac,Rastelli,

Simons-Duffin’22

>

>

>

>
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A3s6

A0
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A0
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¯
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An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0
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An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
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ImA(s)

sn+1
> 0
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Z

\s̄

ds

⇡i

A(s)
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=

2

⇡

Z 1

s̄
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ImA(s)

sn+1
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t = 0
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Crossing
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A2 � s̄2A4 � s̄4A6 � · · · � 0

Moments

vanishes for 
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A/sn�2

Froissart’61; Martin’63;

 Haring,Zhiboedov’22; 


Caron-Huot,Mazac,Rastelli,

Simons-Duffin’22

>

>

>

>
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UV ➙ IR
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<latexit sha1_base64="yWKMFZBeNWwZQu94DhkBEnr1ubM=">AAACGnicbVC7TsNAEDyHVwgvAyXNiQhEFdm8ywANZZDIQ0pCtL5swonzQ3drJGT5D/gEvoIWKjpES0PBv2CHFECYajSzq50dL1LSkON8WIWp6ZnZueJ8aWFxaXnFXl1rmDDWAusiVKFueWBQyQDrJElhK9IIvqew6d2c5X7zFrWRYXBJdxF2fRgGciAFUCb17O3OQINIOj7QtQCVnKS9PXN1mP5SnLRnl52KMwKfJO6YlNkYtZ792emHIvYxIKHAmLbrRNRNQJMUCtNSJzYYgbiBIbYzGoCPppuM/kn5VmyAQh6h5lLxkYg/NxLwjbnzvWwyT2n+ern4n9eOaXDcTWQQxYSByA+RVDg6ZISWWVHI+1IjEeTJkcuAC9BAhFpyECIT46y5UtaH+/f7SdLYrbgHFediv1w9HTdTZBtsk+0wlx2xKjtnNVZngt2zR/bEnq0H68V6td6+RwvWeGed/YL1/gUBoqGe</latexit>

A3s6

A0

<latexit sha1_base64="RWvuKcO0IFVqC0Rs3r5YLfcY89k=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkRCMoADWWQyENKQrS+bMKJ80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnYYJIi2wLgIV6JYLBpX0sU6SFLZCjeC5Cpvu/WXmNx9QGxn4NzQKsevB0JcDKYBSqVc87Aw0iLjjAd0JUPF50quY20oypdhJr1iyy/YYfJ44E1JiE9R6xe9OPxCRhz4JBca0HTukbgyapFCYFDqRwRDEPQyxnVIfPDTdePxPwg8iAxTwEDWXio9F/LsRg2fMyHPTySylmfUy8T+vHdHgrBtLP4wIfZEdIqlwfMgILdOikPelRiLIkiOXPheggQi15CBEKkZpc4W0D2f2+3nSqJSdk7J9fVyqXkyaybM9ts+OmMNOWZVdsRqrM8Ee2TN7Ya/Wk/VmvVsfv6M5a7Kzy6Zgff4A+XWhmQ==</latexit>

A2s2

A0

<latexit sha1_base64="peZQrGBWU4ihFIIqYVX/PRp8Sx8=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkIBGWAhjJI5CElIVpfNuGU80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnboJIi2wJgIV6KYLBpX0sUaSFDZDjeC5Chvu8CrzGw+ojQz8WxqF2PFg4Mu+FECp1C0etvsaRNz2gO4FqPgi6Trm7jiZUuykWyzZZXsMPk+cCSmxCard4ne7F4jIQ5+EAmNajh1SJwZNUihMCu3IYAhiCANspdQHD00nHv+T8IPIAAU8RM2l4mMR/27E4Bkz8tx0MktpZr1M/M9rRdQ/78TSDyNCX2SHSCocHzJCy7Qo5D2pkQiy5MilzwVoIEItOQiRilHaXCHtw5n9fp7Uj8vOadm+OSlVLifN5Nke22dHzGFnrMKuWZXVmGCP7Jm9sFfryXqz3q2P39GcNdnZZVOwPn8A99OhmA==</latexit>

A1s2

A0

<latexit sha1_base64="C3iN08m16C/ITxi0fM0R5EhfoNI=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVrS+bMKR80N3a6Rg5R9ooaJDtPwNBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yVXmdx5QGxkGtzSN0PVhHMiRFECp1O57oJPZoFK1a3YOvkicglRZgeag8tUfhiL2MSChwJieY0fkJqBJCoWzcj82GIGYwBh7KQ3AR+MmedoZP44NUMgj1Fwqnov4eyMB35ip76WTPtCdmfcy8T+vF9Powk1kEMWEgcgOkVSYHzJCy7QG5EOpkQiy5MhlwAVoIEItOQiRinHaSzntw5n/fpG0T2tOvVa/Oas2LotmSuyQHbET5rBz1mDXrMlaTLB79sSe2Yv1aL1ab9b7z+iSVewcsD+wPr4BgWuTzw==</latexit>

¯

<latexit sha1_base64="C3iN08m16C/ITxi0fM0R5EhfoNI=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVrS+bMKR80N3a6Rg5R9ooaJDtPwNBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yVXmdx5QGxkGtzSN0PVhHMiRFECp1O57oJPZoFK1a3YOvkicglRZgeag8tUfhiL2MSChwJieY0fkJqBJCoWzcj82GIGYwBh7KQ3AR+MmedoZP44NUMgj1Fwqnov4eyMB35ip76WTPtCdmfcy8T+vF9Powk1kEMWEgcgOkVSYHzJCy7QG5EOpkQiy5MhlwAVoIEItOQiRinHaSzntw5n/fpG0T2tOvVa/Oas2LotmSuyQHbET5rBz1mDXrMlaTLB79sSe2Yv1aL1ab9b7z+iSVewcsD+wPr4BgWuTzw==</latexit>

¯
<latexit sha1_base64="C3iN08m16C/ITxi0fM0R5EhfoNI=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVrS+bMKR80N3a6Rg5R9ooaJDtPwNBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yVXmdx5QGxkGtzSN0PVhHMiRFECp1O57oJPZoFK1a3YOvkicglRZgeag8tUfhiL2MSChwJieY0fkJqBJCoWzcj82GIGYwBh7KQ3AR+MmedoZP44NUMgj1Fwqnov4eyMB35ip76WTPtCdmfcy8T+vF9Powk1kEMWEgcgOkVSYHzJCy7QG5EOpkQiy5MhlwAVoIEItOQiRinHaSzntw5n/fpG0T2tOvVa/Oas2LotmSuyQHbET5rBz1mDXrMlaTLB79sSe2Yv1aL1ab9b7z+iSVewcsD+wPr4BgWuTzw==</latexit>

¯

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

Cutoff M2

 

It

 

It

 

It 

It

<latexit sha1_base64="xiK5H2VH2TjKIPgoZrbtF7IAJ7U=">AAACAHicbVC7TsNAEDyHVwivACXNiQgpSCiyIxQoAzSUQSIPKTHR+bIJp5zP1t0aKbLS8BW0UNEhWv6Egn/BNikgYarRzK52drxQCoO2/WnllpZXVtfy64WNza3tneLuXssEkebQ5IEMdMdjBqRQ0ESBEjqhBuZ7Etre+Cr12w+gjQjULU5CcH02UmIoOMNEurvox9UeBtVp2Zzgcb9Ysit2BrpInBkpkRka/eJXbxDwyAeFXDJjuo4dohszjYJLmBZ6kYGQ8TEbQTehivlg3DhLPaVHkWEY0BA0FZJmIvzeiJlvzMT3kkmf4b2Z91LxP68b4fDcjYUKIwTF00MoJGSHDNciqQPoQGhAZGlyoEJRzjRDBC0o4zwRo6SfQtKHM//9ImlVK06tUrs5LdUvZ83kyQE5JGXikDNSJ9ekQZqEE02eyDN5sR6tV+vNev8ZzVmznX3yB9bHNwNvljU=</latexit>

A2!2(s, t)

<latexit sha1_base64="fpnAuXVMXo3BJmTIxx/lSlVirBg=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCjRIETSUQZCHlETR+rIJp5wfuluDIiufQAsVHaLleyj4F2zjAhKmGs3samfHDZU0ZNufVmFpeWV1rbhe2tjc2t4p7+61TBBpgU0RqEB3XDCopI9NkqSwE2oEz1XYdidXqd9+QG1k4N/RNMS+B2NfjqQASqRburAH5YpdtTPwReLkpMJyNAblr94wEJGHPgkFxnQdO6R+DJqkUDgr9SKDIYgJjLGbUB88NP04izrjR5EBCniImkvFMxF/b8TgGTP13GTSA7o3814q/ud1Ixqd92PphxGhL9JDJBVmh4zQMukA+VBqJII0OXLpcwEaiFBLDkIkYpSUUkr6cOa/XyStk6pTq9ZuTiv1y7yZIjtgh+yYOeyM1dk1a7AmE2zMntgze7EerVfrzXr/GS1Y+c4++wPr4xt41pIJ</latexit>

t = 0

<latexit sha1_base64="UtlTcoM8KZ6R8BVCvp6AndyM1A8=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrJ5BMoIGsogkYeUWNH5sglHzmfrbo0UrPwDLVR0iJa/oeBfOJsUQJhqNLOrnZ0glsKg6344hYXFpeWV4mppbX1jc6u8vdMyUaI5NHkkI90JmAEpFDRRoIROrIGFgYR2ML7M/PY9aCMidYOTGPyQjZQYCs7QSq0eH0Ro+uWKW/WOTy2oW3VzUO8vqZAZGv3yZ28Q8SQEhVwyY7qeG6OfMo2CS5iWeomBmPExG0HXUsVCMH6ap53Sg8QwjGgMmgpJcxF+bqQsNGYSBnYyZHhr/nqZ+J/XTXB47qdCxQmC4tkhFBLyQ4ZrYWsAOhAaEFmWHKhQlDPNEEELyji3YmJ7Kdk+5r6fJ62jqler1q5PKvWLWTNFskf2ySHxyBmpkyvSIE3CyR15JE/k2XlwXpxX5+17tODMdnbJLzjvX46Dk9g=</latexit>· · ·

<latexit sha1_base64="1AFY/Rg/ZFDZJXdF4asPBiyU/w8="></latexit>

A2 � s̄2A4 � s̄4A6 � · · · � 0
<latexit sha1_base64="n8J5HOnE4gouUW6Ypr0OMU+Xct0=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHxtNklsMCN6MUjJvJIYENmhwZHZh+Z6TVBwj941ZM349W/8eC/uLtiokbrVKnqTleXF0mh0bLejNzK6tr6Rn6zsLW9s7tX3D/o6DBWHNo8lKHqeUyDFAG0UaCEXqSA+Z6Erjc9T/3uLSgtwuAKZxG4PpsEYiw4w0TqDPgoRD0sliyzUXeq9Qa1TLvcsJxKSirVWtmitmllKJElWsPi+2AU8tiHALlkWvdtK0J3zhQKLmFRGMQaIsanbAL9hAbMB+3Os7QLehJrhiGNQFEhaSbC940587We+V4y6TO81r+9VPzL68c4rrtzEUQxQsDTQygkZIc0VyKpAehIKEBkaXKgIqCcKYYISlDGeSLGSS+FpI+vp+n/pFM2bcd0Liul5tmymTw5IsfklNikRprkgrRIm3ByQ+7JA3k07own49l4+RzNGcudQ/IDxusH6YqUFQ==</latexit>· · ·

Crossing



<latexit sha1_base64="JWjXgHNB9VsXPeXkEu6uvc/xyzI="></latexit>

A2 � s̄2A4 � s̄4A6 � · · · � 0

Moments

vanishes for 
<latexit sha1_base64="/BGVzYM079czRMk3jsDnK1KVZSc=">AAAB/nicdVC7TsNAEDzzDOEVoKQ5ESFRBTuBPLoADWWQyENKQnS+bMIp57O5WyNFViS+ghYqOkTLr1DwLzgmSIBgqtHMrnZ23EAKg7b9Zs3NLywuLadW0qtr6xubma3thvFDzaHOfenrlssMSKGgjgIltAINzHMlNN3R2dRv3oI2wleXOA6g67GhEgPBGcZS5+TQXEWqM4Sb/KSXydq543KpUszTmFQqTtFOSKFUyFMnZyfIkhlqvcx7p+/z0AOFXDJj2o4dYDdiGgWXMEl3QgMB4yM2hHZMFfPAdKMk84Tuh4ahTwPQVEiaiPB9I2KeMWPPjSc9htfmtzcV//LaIQ7K3UioIERQfHoIhYTkkOFaxGUA7QsNiGyaHKhQlDPNEEELyjiPxTBuJx338fU0/Z808jmnmCteHGWrp7NmUmSX7JED4pASqZJzUiN1wklA7skDebTurCfr2Xr5HJ2zZjs75Aes1w/6qZZU</latexit>

A/sn�2

Froissart’61; Martin’63;

 Haring,Zhiboedov’22; 


Caron-Huot,Mazac,Rastelli,

Simons-Duffin’22

>

>

>

>
<latexit sha1_base64="6PoJejV1NxHA46tQIY7SxzM3BOc=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVrS+bMKR80N3a6Rg5R9ooaJDtPwNBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yVXmdx5QGxkGtzSN0PVhHMiRFECp1O57oLkZVKp2zc7BF4lTkCor0BxUvvrDUMQ+BiQUGNNz7IjcBDRJoXBW7scGIxATGGMvpQH4aNwkTzvjx7EBCnmEmkvFcxF/byTgGzP1vXTSB7oz814m/uf1YhpduIkMopgwENkhkgrzQ0ZomdaAfCg1EkGWHLkMuAANRKglByFSMU57Kad9OPPfL5L2ac2p1+o3Z9XGZdFMiR2yI3bCHHbOGuyaNVmLCXbPntgze7EerVfrzXr/GV2yip0D9gfWxzfjlpNq</latexit>
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<latexit sha1_base64="yWKMFZBeNWwZQu94DhkBEnr1ubM=">AAACGnicbVC7TsNAEDyHVwgvAyXNiQhEFdm8ywANZZDIQ0pCtL5swonzQ3drJGT5D/gEvoIWKjpES0PBv2CHFECYajSzq50dL1LSkON8WIWp6ZnZueJ8aWFxaXnFXl1rmDDWAusiVKFueWBQyQDrJElhK9IIvqew6d2c5X7zFrWRYXBJdxF2fRgGciAFUCb17O3OQINIOj7QtQCVnKS9PXN1mP5SnLRnl52KMwKfJO6YlNkYtZ792emHIvYxIKHAmLbrRNRNQJMUCtNSJzYYgbiBIbYzGoCPppuM/kn5VmyAQh6h5lLxkYg/NxLwjbnzvWwyT2n+ern4n9eOaXDcTWQQxYSByA+RVDg6ZISWWVHI+1IjEeTJkcuAC9BAhFpyECIT46y5UtaH+/f7SdLYrbgHFediv1w9HTdTZBtsk+0wlx2xKjtnNVZngt2zR/bEnq0H68V6td6+RwvWeGed/YL1/gUBoqGe</latexit>

A3s6

A0

<latexit sha1_base64="RWvuKcO0IFVqC0Rs3r5YLfcY89k=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkRCMoADWWQyENKQrS+bMKJ80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnYYJIi2wLgIV6JYLBpX0sU6SFLZCjeC5Cpvu/WXmNx9QGxn4NzQKsevB0JcDKYBSqVc87Aw0iLjjAd0JUPF50quY20oypdhJr1iyy/YYfJ44E1JiE9R6xe9OPxCRhz4JBca0HTukbgyapFCYFDqRwRDEPQyxnVIfPDTdePxPwg8iAxTwEDWXio9F/LsRg2fMyHPTySylmfUy8T+vHdHgrBtLP4wIfZEdIqlwfMgILdOikPelRiLIkiOXPheggQi15CBEKkZpc4W0D2f2+3nSqJSdk7J9fVyqXkyaybM9ts+OmMNOWZVdsRqrM8Ee2TN7Ya/Wk/VmvVsfv6M5a7Kzy6Zgff4A+XWhmQ==</latexit>

A2s2

A0

<latexit sha1_base64="peZQrGBWU4ihFIIqYVX/PRp8Sx8=">AAACGnicbVC7TsNAEDyHVwivACXNiQhEFdkIBGWAhjJI5CElIVpfNuGU80N3a6TI8h/wCXwFLVR0iJaGgn/BDilIwlSjmV3t7LihkoZs+8vKLSwuLa/kVwtr6xubW8XtnboJIi2wJgIV6KYLBpX0sUaSFDZDjeC5Chvu8CrzGw+ojQz8WxqF2PFg4Mu+FECp1C0etvsaRNz2gO4FqPgi6Trm7jiZUuykWyzZZXsMPk+cCSmxCard4ne7F4jIQ5+EAmNajh1SJwZNUihMCu3IYAhiCANspdQHD00nHv+T8IPIAAU8RM2l4mMR/27E4Bkz8tx0MktpZr1M/M9rRdQ/78TSDyNCX2SHSCocHzJCy7Qo5D2pkQiy5MilzwVoIEItOQiRilHaXCHtw5n9fp7Uj8vOadm+OSlVLifN5Nke22dHzGFnrMKuWZXVmGCP7Jm9sFfryXqz3q2P39GcNdnZZVOwPn8A99OhmA==</latexit>

A1s2

A0

<latexit sha1_base64="C3iN08m16C/ITxi0fM0R5EhfoNI=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVrS+bMKR80N3a6Rg5R9ooaJDtPwNBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yVXmdx5QGxkGtzSN0PVhHMiRFECp1O57oJPZoFK1a3YOvkicglRZgeag8tUfhiL2MSChwJieY0fkJqBJCoWzcj82GIGYwBh7KQ3AR+MmedoZP44NUMgj1Fwqnov4eyMB35ip76WTPtCdmfcy8T+vF9Powk1kEMWEgcgOkVSYHzJCy7QG5EOpkQiy5MhlwAVoIEItOQiRinHaSzntw5n/fpG0T2tOvVa/Oas2LotmSuyQHbET5rBz1mDXrMlaTLB79sSe2Yv1aL1ab9b7z+iSVewcsD+wPr4BgWuTzw==</latexit>

¯

<latexit sha1_base64="C3iN08m16C/ITxi0fM0R5EhfoNI=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVrS+bMKR80N3a6Rg5R9ooaJDtPwNBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yVXmdx5QGxkGtzSN0PVhHMiRFECp1O57oJPZoFK1a3YOvkicglRZgeag8tUfhiL2MSChwJieY0fkJqBJCoWzcj82GIGYwBh7KQ3AR+MmedoZP44NUMgj1Fwqnov4eyMB35ip76WTPtCdmfcy8T+vF9Powk1kEMWEgcgOkVSYHzJCy7QG5EOpkQiy5MhlwAVoIEItOQiRinHaSzntw5n/fpG0T2tOvVa/Oas2LotmSuyQHbET5rBz1mDXrMlaTLB79sSe2Yv1aL1ab9b7z+iSVewcsD+wPr4BgWuTzw==</latexit>

¯
<latexit sha1_base64="C3iN08m16C/ITxi0fM0R5EhfoNI=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVrS+bMKR80N3a6Rg5R9ooaJDtPwNBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yVXmdx5QGxkGtzSN0PVhHMiRFECp1O57oJPZoFK1a3YOvkicglRZgeag8tUfhiL2MSChwJieY0fkJqBJCoWzcj82GIGYwBh7KQ3AR+MmedoZP44NUMgj1Fwqnov4eyMB35ip76WTPtCdmfcy8T+vF9Powk1kEMWEgcgOkVSYHzJCy7QG5EOpkQiy5MhlwAVoIEItOQiRinHaSzntw5n/fpG0T2tOvVa/Oas2LotmSuyQHbET5rBz1mDXrMlaTLB79sSe2Yv1aL1ab9b7z+iSVewcsD+wPr4BgWuTzw==</latexit>

¯

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

Cutoff M2

Adams,Arkani-Hamed,Dubovsky,Nicolis,Rattazzi’06

Bellazzini,Elias-Miro,Rattazzi,Riembau,FR’20


Arkani-Hamed,Huang,Huang’20

Double-Sided bounds

 

It

 

It

 

It 

It

<latexit sha1_base64="xiK5H2VH2TjKIPgoZrbtF7IAJ7U=">AAACAHicbVC7TsNAEDyHVwivACXNiQgpSCiyIxQoAzSUQSIPKTHR+bIJp5zP1t0aKbLS8BW0UNEhWv6Egn/BNikgYarRzK52drxQCoO2/WnllpZXVtfy64WNza3tneLuXssEkebQ5IEMdMdjBqRQ0ESBEjqhBuZ7Etre+Cr12w+gjQjULU5CcH02UmIoOMNEurvox9UeBtVp2Zzgcb9Ysit2BrpInBkpkRka/eJXbxDwyAeFXDJjuo4dohszjYJLmBZ6kYGQ8TEbQTehivlg3DhLPaVHkWEY0BA0FZJmIvzeiJlvzMT3kkmf4b2Z91LxP68b4fDcjYUKIwTF00MoJGSHDNciqQPoQGhAZGlyoEJRzjRDBC0o4zwRo6SfQtKHM//9ImlVK06tUrs5LdUvZ83kyQE5JGXikDNSJ9ekQZqEE02eyDN5sR6tV+vNev8ZzVmznX3yB9bHNwNvljU=</latexit>

A2!2(s, t)

<latexit sha1_base64="fpnAuXVMXo3BJmTIxx/lSlVirBg=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCjRIETSUQZCHlETR+rIJp5wfuluDIiufQAsVHaLleyj4F2zjAhKmGs3samfHDZU0ZNufVmFpeWV1rbhe2tjc2t4p7+61TBBpgU0RqEB3XDCopI9NkqSwE2oEz1XYdidXqd9+QG1k4N/RNMS+B2NfjqQASqRburAH5YpdtTPwReLkpMJyNAblr94wEJGHPgkFxnQdO6R+DJqkUDgr9SKDIYgJjLGbUB88NP04izrjR5EBCniImkvFMxF/b8TgGTP13GTSA7o3814q/ud1Ixqd92PphxGhL9JDJBVmh4zQMukA+VBqJII0OXLpcwEaiFBLDkIkYpSUUkr6cOa/XyStk6pTq9ZuTiv1y7yZIjtgh+yYOeyM1dk1a7AmE2zMntgze7EerVfrzXr/GS1Y+c4++wPr4xt41pIJ</latexit>

t = 0

<latexit sha1_base64="UtlTcoM8KZ6R8BVCvp6AndyM1A8=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrJ5BMoIGsogkYeUWNH5sglHzmfrbo0UrPwDLVR0iJa/oeBfOJsUQJhqNLOrnZ0glsKg6344hYXFpeWV4mppbX1jc6u8vdMyUaI5NHkkI90JmAEpFDRRoIROrIGFgYR2ML7M/PY9aCMidYOTGPyQjZQYCs7QSq0eH0Ro+uWKW/WOTy2oW3VzUO8vqZAZGv3yZ28Q8SQEhVwyY7qeG6OfMo2CS5iWeomBmPExG0HXUsVCMH6ap53Sg8QwjGgMmgpJcxF+bqQsNGYSBnYyZHhr/nqZ+J/XTXB47qdCxQmC4tkhFBLyQ4ZrYWsAOhAaEFmWHKhQlDPNEEELyji3YmJ7Kdk+5r6fJ62jqler1q5PKvWLWTNFskf2ySHxyBmpkyvSIE3CyR15JE/k2XlwXpxX5+17tODMdnbJLzjvX46Dk9g=</latexit>· · ·

<latexit sha1_base64="1AFY/Rg/ZFDZJXdF4asPBiyU/w8="></latexit>

A2 � s̄2A4 � s̄4A6 � · · · � 0
<latexit sha1_base64="n8J5HOnE4gouUW6Ypr0OMU+Xct0=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHxtNklsMCN6MUjJvJIYENmhwZHZh+Z6TVBwj941ZM349W/8eC/uLtiokbrVKnqTleXF0mh0bLejNzK6tr6Rn6zsLW9s7tX3D/o6DBWHNo8lKHqeUyDFAG0UaCEXqSA+Z6Erjc9T/3uLSgtwuAKZxG4PpsEYiw4w0TqDPgoRD0sliyzUXeq9Qa1TLvcsJxKSirVWtmitmllKJElWsPi+2AU8tiHALlkWvdtK0J3zhQKLmFRGMQaIsanbAL9hAbMB+3Os7QLehJrhiGNQFEhaSbC940587We+V4y6TO81r+9VPzL68c4rrtzEUQxQsDTQygkZIc0VyKpAehIKEBkaXKgIqCcKYYISlDGeSLGSS+FpI+vp+n/pFM2bcd0Liul5tmymTw5IsfklNikRprkgrRIm3ByQ+7JA3k07own49l4+RzNGcudQ/IDxusH6YqUFQ==</latexit>· · ·

Crossing



UV ➙ IR implications at weakest coupling

UV ➙ IR with finite coupling effects



UV

IR

Cardy’88

Cutoff M2

CFT

CFT

CFT

<latexit sha1_base64="q2ahdoGtK2lsH+iBH+KabfIKmMA=">AAACC3icbVC7TsNAEDzzJrwMFBQ0JyIkqshGCKgQggY6QDiJlFjR+rIJJ84P3a2RkOVP4CtooaJDtHwEBf+CHVwAYarRzK52Z4JESUOO82FNTE5Nz8zOzdcWFpeWV+zVtaaJUy3QE7GKdTsAg0pG6JEkhe1EI4SBwlZwe1r6rTvURsbRNd0n6IcwjORACqBC6tkbNehlXR1yr5kfVfT8Kq/17LrTcEbg48StSJ1VuOjZn91+LNIQIxIKjOm4TkJ+BpqkUJjXuqnBBMQtDLFT0AhCNH42CpDz7dQAxTxBzaXiIxF/bmQQGnMfBsVkCHRj/nql+J/XSWlw6GcySlLCSJSHSCocHTJCy6IZ5H2pkQjKz5HLiAvQQIRachCiENOiqrIP92/6cdLcbbj7jf3LvfrxSdXMHNtkW2yHueyAHbMzdsE8JljOHtkTe7YerBfr1Xr7Hp2wqp119gvW+xff2Jnf</latexit>

aUV > aIR

<latexit sha1_base64="q2ahdoGtK2lsH+iBH+KabfIKmMA=">AAACC3icbVC7TsNAEDzzJrwMFBQ0JyIkqshGCKgQggY6QDiJlFjR+rIJJ84P3a2RkOVP4CtooaJDtHwEBf+CHVwAYarRzK52Z4JESUOO82FNTE5Nz8zOzdcWFpeWV+zVtaaJUy3QE7GKdTsAg0pG6JEkhe1EI4SBwlZwe1r6rTvURsbRNd0n6IcwjORACqBC6tkbNehlXR1yr5kfVfT8Kq/17LrTcEbg48StSJ1VuOjZn91+LNIQIxIKjOm4TkJ+BpqkUJjXuqnBBMQtDLFT0AhCNH42CpDz7dQAxTxBzaXiIxF/bmQQGnMfBsVkCHRj/nql+J/XSWlw6GcySlLCSJSHSCocHTJCy6IZ5H2pkQjKz5HLiAvQQIRachCiENOiqrIP92/6cdLcbbj7jf3LvfrxSdXMHNtkW2yHueyAHbMzdsE8JljOHtkTe7YerBfr1Xr7Hp2wqp119gvW+xff2Jnf</latexit>

aUV > aIR

<latexit sha1_base64="q2ahdoGtK2lsH+iBH+KabfIKmMA=">AAACC3icbVC7TsNAEDzzJrwMFBQ0JyIkqshGCKgQggY6QDiJlFjR+rIJJ84P3a2RkOVP4CtooaJDtHwEBf+CHVwAYarRzK52Z4JESUOO82FNTE5Nz8zOzdcWFpeWV+zVtaaJUy3QE7GKdTsAg0pG6JEkhe1EI4SBwlZwe1r6rTvURsbRNd0n6IcwjORACqBC6tkbNehlXR1yr5kfVfT8Kq/17LrTcEbg48StSJ1VuOjZn91+LNIQIxIKjOm4TkJ+BpqkUJjXuqnBBMQtDLFT0AhCNH42CpDz7dQAxTxBzaXiIxF/bmQQGnMfBsVkCHRj/nql+J/XSWlw6GcySlLCSJSHSCocHTJCy6IZ5H2pkQjKz5HLiAvQQIRachCiENOiqrIP92/6cdLcbbj7jf3LvfrxSdXMHNtkW2yHueyAHbMzdsE8JljOHtkTe7YerBfr1Xr7Hp2wqp119gvW+xff2Jnf</latexit>

aUV > aIR

A-Theorem:

Weyl-anomaly

<latexit sha1_base64="I9EKF2gRo1e/5CMWkchYvGOlTaM="></latexit>

0 < A2 =

Z

\s̄

ds

⇡i

A(s)

s3
= 16

�a

f4

UV ➙ IR implications



UV

IR

Cardy’88

Cutoff M2

CFT

CFT

CFT

<latexit sha1_base64="q2ahdoGtK2lsH+iBH+KabfIKmMA=">AAACC3icbVC7TsNAEDzzJrwMFBQ0JyIkqshGCKgQggY6QDiJlFjR+rIJJ84P3a2RkOVP4CtooaJDtHwEBf+CHVwAYarRzK52Z4JESUOO82FNTE5Nz8zOzdcWFpeWV+zVtaaJUy3QE7GKdTsAg0pG6JEkhe1EI4SBwlZwe1r6rTvURsbRNd0n6IcwjORACqBC6tkbNehlXR1yr5kfVfT8Kq/17LrTcEbg48StSJ1VuOjZn91+LNIQIxIKjOm4TkJ+BpqkUJjXuqnBBMQtDLFT0AhCNH42CpDz7dQAxTxBzaXiIxF/bmQQGnMfBsVkCHRj/nql+J/XSWlw6GcySlLCSJSHSCocHTJCy6IZ5H2pkQjKz5HLiAvQQIRachCiENOiqrIP92/6cdLcbbj7jf3LvfrxSdXMHNtkW2yHueyAHbMzdsE8JljOHtkTe7YerBfr1Xr7Hp2wqp119gvW+xff2Jnf</latexit>

aUV > aIR

<latexit sha1_base64="q2ahdoGtK2lsH+iBH+KabfIKmMA=">AAACC3icbVC7TsNAEDzzJrwMFBQ0JyIkqshGCKgQggY6QDiJlFjR+rIJJ84P3a2RkOVP4CtooaJDtHwEBf+CHVwAYarRzK52Z4JESUOO82FNTE5Nz8zOzdcWFpeWV+zVtaaJUy3QE7GKdTsAg0pG6JEkhe1EI4SBwlZwe1r6rTvURsbRNd0n6IcwjORACqBC6tkbNehlXR1yr5kfVfT8Kq/17LrTcEbg48StSJ1VuOjZn91+LNIQIxIKjOm4TkJ+BpqkUJjXuqnBBMQtDLFT0AhCNH42CpDz7dQAxTxBzaXiIxF/bmQQGnMfBsVkCHRj/nql+J/XSWlw6GcySlLCSJSHSCocHTJCy6IZ5H2pkQjKz5HLiAvQQIRachCiENOiqrIP92/6cdLcbbj7jf3LvfrxSdXMHNtkW2yHueyAHbMzdsE8JljOHtkTe7YerBfr1Xr7Hp2wqp119gvW+xff2Jnf</latexit>

aUV > aIR

<latexit sha1_base64="q2ahdoGtK2lsH+iBH+KabfIKmMA=">AAACC3icbVC7TsNAEDzzJrwMFBQ0JyIkqshGCKgQggY6QDiJlFjR+rIJJ84P3a2RkOVP4CtooaJDtHwEBf+CHVwAYarRzK52Z4JESUOO82FNTE5Nz8zOzdcWFpeWV+zVtaaJUy3QE7GKdTsAg0pG6JEkhe1EI4SBwlZwe1r6rTvURsbRNd0n6IcwjORACqBC6tkbNehlXR1yr5kfVfT8Kq/17LrTcEbg48StSJ1VuOjZn91+LNIQIxIKjOm4TkJ+BpqkUJjXuqnBBMQtDLFT0AhCNH42CpDz7dQAxTxBzaXiIxF/bmQQGnMfBsVkCHRj/nql+J/XSWlw6GcySlLCSJSHSCocHTJCy6IZ5H2pkQjKz5HLiAvQQIRachCiENOiqrIP92/6cdLcbbj7jf3LvfrxSdXMHNtkW2yHueyAHbMzdsE8JljOHtkTe7YerBfr1Xr7Hp2wqp119gvW+xff2Jnf</latexit>

aUV > aIR

A-Theorem:

Weyl-anomaly

<latexit sha1_base64="I9EKF2gRo1e/5CMWkchYvGOlTaM="></latexit>

0 < A2 =

Z

\s̄

ds

⇡i

A(s)

s3
= 16

�a

f4

UV ➙ IR implications

<latexit sha1_base64="X4/KzDDPPNOVbnpeBX+mt63cB+o="></latexit>

Le↵ =
1

2
(@')2 +

2�a

f4
(@')4 + · · ·

➙ CFT+ Dilaton
<latexit sha1_base64="IWqsnkaYNulHCNK3d0EskxvlPXc=">AAAB+XicdVDLTgJBEJzFF+IL9ehlIjHxRHZBQW5ELx4xkUcChPQODUyYfWSml4Rs/AivevJmvPo1HvwXlxUTNVqnSlV3urrcUElDtv1mZVZW19Y3spu5re2d3b38/kHLBJEW2BSBCnTHBYNK+tgkSQo7oUbwXIVtd3q18Nsz1EYG/i3NQ+x7MPblSAqgRGr3ZqDDiRzkC3bx/KJaq5R4Qmo1p2KnpFwtl7hTtFMU2BKNQf69NwxE5KFPQoExXccOqR+DJikU3uV6kcEQxBTG2E2oDx6afpzGveMnkQEKeIiaS8VTEb9vxOAZM/fcZNIDmpjf3kL8y+tGNLrox9IPI0JfLA6RVJgeMkLLpAfkQ6mRCBbJkUufC9BAhFpyECIRo6SYXNLH19P8f9IqFZ1KsXJzVqhfLpvJsiN2zE6Zw6qszq5ZgzWZYFN2zx7YoxVbT9az9fI5mrGWO4fsB6zXD8mtlJY=</latexit>'

<latexit sha1_base64="KzmTicPEWBMsxxzD+X3Nrfkmbns=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6k9GVVrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu616g32pe15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzduDZF6</latexit>

f



UV

IR

Cardy’88

Cutoff M2

CFT

CFT

CFT

<latexit sha1_base64="q2ahdoGtK2lsH+iBH+KabfIKmMA=">AAACC3icbVC7TsNAEDzzJrwMFBQ0JyIkqshGCKgQggY6QDiJlFjR+rIJJ84P3a2RkOVP4CtooaJDtHwEBf+CHVwAYarRzK52Z4JESUOO82FNTE5Nz8zOzdcWFpeWV+zVtaaJUy3QE7GKdTsAg0pG6JEkhe1EI4SBwlZwe1r6rTvURsbRNd0n6IcwjORACqBC6tkbNehlXR1yr5kfVfT8Kq/17LrTcEbg48StSJ1VuOjZn91+LNIQIxIKjOm4TkJ+BpqkUJjXuqnBBMQtDLFT0AhCNH42CpDz7dQAxTxBzaXiIxF/bmQQGnMfBsVkCHRj/nql+J/XSWlw6GcySlLCSJSHSCocHTJCy6IZ5H2pkQjKz5HLiAvQQIRachCiENOiqrIP92/6cdLcbbj7jf3LvfrxSdXMHNtkW2yHueyAHbMzdsE8JljOHtkTe7YerBfr1Xr7Hp2wqp119gvW+xff2Jnf</latexit>

aUV > aIR

<latexit sha1_base64="q2ahdoGtK2lsH+iBH+KabfIKmMA=">AAACC3icbVC7TsNAEDzzJrwMFBQ0JyIkqshGCKgQggY6QDiJlFjR+rIJJ84P3a2RkOVP4CtooaJDtHwEBf+CHVwAYarRzK52Z4JESUOO82FNTE5Nz8zOzdcWFpeWV+zVtaaJUy3QE7GKdTsAg0pG6JEkhe1EI4SBwlZwe1r6rTvURsbRNd0n6IcwjORACqBC6tkbNehlXR1yr5kfVfT8Kq/17LrTcEbg48StSJ1VuOjZn91+LNIQIxIKjOm4TkJ+BpqkUJjXuqnBBMQtDLFT0AhCNH42CpDz7dQAxTxBzaXiIxF/bmQQGnMfBsVkCHRj/nql+J/XSWlw6GcySlLCSJSHSCocHTJCy6IZ5H2pkQjKz5HLiAvQQIRachCiENOiqrIP92/6cdLcbbj7jf3LvfrxSdXMHNtkW2yHueyAHbMzdsE8JljOHtkTe7YerBfr1Xr7Hp2wqp119gvW+xff2Jnf</latexit>

aUV > aIR

<latexit sha1_base64="q2ahdoGtK2lsH+iBH+KabfIKmMA=">AAACC3icbVC7TsNAEDzzJrwMFBQ0JyIkqshGCKgQggY6QDiJlFjR+rIJJ84P3a2RkOVP4CtooaJDtHwEBf+CHVwAYarRzK52Z4JESUOO82FNTE5Nz8zOzdcWFpeWV+zVtaaJUy3QE7GKdTsAg0pG6JEkhe1EI4SBwlZwe1r6rTvURsbRNd0n6IcwjORACqBC6tkbNehlXR1yr5kfVfT8Kq/17LrTcEbg48StSJ1VuOjZn91+LNIQIxIKjOm4TkJ+BpqkUJjXuqnBBMQtDLFT0AhCNH42CpDz7dQAxTxBzaXiIxF/bmQQGnMfBsVkCHRj/nql+J/XSWlw6GcySlLCSJSHSCocHTJCy6IZ5H2pkQjKz5HLiAvQQIRachCiENOiqrIP92/6cdLcbbj7jf3LvfrxSdXMHNtkW2yHueyAHbMzdsE8JljOHtkTe7YerBfr1Xr7Hp2wqp119gvW+xff2Jnf</latexit>

aUV > aIR

A-Theorem:

Weyl-anomaly

<latexit sha1_base64="I9EKF2gRo1e/5CMWkchYvGOlTaM="></latexit>

0 < A2 =

Z

\s̄

ds

⇡i

A(s)

s3
= 16

�a

f4

UV ➙ IR implications

<latexit sha1_base64="X4/KzDDPPNOVbnpeBX+mt63cB+o="></latexit>

Le↵ =
1

2
(@')2 +

2�a

f4
(@')4 + · · ·

➙ CFT+ Dilaton
<latexit sha1_base64="IWqsnkaYNulHCNK3d0EskxvlPXc=">AAAB+XicdVDLTgJBEJzFF+IL9ehlIjHxRHZBQW5ELx4xkUcChPQODUyYfWSml4Rs/AivevJmvPo1HvwXlxUTNVqnSlV3urrcUElDtv1mZVZW19Y3spu5re2d3b38/kHLBJEW2BSBCnTHBYNK+tgkSQo7oUbwXIVtd3q18Nsz1EYG/i3NQ+x7MPblSAqgRGr3ZqDDiRzkC3bx/KJaq5R4Qmo1p2KnpFwtl7hTtFMU2BKNQf69NwxE5KFPQoExXccOqR+DJikU3uV6kcEQxBTG2E2oDx6afpzGveMnkQEKeIiaS8VTEb9vxOAZM/fcZNIDmpjf3kL8y+tGNLrox9IPI0JfLA6RVJgeMkLLpAfkQ6mRCBbJkUufC9BAhFpyECIRo6SYXNLH19P8f9IqFZ1KsXJzVqhfLpvJsiN2zE6Zw6qszq5ZgzWZYFN2zx7YoxVbT9az9fI5mrGWO4fsB6zXD8mtlJY=</latexit>'

<latexit sha1_base64="KzmTicPEWBMsxxzD+X3Nrfkmbns=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6k9GVVrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu616g32pe15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzduDZF6</latexit>

f

<latexit sha1_base64="EY3oqOxnle7XcB+ywJYJoDvXe3k=">AAACFHicbVC7TgJBFJ3FF64v1NJmIjHRhuwSgjYm+CgsMZFHAkjuDhecMPvIzF0TsqH1E/wKW63sjK29hf/ighS+TnVyzr259xwvUtKQ47xbmbn5hcWl7LK9srq2vpHb3KqbMNYCayJUoW56YFDJAGskSWEz0gi+p7DhDc8mfuMWtZFhcEWjCDs+DALZlwIolbo5frJvDuxju93XIBK33D5HRcBhnPSvS2NzXezm8k7BmYL/Je6M5NkM1W7uo90LRexjQEKBMS3XiaiTgCYpFI7tdmwwAjGEAbZSGoCPppNMk4z5XmyAQh6h5lLxqYjfNxLwjRn5XjrpA92Y395E/M9rxdQ/6iQyiGLCQEwOkVQ4PWSElmlFyHtSIxFMPkcuAy5AAxFqyUGIVIzTzuy0D/d3+r+kXiy45UL5spSvnM6aybIdtsv2mcsOWYVdsCqrMcHu2AN7ZE/WvfVsvVivX6MZa7azzX7AevsEkkuc4g==</latexit>

A(s) =
16�a

f4
s2

<latexit sha1_base64="I9EKF2gRo1e/5CMWkchYvGOlTaM="></latexit>

0 < A2 =

Z

\s̄

ds

⇡i

A(s)

s3
= 16

�a

f4



UV

IR

Cardy’88

Cutoff M2

CFT

CFT

CFT

<latexit sha1_base64="q2ahdoGtK2lsH+iBH+KabfIKmMA=">AAACC3icbVC7TsNAEDzzJrwMFBQ0JyIkqshGCKgQggY6QDiJlFjR+rIJJ84P3a2RkOVP4CtooaJDtHwEBf+CHVwAYarRzK52Z4JESUOO82FNTE5Nz8zOzdcWFpeWV+zVtaaJUy3QE7GKdTsAg0pG6JEkhe1EI4SBwlZwe1r6rTvURsbRNd0n6IcwjORACqBC6tkbNehlXR1yr5kfVfT8Kq/17LrTcEbg48StSJ1VuOjZn91+LNIQIxIKjOm4TkJ+BpqkUJjXuqnBBMQtDLFT0AhCNH42CpDz7dQAxTxBzaXiIxF/bmQQGnMfBsVkCHRj/nql+J/XSWlw6GcySlLCSJSHSCocHTJCy6IZ5H2pkQjKz5HLiAvQQIRachCiENOiqrIP92/6cdLcbbj7jf3LvfrxSdXMHNtkW2yHueyAHbMzdsE8JljOHtkTe7YerBfr1Xr7Hp2wqp119gvW+xff2Jnf</latexit>

aUV > aIR

<latexit sha1_base64="q2ahdoGtK2lsH+iBH+KabfIKmMA=">AAACC3icbVC7TsNAEDzzJrwMFBQ0JyIkqshGCKgQggY6QDiJlFjR+rIJJ84P3a2RkOVP4CtooaJDtHwEBf+CHVwAYarRzK52Z4JESUOO82FNTE5Nz8zOzdcWFpeWV+zVtaaJUy3QE7GKdTsAg0pG6JEkhe1EI4SBwlZwe1r6rTvURsbRNd0n6IcwjORACqBC6tkbNehlXR1yr5kfVfT8Kq/17LrTcEbg48StSJ1VuOjZn91+LNIQIxIKjOm4TkJ+BpqkUJjXuqnBBMQtDLFT0AhCNH42CpDz7dQAxTxBzaXiIxF/bmQQGnMfBsVkCHRj/nql+J/XSWlw6GcySlLCSJSHSCocHTJCy6IZ5H2pkQjKz5HLiAvQQIRachCiENOiqrIP92/6cdLcbbj7jf3LvfrxSdXMHNtkW2yHueyAHbMzdsE8JljOHtkTe7YerBfr1Xr7Hp2wqp119gvW+xff2Jnf</latexit>

aUV > aIR

<latexit sha1_base64="q2ahdoGtK2lsH+iBH+KabfIKmMA=">AAACC3icbVC7TsNAEDzzJrwMFBQ0JyIkqshGCKgQggY6QDiJlFjR+rIJJ84P3a2RkOVP4CtooaJDtHwEBf+CHVwAYarRzK52Z4JESUOO82FNTE5Nz8zOzdcWFpeWV+zVtaaJUy3QE7GKdTsAg0pG6JEkhe1EI4SBwlZwe1r6rTvURsbRNd0n6IcwjORACqBC6tkbNehlXR1yr5kfVfT8Kq/17LrTcEbg48StSJ1VuOjZn91+LNIQIxIKjOm4TkJ+BpqkUJjXuqnBBMQtDLFT0AhCNH42CpDz7dQAxTxBzaXiIxF/bmQQGnMfBsVkCHRj/nql+J/XSWlw6GcySlLCSJSHSCocHTJCy6IZ5H2pkQjKz5HLiAvQQIRachCiENOiqrIP92/6cdLcbbj7jf3LvfrxSdXMHNtkW2yHueyAHbMzdsE8JljOHtkTe7YerBfr1Xr7Hp2wqp119gvW+xff2Jnf</latexit>

aUV > aIR

A-Theorem:

Weyl-anomaly

<latexit sha1_base64="I9EKF2gRo1e/5CMWkchYvGOlTaM="></latexit>

0 < A2 =

Z

\s̄

ds

⇡i

A(s)

s3
= 16

�a

f4

UV ➙ IR implications

<latexit sha1_base64="X4/KzDDPPNOVbnpeBX+mt63cB+o="></latexit>

Le↵ =
1

2
(@')2 +

2�a

f4
(@')4 + · · ·

➙ CFT+ Dilaton
<latexit sha1_base64="IWqsnkaYNulHCNK3d0EskxvlPXc=">AAAB+XicdVDLTgJBEJzFF+IL9ehlIjHxRHZBQW5ELx4xkUcChPQODUyYfWSml4Rs/AivevJmvPo1HvwXlxUTNVqnSlV3urrcUElDtv1mZVZW19Y3spu5re2d3b38/kHLBJEW2BSBCnTHBYNK+tgkSQo7oUbwXIVtd3q18Nsz1EYG/i3NQ+x7MPblSAqgRGr3ZqDDiRzkC3bx/KJaq5R4Qmo1p2KnpFwtl7hTtFMU2BKNQf69NwxE5KFPQoExXccOqR+DJikU3uV6kcEQxBTG2E2oDx6afpzGveMnkQEKeIiaS8VTEb9vxOAZM/fcZNIDmpjf3kL8y+tGNLrox9IPI0JfLA6RVJgeMkLLpAfkQ6mRCBbJkUufC9BAhFpyECIRo6SYXNLH19P8f9IqFZ1KsXJzVqhfLpvJsiN2zE6Zw6qszq5ZgzWZYFN2zx7YoxVbT9az9fI5mrGWO4fsB6zXD8mtlJY=</latexit>'

<latexit sha1_base64="KzmTicPEWBMsxxzD+X3Nrfkmbns=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6k9GVVrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu616g32pe15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzduDZF6</latexit>

f

<latexit sha1_base64="EY3oqOxnle7XcB+ywJYJoDvXe3k=">AAACFHicbVC7TgJBFJ3FF64v1NJmIjHRhuwSgjYm+CgsMZFHAkjuDhecMPvIzF0TsqH1E/wKW63sjK29hf/ighS+TnVyzr259xwvUtKQ47xbmbn5hcWl7LK9srq2vpHb3KqbMNYCayJUoW56YFDJAGskSWEz0gi+p7DhDc8mfuMWtZFhcEWjCDs+DALZlwIolbo5frJvDuxju93XIBK33D5HRcBhnPSvS2NzXezm8k7BmYL/Je6M5NkM1W7uo90LRexjQEKBMS3XiaiTgCYpFI7tdmwwAjGEAbZSGoCPppNMk4z5XmyAQh6h5lLxqYjfNxLwjRn5XjrpA92Y395E/M9rxdQ/6iQyiGLCQEwOkVQ4PWSElmlFyHtSIxFMPkcuAy5AAxFqyUGIVIzTzuy0D/d3+r+kXiy45UL5spSvnM6aybIdtsv2mcsOWYVdsCqrMcHu2AN7ZE/WvfVsvVivX6MZa7azzX7AevsEkkuc4g==</latexit>

A(s) =
16�a

f4
s2

<latexit sha1_base64="I9EKF2gRo1e/5CMWkchYvGOlTaM="></latexit>

0 < A2 =

Z

\s̄

ds

⇡i

A(s)

s3
= 16

�a

f4

Komargodski,Schwimmer’11

Flow in theory space must follow           direction
<latexit sha1_base64="b/kl1pdP5DxoyuILjRTPW8OGzFA=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQpFQEEZJPIQiRWtL5twyvls3a2Roih8BS1UdIiWf6HgX3CCC0iYajSzq52dIFbSkut+OguLS8srq7m1/PrG5tZ2YWe3bqPECKyJSEWmGYBFJTXWSJLCZmwQwkBhIxhcTvzGAxorI31Lwxj9EPpa9qQASqW79hUqAg7nbqdQdEvuFHyeeBkpsgzVTuGr3Y1EEqImocDalufG5I/AkBQKx/l2YjEGMYA+tlKqIUTrj6aJx/wwsUARj9FwqfhUxN8bIwitHYZBOhkC3dtZbyL+57US6p35I6njhFCLySGSCqeHrDAyrQJ5Vxokgkly5FJzAQaI0EgOQqRiknaTT/vwZr+fJ/XjklculW9OipWLrJkc22cH7Ih57JRV2DWrshoTTLMn9sxenEfn1Xlz3n9GF5xsZ4/9gfPxDSuGlKM=</latexit>

�a > 0

<latexit sha1_base64="WZ8RZ/EE7Ab4qvE5h7dIYcsg9Kc=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRChQUETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0b18NyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGchpGK</latexit>

0 <



UV

IR

Cardy’88

Cutoff M2

CFT

CFT

CFT

<latexit sha1_base64="q2ahdoGtK2lsH+iBH+KabfIKmMA=">AAACC3icbVC7TsNAEDzzJrwMFBQ0JyIkqshGCKgQggY6QDiJlFjR+rIJJ84P3a2RkOVP4CtooaJDtHwEBf+CHVwAYarRzK52Z4JESUOO82FNTE5Nz8zOzdcWFpeWV+zVtaaJUy3QE7GKdTsAg0pG6JEkhe1EI4SBwlZwe1r6rTvURsbRNd0n6IcwjORACqBC6tkbNehlXR1yr5kfVfT8Kq/17LrTcEbg48StSJ1VuOjZn91+LNIQIxIKjOm4TkJ+BpqkUJjXuqnBBMQtDLFT0AhCNH42CpDz7dQAxTxBzaXiIxF/bmQQGnMfBsVkCHRj/nql+J/XSWlw6GcySlLCSJSHSCocHTJCy6IZ5H2pkQjKz5HLiAvQQIRachCiENOiqrIP92/6cdLcbbj7jf3LvfrxSdXMHNtkW2yHueyAHbMzdsE8JljOHtkTe7YerBfr1Xr7Hp2wqp119gvW+xff2Jnf</latexit>

aUV > aIR

<latexit sha1_base64="q2ahdoGtK2lsH+iBH+KabfIKmMA=">AAACC3icbVC7TsNAEDzzJrwMFBQ0JyIkqshGCKgQggY6QDiJlFjR+rIJJ84P3a2RkOVP4CtooaJDtHwEBf+CHVwAYarRzK52Z4JESUOO82FNTE5Nz8zOzdcWFpeWV+zVtaaJUy3QE7GKdTsAg0pG6JEkhe1EI4SBwlZwe1r6rTvURsbRNd0n6IcwjORACqBC6tkbNehlXR1yr5kfVfT8Kq/17LrTcEbg48StSJ1VuOjZn91+LNIQIxIKjOm4TkJ+BpqkUJjXuqnBBMQtDLFT0AhCNH42CpDz7dQAxTxBzaXiIxF/bmQQGnMfBsVkCHRj/nql+J/XSWlw6GcySlLCSJSHSCocHTJCy6IZ5H2pkQjKz5HLiAvQQIRachCiENOiqrIP92/6cdLcbbj7jf3LvfrxSdXMHNtkW2yHueyAHbMzdsE8JljOHtkTe7YerBfr1Xr7Hp2wqp119gvW+xff2Jnf</latexit>

aUV > aIR

<latexit sha1_base64="q2ahdoGtK2lsH+iBH+KabfIKmMA=">AAACC3icbVC7TsNAEDzzJrwMFBQ0JyIkqshGCKgQggY6QDiJlFjR+rIJJ84P3a2RkOVP4CtooaJDtHwEBf+CHVwAYarRzK52Z4JESUOO82FNTE5Nz8zOzdcWFpeWV+zVtaaJUy3QE7GKdTsAg0pG6JEkhe1EI4SBwlZwe1r6rTvURsbRNd0n6IcwjORACqBC6tkbNehlXR1yr5kfVfT8Kq/17LrTcEbg48StSJ1VuOjZn91+LNIQIxIKjOm4TkJ+BpqkUJjXuqnBBMQtDLFT0AhCNH42CpDz7dQAxTxBzaXiIxF/bmQQGnMfBsVkCHRj/nql+J/XSWlw6GcySlLCSJSHSCocHTJCy6IZ5H2pkQjKz5HLiAvQQIRachCiENOiqrIP92/6cdLcbbj7jf3LvfrxSdXMHNtkW2yHueyAHbMzdsE8JljOHtkTe7YerBfr1Xr7Hp2wqp119gvW+xff2Jnf</latexit>

aUV > aIR

A-Theorem:

Weyl-anomaly

<latexit sha1_base64="I9EKF2gRo1e/5CMWkchYvGOlTaM="></latexit>

0 < A2 =

Z

\s̄

ds

⇡i

A(s)

s3
= 16

�a

f4

UV ➙ IR implications

<latexit sha1_base64="X4/KzDDPPNOVbnpeBX+mt63cB+o="></latexit>

Le↵ =
1

2
(@')2 +

2�a

f4
(@')4 + · · ·

➙ CFT+ Dilaton
<latexit sha1_base64="IWqsnkaYNulHCNK3d0EskxvlPXc=">AAAB+XicdVDLTgJBEJzFF+IL9ehlIjHxRHZBQW5ELx4xkUcChPQODUyYfWSml4Rs/AivevJmvPo1HvwXlxUTNVqnSlV3urrcUElDtv1mZVZW19Y3spu5re2d3b38/kHLBJEW2BSBCnTHBYNK+tgkSQo7oUbwXIVtd3q18Nsz1EYG/i3NQ+x7MPblSAqgRGr3ZqDDiRzkC3bx/KJaq5R4Qmo1p2KnpFwtl7hTtFMU2BKNQf69NwxE5KFPQoExXccOqR+DJikU3uV6kcEQxBTG2E2oDx6afpzGveMnkQEKeIiaS8VTEb9vxOAZM/fcZNIDmpjf3kL8y+tGNLrox9IPI0JfLA6RVJgeMkLLpAfkQ6mRCBbJkUufC9BAhFpyECIRo6SYXNLH19P8f9IqFZ1KsXJzVqhfLpvJsiN2zE6Zw6qszq5ZgzWZYFN2zx7YoxVbT9az9fI5mrGWO4fsB6zXD8mtlJY=</latexit>'

<latexit sha1_base64="KzmTicPEWBMsxxzD+X3Nrfkmbns=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6k9GVVrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu616g32pe15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzduDZF6</latexit>

f

<latexit sha1_base64="EY3oqOxnle7XcB+ywJYJoDvXe3k=">AAACFHicbVC7TgJBFJ3FF64v1NJmIjHRhuwSgjYm+CgsMZFHAkjuDhecMPvIzF0TsqH1E/wKW63sjK29hf/ighS+TnVyzr259xwvUtKQ47xbmbn5hcWl7LK9srq2vpHb3KqbMNYCayJUoW56YFDJAGskSWEz0gi+p7DhDc8mfuMWtZFhcEWjCDs+DALZlwIolbo5frJvDuxju93XIBK33D5HRcBhnPSvS2NzXezm8k7BmYL/Je6M5NkM1W7uo90LRexjQEKBMS3XiaiTgCYpFI7tdmwwAjGEAbZSGoCPppNMk4z5XmyAQh6h5lLxqYjfNxLwjRn5XjrpA92Y395E/M9rxdQ/6iQyiGLCQEwOkVQ4PWSElmlFyHtSIxFMPkcuAy5AAxFqyUGIVIzTzuy0D/d3+r+kXiy45UL5spSvnM6aybIdtsv2mcsOWYVdsCqrMcHu2AN7ZE/WvfVsvVivX6MZa7azzX7AevsEkkuc4g==</latexit>

A(s) =
16�a

f4
s2

<latexit sha1_base64="I9EKF2gRo1e/5CMWkchYvGOlTaM="></latexit>

0 < A2 =

Z

\s̄

ds

⇡i

A(s)

s3
= 16

�a

f4

Komargodski,Schwimmer’11

Flow in theory space must follow           direction
<latexit sha1_base64="b/kl1pdP5DxoyuILjRTPW8OGzFA=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQpFQEEZJPIQiRWtL5twyvls3a2Roih8BS1UdIiWf6HgX3CCC0iYajSzq52dIFbSkut+OguLS8srq7m1/PrG5tZ2YWe3bqPECKyJSEWmGYBFJTXWSJLCZmwQwkBhIxhcTvzGAxorI31Lwxj9EPpa9qQASqW79hUqAg7nbqdQdEvuFHyeeBkpsgzVTuGr3Y1EEqImocDalufG5I/AkBQKx/l2YjEGMYA+tlKqIUTrj6aJx/wwsUARj9FwqfhUxN8bIwitHYZBOhkC3dtZbyL+57US6p35I6njhFCLySGSCqeHrDAyrQJ5Vxokgkly5FJzAQaI0EgOQqRiknaTT/vwZr+fJ/XjklculW9OipWLrJkc22cH7Ih57JRV2DWrshoTTLMn9sxenEfn1Xlz3n9GF5xsZ4/9gfPxDSuGlKM=</latexit>

�a > 0

<latexit sha1_base64="WZ8RZ/EE7Ab4qvE5h7dIYcsg9Kc=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRChQUETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0b18NyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGchpGK</latexit>

0 <
<latexit sha1_base64="0+eycEllI3Ou0xIFxA8nt6oE/Og=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHxRHZBedyIXjxiIo8IhMwODU6Ynd3M9JoQgl/hVU/ejFf/xYP/4rBiokbrVKnqTnWXH0lh0HXfnNTS8srqWno9s7G5tb2T3d1rmjDWHBo8lKFu+8yAFAoaKFBCO9LAAl9Cyx+fz/3WLWgjQnWFkwh6ARspMRScoZWuuxjSrlBDnPSzOTd/WilXSwVqSbXqldyEFMvFAvXyboIcWaDez753ByGPA1DIJTOm47kR9qZMo+ASZplubCBifMxG0LFUsQBMb5pcPKNHsWE2OgJNhaSJCN83piwwZhL4djJgeGN+e3PxL68T47DSmwoVxQiKz4NQSEiCDNfCVgF0IDQgsvnlQIWinGmGCFpQxrkVY9tNxvbx9TT9nzQLea+UL12e5Gpni2bS5IAckmPikTKpkQtSJw3CiSL35IE8OnfOk/PsvHyOppzFzj75Aef1A846lbM=</latexit>! 1

<latexit sha1_base64="0+eycEllI3Ou0xIFxA8nt6oE/Og=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHxRHZBedyIXjxiIo8IhMwODU6Ynd3M9JoQgl/hVU/ejFf/xYP/4rBiokbrVKnqTnWXH0lh0HXfnNTS8srqWno9s7G5tb2T3d1rmjDWHBo8lKFu+8yAFAoaKFBCO9LAAl9Cyx+fz/3WLWgjQnWFkwh6ARspMRScoZWuuxjSrlBDnPSzOTd/WilXSwVqSbXqldyEFMvFAvXyboIcWaDez753ByGPA1DIJTOm47kR9qZMo+ASZplubCBifMxG0LFUsQBMb5pcPKNHsWE2OgJNhaSJCN83piwwZhL4djJgeGN+e3PxL68T47DSmwoVxQiKz4NQSEiCDNfCVgF0IDQgsvnlQIWinGmGCFpQxrkVY9tNxvbx9TT9nzQLea+UL12e5Gpni2bS5IAckmPikTKpkQtSJw3CiSL35IE8OnfOk/PsvHyOppzFzj75Aef1A846lbM=</latexit>! 1



UV ➙ IR implications: symmetries
UV

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="19R7SjfM18B2H1f2i8e0MiMcHDo=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxRJYFF7wRvXgxwSiPBFYyOzQ4YfaRmV4N2fAJXvXkzXj1ezz4L+4iJmq0TpWq7nR1uaEUGk3zzcgsLC4tr2RXc2vrG5tb+e2dlg4ixaHJAxmojss0SOFDEwVK6IQKmOdKaLvj09Rv34LSIvCvcBKC47GRL4aCM0yky/Nrq58vmMXjmm0dWdQsmmbVKtspsaoVq0xLiZKiQOZo9PPvvUHAIw985JJp3S2ZIToxUyi4hGmuF2kIGR+zEXQT6jMPtBPPok7pQaQZBjQERYWkMxG+b8TM03riucmkx/BG//ZS8S+vG+Gw5sTCDyMEn6eHUEiYHdJciaQDoAOhAJGlyYEKn3KmGCIoQRnniRglpeSSPr6epv+TllUs2UX7olKon8ybyZI9sk8OSYlUSZ2ckQZpEk5G5J48kEfjzngyno2Xz9GMMd/ZJT9gvH4A2EKSSQ==</latexit>

M2

?

EFT: spin 0 
m=0



UV ➙ IR implications: symmetries
UV

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="19R7SjfM18B2H1f2i8e0MiMcHDo=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxRJYFF7wRvXgxwSiPBFYyOzQ4YfaRmV4N2fAJXvXkzXj1ezz4L+4iJmq0TpWq7nR1uaEUGk3zzcgsLC4tr2RXc2vrG5tb+e2dlg4ixaHJAxmojss0SOFDEwVK6IQKmOdKaLvj09Rv34LSIvCvcBKC47GRL4aCM0yky/Nrq58vmMXjmm0dWdQsmmbVKtspsaoVq0xLiZKiQOZo9PPvvUHAIw985JJp3S2ZIToxUyi4hGmuF2kIGR+zEXQT6jMPtBPPok7pQaQZBjQERYWkMxG+b8TM03riucmkx/BG//ZS8S+vG+Gw5sTCDyMEn6eHUEiYHdJciaQDoAOhAJGlyYEKn3KmGCIoQRnniRglpeSSPr6epv+TllUs2UX7olKon8ybyZI9sk8OSYlUSZ2ckQZpEk5G5J48kEfjzngyno2Xz9GMMd/ZJT9gvH4A2EKSSQ==</latexit>

M2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

?

EFT: spin 0 
m=0



UV ➙ IR implications: symmetries
UV

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="19R7SjfM18B2H1f2i8e0MiMcHDo=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxRJYFF7wRvXgxwSiPBFYyOzQ4YfaRmV4N2fAJXvXkzXj1ezz4L+4iJmq0TpWq7nR1uaEUGk3zzcgsLC4tr2RXc2vrG5tb+e2dlg4ixaHJAxmojss0SOFDEwVK6IQKmOdKaLvj09Rv34LSIvCvcBKC47GRL4aCM0yky/Nrq58vmMXjmm0dWdQsmmbVKtspsaoVq0xLiZKiQOZo9PPvvUHAIw985JJp3S2ZIToxUyi4hGmuF2kIGR+zEXQT6jMPtBPPok7pQaQZBjQERYWkMxG+b8TM03riucmkx/BG//ZS8S+vG+Gw5sTCDyMEn6eHUEiYHdJciaQDoAOhAJGlyYEKn3KmGCIoQRnniRglpeSSPr6epv+TllUs2UX7olKon8ybyZI9sk8OSYlUSZ2ckQZpEk5G5J48kEfjzngyno2Xz9GMMd/ZJT9gvH4A2EKSSQ==</latexit>

M2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

?

EFT: spin 0 
m=0

<latexit sha1_base64="XjG98wwNYFXVe22y1sv88gdnOiM=">AAACCHicdVDLSgNBEJz1GeMrPm5eBoMgCGE3amJuohePCkaFbJTesdXB2d1hpleMwR/wK7zqyZt49S88+C9O1ggqWoemqOqmuyvSSlry/TdvYHBoeGS0MFYcn5icmi7NzB7YNDMCmyJVqTmKwKKSCTZJksIjbRDiSOFhdLnd8w+v0FiZJvvU0diO4TyRZ1IAOemkNB9qGVLq6koISl8Avz52ctmvrG/UG7Uqd6TRCGp+Tlbrq1UeVPwcZdbH7knpPTxNRRZjQkKBta3A19TugiEpFN4Ww8yiBnEJ59hyNIEYbbubX3/LlzILlHKNhkvFcxG/T3QhtrYTR64zBrqwv72e+JfXyuhso92Vic4IE9FbRFJhvsgKI10syE+lQSLoXY5cJlyAASI0koMQTsxcTkWXx9fT/H9yUK0Etcra3lp5c6ufTIEtsEW2zAJWZ5tsh+2yJhPsht2zB/bo3XlP3rP38tk64PVn5tgPeK8fug2Z+w==</latexit>

⇡ ! ⇡ + ↵xn
<latexit sha1_base64="IQeijevE9grBLEtPqoPt3EaVizE=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQL54MJgIaQDI7NDhhZncz02tCCF/hVU/ejFc/xoP/4u6KiRqtU6WqO11dbiCFQdt+s1ILi0vLK+nVzNr6xuZWdnunZfxQc2hyX/r6ymUGpPCgiQIlXAUamHIltN3xaey370Ab4XuXOAmgp9jIE0PBGUbS9XHXCEXNzXk/m7PzR9VKrVygEanVnLKdkGKlWKBO3k6QI3M0+tn37sDnoQIPuWTGdBw7wN6UaRRcwizTDQ0EjI/ZCDoR9ZgC05smgWf0IDQMfRqApkLSRITvG1OmjJkoN5pUDG/Nby8W//I6IQ6rvanwghDB4/EhFBKSQ4ZrETUBdCA0ILI4OVDhUc40QwQtKOM8EsOomkzUx9fT9H/SKuSdcr50UcrVT+bNpMke2SeHxCEVUidnpEGahBNF7skDebRm1pP1bL18jqas+c4u+QHr9QN5TJTn</latexit>

A ⇠ sNSymmetry:



UV ➙ IR implications: symmetries
UV

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="19R7SjfM18B2H1f2i8e0MiMcHDo=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxRJYFF7wRvXgxwSiPBFYyOzQ4YfaRmV4N2fAJXvXkzXj1ezz4L+4iJmq0TpWq7nR1uaEUGk3zzcgsLC4tr2RXc2vrG5tb+e2dlg4ixaHJAxmojss0SOFDEwVK6IQKmOdKaLvj09Rv34LSIvCvcBKC47GRL4aCM0yky/Nrq58vmMXjmm0dWdQsmmbVKtspsaoVq0xLiZKiQOZo9PPvvUHAIw985JJp3S2ZIToxUyi4hGmuF2kIGR+zEXQT6jMPtBPPok7pQaQZBjQERYWkMxG+b8TM03riucmkx/BG//ZS8S+vG+Gw5sTCDyMEn6eHUEiYHdJciaQDoAOhAJGlyYEKn3KmGCIoQRnniRglpeSSPr6epv+TllUs2UX7olKon8ybyZI9sk8OSYlUSZ2ckQZpEk5G5J48kEfjzngyno2Xz9GMMd/ZJT9gvH4A2EKSSQ==</latexit>

M2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

?

EFT: spin 0 
m=0

<latexit sha1_base64="XjG98wwNYFXVe22y1sv88gdnOiM=">AAACCHicdVDLSgNBEJz1GeMrPm5eBoMgCGE3amJuohePCkaFbJTesdXB2d1hpleMwR/wK7zqyZt49S88+C9O1ggqWoemqOqmuyvSSlry/TdvYHBoeGS0MFYcn5icmi7NzB7YNDMCmyJVqTmKwKKSCTZJksIjbRDiSOFhdLnd8w+v0FiZJvvU0diO4TyRZ1IAOemkNB9qGVLq6koISl8Avz52ctmvrG/UG7Uqd6TRCGp+Tlbrq1UeVPwcZdbH7knpPTxNRRZjQkKBta3A19TugiEpFN4Ww8yiBnEJ59hyNIEYbbubX3/LlzILlHKNhkvFcxG/T3QhtrYTR64zBrqwv72e+JfXyuhso92Vic4IE9FbRFJhvsgKI10syE+lQSLoXY5cJlyAASI0koMQTsxcTkWXx9fT/H9yUK0Etcra3lp5c6ufTIEtsEW2zAJWZ5tsh+2yJhPsht2zB/bo3XlP3rP38tk64PVn5tgPeK8fug2Z+w==</latexit>

⇡ ! ⇡ + ↵xn
<latexit sha1_base64="IQeijevE9grBLEtPqoPt3EaVizE=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQL54MJgIaQDI7NDhhZncz02tCCF/hVU/ejFc/xoP/4u6KiRqtU6WqO11dbiCFQdt+s1ILi0vLK+nVzNr6xuZWdnunZfxQc2hyX/r6ymUGpPCgiQIlXAUamHIltN3xaey370Ab4XuXOAmgp9jIE0PBGUbS9XHXCEXNzXk/m7PzR9VKrVygEanVnLKdkGKlWKBO3k6QI3M0+tn37sDnoQIPuWTGdBw7wN6UaRRcwizTDQ0EjI/ZCDoR9ZgC05smgWf0IDQMfRqApkLSRITvG1OmjJkoN5pUDG/Nby8W//I6IQ6rvanwghDB4/EhFBKSQ4ZrETUBdCA0ILI4OVDhUc40QwQtKOM8EsOomkzUx9fT9H/SKuSdcr50UcrVT+bNpMke2SeHxCEVUidnpEGahBNF7skDebRm1pP1bL18jqas+c4u+QHr9QN5TJTn</latexit>

A ⇠ sNSymmetry:

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Pions

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Galileons

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Galileon-like



UV ➙ IR implications: symmetries
UV

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="19R7SjfM18B2H1f2i8e0MiMcHDo=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxRJYFF7wRvXgxwSiPBFYyOzQ4YfaRmV4N2fAJXvXkzXj1ezz4L+4iJmq0TpWq7nR1uaEUGk3zzcgsLC4tr2RXc2vrG5tb+e2dlg4ixaHJAxmojss0SOFDEwVK6IQKmOdKaLvj09Rv34LSIvCvcBKC47GRL4aCM0yky/Nrq58vmMXjmm0dWdQsmmbVKtspsaoVq0xLiZKiQOZo9PPvvUHAIw985JJp3S2ZIToxUyi4hGmuF2kIGR+zEXQT6jMPtBPPok7pQaQZBjQERYWkMxG+b8TM03riucmkx/BG//ZS8S+vG+Gw5sTCDyMEn6eHUEiYHdJciaQDoAOhAJGlyYEKn3KmGCIoQRnniRglpeSSPr6epv+TllUs2UX7olKon8ybyZI9sk8OSYlUSZ2ckQZpEk5G5J48kEfjzngyno2Xz9GMMd/ZJT9gvH4A2EKSSQ==</latexit>

M2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

<latexit sha1_base64="IEPziz3V8mVyT7Mmtau25FxWN7Q=">AAACA3icdVC7TsNAEDzzJjxioKQ5ESFRBdtAHh2ChhIkAkhJsNaXTTjl/NDdGimKUvIVtFDRIVo+hIJ/wTFBAgRTjWZ2tbMTJEoacpw3a2p6ZnZufmGxsLS8slq019YvTJxqgQ0Rq1hfBWBQyQgbJEnhVaIRwkDhZdA/HvuXt6iNjKNzGiTYDqEXya4UQJnk28Wev98KQHNz7e32fM+3S075oFatVzyekXrdrTg52avuedwtOzlKbIJT335vdWKRhhiRUGBM03USag9BkxQKR4VWajAB0YceNjMaQYimPcyDj/h2aoBinqDmUvFcxO8bQwiNGYRBNhkC3Zjf3lj8y2um1K21hzJKUsJIjA+RVJgfMkLLrBHkHamRCMbJkcuIC9BAhFpyECIT06yiQtbH19P8f3Lhld1KuXK2Xzo8mjSzwDbZFtthLquyQ3bCTlmDCZaye/bAHq0768l6tl4+R6esyc4G+wHr9QOJi5cG</latexit>

g 4
s̄2
/g

2

<latexit sha1_base64="Vr9DURqWyf8Y40obIJR/l+7K3EU=">AAACAHicdVDLTgJBEJzFF+IL9ehlIjHxIu4uCnIzevGoiTwSQNI7NDhh9pGZXhNDuPgVXvXkzXj1Tzz4Ly4rJmq0TpWq7nR1eZGShmz7zcrMzM7NL2QXc0vLK6tr+fWNugljLbAmQhXqpgcGlQywRpIUNiON4HsKG97wdOI3blAbGQaXdBthx4dBIPtSACXS1d6gW2p7oLnZH3Tdbr5gFw+PKtWyyxNSrTplOyWlSsnlTtFOUWBTnHfz7+1eKGIfAxIKjGk5dkSdEWiSQuE4144NRiCGMMBWQgPw0XRGaeox34kNUMgj1Fwqnor4fWMEvjG3vpdM+kDX5rc3Ef/yWjH1jzojGUQxYSAmh0gqTA8ZoWVSB/Ke1EgEk+TIZcAFaCBCLTkIkYhx0k8u6ePraf4/qbtFp1wsXxwUjk+mzWTZFttmu8xhFXbMztg5qzHBNLtnD+zRurOerGfr5XM0Y013NtkPWK8fSPKWZw==</latexit>

�g3s̄/g2
<latexit sha1_base64="wr8OrGy3hi+v+Xjaw02E6bCcNYM=">AAAB9HicdVDLTgJBEJzFF+IL9ehlIjHxItkFWeBG9OIRjTwS2JDZocEJs4/M9JIQwh941ZM349X/8eC/uLtiokbrVKnqTleXG0qh0TTfjMzK6tr6RnYzt7W9s7uX3z9o6yBSHFo8kIHqukyDFD60UKCEbqiAea6Ejju5TPzOFJQWgX+LsxAcj419MRKcYSzdnFUG+YJZrNSqdbtEY1KvW7aZknK1XKJW0UxRIEs0B/n3/jDgkQc+csm07llmiM6cKRRcwiLXjzSEjE/YGHox9ZkH2pmnSRf0JNIMAxqCokLSVITvG3PmaT3z3HjSY3inf3uJ+JfXi3BUc+bCDyMEnyeHUEhID2muRFwB0KFQgMiS5ECFTzlTDBGUoIzzWIziTnJxH19P0/9Ju1S07KJ9fV5oXCybyZIjckxOiUWqpEGuSJO0CCcjck8eyKMxNZ6MZ+PlczRjLHcOyQ8Yrx8cgZHg</latexit>�5

<latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

(app
roxi

mate)
 

Sym
metry

Symmetry

?

EFT: spin 0 
m=0

<latexit sha1_base64="XjG98wwNYFXVe22y1sv88gdnOiM=">AAACCHicdVDLSgNBEJz1GeMrPm5eBoMgCGE3amJuohePCkaFbJTesdXB2d1hpleMwR/wK7zqyZt49S88+C9O1ggqWoemqOqmuyvSSlry/TdvYHBoeGS0MFYcn5icmi7NzB7YNDMCmyJVqTmKwKKSCTZJksIjbRDiSOFhdLnd8w+v0FiZJvvU0diO4TyRZ1IAOemkNB9qGVLq6koISl8Avz52ctmvrG/UG7Uqd6TRCGp+Tlbrq1UeVPwcZdbH7knpPTxNRRZjQkKBta3A19TugiEpFN4Ww8yiBnEJ59hyNIEYbbubX3/LlzILlHKNhkvFcxG/T3QhtrYTR64zBrqwv72e+JfXyuhso92Vic4IE9FbRFJhvsgKI10syE+lQSLoXY5cJlyAASI0koMQTsxcTkWXx9fT/H9yUK0Etcra3lp5c6ufTIEtsEW2zAJWZ5tsh+2yJhPsht2zB/bo3XlP3rP38tk64PVn5tgPeK8fug2Z+w==</latexit>

⇡ ! ⇡ + ↵xn
<latexit sha1_base64="IQeijevE9grBLEtPqoPt3EaVizE=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQL54MJgIaQDI7NDhhZncz02tCCF/hVU/ejFc/xoP/4u6KiRqtU6WqO11dbiCFQdt+s1ILi0vLK+nVzNr6xuZWdnunZfxQc2hyX/r6ymUGpPCgiQIlXAUamHIltN3xaey370Ab4XuXOAmgp9jIE0PBGUbS9XHXCEXNzXk/m7PzR9VKrVygEanVnLKdkGKlWKBO3k6QI3M0+tn37sDnoQIPuWTGdBw7wN6UaRRcwizTDQ0EjI/ZCDoR9ZgC05smgWf0IDQMfRqApkLSRITvG1OmjJkoN5pUDG/Nby8W//I6IQ6rvanwghDB4/EhFBKSQ4ZrETUBdCA0ILI4OVDhUc40QwQtKOM8EsOomkzUx9fT9H/SKuSdcr50UcrVT+bNpMke2SeHxCEVUidnpEGahBNF7skDebRm1pP1bL18jqas+c4u+QHr9QN5TJTn</latexit>

A ⇠ sNSymmetry:

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Pions

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Galileons

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Galileon-like



UV ➙ IR implications: symmetries
UV

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="19R7SjfM18B2H1f2i8e0MiMcHDo=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxRJYFF7wRvXgxwSiPBFYyOzQ4YfaRmV4N2fAJXvXkzXj1ezz4L+4iJmq0TpWq7nR1uaEUGk3zzcgsLC4tr2RXc2vrG5tb+e2dlg4ixaHJAxmojss0SOFDEwVK6IQKmOdKaLvj09Rv34LSIvCvcBKC47GRL4aCM0yky/Nrq58vmMXjmm0dWdQsmmbVKtspsaoVq0xLiZKiQOZo9PPvvUHAIw985JJp3S2ZIToxUyi4hGmuF2kIGR+zEXQT6jMPtBPPok7pQaQZBjQERYWkMxG+b8TM03riucmkx/BG//ZS8S+vG+Gw5sTCDyMEn6eHUEiYHdJciaQDoAOhAJGlyYEKn3KmGCIoQRnniRglpeSSPr6epv+TllUs2UX7olKon8ybyZI9sk8OSYlUSZ2ckQZpEk5G5J48kEfjzngyno2Xz9GMMd/ZJT9gvH4A2EKSSQ==</latexit>

M2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

<latexit sha1_base64="IEPziz3V8mVyT7Mmtau25FxWN7Q=">AAACA3icdVC7TsNAEDzzJjxioKQ5ESFRBdtAHh2ChhIkAkhJsNaXTTjl/NDdGimKUvIVtFDRIVo+hIJ/wTFBAgRTjWZ2tbMTJEoacpw3a2p6ZnZufmGxsLS8slq019YvTJxqgQ0Rq1hfBWBQyQgbJEnhVaIRwkDhZdA/HvuXt6iNjKNzGiTYDqEXya4UQJnk28Wev98KQHNz7e32fM+3S075oFatVzyekXrdrTg52avuedwtOzlKbIJT335vdWKRhhiRUGBM03USag9BkxQKR4VWajAB0YceNjMaQYimPcyDj/h2aoBinqDmUvFcxO8bQwiNGYRBNhkC3Zjf3lj8y2um1K21hzJKUsJIjA+RVJgfMkLLrBHkHamRCMbJkcuIC9BAhFpyECIT06yiQtbH19P8f3Lhld1KuXK2Xzo8mjSzwDbZFtthLquyQ3bCTlmDCZaye/bAHq0768l6tl4+R6esyc4G+wHr9QOJi5cG</latexit>

g 4
s̄2
/g

2

<latexit sha1_base64="Vr9DURqWyf8Y40obIJR/l+7K3EU=">AAACAHicdVDLTgJBEJzFF+IL9ehlIjHxIu4uCnIzevGoiTwSQNI7NDhh9pGZXhNDuPgVXvXkzXj1Tzz4Ly4rJmq0TpWq7nR1eZGShmz7zcrMzM7NL2QXc0vLK6tr+fWNugljLbAmQhXqpgcGlQywRpIUNiON4HsKG97wdOI3blAbGQaXdBthx4dBIPtSACXS1d6gW2p7oLnZH3Tdbr5gFw+PKtWyyxNSrTplOyWlSsnlTtFOUWBTnHfz7+1eKGIfAxIKjGk5dkSdEWiSQuE4144NRiCGMMBWQgPw0XRGaeox34kNUMgj1Fwqnor4fWMEvjG3vpdM+kDX5rc3Ef/yWjH1jzojGUQxYSAmh0gqTA8ZoWVSB/Ke1EgEk+TIZcAFaCBCLTkIkYhx0k8u6ePraf4/qbtFp1wsXxwUjk+mzWTZFttmu8xhFXbMztg5qzHBNLtnD+zRurOerGfr5XM0Y013NtkPWK8fSPKWZw==</latexit>

�g3s̄/g2
<latexit sha1_base64="wr8OrGy3hi+v+Xjaw02E6bCcNYM=">AAAB9HicdVDLTgJBEJzFF+IL9ehlIjHxItkFWeBG9OIRjTwS2JDZocEJs4/M9JIQwh941ZM349X/8eC/uLtiokbrVKnqTleXG0qh0TTfjMzK6tr6RnYzt7W9s7uX3z9o6yBSHFo8kIHqukyDFD60UKCEbqiAea6Ejju5TPzOFJQWgX+LsxAcj419MRKcYSzdnFUG+YJZrNSqdbtEY1KvW7aZknK1XKJW0UxRIEs0B/n3/jDgkQc+csm07llmiM6cKRRcwiLXjzSEjE/YGHox9ZkH2pmnSRf0JNIMAxqCokLSVITvG3PmaT3z3HjSY3inf3uJ+JfXi3BUc+bCDyMEnyeHUEhID2muRFwB0KFQgMiS5ECFTzlTDBGUoIzzWIziTnJxH19P0/9Ju1S07KJ9fV5oXCybyZIjckxOiUWqpEGuSJO0CCcjck8eyKMxNZ6MZ+PlczRjLHcOyQ8Yrx8cgZHg</latexit>�5

<latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

(app
roxi

mate)
 

Sym
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Symmetry

<latexit sha1_base64="DAUWD7dzRtyAzsz4QKr1W63z6/U=">AAAB9nicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGoI0J0cYSE/lIgJC9ZYANe3uX3TkjufAXbLWyM7b+HQv/i3dIoeCrXt6bybx5fqSkJdf9dHIrq2vrG/nNwtb2zu5ecf+gYcPYCKyLUIWm5XOLSmqskySFrcggD3yFTX98k/nNBzRWhvqeJhF2Az7UciAFp0y6GvZ0r1hyy+4MbJl4c1KCOWq94lenH4o4QE1CcWvbnhtRN+GGpFA4LXRiixEXYz7Edko1D9B2k1nWKTuJLaeQRWiYVGwm4u+NhAfWTgI/nQw4jeyil4n/ee2YBpfdROooJtQiO0RS4eyQFUamJSDrS4NEPEuOTGomuOFEaCTjQqRinLZSSPvwFr9fJo2zslcpV+7OS9XreTN5OIJjOAUPLqAKt1CDOggYwRM8w4vz6Lw6b877z2jOme8cwh84H99/B5Kj</latexit>= gn

?

EFT: spin 0 
m=0

<latexit sha1_base64="XjG98wwNYFXVe22y1sv88gdnOiM=">AAACCHicdVDLSgNBEJz1GeMrPm5eBoMgCGE3amJuohePCkaFbJTesdXB2d1hpleMwR/wK7zqyZt49S88+C9O1ggqWoemqOqmuyvSSlry/TdvYHBoeGS0MFYcn5icmi7NzB7YNDMCmyJVqTmKwKKSCTZJksIjbRDiSOFhdLnd8w+v0FiZJvvU0diO4TyRZ1IAOemkNB9qGVLq6koISl8Avz52ctmvrG/UG7Uqd6TRCGp+Tlbrq1UeVPwcZdbH7knpPTxNRRZjQkKBta3A19TugiEpFN4Ww8yiBnEJ59hyNIEYbbubX3/LlzILlHKNhkvFcxG/T3QhtrYTR64zBrqwv72e+JfXyuhso92Vic4IE9FbRFJhvsgKI10syE+lQSLoXY5cJlyAASI0koMQTsxcTkWXx9fT/H9yUK0Etcra3lp5c6ufTIEtsEW2zAJWZ5tsh+2yJhPsht2zB/bo3XlP3rP38tk64PVn5tgPeK8fug2Z+w==</latexit>

⇡ ! ⇡ + ↵xn
<latexit sha1_base64="IQeijevE9grBLEtPqoPt3EaVizE=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQL54MJgIaQDI7NDhhZncz02tCCF/hVU/ejFc/xoP/4u6KiRqtU6WqO11dbiCFQdt+s1ILi0vLK+nVzNr6xuZWdnunZfxQc2hyX/r6ymUGpPCgiQIlXAUamHIltN3xaey370Ab4XuXOAmgp9jIE0PBGUbS9XHXCEXNzXk/m7PzR9VKrVygEanVnLKdkGKlWKBO3k6QI3M0+tn37sDnoQIPuWTGdBw7wN6UaRRcwizTDQ0EjI/ZCDoR9ZgC05smgWf0IDQMfRqApkLSRITvG1OmjJkoN5pUDG/Nby8W//I6IQ6rvanwghDB4/EhFBKSQ4ZrETUBdCA0ILI4OVDhUc40QwQtKOM8EsOomkzUx9fT9H/SKuSdcr50UcrVT+bNpMke2SeHxCEVUidnpEGahBNF7skDebRm1pP1bL18jqas+c4u+QHr9QN5TJTn</latexit>

A ⇠ sNSymmetry:

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Pions

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Galileons

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Galileon-like



<latexit sha1_base64="WbidNlpnotpXSsCZ9FaAV/jI2+Y=">AAACKXicbZC7TsNAEEXXvAmvACXNigiJKrKjECgjaChBIglSHKzxZjAr1g92x0hRlC/hE/gKWqjoAImKH8E2KQJhqqtzZzQz10+UNGTb79bM7Nz8wuLScmlldW19o7y51TZxqgW2RKxifemDQSUjbJEkhZeJRgh9hR3/9iT3O/eojYyjCxok2AshiOS1FEAZ8soHgVdzA7zjrg+am6saD7z6JKhnoJEDV/RjMoVle+WKXbWL4tPCGYsKG9eZV/50+7FIQ4xIKDCm69gJ9YagSQqFo5KbGkxA3EKA3UxGEKLpDYv3RnwvNUAxT1BzqXgBcXJiCKExg9DPOkOgG/PXy+F/Xjel66PeUEZJShiJfBFJhcUiI7TMckPelxqJIL8cuYy4AA1EqCUHITKYZkGWsjycv99Pi3at6jSqjfN6pXk8TmaJ7bBdts8cdsia7JSdsRYT7IE9sWf2Yj1ar9ab9fHTOmONZ7bZr7K+vgG+HaVS</latexit>

g2 � s̄2g4 � s̄4g6 � · · · � 0

Inclu
des t≠0

Caron-Huot,VanDuong’20

Tolley,Wang,Zhou’20


UV ➙ IR implications: symmetries
UV

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="19R7SjfM18B2H1f2i8e0MiMcHDo=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxRJYFF7wRvXgxwSiPBFYyOzQ4YfaRmV4N2fAJXvXkzXj1ezz4L+4iJmq0TpWq7nR1uaEUGk3zzcgsLC4tr2RXc2vrG5tb+e2dlg4ixaHJAxmojss0SOFDEwVK6IQKmOdKaLvj09Rv34LSIvCvcBKC47GRL4aCM0yky/Nrq58vmMXjmm0dWdQsmmbVKtspsaoVq0xLiZKiQOZo9PPvvUHAIw985JJp3S2ZIToxUyi4hGmuF2kIGR+zEXQT6jMPtBPPok7pQaQZBjQERYWkMxG+b8TM03riucmkx/BG//ZS8S+vG+Gw5sTCDyMEn6eHUEiYHdJciaQDoAOhAJGlyYEKn3KmGCIoQRnniRglpeSSPr6epv+TllUs2UX7olKon8ybyZI9sk8OSYlUSZ2ckQZpEk5G5J48kEfjzngyno2Xz9GMMd/ZJT9gvH4A2EKSSQ==</latexit>

M2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

<latexit sha1_base64="IEPziz3V8mVyT7Mmtau25FxWN7Q=">AAACA3icdVC7TsNAEDzzJjxioKQ5ESFRBdtAHh2ChhIkAkhJsNaXTTjl/NDdGimKUvIVtFDRIVo+hIJ/wTFBAgRTjWZ2tbMTJEoacpw3a2p6ZnZufmGxsLS8slq019YvTJxqgQ0Rq1hfBWBQyQgbJEnhVaIRwkDhZdA/HvuXt6iNjKNzGiTYDqEXya4UQJnk28Wev98KQHNz7e32fM+3S075oFatVzyekXrdrTg52avuedwtOzlKbIJT335vdWKRhhiRUGBM03USag9BkxQKR4VWajAB0YceNjMaQYimPcyDj/h2aoBinqDmUvFcxO8bQwiNGYRBNhkC3Zjf3lj8y2um1K21hzJKUsJIjA+RVJgfMkLLrBHkHamRCMbJkcuIC9BAhFpyECIT06yiQtbH19P8f3Lhld1KuXK2Xzo8mjSzwDbZFtthLquyQ3bCTlmDCZaye/bAHq0768l6tl4+R6esyc4G+wHr9QOJi5cG</latexit>

g 4
s̄2
/g

2

<latexit sha1_base64="Vr9DURqWyf8Y40obIJR/l+7K3EU=">AAACAHicdVDLTgJBEJzFF+IL9ehlIjHxIu4uCnIzevGoiTwSQNI7NDhh9pGZXhNDuPgVXvXkzXj1Tzz4Ly4rJmq0TpWq7nR1eZGShmz7zcrMzM7NL2QXc0vLK6tr+fWNugljLbAmQhXqpgcGlQywRpIUNiON4HsKG97wdOI3blAbGQaXdBthx4dBIPtSACXS1d6gW2p7oLnZH3Tdbr5gFw+PKtWyyxNSrTplOyWlSsnlTtFOUWBTnHfz7+1eKGIfAxIKjGk5dkSdEWiSQuE4144NRiCGMMBWQgPw0XRGaeox34kNUMgj1Fwqnor4fWMEvjG3vpdM+kDX5rc3Ef/yWjH1jzojGUQxYSAmh0gqTA8ZoWVSB/Ke1EgEk+TIZcAFaCBCLTkIkYhx0k8u6ePraf4/qbtFp1wsXxwUjk+mzWTZFttmu8xhFXbMztg5qzHBNLtnD+zRurOerGfr5XM0Y013NtkPWK8fSPKWZw==</latexit>

�g3s̄/g2
<latexit sha1_base64="wr8OrGy3hi+v+Xjaw02E6bCcNYM=">AAAB9HicdVDLTgJBEJzFF+IL9ehlIjHxItkFWeBG9OIRjTwS2JDZocEJs4/M9JIQwh941ZM349X/8eC/uLtiokbrVKnqTleXG0qh0TTfjMzK6tr6RnYzt7W9s7uX3z9o6yBSHFo8kIHqukyDFD60UKCEbqiAea6Ejju5TPzOFJQWgX+LsxAcj419MRKcYSzdnFUG+YJZrNSqdbtEY1KvW7aZknK1XKJW0UxRIEs0B/n3/jDgkQc+csm07llmiM6cKRRcwiLXjzSEjE/YGHox9ZkH2pmnSRf0JNIMAxqCokLSVITvG3PmaT3z3HjSY3inf3uJ+JfXi3BUc+bCDyMEnyeHUEhID2muRFwB0KFQgMiS5ECFTzlTDBGUoIzzWIziTnJxH19P0/9Ju1S07KJ9fV5oXCybyZIjckxOiUWqpEGuSJO0CCcjck8eyKMxNZ6MZ+PlczRjLHcOyQ8Yrx8cgZHg</latexit>�5

<latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

(app
roxi

mate)
 

Sym
metry

Symmetry

<latexit sha1_base64="DAUWD7dzRtyAzsz4QKr1W63z6/U=">AAAB9nicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGoI0J0cYSE/lIgJC9ZYANe3uX3TkjufAXbLWyM7b+HQv/i3dIoeCrXt6bybx5fqSkJdf9dHIrq2vrG/nNwtb2zu5ecf+gYcPYCKyLUIWm5XOLSmqskySFrcggD3yFTX98k/nNBzRWhvqeJhF2Az7UciAFp0y6GvZ0r1hyy+4MbJl4c1KCOWq94lenH4o4QE1CcWvbnhtRN+GGpFA4LXRiixEXYz7Edko1D9B2k1nWKTuJLaeQRWiYVGwm4u+NhAfWTgI/nQw4jeyil4n/ee2YBpfdROooJtQiO0RS4eyQFUamJSDrS4NEPEuOTGomuOFEaCTjQqRinLZSSPvwFr9fJo2zslcpV+7OS9XreTN5OIJjOAUPLqAKt1CDOggYwRM8w4vz6Lw6b877z2jOme8cwh84H99/B5Kj</latexit>= gn

?

EFT: spin 0 
m=0

<latexit sha1_base64="XjG98wwNYFXVe22y1sv88gdnOiM=">AAACCHicdVDLSgNBEJz1GeMrPm5eBoMgCGE3amJuohePCkaFbJTesdXB2d1hpleMwR/wK7zqyZt49S88+C9O1ggqWoemqOqmuyvSSlry/TdvYHBoeGS0MFYcn5icmi7NzB7YNDMCmyJVqTmKwKKSCTZJksIjbRDiSOFhdLnd8w+v0FiZJvvU0diO4TyRZ1IAOemkNB9qGVLq6koISl8Avz52ctmvrG/UG7Uqd6TRCGp+Tlbrq1UeVPwcZdbH7knpPTxNRRZjQkKBta3A19TugiEpFN4Ww8yiBnEJ59hyNIEYbbubX3/LlzILlHKNhkvFcxG/T3QhtrYTR64zBrqwv72e+JfXyuhso92Vic4IE9FbRFJhvsgKI10syE+lQSLoXY5cJlyAASI0koMQTsxcTkWXx9fT/H9yUK0Etcra3lp5c6ufTIEtsEW2zAJWZ5tsh+2yJhPsht2zB/bo3XlP3rP38tk64PVn5tgPeK8fug2Z+w==</latexit>

⇡ ! ⇡ + ↵xn
<latexit sha1_base64="IQeijevE9grBLEtPqoPt3EaVizE=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQL54MJgIaQDI7NDhhZncz02tCCF/hVU/ejFc/xoP/4u6KiRqtU6WqO11dbiCFQdt+s1ILi0vLK+nVzNr6xuZWdnunZfxQc2hyX/r6ymUGpPCgiQIlXAUamHIltN3xaey370Ab4XuXOAmgp9jIE0PBGUbS9XHXCEXNzXk/m7PzR9VKrVygEanVnLKdkGKlWKBO3k6QI3M0+tn37sDnoQIPuWTGdBw7wN6UaRRcwizTDQ0EjI/ZCDoR9ZgC05smgWf0IDQMfRqApkLSRITvG1OmjJkoN5pUDG/Nby8W//I6IQ6rvanwghDB4/EhFBKSQ4ZrETUBdCA0ILI4OVDhUc40QwQtKOM8EsOomkzUx9fT9H/SKuSdcr50UcrVT+bNpMke2SeHxCEVUidnpEGahBNF7skDebRm1pP1bL18jqas+c4u+QHr9QN5TJTn</latexit>

A ⇠ sNSymmetry:

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Pions

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Galileons

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Galileon-like



<latexit sha1_base64="WbidNlpnotpXSsCZ9FaAV/jI2+Y=">AAACKXicbZC7TsNAEEXXvAmvACXNigiJKrKjECgjaChBIglSHKzxZjAr1g92x0hRlC/hE/gKWqjoAImKH8E2KQJhqqtzZzQz10+UNGTb79bM7Nz8wuLScmlldW19o7y51TZxqgW2RKxifemDQSUjbJEkhZeJRgh9hR3/9iT3O/eojYyjCxok2AshiOS1FEAZ8soHgVdzA7zjrg+am6saD7z6JKhnoJEDV/RjMoVle+WKXbWL4tPCGYsKG9eZV/50+7FIQ4xIKDCm69gJ9YagSQqFo5KbGkxA3EKA3UxGEKLpDYv3RnwvNUAxT1BzqXgBcXJiCKExg9DPOkOgG/PXy+F/Xjel66PeUEZJShiJfBFJhcUiI7TMckPelxqJIL8cuYy4AA1EqCUHITKYZkGWsjycv99Pi3at6jSqjfN6pXk8TmaJ7bBdts8cdsia7JSdsRYT7IE9sWf2Yj1ar9ab9fHTOmONZ7bZr7K+vgG+HaVS</latexit>

g2 � s̄2g4 � s̄4g6 � · · · � 0

Inclu
des t≠0

Caron-Huot,VanDuong’20

Tolley,Wang,Zhou’20


UV ➙ IR implications: symmetries
UV

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="19R7SjfM18B2H1f2i8e0MiMcHDo=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxRJYFF7wRvXgxwSiPBFYyOzQ4YfaRmV4N2fAJXvXkzXj1ezz4L+4iJmq0TpWq7nR1uaEUGk3zzcgsLC4tr2RXc2vrG5tb+e2dlg4ixaHJAxmojss0SOFDEwVK6IQKmOdKaLvj09Rv34LSIvCvcBKC47GRL4aCM0yky/Nrq58vmMXjmm0dWdQsmmbVKtspsaoVq0xLiZKiQOZo9PPvvUHAIw985JJp3S2ZIToxUyi4hGmuF2kIGR+zEXQT6jMPtBPPok7pQaQZBjQERYWkMxG+b8TM03riucmkx/BG//ZS8S+vG+Gw5sTCDyMEn6eHUEiYHdJciaQDoAOhAJGlyYEKn3KmGCIoQRnniRglpeSSPr6epv+TllUs2UX7olKon8ybyZI9sk8OSYlUSZ2ckQZpEk5G5J48kEfjzngyno2Xz9GMMd/ZJT9gvH4A2EKSSQ==</latexit>

M2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

<latexit sha1_base64="IEPziz3V8mVyT7Mmtau25FxWN7Q=">AAACA3icdVC7TsNAEDzzJjxioKQ5ESFRBdtAHh2ChhIkAkhJsNaXTTjl/NDdGimKUvIVtFDRIVo+hIJ/wTFBAgRTjWZ2tbMTJEoacpw3a2p6ZnZufmGxsLS8slq019YvTJxqgQ0Rq1hfBWBQyQgbJEnhVaIRwkDhZdA/HvuXt6iNjKNzGiTYDqEXya4UQJnk28Wev98KQHNz7e32fM+3S075oFatVzyekXrdrTg52avuedwtOzlKbIJT335vdWKRhhiRUGBM03USag9BkxQKR4VWajAB0YceNjMaQYimPcyDj/h2aoBinqDmUvFcxO8bQwiNGYRBNhkC3Zjf3lj8y2um1K21hzJKUsJIjA+RVJgfMkLLrBHkHamRCMbJkcuIC9BAhFpyECIT06yiQtbH19P8f3Lhld1KuXK2Xzo8mjSzwDbZFtthLquyQ3bCTlmDCZaye/bAHq0768l6tl4+R6esyc4G+wHr9QOJi5cG</latexit>

g 4
s̄2
/g

2

<latexit sha1_base64="Vr9DURqWyf8Y40obIJR/l+7K3EU=">AAACAHicdVDLTgJBEJzFF+IL9ehlIjHxIu4uCnIzevGoiTwSQNI7NDhh9pGZXhNDuPgVXvXkzXj1Tzz4Ly4rJmq0TpWq7nR1eZGShmz7zcrMzM7NL2QXc0vLK6tr+fWNugljLbAmQhXqpgcGlQywRpIUNiON4HsKG97wdOI3blAbGQaXdBthx4dBIPtSACXS1d6gW2p7oLnZH3Tdbr5gFw+PKtWyyxNSrTplOyWlSsnlTtFOUWBTnHfz7+1eKGIfAxIKjGk5dkSdEWiSQuE4144NRiCGMMBWQgPw0XRGaeox34kNUMgj1Fwqnor4fWMEvjG3vpdM+kDX5rc3Ef/yWjH1jzojGUQxYSAmh0gqTA8ZoWVSB/Ke1EgEk+TIZcAFaCBCLTkIkYhx0k8u6ePraf4/qbtFp1wsXxwUjk+mzWTZFttmu8xhFXbMztg5qzHBNLtnD+zRurOerGfr5XM0Y013NtkPWK8fSPKWZw==</latexit>

�g3s̄/g2
<latexit sha1_base64="wr8OrGy3hi+v+Xjaw02E6bCcNYM=">AAAB9HicdVDLTgJBEJzFF+IL9ehlIjHxItkFWeBG9OIRjTwS2JDZocEJs4/M9JIQwh941ZM349X/8eC/uLtiokbrVKnqTleXG0qh0TTfjMzK6tr6RnYzt7W9s7uX3z9o6yBSHFo8kIHqukyDFD60UKCEbqiAea6Ejju5TPzOFJQWgX+LsxAcj419MRKcYSzdnFUG+YJZrNSqdbtEY1KvW7aZknK1XKJW0UxRIEs0B/n3/jDgkQc+csm07llmiM6cKRRcwiLXjzSEjE/YGHox9ZkH2pmnSRf0JNIMAxqCokLSVITvG3PmaT3z3HjSY3inf3uJ+JfXi3BUc+bCDyMEnyeHUEhID2muRFwB0KFQgMiS5ECFTzlTDBGUoIzzWIziTnJxH19P0/9Ju1S07KJ9fV5oXCybyZIjckxOiUWqpEGuSJO0CCcjck8eyKMxNZ6MZ+PlczRjLHcOyQ8Yrx8cgZHg</latexit>�5

<latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

(app
roxi

mate)
 

Sym
metry

Symmetry

<latexit sha1_base64="DAUWD7dzRtyAzsz4QKr1W63z6/U=">AAAB9nicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGoI0J0cYSE/lIgJC9ZYANe3uX3TkjufAXbLWyM7b+HQv/i3dIoeCrXt6bybx5fqSkJdf9dHIrq2vrG/nNwtb2zu5ecf+gYcPYCKyLUIWm5XOLSmqskySFrcggD3yFTX98k/nNBzRWhvqeJhF2Az7UciAFp0y6GvZ0r1hyy+4MbJl4c1KCOWq94lenH4o4QE1CcWvbnhtRN+GGpFA4LXRiixEXYz7Edko1D9B2k1nWKTuJLaeQRWiYVGwm4u+NhAfWTgI/nQw4jeyil4n/ee2YBpfdROooJtQiO0RS4eyQFUamJSDrS4NEPEuOTGomuOFEaCTjQqRinLZSSPvwFr9fJo2zslcpV+7OS9XreTN5OIJjOAUPLqAKt1CDOggYwRM8w4vz6Lw6b877z2jOme8cwh84H99/B5Kj</latexit>= gn

?

EFT: spin 0 
m=0

<latexit sha1_base64="XjG98wwNYFXVe22y1sv88gdnOiM=">AAACCHicdVDLSgNBEJz1GeMrPm5eBoMgCGE3amJuohePCkaFbJTesdXB2d1hpleMwR/wK7zqyZt49S88+C9O1ggqWoemqOqmuyvSSlry/TdvYHBoeGS0MFYcn5icmi7NzB7YNDMCmyJVqTmKwKKSCTZJksIjbRDiSOFhdLnd8w+v0FiZJvvU0diO4TyRZ1IAOemkNB9qGVLq6koISl8Avz52ctmvrG/UG7Uqd6TRCGp+Tlbrq1UeVPwcZdbH7knpPTxNRRZjQkKBta3A19TugiEpFN4Ww8yiBnEJ59hyNIEYbbubX3/LlzILlHKNhkvFcxG/T3QhtrYTR64zBrqwv72e+JfXyuhso92Vic4IE9FbRFJhvsgKI10syE+lQSLoXY5cJlyAASI0koMQTsxcTkWXx9fT/H9yUK0Etcra3lp5c6ufTIEtsEW2zAJWZ5tsh+2yJhPsht2zB/bo3XlP3rP38tk64PVn5tgPeK8fug2Z+w==</latexit>

⇡ ! ⇡ + ↵xn
<latexit sha1_base64="IQeijevE9grBLEtPqoPt3EaVizE=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQL54MJgIaQDI7NDhhZncz02tCCF/hVU/ejFc/xoP/4u6KiRqtU6WqO11dbiCFQdt+s1ILi0vLK+nVzNr6xuZWdnunZfxQc2hyX/r6ymUGpPCgiQIlXAUamHIltN3xaey370Ab4XuXOAmgp9jIE0PBGUbS9XHXCEXNzXk/m7PzR9VKrVygEanVnLKdkGKlWKBO3k6QI3M0+tn37sDnoQIPuWTGdBw7wN6UaRRcwizTDQ0EjI/ZCDoR9ZgC05smgWf0IDQMfRqApkLSRITvG1OmjJkoN5pUDG/Nby8W//I6IQ6rvanwghDB4/EhFBKSQ4ZrETUBdCA0ILI4OVDhUc40QwQtKOM8EsOomkzUx9fT9H/SKuSdcr50UcrVT+bNpMke2SeHxCEVUidnpEGahBNF7skDebRm1pP1bL18jqas+c4u+QHr9QN5TJTn</latexit>

A ⇠ sNSymmetry:

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Pions

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Galileons

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Galileon-like

(large high-derivative interactions)
Amplitude growth faster than      is forbidden

<latexit sha1_base64="mXPu/Q4Fv4TsYyMUK7TQBlxa1xI=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjaCiDRB5SYqLzZRNOuTtbd2ukKOQnaKGiQ7T8DAX/gm1cQMJUo5ld7ewEkRQWXffTKaysrq1vFDdLW9s7u3vl/YO2DWPDocVDGZpuwCxIoaGFAiV0IwNMBRI6weQq9TsPYKwI9S1OI/AVG2sxEpxhInX7Vihq72qDcsWtuhnoMvFyUiE5moPyV38Y8liBRi6ZtT3PjdCfMYOCS5iX+rGFiPEJG0MvoZopsP4syzunJ7FlGNIIDBWSZiL83pgxZe1UBcmkYnhvF71U/M/rxTi68GdCRzGC5ukhFBKyQ5YbkRQBdCgMILI0OVChKWeGIYIRlHGeiHHSTCnpw1v8fpm0a1WvXq3fnFUal3kzRXJEjskp8cg5aZBr0iQtwokkT+SZvDiPzqvz5rz/jBacfOeQ/IHz8Q0yZJQi</latexit>

⇠ s2



<latexit sha1_base64="WbidNlpnotpXSsCZ9FaAV/jI2+Y=">AAACKXicbZC7TsNAEEXXvAmvACXNigiJKrKjECgjaChBIglSHKzxZjAr1g92x0hRlC/hE/gKWqjoAImKH8E2KQJhqqtzZzQz10+UNGTb79bM7Nz8wuLScmlldW19o7y51TZxqgW2RKxifemDQSUjbJEkhZeJRgh9hR3/9iT3O/eojYyjCxok2AshiOS1FEAZ8soHgVdzA7zjrg+am6saD7z6JKhnoJEDV/RjMoVle+WKXbWL4tPCGYsKG9eZV/50+7FIQ4xIKDCm69gJ9YagSQqFo5KbGkxA3EKA3UxGEKLpDYv3RnwvNUAxT1BzqXgBcXJiCKExg9DPOkOgG/PXy+F/Xjel66PeUEZJShiJfBFJhcUiI7TMckPelxqJIL8cuYy4AA1EqCUHITKYZkGWsjycv99Pi3at6jSqjfN6pXk8TmaJ7bBdts8cdsia7JSdsRYT7IE9sWf2Yj1ar9ab9fHTOmONZ7bZr7K+vgG+HaVS</latexit>

g2 � s̄2g4 � s̄4g6 � · · · � 0

Inclu
des t≠0

Caron-Huot,VanDuong’20

Tolley,Wang,Zhou’20


UV ➙ IR implications: symmetries
UV

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="19R7SjfM18B2H1f2i8e0MiMcHDo=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxRJYFF7wRvXgxwSiPBFYyOzQ4YfaRmV4N2fAJXvXkzXj1ezz4L+4iJmq0TpWq7nR1uaEUGk3zzcgsLC4tr2RXc2vrG5tb+e2dlg4ixaHJAxmojss0SOFDEwVK6IQKmOdKaLvj09Rv34LSIvCvcBKC47GRL4aCM0yky/Nrq58vmMXjmm0dWdQsmmbVKtspsaoVq0xLiZKiQOZo9PPvvUHAIw985JJp3S2ZIToxUyi4hGmuF2kIGR+zEXQT6jMPtBPPok7pQaQZBjQERYWkMxG+b8TM03riucmkx/BG//ZS8S+vG+Gw5sTCDyMEn6eHUEiYHdJciaQDoAOhAJGlyYEKn3KmGCIoQRnniRglpeSSPr6epv+TllUs2UX7olKon8ybyZI9sk8OSYlUSZ2ckQZpEk5G5J48kEfjzngyno2Xz9GMMd/ZJT9gvH4A2EKSSQ==</latexit>

M2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

<latexit sha1_base64="IEPziz3V8mVyT7Mmtau25FxWN7Q=">AAACA3icdVC7TsNAEDzzJjxioKQ5ESFRBdtAHh2ChhIkAkhJsNaXTTjl/NDdGimKUvIVtFDRIVo+hIJ/wTFBAgRTjWZ2tbMTJEoacpw3a2p6ZnZufmGxsLS8slq019YvTJxqgQ0Rq1hfBWBQyQgbJEnhVaIRwkDhZdA/HvuXt6iNjKNzGiTYDqEXya4UQJnk28Wev98KQHNz7e32fM+3S075oFatVzyekXrdrTg52avuedwtOzlKbIJT335vdWKRhhiRUGBM03USag9BkxQKR4VWajAB0YceNjMaQYimPcyDj/h2aoBinqDmUvFcxO8bQwiNGYRBNhkC3Zjf3lj8y2um1K21hzJKUsJIjA+RVJgfMkLLrBHkHamRCMbJkcuIC9BAhFpyECIT06yiQtbH19P8f3Lhld1KuXK2Xzo8mjSzwDbZFtthLquyQ3bCTlmDCZaye/bAHq0768l6tl4+R6esyc4G+wHr9QOJi5cG</latexit>

g 4
s̄2
/g

2

<latexit sha1_base64="Vr9DURqWyf8Y40obIJR/l+7K3EU=">AAACAHicdVDLTgJBEJzFF+IL9ehlIjHxIu4uCnIzevGoiTwSQNI7NDhh9pGZXhNDuPgVXvXkzXj1Tzz4Ly4rJmq0TpWq7nR1eZGShmz7zcrMzM7NL2QXc0vLK6tr+fWNugljLbAmQhXqpgcGlQywRpIUNiON4HsKG97wdOI3blAbGQaXdBthx4dBIPtSACXS1d6gW2p7oLnZH3Tdbr5gFw+PKtWyyxNSrTplOyWlSsnlTtFOUWBTnHfz7+1eKGIfAxIKjGk5dkSdEWiSQuE4144NRiCGMMBWQgPw0XRGaeox34kNUMgj1Fwqnor4fWMEvjG3vpdM+kDX5rc3Ef/yWjH1jzojGUQxYSAmh0gqTA8ZoWVSB/Ke1EgEk+TIZcAFaCBCLTkIkYhx0k8u6ePraf4/qbtFp1wsXxwUjk+mzWTZFttmu8xhFXbMztg5qzHBNLtnD+zRurOerGfr5XM0Y013NtkPWK8fSPKWZw==</latexit>

�g3s̄/g2
<latexit sha1_base64="wr8OrGy3hi+v+Xjaw02E6bCcNYM=">AAAB9HicdVDLTgJBEJzFF+IL9ehlIjHxItkFWeBG9OIRjTwS2JDZocEJs4/M9JIQwh941ZM349X/8eC/uLtiokbrVKnqTleXG0qh0TTfjMzK6tr6RnYzt7W9s7uX3z9o6yBSHFo8kIHqukyDFD60UKCEbqiAea6Ejju5TPzOFJQWgX+LsxAcj419MRKcYSzdnFUG+YJZrNSqdbtEY1KvW7aZknK1XKJW0UxRIEs0B/n3/jDgkQc+csm07llmiM6cKRRcwiLXjzSEjE/YGHox9ZkH2pmnSRf0JNIMAxqCokLSVITvG3PmaT3z3HjSY3inf3uJ+JfXi3BUc+bCDyMEnyeHUEhID2muRFwB0KFQgMiS5ECFTzlTDBGUoIzzWIziTnJxH19P0/9Ju1S07KJ9fV5oXCybyZIjckxOiUWqpEGuSJO0CCcjck8eyKMxNZ6MZ+PlczRjLHcOyQ8Yrx8cgZHg</latexit>�5

<latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

(app
roxi

mate)
 

Sym
metry

Symmetry

<latexit sha1_base64="DAUWD7dzRtyAzsz4QKr1W63z6/U=">AAAB9nicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGoI0J0cYSE/lIgJC9ZYANe3uX3TkjufAXbLWyM7b+HQv/i3dIoeCrXt6bybx5fqSkJdf9dHIrq2vrG/nNwtb2zu5ecf+gYcPYCKyLUIWm5XOLSmqskySFrcggD3yFTX98k/nNBzRWhvqeJhF2Az7UciAFp0y6GvZ0r1hyy+4MbJl4c1KCOWq94lenH4o4QE1CcWvbnhtRN+GGpFA4LXRiixEXYz7Edko1D9B2k1nWKTuJLaeQRWiYVGwm4u+NhAfWTgI/nQw4jeyil4n/ee2YBpfdROooJtQiO0RS4eyQFUamJSDrS4NEPEuOTGomuOFEaCTjQqRinLZSSPvwFr9fJo2zslcpV+7OS9XreTN5OIJjOAUPLqAKt1CDOggYwRM8w4vz6Lw6b877z2jOme8cwh84H99/B5Kj</latexit>= gn

?

EFT: spin 0 
m=0

<latexit sha1_base64="XjG98wwNYFXVe22y1sv88gdnOiM=">AAACCHicdVDLSgNBEJz1GeMrPm5eBoMgCGE3amJuohePCkaFbJTesdXB2d1hpleMwR/wK7zqyZt49S88+C9O1ggqWoemqOqmuyvSSlry/TdvYHBoeGS0MFYcn5icmi7NzB7YNDMCmyJVqTmKwKKSCTZJksIjbRDiSOFhdLnd8w+v0FiZJvvU0diO4TyRZ1IAOemkNB9qGVLq6koISl8Avz52ctmvrG/UG7Uqd6TRCGp+Tlbrq1UeVPwcZdbH7knpPTxNRRZjQkKBta3A19TugiEpFN4Ww8yiBnEJ59hyNIEYbbubX3/LlzILlHKNhkvFcxG/T3QhtrYTR64zBrqwv72e+JfXyuhso92Vic4IE9FbRFJhvsgKI10syE+lQSLoXY5cJlyAASI0koMQTsxcTkWXx9fT/H9yUK0Etcra3lp5c6ufTIEtsEW2zAJWZ5tsh+2yJhPsht2zB/bo3XlP3rP38tk64PVn5tgPeK8fug2Z+w==</latexit>

⇡ ! ⇡ + ↵xn
<latexit sha1_base64="IQeijevE9grBLEtPqoPt3EaVizE=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQL54MJgIaQDI7NDhhZncz02tCCF/hVU/ejFc/xoP/4u6KiRqtU6WqO11dbiCFQdt+s1ILi0vLK+nVzNr6xuZWdnunZfxQc2hyX/r6ymUGpPCgiQIlXAUamHIltN3xaey370Ab4XuXOAmgp9jIE0PBGUbS9XHXCEXNzXk/m7PzR9VKrVygEanVnLKdkGKlWKBO3k6QI3M0+tn37sDnoQIPuWTGdBw7wN6UaRRcwizTDQ0EjI/ZCDoR9ZgC05smgWf0IDQMfRqApkLSRITvG1OmjJkoN5pUDG/Nby8W//I6IQ6rvanwghDB4/EhFBKSQ4ZrETUBdCA0ILI4OVDhUc40QwQtKOM8EsOomkzUx9fT9H/SKuSdcr50UcrVT+bNpMke2SeHxCEVUidnpEGahBNF7skDebRm1pP1bL18jqas+c4u+QHr9QN5TJTn</latexit>

A ⇠ sNSymmetry:

Elias-Miro,Bellazzini,Rattazzi,Riembau,FR’20 Caron-Huot,VanDuong’20, Arkani-Hamed,Huang,Huang’20,…

Theories with galilean-like symmetries…
…don’t have UV completions!

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Pions

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Galileons

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Galileon-like

(large high-derivative interactions)
Amplitude growth faster than      is forbidden

<latexit sha1_base64="mXPu/Q4Fv4TsYyMUK7TQBlxa1xI=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjaCiDRB5SYqLzZRNOuTtbd2ukKOQnaKGiQ7T8DAX/gm1cQMJUo5ld7ewEkRQWXffTKaysrq1vFDdLW9s7u3vl/YO2DWPDocVDGZpuwCxIoaGFAiV0IwNMBRI6weQq9TsPYKwI9S1OI/AVG2sxEpxhInX7Vihq72qDcsWtuhnoMvFyUiE5moPyV38Y8liBRi6ZtT3PjdCfMYOCS5iX+rGFiPEJG0MvoZopsP4syzunJ7FlGNIIDBWSZiL83pgxZe1UBcmkYnhvF71U/M/rxTi68GdCRzGC5ukhFBKyQ5YbkRQBdCgMILI0OVChKWeGIYIRlHGeiHHSTCnpw1v8fpm0a1WvXq3fnFUal3kzRXJEjskp8cg5aZBr0iQtwokkT+SZvDiPzqvz5rz/jBacfOeQ/IHz8Q0yZJQi</latexit>

⇠ s2



<latexit sha1_base64="WbidNlpnotpXSsCZ9FaAV/jI2+Y=">AAACKXicbZC7TsNAEEXXvAmvACXNigiJKrKjECgjaChBIglSHKzxZjAr1g92x0hRlC/hE/gKWqjoAImKH8E2KQJhqqtzZzQz10+UNGTb79bM7Nz8wuLScmlldW19o7y51TZxqgW2RKxifemDQSUjbJEkhZeJRgh9hR3/9iT3O/eojYyjCxok2AshiOS1FEAZ8soHgVdzA7zjrg+am6saD7z6JKhnoJEDV/RjMoVle+WKXbWL4tPCGYsKG9eZV/50+7FIQ4xIKDCm69gJ9YagSQqFo5KbGkxA3EKA3UxGEKLpDYv3RnwvNUAxT1BzqXgBcXJiCKExg9DPOkOgG/PXy+F/Xjel66PeUEZJShiJfBFJhcUiI7TMckPelxqJIL8cuYy4AA1EqCUHITKYZkGWsjycv99Pi3at6jSqjfN6pXk8TmaJ7bBdts8cdsia7JSdsRYT7IE9sWf2Yj1ar9ab9fHTOmONZ7bZr7K+vgG+HaVS</latexit>

g2 � s̄2g4 � s̄4g6 � · · · � 0

Inclu
des t≠0

Caron-Huot,VanDuong’20

Tolley,Wang,Zhou’20


UV ➙ IR implications: symmetries
UV

<latexit sha1_base64="z9he2myAS0u6wCSXs/k1lqGp5A8="></latexit>

An(s̄) ⌘
Z

\s̄

ds

⇡i

A(s)

sn+1
=

2

⇡

Z 1

s̄
ds

ImA(s)

sn+1
> 0

<latexit sha1_base64="19R7SjfM18B2H1f2i8e0MiMcHDo=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxRJYFF7wRvXgxwSiPBFYyOzQ4YfaRmV4N2fAJXvXkzXj1ezz4L+4iJmq0TpWq7nR1uaEUGk3zzcgsLC4tr2RXc2vrG5tb+e2dlg4ixaHJAxmojss0SOFDEwVK6IQKmOdKaLvj09Rv34LSIvCvcBKC47GRL4aCM0yky/Nrq58vmMXjmm0dWdQsmmbVKtspsaoVq0xLiZKiQOZo9PPvvUHAIw985JJp3S2ZIToxUyi4hGmuF2kIGR+zEXQT6jMPtBPPok7pQaQZBjQERYWkMxG+b8TM03riucmkx/BG//ZS8S+vG+Gw5sTCDyMEn6eHUEiYHdJciaQDoAOhAJGlyYEKn3KmGCIoQRnniRglpeSSPr6epv+TllUs2UX7olKon8ybyZI9sk8OSYlUSZ2ckQZpEk5G5J48kEfjzngyno2Xz9GMMd/ZJT9gvH4A2EKSSQ==</latexit>

M2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

<latexit sha1_base64="IEPziz3V8mVyT7Mmtau25FxWN7Q=">AAACA3icdVC7TsNAEDzzJjxioKQ5ESFRBdtAHh2ChhIkAkhJsNaXTTjl/NDdGimKUvIVtFDRIVo+hIJ/wTFBAgRTjWZ2tbMTJEoacpw3a2p6ZnZufmGxsLS8slq019YvTJxqgQ0Rq1hfBWBQyQgbJEnhVaIRwkDhZdA/HvuXt6iNjKNzGiTYDqEXya4UQJnk28Wev98KQHNz7e32fM+3S075oFatVzyekXrdrTg52avuedwtOzlKbIJT335vdWKRhhiRUGBM03USag9BkxQKR4VWajAB0YceNjMaQYimPcyDj/h2aoBinqDmUvFcxO8bQwiNGYRBNhkC3Zjf3lj8y2um1K21hzJKUsJIjA+RVJgfMkLLrBHkHamRCMbJkcuIC9BAhFpyECIT06yiQtbH19P8f3Lhld1KuXK2Xzo8mjSzwDbZFtthLquyQ3bCTlmDCZaye/bAHq0768l6tl4+R6esyc4G+wHr9QOJi5cG</latexit>

g 4
s̄2
/g

2

<latexit sha1_base64="Vr9DURqWyf8Y40obIJR/l+7K3EU=">AAACAHicdVDLTgJBEJzFF+IL9ehlIjHxIu4uCnIzevGoiTwSQNI7NDhh9pGZXhNDuPgVXvXkzXj1Tzz4Ly4rJmq0TpWq7nR1eZGShmz7zcrMzM7NL2QXc0vLK6tr+fWNugljLbAmQhXqpgcGlQywRpIUNiON4HsKG97wdOI3blAbGQaXdBthx4dBIPtSACXS1d6gW2p7oLnZH3Tdbr5gFw+PKtWyyxNSrTplOyWlSsnlTtFOUWBTnHfz7+1eKGIfAxIKjGk5dkSdEWiSQuE4144NRiCGMMBWQgPw0XRGaeox34kNUMgj1Fwqnor4fWMEvjG3vpdM+kDX5rc3Ef/yWjH1jzojGUQxYSAmh0gqTA8ZoWVSB/Ke1EgEk+TIZcAFaCBCLTkIkYhx0k8u6ePraf4/qbtFp1wsXxwUjk+mzWTZFttmu8xhFXbMztg5qzHBNLtnD+zRurOerGfr5XM0Y013NtkPWK8fSPKWZw==</latexit>

�g3s̄/g2
<latexit sha1_base64="wr8OrGy3hi+v+Xjaw02E6bCcNYM=">AAAB9HicdVDLTgJBEJzFF+IL9ehlIjHxItkFWeBG9OIRjTwS2JDZocEJs4/M9JIQwh941ZM349X/8eC/uLtiokbrVKnqTleXG0qh0TTfjMzK6tr6RnYzt7W9s7uX3z9o6yBSHFo8kIHqukyDFD60UKCEbqiAea6Ejju5TPzOFJQWgX+LsxAcj419MRKcYSzdnFUG+YJZrNSqdbtEY1KvW7aZknK1XKJW0UxRIEs0B/n3/jDgkQc+csm07llmiM6cKRRcwiLXjzSEjE/YGHox9ZkH2pmnSRf0JNIMAxqCokLSVITvG3PmaT3z3HjSY3inf3uJ+JfXi3BUc+bCDyMEnyeHUEhID2muRFwB0KFQgMiS5ECFTzlTDBGUoIzzWIziTnJxH19P0/9Ju1S07KJ9fV5oXCybyZIjckxOiUWqpEGuSJO0CCcjck8eyKMxNZ6MZ+PlczRjLHcOyQ8Yrx8cgZHg</latexit>�5

<latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

(app
roxi

mate)
 

Sym
metry

Symmetry

<latexit sha1_base64="DAUWD7dzRtyAzsz4QKr1W63z6/U=">AAAB9nicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGoI0J0cYSE/lIgJC9ZYANe3uX3TkjufAXbLWyM7b+HQv/i3dIoeCrXt6bybx5fqSkJdf9dHIrq2vrG/nNwtb2zu5ecf+gYcPYCKyLUIWm5XOLSmqskySFrcggD3yFTX98k/nNBzRWhvqeJhF2Az7UciAFp0y6GvZ0r1hyy+4MbJl4c1KCOWq94lenH4o4QE1CcWvbnhtRN+GGpFA4LXRiixEXYz7Edko1D9B2k1nWKTuJLaeQRWiYVGwm4u+NhAfWTgI/nQw4jeyil4n/ee2YBpfdROooJtQiO0RS4eyQFUamJSDrS4NEPEuOTGomuOFEaCTjQqRinLZSSPvwFr9fJo2zslcpV+7OS9XreTN5OIJjOAUPLqAKt1CDOggYwRM8w4vz6Lw6b877z2jOme8cwh84H99/B5Kj</latexit>= gn

?

EFT: spin 0 
m=0

<latexit sha1_base64="XjG98wwNYFXVe22y1sv88gdnOiM=">AAACCHicdVDLSgNBEJz1GeMrPm5eBoMgCGE3amJuohePCkaFbJTesdXB2d1hpleMwR/wK7zqyZt49S88+C9O1ggqWoemqOqmuyvSSlry/TdvYHBoeGS0MFYcn5icmi7NzB7YNDMCmyJVqTmKwKKSCTZJksIjbRDiSOFhdLnd8w+v0FiZJvvU0diO4TyRZ1IAOemkNB9qGVLq6koISl8Avz52ctmvrG/UG7Uqd6TRCGp+Tlbrq1UeVPwcZdbH7knpPTxNRRZjQkKBta3A19TugiEpFN4Ww8yiBnEJ59hyNIEYbbubX3/LlzILlHKNhkvFcxG/T3QhtrYTR64zBrqwv72e+JfXyuhso92Vic4IE9FbRFJhvsgKI10syE+lQSLoXY5cJlyAASI0koMQTsxcTkWXx9fT/H9yUK0Etcra3lp5c6ufTIEtsEW2zAJWZ5tsh+2yJhPsht2zB/bo3XlP3rP38tk64PVn5tgPeK8fug2Z+w==</latexit>

⇡ ! ⇡ + ↵xn
<latexit sha1_base64="IQeijevE9grBLEtPqoPt3EaVizE=">AAAB+3icdVDLTgJBEJzFF+IL9ehlIjHxRHYBedxQL54MJgIaQDI7NDhhZncz02tCCF/hVU/ejFc/xoP/4u6KiRqtU6WqO11dbiCFQdt+s1ILi0vLK+nVzNr6xuZWdnunZfxQc2hyX/r6ymUGpPCgiQIlXAUamHIltN3xaey370Ab4XuXOAmgp9jIE0PBGUbS9XHXCEXNzXk/m7PzR9VKrVygEanVnLKdkGKlWKBO3k6QI3M0+tn37sDnoQIPuWTGdBw7wN6UaRRcwizTDQ0EjI/ZCDoR9ZgC05smgWf0IDQMfRqApkLSRITvG1OmjJkoN5pUDG/Nby8W//I6IQ6rvanwghDB4/EhFBKSQ4ZrETUBdCA0ILI4OVDhUc40QwQtKOM8EsOomkzUx9fT9H/SKuSdcr50UcrVT+bNpMke2SeHxCEVUidnpEGahBNF7skDebRm1pP1bL18jqas+c4u+QHr9QN5TJTn</latexit>

A ⇠ sNSymmetry:

Elias-Miro,Bellazzini,Rattazzi,Riembau,FR’20 Caron-Huot,VanDuong’20, Arkani-Hamed,Huang,Huang’20,…

Theories with galilean-like symmetries…
…don’t have UV completions!

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Pions

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Galileons

<latexit sha1_base64="2u4IbO28JtGQM2tdVJQZ+xkpp4I=">AAAB9XicdVC7TsNAEDyHVwivACXNiQiJKrITcJIugoYyCPKQEis6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm2CBAimGs3samfHDaXQaJpvRm5peWV1Lb9e2Njc2t4p7u51dBApDm0eyED1XKZBCh/aKFBCL1TAPFdC152ep373FpQWgX+NsxAcj018MRacYSJdDaQcFktm+bRea9gVmpBGw7LNjFRr1Qq1ymaGElmgNSy+D0YBjzzwkUumdd8yQ3RiplBwCfPCINIQMj5lE+gn1GceaCfOos7pUaQZBjQERYWkmQjfN2LmaT3z3GTSY3ijf3up+JfXj3Bcd2LhhxGCz9NDKCRkhzRXIukA6EgoQGRpcqDCp5wphghKUMZ5IkZJKYWkj6+n6f+kUylbdtm+PCk1zxbN5MkBOSTHxCI10iQXpEXahJMJuScP5NG4M56MZ+PlczRnLHb2yQ8Yrx+JxpK8</latexit>⌧
Galileon-like

(large high-derivative interactions)
Amplitude growth faster than      is forbidden

<latexit sha1_base64="mXPu/Q4Fv4TsYyMUK7TQBlxa1xI=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjaCiDRB5SYqLzZRNOuTtbd2ukKOQnaKGiQ7T8DAX/gm1cQMJUo5ld7ewEkRQWXffTKaysrq1vFDdLW9s7u3vl/YO2DWPDocVDGZpuwCxIoaGFAiV0IwNMBRI6weQq9TsPYKwI9S1OI/AVG2sxEpxhInX7Vihq72qDcsWtuhnoMvFyUiE5moPyV38Y8liBRi6ZtT3PjdCfMYOCS5iX+rGFiPEJG0MvoZopsP4syzunJ7FlGNIIDBWSZiL83pgxZe1UBcmkYnhvF71U/M/rxTi68GdCRzGC5ukhFBKyQ5YbkRQBdCgMILI0OVChKWeGIYIRlHGeiHHSTCnpw1v8fpm0a1WvXq3fnFUal3kzRXJEjskp8cg5aZBr0iQtwokkT+SZvDiPzqvz5rz/jBacfOeQ/IHz8Q0yZJQi</latexit>

⇠ s2



UV

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

?
UV ➙ IR implications: symmetries

<latexit sha1_base64="/PSSn7f9l05kKzehmF9EYNKlaGc="></latexit>
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<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

?
UV ➙ IR implications: symmetries

<latexit sha1_base64="/PSSn7f9l05kKzehmF9EYNKlaGc="></latexit>

A(s
, t) =
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g2,1s
t+ · · ·
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Caron-Huot,Li,Parra-Martinez,Simons-Duffin’22
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Gravity in D≥5
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<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

?
UV ➙ IR implications: symmetries

<latexit sha1_base64="/PSSn7f9l05kKzehmF9EYNKlaGc="></latexit>
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more irrelevant couplings ≤ O(1) x more relevant couplings
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UV

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

?

Caron-Huot,Li,Parra-Martinez,Simons-Duffin’22

Serra,Serra,Trincherini,Trombetta’22

(e.g. in Black Hole inspiral experiments: no UV completion can induce 
effects larger than Einstein gravity, at any scale)

Only experiments with << O(1) precision detect New Physics

UV ➙ IR implications: symmetries

<latexit sha1_base64="/PSSn7f9l05kKzehmF9EYNKlaGc="></latexit>
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UV

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

Galileons

EFT: spin 2 
m≠0

UV ➙ IR implications: spectra



UV

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

Galileons

Massive Gravity: A(hh ! hh) ⇠ (c3, d5)

⇤6
3

⇥
m2

gs
2 + s2t

⇤

<latexit sha1_base64="lOrP7Q68mH5f0AfwRIyrhUiSE6M="></latexit> Fierz,Pauli’1930s

Arkani-Hamed,Georgi,Schwartz’02


deRham,Gabadatze,Tolley’10


Cheung,Remmen’16

<latexit sha1_base64="inThw6s4e5M/TlJDdUbrKe4Dgx4=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrIhAsoIGsogyENKouh82YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+OGShqy7U+rsLS8srpWXC9tbG5t75R391omiLTApghUoDsuN6ikj02SpLATauSeq7DtTq5Sv/2A2sjAv6NpiH2Pj305koJTIt2KwemgXLGrdga2SJycVCBHY1D+6g0DEXnok1DcmK5jh9SPuSYpFM5KvchgyMWEj7GbUJ97aPpxFnXGjiLDKWAhaiYVy0T8vRFzz5ip5yaTHqd7M++l4n9eN6LRRT+WfhgR+iI9RFJhdsgILZMOkA2lRiKeJkcmfSa45kSoJeNCJGKUlFJK+nDmv18krZOqc1at3dQq9cu8mSIcwCEcgwPnUIdraEATBIzhCZ7hxXq0Xq036/1ntGDlO/vwB9bHN5dekhs=</latexit>c3

<latexit sha1_base64="qNtZ8HVLoQy4FltK4lCfbNayaYg=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJReJQRNJRBkIeUWNH5sgmnnB+6W4MiK59ACxUdouV7KPgXHOMCEqYazexqZ8eLlDRk259WYWl5ZXWtuF7a2Nza3inv7rVMGGuBTRGqUHc8blDJAJskSWEn0sh9T2HbG1/N/PYDaiPD4I4mEbo+HwVyKAWnVLod9E/75YpdtTOwReLkpAI5Gv3yV28QitjHgITixnQdOyI34ZqkUDgt9WKDERdjPsJuSgPuo3GTLOqUHcWGU8gi1Ewqlon4eyPhvjET30snfU73Zt6bif953ZiGF24igygmDMTsEEmF2SEjtEw7QDaQGon4LDkyGTDBNSdCLRkXIhXjtJRS2ocz//0iaZ1UnbNq7aZWqV/mzRThAA7hGBw4hzpcQwOaIGAET/AML9aj9Wq9We8/owUr39mHP7A+vgGcDZIe</latexit>

d5

EFT: spin 2 
m≠0

UV ➙ IR implications: spectra



UV

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

Galileons

Massive Gravity: A(hh ! hh) ⇠ (c3, d5)

⇤6
3

⇥
m2

gs
2 + s2t

⇤

<latexit sha1_base64="lOrP7Q68mH5f0AfwRIyrhUiSE6M="></latexit> Fierz,Pauli’1930s

Arkani-Hamed,Georgi,Schwartz’02


deRham,Gabadatze,Tolley’10


Cheung,Remmen’16

<latexit sha1_base64="inThw6s4e5M/TlJDdUbrKe4Dgx4=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrIhAsoIGsogyENKouh82YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+OGShqy7U+rsLS8srpWXC9tbG5t75R391omiLTApghUoDsuN6ikj02SpLATauSeq7DtTq5Sv/2A2sjAv6NpiH2Pj305koJTIt2KwemgXLGrdga2SJycVCBHY1D+6g0DEXnok1DcmK5jh9SPuSYpFM5KvchgyMWEj7GbUJ97aPpxFnXGjiLDKWAhaiYVy0T8vRFzz5ip5yaTHqd7M++l4n9eN6LRRT+WfhgR+iI9RFJhdsgILZMOkA2lRiKeJkcmfSa45kSoJeNCJGKUlFJK+nDmv18krZOqc1at3dQq9cu8mSIcwCEcgwPnUIdraEATBIzhCZ7hxXq0Xq036/1ntGDlO/vwB9bHN5dekhs=</latexit>c3

<latexit sha1_base64="qNtZ8HVLoQy4FltK4lCfbNayaYg=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJReJQRNJRBkIeUWNH5sgmnnB+6W4MiK59ACxUdouV7KPgXHOMCEqYazexqZ8eLlDRk259WYWl5ZXWtuF7a2Nza3inv7rVMGGuBTRGqUHc8blDJAJskSWEn0sh9T2HbG1/N/PYDaiPD4I4mEbo+HwVyKAWnVLod9E/75YpdtTOwReLkpAI5Gv3yV28QitjHgITixnQdOyI34ZqkUDgt9WKDERdjPsJuSgPuo3GTLOqUHcWGU8gi1Ewqlon4eyPhvjET30snfU73Zt6bif953ZiGF24igygmDMTsEEmF2SEjtEw7QDaQGon4LDkyGTDBNSdCLRkXIhXjtJRS2ocz//0iaZ1UnbNq7aZWqV/mzRThAA7hGBw4hzpcQwOaIGAET/AML9aj9Wq9We8/owUr39mHP7A+vgGcDZIe</latexit>

d5

EFT: spin 2 
m≠0

UV ➙ IR implications: spectra

larger <latexit sha1_base64="iEbrbMks+wIWz3CzdFzILjezFGQ=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRBRtFQBlBQ4MUJJxESqzofNmEU+7O1t0aKbLyDbRQ0SFaPoeCf8ExLiBhqtHMrnZ2wlgKi6776Swtr6yurZc2yptb2zu7lb39lo0Sw8HnkYxMJ2QWpNDgo0AJndgAU6GEdji+nvntRzBWRPoeJzEEio20GArOMJP821PVH/UrVbfm5qCLxCtIlRRo9itfvUHEEwUauWTWdj03xiBlBgWXMC33Egsx42M2gm5GNVNggzQPO6XHiWUY0RgMFZLmIvzeSJmydqLCbFIxfLDz3kz8z+smOLwMUqHjBEHz2SEUEvJDlhuRtQB0IAwgsllyoEJTzgxDBCMo4zwTk6yWctaHN//9Immd1bzzWv2uXm1cFc2UyCE5IifEIxekQW5Ik/iEE0GeyDN5cSbOq/PmvP+MLjnFzgH5A+fjGwUfkuk=</latexit>

M/m
g

Bellazzini,Isabella,Ricossa,FR’23



UV

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

Galileons

Massive Gravity: A(hh ! hh) ⇠ (c3, d5)

⇤6
3

⇥
m2

gs
2 + s2t

⇤

<latexit sha1_base64="lOrP7Q68mH5f0AfwRIyrhUiSE6M="></latexit> Fierz,Pauli’1930s

Arkani-Hamed,Georgi,Schwartz’02


deRham,Gabadatze,Tolley’10


Cheung,Remmen’16

<latexit sha1_base64="inThw6s4e5M/TlJDdUbrKe4Dgx4=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrIhAsoIGsogyENKouh82YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+OGShqy7U+rsLS8srpWXC9tbG5t75R391omiLTApghUoDsuN6ikj02SpLATauSeq7DtTq5Sv/2A2sjAv6NpiH2Pj305koJTIt2KwemgXLGrdga2SJycVCBHY1D+6g0DEXnok1DcmK5jh9SPuSYpFM5KvchgyMWEj7GbUJ97aPpxFnXGjiLDKWAhaiYVy0T8vRFzz5ip5yaTHqd7M++l4n9eN6LRRT+WfhgR+iI9RFJhdsgILZMOkA2lRiKeJkcmfSa45kSoJeNCJGKUlFJK+nDmv18krZOqc1at3dQq9cu8mSIcwCEcgwPnUIdraEATBIzhCZ7hxXq0Xq036/1ntGDlO/vwB9bHN5dekhs=</latexit>c3

<latexit sha1_base64="qNtZ8HVLoQy4FltK4lCfbNayaYg=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJReJQRNJRBkIeUWNH5sgmnnB+6W4MiK59ACxUdouV7KPgXHOMCEqYazexqZ8eLlDRk259WYWl5ZXWtuF7a2Nza3inv7rVMGGuBTRGqUHc8blDJAJskSWEn0sh9T2HbG1/N/PYDaiPD4I4mEbo+HwVyKAWnVLod9E/75YpdtTOwReLkpAI5Gv3yV28QitjHgITixnQdOyI34ZqkUDgt9WKDERdjPsJuSgPuo3GTLOqUHcWGU8gi1Ewqlon4eyPhvjET30snfU73Zt6bif953ZiGF24igygmDMTsEEmF2SEjtEw7QDaQGon4LDkyGTDBNSdCLRkXIhXjtJRS2ocz//0iaZ1UnbNq7aZWqV/mzRThAA7hGBw4hzpcQwOaIGAET/AML9aj9Wq9We8/owUr39mHP7A+vgGcDZIe</latexit>

d5

EFT: spin 2 
m≠0

UV ➙ IR implications: spectra

larger <latexit sha1_base64="iEbrbMks+wIWz3CzdFzILjezFGQ=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRBRtFQBlBQ4MUJJxESqzofNmEU+7O1t0aKbLyDbRQ0SFaPoeCf8ExLiBhqtHMrnZ2wlgKi6776Swtr6yurZc2yptb2zu7lb39lo0Sw8HnkYxMJ2QWpNDgo0AJndgAU6GEdji+nvntRzBWRPoeJzEEio20GArOMJP821PVH/UrVbfm5qCLxCtIlRRo9itfvUHEEwUauWTWdj03xiBlBgWXMC33Egsx42M2gm5GNVNggzQPO6XHiWUY0RgMFZLmIvzeSJmydqLCbFIxfLDz3kz8z+smOLwMUqHjBEHz2SEUEvJDlhuRtQB0IAwgsllyoEJTzgxDBCMo4zwTk6yWctaHN//9Immd1bzzWv2uXm1cFc2UyCE5IifEIxekQW5Ik/iEE0GeyDN5cSbOq/PmvP+MLjnFzgH5A+fjGwUfkuk=</latexit>

M/m
g

Bellazzini,Isabella,Ricossa,FR’23

Massive gravity only consistent over range <latexit sha1_base64="cyDFeoMWltjHjXw5grLwrrvbRF0=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTagQBlBQ4MUJPKQEss6XzbhlDvbultHiqK0fAUtVHSIlv+g4F+wjQtImGo0s6udnSCWwqDjfFpLyyura+uljfLm1vbOrr233zJRojk0eSQj3QmYASlCaKJACZ1YA1OBhHYwus789hi0EVF4j5MYPMWGoRgIzjCVfNu+7UkwxghFzxyq/KFvV5yqk4MuErcgFVKg4dtfvX7EEwUhcsmM6bpOjN6UaRRcwqzcSwzEjI/YELopDZkC403z5DN6nBiGEY1BUyFpLsLvjSlTxkxUkE4qhg9m3svE/7xugoNLbyrCOEEIeXYIhYT8kOFapJUA7QsNiCxLDlSElDPNEEELyjhPxSTtqJz24c5/v0hap1W3Vq3dnVfqV0UzJXJIjsgJcckFqZMb0iBNwsmYPJFn8mI9Wq/Wm/X+M7pkFTsH5A+sj28wPZda</latexit>

M . 30mg

UV



UV

Galileons

EFT: spin 3/2 
m≠0

UV ➙ IR implications: spectra

Massive gravity only consistent over range <latexit sha1_base64="cyDFeoMWltjHjXw5grLwrrvbRF0=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTagQBlBQ4MUJPKQEss6XzbhlDvbultHiqK0fAUtVHSIlv+g4F+wjQtImGo0s6udnSCWwqDjfFpLyyura+uljfLm1vbOrr233zJRojk0eSQj3QmYASlCaKJACZ1YA1OBhHYwus789hi0EVF4j5MYPMWGoRgIzjCVfNu+7UkwxghFzxyq/KFvV5yqk4MuErcgFVKg4dtfvX7EEwUhcsmM6bpOjN6UaRRcwqzcSwzEjI/YELopDZkC403z5DN6nBiGEY1BUyFpLsLvjSlTxkxUkE4qhg9m3svE/7xugoNLbyrCOEEIeXYIhYT8kOFapJUA7QsNiCxLDlSElDPNEEELyjhPxSTtqJz24c5/v0hap1W3Vq3dnVfqV0UzJXJIjsgJcckFqZMb0iBNwsmYPJFn8mI9Wq/Wm/X+M7pkFTsH5A+sj28wPZda</latexit>

M . 30mg

UV

Bellazzini,Pomarol,Romano,Sciotti’25

Massive spin-3/2: 

<latexit sha1_base64="s0TnPJt71mRInpFFjO05WQN4X2c=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChgYpkchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0JvO7j6CNiNQ9zmLwQzZRYiw4w1Rq3Q0rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauO6aKZEjskJOSMeuSQNckuapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3RxaRYQ==</latexit>

M <latexit sha1_base64="wcfWRA3fjHCuNicDqDjf0EIg+cU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKtgBBcoIGsogyENKrOh82YRTzmfrbg2KrHwCLVR0iJbvoeBfsI0LSJhqNLOrnR0vlMKgbX9ahaXlldW14nppY3Nre6e8u9c2QaQ5tHggA931mAEpFLRQoIRuqIH5noSON7lK/c4DaCMCdYfTEFyfjZUYCc4wkW5PT2qDcsWu2hnoInFyUiE5moPyV38Y8MgHhVwyY3qOHaIbM42CS5iV+pGBkPEJG0MvoYr5YNw4izqjR5FhGNAQNBWSZiL83oiZb8zU95JJn+G9mfdS8T+vF+Howo2FCiMExdNDKCRkhwzXIukA6FBoQGRpcqBCUc40QwQtKOM8EaOklFLShzP//SJp16pOvVq/Oas0LvNmiuSAHJJj4pBz0iDXpElahJMxeSLP5MV6tF6tN+v9Z7Rg5Tv75A+sj28AQ5G8</latexit>

3/2

<latexit sha1_base64="mcksx2CHNpDZwXXnnchm6HuoR4w=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJJpGNUKAM0FAGiTykxETnyyYcnM/W3RopWPkHWqjoEC1/Q8G/YBsXkDDVaGZXOzteKIVB2/60CguLS8srxdXS2vrG5lZ5e6dtgkhzaPFABrrrMQNSKGihQAndUAPzPQkd7/4i9TsPoI0I1DVOQnB9NlZiJDjDRGqf3cTV6nRQrtg1OwOdJ05OKiRHc1D+6g8DHvmgkEtmTM+xQ3RjplFwCdNSPzIQMn7PxtBLqGI+GDfO0k7pQWQYBjQETYWkmQi/N2LmGzPxvWTSZ3hrZr1U/M/rRTg6dWOhwghB8fQQCgnZIcO1SGoAOhQaEFmaHKhQlDPNEEELyjhPxCjppZT04cx+P0/aRzWnXqtfHVca53kzRbJH9skhccgJaZBL0iQtwskdeSLP5MV6tF6tN+v9Z7Rg5Tu75A+sj2+TU5M3</latexit>

A��

<latexit sha1_base64="4MwES1VSBF9MDtfSeKWgHmJ9ZNA=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESEhISIboUAZoKEMEnlIiYnOl004cj5bd2ukYOUfaKGiQ7T8DQX/gm1cQMJUo5ld7ex4oRQGbfvTmptfWFxaLqwUV9fWNzZLW9tNE0SaQ4MHMtBtjxmQQkEDBUpohxqY70loeaPL1G89gDYiUDc4DsH12VCJgeAME6l5fhsfHk16pbJdsTPQWeLkpExy1Hulr24/4JEPCrlkxnQcO0Q3ZhoFlzApdiMDIeMjNoROQhXzwbhxlnZC9yPDMKAhaCokzUT4vREz35ix7yWTPsM7M+2l4n9eJ8LBmRsLFUYIiqeHUEjIDhmuRVID0L7QgMjS5ECFopxphghaUMZ5IkZJL8WkD2f6+1nSPK441Ur1+qRcu8ibKZBdskcOiENOSY1ckTppEE7uyRN5Ji/Wo/VqvVnvP6NzVr6zQ/7A+vgGkDGTNQ==</latexit>

A+�

<latexit sha1_base64="g27SbzssCHE+9VeUHQ1IXeVeNOQ=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpgoYykchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqXQ8rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauOmaKZEjskJOSMeuSQNckeapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3LiaRUQ==</latexit>=
<latexit sha1_base64="g27SbzssCHE+9VeUHQ1IXeVeNOQ=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpgoYykchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqXQ8rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauOmaKZEjskJOSMeuSQNckeapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3LiaRUQ==</latexit>=

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·



UV

Galileons

EFT: spin 3/2 
m≠0

UV ➙ IR implications: spectra

Massive gravity only consistent over range <latexit sha1_base64="cyDFeoMWltjHjXw5grLwrrvbRF0=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTagQBlBQ4MUJPKQEss6XzbhlDvbultHiqK0fAUtVHSIlv+g4F+wjQtImGo0s6udnSCWwqDjfFpLyyura+uljfLm1vbOrr233zJRojk0eSQj3QmYASlCaKJACZ1YA1OBhHYwus789hi0EVF4j5MYPMWGoRgIzjCVfNu+7UkwxghFzxyq/KFvV5yqk4MuErcgFVKg4dtfvX7EEwUhcsmM6bpOjN6UaRRcwqzcSwzEjI/YELopDZkC403z5DN6nBiGEY1BUyFpLsLvjSlTxkxUkE4qhg9m3svE/7xugoNLbyrCOEEIeXYIhYT8kOFapJUA7QsNiCxLDlSElDPNEEELyjhPxSTtqJz24c5/v0hap1W3Vq3dnVfqV0UzJXJIjsgJcckFqZMb0iBNwsmYPJFn8mI9Wq/Wm/X+M7pkFTsH5A+sj28wPZda</latexit>

M . 30mg

UV

Bellazzini,Pomarol,Romano,Sciotti’25

Massive spin-3/2: 

<latexit sha1_base64="s0TnPJt71mRInpFFjO05WQN4X2c=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChgYpkchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0JvO7j6CNiNQ9zmLwQzZRYiw4w1Rq3Q0rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauO6aKZEjskJOSMeuSQNckuapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3RxaRYQ==</latexit>

M <latexit sha1_base64="wcfWRA3fjHCuNicDqDjf0EIg+cU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKtgBBcoIGsogyENKrOh82YRTzmfrbg2KrHwCLVR0iJbvoeBfsI0LSJhqNLOrnR0vlMKgbX9ahaXlldW14nppY3Nre6e8u9c2QaQ5tHggA931mAEpFLRQoIRuqIH5noSON7lK/c4DaCMCdYfTEFyfjZUYCc4wkW5PT2qDcsWu2hnoInFyUiE5moPyV38Y8MgHhVwyY3qOHaIbM42CS5iV+pGBkPEJG0MvoYr5YNw4izqjR5FhGNAQNBWSZiL83oiZb8zU95JJn+G9mfdS8T+vF+Howo2FCiMExdNDKCRkhwzXIukA6FBoQGRpcqBCUc40QwQtKOM8EaOklFLShzP//SJp16pOvVq/Oas0LvNmiuSAHJJj4pBz0iDXpElahJMxeSLP5MV6tF6tN+v9Z7Rg5Tv75A+sj28AQ5G8</latexit>

3/2

<latexit sha1_base64="mcksx2CHNpDZwXXnnchm6HuoR4w=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJJpGNUKAM0FAGiTykxETnyyYcnM/W3RopWPkHWqjoEC1/Q8G/YBsXkDDVaGZXOzteKIVB2/60CguLS8srxdXS2vrG5lZ5e6dtgkhzaPFABrrrMQNSKGihQAndUAPzPQkd7/4i9TsPoI0I1DVOQnB9NlZiJDjDRGqf3cTV6nRQrtg1OwOdJ05OKiRHc1D+6g8DHvmgkEtmTM+xQ3RjplFwCdNSPzIQMn7PxtBLqGI+GDfO0k7pQWQYBjQETYWkmQi/N2LmGzPxvWTSZ3hrZr1U/M/rRTg6dWOhwghB8fQQCgnZIcO1SGoAOhQaEFmaHKhQlDPNEEELyjhPxCjppZT04cx+P0/aRzWnXqtfHVca53kzRbJH9skhccgJaZBL0iQtwskdeSLP5MV6tF6tN+v9Z7Rg5Tu75A+sj2+TU5M3</latexit>

A��

<latexit sha1_base64="4MwES1VSBF9MDtfSeKWgHmJ9ZNA=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESEhISIboUAZoKEMEnlIiYnOl004cj5bd2ukYOUfaKGiQ7T8DQX/gm1cQMJUo5ld7ex4oRQGbfvTmptfWFxaLqwUV9fWNzZLW9tNE0SaQ4MHMtBtjxmQQkEDBUpohxqY70loeaPL1G89gDYiUDc4DsH12VCJgeAME6l5fhsfHk16pbJdsTPQWeLkpExy1Hulr24/4JEPCrlkxnQcO0Q3ZhoFlzApdiMDIeMjNoROQhXzwbhxlnZC9yPDMKAhaCokzUT4vREz35ix7yWTPsM7M+2l4n9eJ8LBmRsLFUYIiqeHUEjIDhmuRVID0L7QgMjS5ECFopxphghaUMZ5IkZJL8WkD2f6+1nSPK441Ur1+qRcu8ibKZBdskcOiENOSY1ckTppEE7uyRN5Ji/Wo/VqvVnvP6NzVr6zQ/7A+vgGkDGTNQ==</latexit>

A+�

<latexit sha1_base64="g27SbzssCHE+9VeUHQ1IXeVeNOQ=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpgoYykchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqXQ8rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauOmaKZEjskJOSMeuSQNckeapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3LiaRUQ==</latexit>=
<latexit sha1_base64="g27SbzssCHE+9VeUHQ1IXeVeNOQ=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpgoYykchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqXQ8rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauOmaKZEjskJOSMeuSQNckeapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3LiaRUQ==</latexit>=

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·



UV

Galileons

EFT: spin 3/2 
m≠0

UV ➙ IR implications: spectra

Massive gravity only consistent over range <latexit sha1_base64="cyDFeoMWltjHjXw5grLwrrvbRF0=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTagQBlBQ4MUJPKQEss6XzbhlDvbultHiqK0fAUtVHSIlv+g4F+wjQtImGo0s6udnSCWwqDjfFpLyyura+uljfLm1vbOrr233zJRojk0eSQj3QmYASlCaKJACZ1YA1OBhHYwus789hi0EVF4j5MYPMWGoRgIzjCVfNu+7UkwxghFzxyq/KFvV5yqk4MuErcgFVKg4dtfvX7EEwUhcsmM6bpOjN6UaRRcwqzcSwzEjI/YELopDZkC403z5DN6nBiGEY1BUyFpLsLvjSlTxkxUkE4qhg9m3svE/7xugoNLbyrCOEEIeXYIhYT8kOFapJUA7QsNiCxLDlSElDPNEEELyjhPxSTtqJz24c5/v0hap1W3Vq3dnVfqV0UzJXJIjsgJcckFqZMb0iBNwsmYPJFn8mI9Wq/Wm/X+M7pkFTsH5A+sj28wPZda</latexit>

M . 30mg

UV

Bellazzini,Pomarol,Romano,Sciotti’25

Massive spin-3/2: 

<latexit sha1_base64="s0TnPJt71mRInpFFjO05WQN4X2c=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChgYpkchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0JvO7j6CNiNQ9zmLwQzZRYiw4w1Rq3Q0rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauO6aKZEjskJOSMeuSQNckuapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3RxaRYQ==</latexit>

M <latexit sha1_base64="wcfWRA3fjHCuNicDqDjf0EIg+cU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKtgBBcoIGsogyENKrOh82YRTzmfrbg2KrHwCLVR0iJbvoeBfsI0LSJhqNLOrnR0vlMKgbX9ahaXlldW14nppY3Nre6e8u9c2QaQ5tHggA931mAEpFLRQoIRuqIH5noSON7lK/c4DaCMCdYfTEFyfjZUYCc4wkW5PT2qDcsWu2hnoInFyUiE5moPyV38Y8MgHhVwyY3qOHaIbM42CS5iV+pGBkPEJG0MvoYr5YNw4izqjR5FhGNAQNBWSZiL83oiZb8zU95JJn+G9mfdS8T+vF+Howo2FCiMExdNDKCRkhwzXIukA6FBoQGRpcqBCUc40QwQtKOM8EaOklFLShzP//SJp16pOvVq/Oas0LvNmiuSAHJJj4pBz0iDXpElahJMxeSLP5MV6tF6tN+v9Z7Rg5Tv75A+sj28AQ5G8</latexit>

3/2

<latexit sha1_base64="mcksx2CHNpDZwXXnnchm6HuoR4w=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJJpGNUKAM0FAGiTykxETnyyYcnM/W3RopWPkHWqjoEC1/Q8G/YBsXkDDVaGZXOzteKIVB2/60CguLS8srxdXS2vrG5lZ5e6dtgkhzaPFABrrrMQNSKGihQAndUAPzPQkd7/4i9TsPoI0I1DVOQnB9NlZiJDjDRGqf3cTV6nRQrtg1OwOdJ05OKiRHc1D+6g8DHvmgkEtmTM+xQ3RjplFwCdNSPzIQMn7PxtBLqGI+GDfO0k7pQWQYBjQETYWkmQi/N2LmGzPxvWTSZ3hrZr1U/M/rRTg6dWOhwghB8fQQCgnZIcO1SGoAOhQaEFmaHKhQlDPNEEELyjhPxCjppZT04cx+P0/aRzWnXqtfHVca53kzRbJH9skhccgJaZBL0iQtwskdeSLP5MV6tF6tN+v9Z7Rg5Tu75A+sj2+TU5M3</latexit>

A��

<latexit sha1_base64="4MwES1VSBF9MDtfSeKWgHmJ9ZNA=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESEhISIboUAZoKEMEnlIiYnOl004cj5bd2ukYOUfaKGiQ7T8DQX/gm1cQMJUo5ld7ex4oRQGbfvTmptfWFxaLqwUV9fWNzZLW9tNE0SaQ4MHMtBtjxmQQkEDBUpohxqY70loeaPL1G89gDYiUDc4DsH12VCJgeAME6l5fhsfHk16pbJdsTPQWeLkpExy1Hulr24/4JEPCrlkxnQcO0Q3ZhoFlzApdiMDIeMjNoROQhXzwbhxlnZC9yPDMKAhaCokzUT4vREz35ix7yWTPsM7M+2l4n9eJ8LBmRsLFUYIiqeHUEjIDhmuRVID0L7QgMjS5ECFopxphghaUMZ5IkZJL8WkD2f6+1nSPK441Ur1+qRcu8ibKZBdskcOiENOSY1ckTppEE7uyRN5Ji/Wo/VqvVnvP6NzVr6zQ/7A+vgGkDGTNQ==</latexit>

A+�

<latexit sha1_base64="g27SbzssCHE+9VeUHQ1IXeVeNOQ=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpgoYykchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqXQ8rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauOmaKZEjskJOSMeuSQNckeapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3LiaRUQ==</latexit>=
<latexit sha1_base64="g27SbzssCHE+9VeUHQ1IXeVeNOQ=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpgoYykchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqXQ8rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauOmaKZEjskJOSMeuSQNckeapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3LiaRUQ==</latexit>=

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·



UV

Galileons

EFT: spin 3/2 
m≠0

Massive spin-3/2 only for     
<latexit sha1_base64="J7aG1bpZilvaup2duRgHVs8jtmM=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNDRIQSIPEVvR+bIJp5zP1t0aKbLCV9BCRYdo+RcK/gXbuICEqUYzu9rZ8SMpDNr2p1VaWl5ZXSuvVzY2t7Z3qrt7HRPGmkObhzLUPZ8ZkEJBGwVK6EUaWOBL6PqTy8zvPoA2IlS3OI3AC9hYiZHgDFPp7trF0BVqhNNBtWbX7Rx0kTgFqZECrUH1yx2GPA5AIZfMmL5jR+glTKPgEmYVNzYQMT5hY+inVLEAjJfkiWf0KDYMQxqBpkLSXITfGwkLjJkGfjoZMLw3814m/uf1Yxyde4lQUYygeHYIhYT8kOFapFUAHQoNiCxLDlQoyplmiKAFZZynYpx2U0n7cOa/XySdk7rTqDduTmvNi6KZMjkgh+SYOOSMNMkVaZE24USRJ/JMXqxH69V6s95/RktWsbNP/sD6+AaFjpWA</latexit>

M ! 1(         with graviton and tuned couplings)

<latexit sha1_base64="L/NV8+NQCw6yIq6DssgTdNwOHGM=">AAACCHicbVC7TsNAEDyHVwgv8+hoTkRIVMEOKFBG0NAgBYk8pCSKzpdNOOXOtu7WSMHKD/AVtFDRIVr+goJ/wTYpIGGq0cyudna8UAqDjvNp5RYWl5ZX8quFtfWNzS17e6dhgkhzqPNABrrlMQNS+FBHgRJaoQamPAlNb3SZ+s170EYE/i2OQ+gqNvTFQHCGidSz9647EowxQlHXoaoXnxyXJz276JScDHSeuFNSJFPUevZXpx/wSIGPXDJj2q4TYjdmGgWXMCl0IgMh4yM2hHZCfabAdOMs/YQeRoZhQEPQVEiaifB7I2bKmLHykknF8M7Meqn4n9eOcHDejYUfRgg+Tw+hkJAdMlyLpBagfaEBkaXJgQqfcqYZImhBGeeJGCU9FZI+3Nnv50mjXHIrpcrNabF6MW0mT/bJATkiLjkjVXJFaqROOHkgT+SZvFiP1qv1Zr3/jOas6c4u+QPr4xuiB5il</latexit>

M . 10m3/2

UV ➙ IR implications: spectra

Massive gravity only consistent over range <latexit sha1_base64="cyDFeoMWltjHjXw5grLwrrvbRF0=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTagQBlBQ4MUJPKQEss6XzbhlDvbultHiqK0fAUtVHSIlv+g4F+wjQtImGo0s6udnSCWwqDjfFpLyyura+uljfLm1vbOrr233zJRojk0eSQj3QmYASlCaKJACZ1YA1OBhHYwus789hi0EVF4j5MYPMWGoRgIzjCVfNu+7UkwxghFzxyq/KFvV5yqk4MuErcgFVKg4dtfvX7EEwUhcsmM6bpOjN6UaRRcwqzcSwzEjI/YELopDZkC403z5DN6nBiGEY1BUyFpLsLvjSlTxkxUkE4qhg9m3svE/7xugoNLbyrCOEEIeXYIhYT8kOFapJUA7QsNiCxLDlSElDPNEEELyjhPxSTtqJz24c5/v0hap1W3Vq3dnVfqV0UzJXJIjsgJcckFqZMb0iBNwsmYPJFn8mI9Wq/Wm/X+M7pkFTsH5A+sj28wPZda</latexit>

M . 30mg

UV

Bellazzini,Pomarol,Romano,Sciotti’25

Massive spin-3/2: 

<latexit sha1_base64="s0TnPJt71mRInpFFjO05WQN4X2c=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChgYpkchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0JvO7j6CNiNQ9zmLwQzZRYiw4w1Rq3Q0rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauO6aKZEjskJOSMeuSQNckuapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3RxaRYQ==</latexit>

M <latexit sha1_base64="wcfWRA3fjHCuNicDqDjf0EIg+cU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKtgBBcoIGsogyENKrOh82YRTzmfrbg2KrHwCLVR0iJbvoeBfsI0LSJhqNLOrnR0vlMKgbX9ahaXlldW14nppY3Nre6e8u9c2QaQ5tHggA931mAEpFLRQoIRuqIH5noSON7lK/c4DaCMCdYfTEFyfjZUYCc4wkW5PT2qDcsWu2hnoInFyUiE5moPyV38Y8MgHhVwyY3qOHaIbM42CS5iV+pGBkPEJG0MvoYr5YNw4izqjR5FhGNAQNBWSZiL83oiZb8zU95JJn+G9mfdS8T+vF+Howo2FCiMExdNDKCRkhwzXIukA6FBoQGRpcqBCUc40QwQtKOM8EaOklFLShzP//SJp16pOvVq/Oas0LvNmiuSAHJJj4pBz0iDXpElahJMxeSLP5MV6tF6tN+v9Z7Rg5Tv75A+sj28AQ5G8</latexit>

3/2

<latexit sha1_base64="mcksx2CHNpDZwXXnnchm6HuoR4w=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJJpGNUKAM0FAGiTykxETnyyYcnM/W3RopWPkHWqjoEC1/Q8G/YBsXkDDVaGZXOzteKIVB2/60CguLS8srxdXS2vrG5lZ5e6dtgkhzaPFABrrrMQNSKGihQAndUAPzPQkd7/4i9TsPoI0I1DVOQnB9NlZiJDjDRGqf3cTV6nRQrtg1OwOdJ05OKiRHc1D+6g8DHvmgkEtmTM+xQ3RjplFwCdNSPzIQMn7PxtBLqGI+GDfO0k7pQWQYBjQETYWkmQi/N2LmGzPxvWTSZ3hrZr1U/M/rRTg6dWOhwghB8fQQCgnZIcO1SGoAOhQaEFmaHKhQlDPNEEELyjhPxCjppZT04cx+P0/aRzWnXqtfHVca53kzRbJH9skhccgJaZBL0iQtwskdeSLP5MV6tF6tN+v9Z7Rg5Tu75A+sj2+TU5M3</latexit>

A��

<latexit sha1_base64="4MwES1VSBF9MDtfSeKWgHmJ9ZNA=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESEhISIboUAZoKEMEnlIiYnOl004cj5bd2ukYOUfaKGiQ7T8DQX/gm1cQMJUo5ld7ex4oRQGbfvTmptfWFxaLqwUV9fWNzZLW9tNE0SaQ4MHMtBtjxmQQkEDBUpohxqY70loeaPL1G89gDYiUDc4DsH12VCJgeAME6l5fhsfHk16pbJdsTPQWeLkpExy1Hulr24/4JEPCrlkxnQcO0Q3ZhoFlzApdiMDIeMjNoROQhXzwbhxlnZC9yPDMKAhaCokzUT4vREz35ix7yWTPsM7M+2l4n9eJ8LBmRsLFUYIiqeHUEjIDhmuRVID0L7QgMjS5ECFopxphghaUMZ5IkZJL8WkD2f6+1nSPK441Ur1+qRcu8ibKZBdskcOiENOSY1ckTppEE7uyRN5Ji/Wo/VqvVnvP6NzVr6zQ/7A+vgGkDGTNQ==</latexit>

A+�

<latexit sha1_base64="g27SbzssCHE+9VeUHQ1IXeVeNOQ=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpgoYykchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqXQ8rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauOmaKZEjskJOSMeuSQNckeapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3LiaRUQ==</latexit>=
<latexit sha1_base64="g27SbzssCHE+9VeUHQ1IXeVeNOQ=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpgoYykchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqXQ8rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauOmaKZEjskJOSMeuSQNckeapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3LiaRUQ==</latexit>=

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·



UV

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

Galileons

UV

Massive spin-3/2 only for     

EFT: spin 0+J 
m0=0,mJ≠0

<latexit sha1_base64="J7aG1bpZilvaup2duRgHVs8jtmM=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNDRIQSIPEVvR+bIJp5zP1t0aKbLCV9BCRYdo+RcK/gXbuICEqUYzu9rZ8SMpDNr2p1VaWl5ZXSuvVzY2t7Z3qrt7HRPGmkObhzLUPZ8ZkEJBGwVK6EUaWOBL6PqTy8zvPoA2IlS3OI3AC9hYiZHgDFPp7trF0BVqhNNBtWbX7Rx0kTgFqZECrUH1yx2GPA5AIZfMmL5jR+glTKPgEmYVNzYQMT5hY+inVLEAjJfkiWf0KDYMQxqBpkLSXITfGwkLjJkGfjoZMLw3814m/uf1Yxyde4lQUYygeHYIhYT8kOFapFUAHQoNiCxLDlQoyplmiKAFZZynYpx2U0n7cOa/XySdk7rTqDduTmvNi6KZMjkgh+SYOOSMNMkVaZE24USRJ/JMXqxH69V6s95/RktWsbNP/sD6+AaFjpWA</latexit>

M ! 1(         with graviton and tuned couplings)

<latexit sha1_base64="L/NV8+NQCw6yIq6DssgTdNwOHGM=">AAACCHicbVC7TsNAEDyHVwgv8+hoTkRIVMEOKFBG0NAgBYk8pCSKzpdNOOXOtu7WSMHKD/AVtFDRIVr+goJ/wTYpIGGq0cyudna8UAqDjvNp5RYWl5ZX8quFtfWNzS17e6dhgkhzqPNABrrlMQNS+FBHgRJaoQamPAlNb3SZ+s170EYE/i2OQ+gqNvTFQHCGidSz9647EowxQlHXoaoXnxyXJz276JScDHSeuFNSJFPUevZXpx/wSIGPXDJj2q4TYjdmGgWXMCl0IgMh4yM2hHZCfabAdOMs/YQeRoZhQEPQVEiaifB7I2bKmLHykknF8M7Meqn4n9eOcHDejYUfRgg+Tw+hkJAdMlyLpBagfaEBkaXJgQqfcqYZImhBGeeJGCU9FZI+3Nnv50mjXHIrpcrNabF6MW0mT/bJATkiLjkjVXJFaqROOHkgT+SZvFiP1qv1Zr3/jOas6c4u+QPr4xuiB5il</latexit>

M . 10m3/2

mass-gap
co
up
lin
g

Albert,Knop,Rastelli’24

J

Massive spin-J>2 have finite gap fixed by mass

 

It

 

It

 

It

 

It

<latexit sha1_base64="qaKIjylpr+D0hWHqXaHD5HBsO3M=">AAAB+nicdVC7TsNAEDzzDOEVoKQ5ESFRWXYCTtJF0CCqIJGHlJjofNmEU84P3a2RopCfoIWKDtHyMxT8C7YJEiCYajSzq50dL5JCo2W9GQuLS8srq7m1/PrG5tZ2YWe3pcNYcWjyUIaq4zENUgTQRIESOpEC5nsS2t74LPXbt6C0CIMrnETg+mwUiKHgDBOp09PCp/r6ol8oWuZJtVJzSjQhtZrtWBkpV8olaptWhiKZo9EvvPcGIY99CJBLpnXXtiJ0p0yh4BJm+V6sIWJ8zEbQTWjAfNDuNMs7o4exZhjSCBQVkmYifN+YMl/rie8lkz7DG/3bS8W/vG6Mw6o7FUEUIwQ8PYRCQnZIcyWSIoAOhAJEliYHKgLKmWKIoARlnCdinDSTT/r4epr+T1ol03ZM5/K4WD+dN5Mj++SAHBGbVEidnJMGaRJOJLknD+TRuDOejGfj5XN0wZjv7JEfMF4/AOdRlJo=</latexit>

⇠ sJ growth

UV ➙ IR implications: spectra

Massive gravity only consistent over range <latexit sha1_base64="cyDFeoMWltjHjXw5grLwrrvbRF0=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTagQBlBQ4MUJPKQEss6XzbhlDvbultHiqK0fAUtVHSIlv+g4F+wjQtImGo0s6udnSCWwqDjfFpLyyura+uljfLm1vbOrr233zJRojk0eSQj3QmYASlCaKJACZ1YA1OBhHYwus789hi0EVF4j5MYPMWGoRgIzjCVfNu+7UkwxghFzxyq/KFvV5yqk4MuErcgFVKg4dtfvX7EEwUhcsmM6bpOjN6UaRRcwqzcSwzEjI/YELopDZkC403z5DN6nBiGEY1BUyFpLsLvjSlTxkxUkE4qhg9m3svE/7xugoNLbyrCOEEIeXYIhYT8kOFapJUA7QsNiCxLDlSElDPNEEELyjhPxSTtqJz24c5/v0hap1W3Vq3dnVfqV0UzJXJIjsgJcckFqZMb0iBNwsmYPJFn8mI9Wq/Wm/X+M7pkFTsH5A+sj28wPZda</latexit>

M . 30mg



UV

<latexit sha1_base64="vxAEeqxY0qME4hw1DtegMsE+6cM=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkflimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqveRpQ==</latexit>

1

Galileons

UV

Massive spin-3/2 only for     

EFT: spin 0+J 
m0=0,mJ≠0

<latexit sha1_base64="J7aG1bpZilvaup2duRgHVs8jtmM=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNDRIQSIPEVvR+bIJp5zP1t0aKbLCV9BCRYdo+RcK/gXbuICEqUYzu9rZ8SMpDNr2p1VaWl5ZXSuvVzY2t7Z3qrt7HRPGmkObhzLUPZ8ZkEJBGwVK6EUaWOBL6PqTy8zvPoA2IlS3OI3AC9hYiZHgDFPp7trF0BVqhNNBtWbX7Rx0kTgFqZECrUH1yx2GPA5AIZfMmL5jR+glTKPgEmYVNzYQMT5hY+inVLEAjJfkiWf0KDYMQxqBpkLSXITfGwkLjJkGfjoZMLw3814m/uf1Yxyde4lQUYygeHYIhYT8kOFapFUAHQoNiCxLDlQoyplmiKAFZZynYpx2U0n7cOa/XySdk7rTqDduTmvNi6KZMjkgh+SYOOSMNMkVaZE24USRJ/JMXqxH69V6s95/RktWsbNP/sD6+AaFjpWA</latexit>

M ! 1(         with graviton and tuned couplings)

<latexit sha1_base64="L/NV8+NQCw6yIq6DssgTdNwOHGM=">AAACCHicbVC7TsNAEDyHVwgv8+hoTkRIVMEOKFBG0NAgBYk8pCSKzpdNOOXOtu7WSMHKD/AVtFDRIVr+goJ/wTYpIGGq0cyudna8UAqDjvNp5RYWl5ZX8quFtfWNzS17e6dhgkhzqPNABrrlMQNS+FBHgRJaoQamPAlNb3SZ+s170EYE/i2OQ+gqNvTFQHCGidSz9647EowxQlHXoaoXnxyXJz276JScDHSeuFNSJFPUevZXpx/wSIGPXDJj2q4TYjdmGgWXMCl0IgMh4yM2hHZCfabAdOMs/YQeRoZhQEPQVEiaifB7I2bKmLHykknF8M7Meqn4n9eOcHDejYUfRgg+Tw+hkJAdMlyLpBagfaEBkaXJgQqfcqYZImhBGeeJGCU9FZI+3Nnv50mjXHIrpcrNabF6MW0mT/bJATkiLjkjVXJFaqROOHkgT+SZvFiP1qv1Zr3/jOas6c4u+QPr4xuiB5il</latexit>

M . 10m3/2

mass-gap
co
up
lin
g

Albert,Knop,Rastelli’24

J

Massive spin-J>2 have finite gap fixed by mass

 

It

 

It

 

It

 

It

<latexit sha1_base64="qaKIjylpr+D0hWHqXaHD5HBsO3M=">AAAB+nicdVC7TsNAEDzzDOEVoKQ5ESFRWXYCTtJF0CCqIJGHlJjofNmEU84P3a2RopCfoIWKDtHyMxT8C7YJEiCYajSzq50dL5JCo2W9GQuLS8srq7m1/PrG5tZ2YWe3pcNYcWjyUIaq4zENUgTQRIESOpEC5nsS2t74LPXbt6C0CIMrnETg+mwUiKHgDBOp09PCp/r6ol8oWuZJtVJzSjQhtZrtWBkpV8olaptWhiKZo9EvvPcGIY99CJBLpnXXtiJ0p0yh4BJm+V6sIWJ8zEbQTWjAfNDuNMs7o4exZhjSCBQVkmYifN+YMl/rie8lkz7DG/3bS8W/vG6Mw6o7FUEUIwQ8PYRCQnZIcyWSIoAOhAJEliYHKgLKmWKIoARlnCdinDSTT/r4epr+T1ol03ZM5/K4WD+dN5Mj++SAHBGbVEidnJMGaRJOJLknD+TRuDOejGfj5XN0wZjv7JEfMF4/AOdRlJo=</latexit>

⇠ sJ growth

UV ➙ IR implications: spectra

Massive gravity only consistent over range <latexit sha1_base64="cyDFeoMWltjHjXw5grLwrrvbRF0=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTagQBlBQ4MUJPKQEss6XzbhlDvbultHiqK0fAUtVHSIlv+g4F+wjQtImGo0s6udnSCWwqDjfFpLyyura+uljfLm1vbOrr233zJRojk0eSQj3QmYASlCaKJACZ1YA1OBhHYwus789hi0EVF4j5MYPMWGoRgIzjCVfNu+7UkwxghFzxyq/KFvV5yqk4MuErcgFVKg4dtfvX7EEwUhcsmM6bpOjN6UaRRcwqzcSwzEjI/YELopDZkC403z5DN6nBiGEY1BUyFpLsLvjSlTxkxUkE4qhg9m3svE/7xugoNLbyrCOEEIeXYIhYT8kOFapJUA7QsNiCxLDlSElDPNEEELyjhPxSTtqJz24c5/v0hap1W3Vq3dnVfqV0UzJXJIjsgJcckFqZMb0iBNwsmYPJFn8mI9Wq/Wm/X+M7pkFTsH5A+sj28wPZda</latexit>

M . 30mg

decouples



UV

Galileons

UV

Massive gravity only consistent over range 

Massive spin-3/2 only for     
<latexit sha1_base64="J7aG1bpZilvaup2duRgHVs8jtmM=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNDRIQSIPEVvR+bIJp5zP1t0aKbLCV9BCRYdo+RcK/gXbuICEqUYzu9rZ8SMpDNr2p1VaWl5ZXSuvVzY2t7Z3qrt7HRPGmkObhzLUPZ8ZkEJBGwVK6EUaWOBL6PqTy8zvPoA2IlS3OI3AC9hYiZHgDFPp7trF0BVqhNNBtWbX7Rx0kTgFqZECrUH1yx2GPA5AIZfMmL5jR+glTKPgEmYVNzYQMT5hY+inVLEAjJfkiWf0KDYMQxqBpkLSXITfGwkLjJkGfjoZMLw3814m/uf1Yxyde4lQUYygeHYIhYT8kOFapFUAHQoNiCxLDlQoyplmiKAFZZynYpx2U0n7cOa/XySdk7rTqDduTmvNi6KZMjkgh+SYOOSMNMkVaZE24USRJ/JMXqxH69V6s95/RktWsbNP/sD6+AaFjpWA</latexit>

M ! 1(         with graviton and tuned couplings)

<latexit sha1_base64="L/NV8+NQCw6yIq6DssgTdNwOHGM=">AAACCHicbVC7TsNAEDyHVwgv8+hoTkRIVMEOKFBG0NAgBYk8pCSKzpdNOOXOtu7WSMHKD/AVtFDRIVr+goJ/wTYpIGGq0cyudna8UAqDjvNp5RYWl5ZX8quFtfWNzS17e6dhgkhzqPNABrrlMQNS+FBHgRJaoQamPAlNb3SZ+s170EYE/i2OQ+gqNvTFQHCGidSz9647EowxQlHXoaoXnxyXJz276JScDHSeuFNSJFPUevZXpx/wSIGPXDJj2q4TYjdmGgWXMCl0IgMh4yM2hHZCfabAdOMs/YQeRoZhQEPQVEiaifB7I2bKmLHykknF8M7Meqn4n9eOcHDejYUfRgg+Tw+hkJAdMlyLpBagfaEBkaXJgQqfcqYZImhBGeeJGCU9FZI+3Nnv50mjXHIrpcrNabF6MW0mT/bJATkiLjkjVXJFaqROOHkgT+SZvFiP1qv1Zr3/jOas6c4u+QPr4xuiB5il</latexit>

M . 10m3/2

Massive spin-J>2 have finite gap fixed by mass

Mass

J

1  2  3  4  5  6  

2 
 4

  
6 

 8
  

10

UV ➙ IR implications: spectra

<latexit sha1_base64="cyDFeoMWltjHjXw5grLwrrvbRF0=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTagQBlBQ4MUJPKQEss6XzbhlDvbultHiqK0fAUtVHSIlv+g4F+wjQtImGo0s6udnSCWwqDjfFpLyyura+uljfLm1vbOrr233zJRojk0eSQj3QmYASlCaKJACZ1YA1OBhHYwus789hi0EVF4j5MYPMWGoRgIzjCVfNu+7UkwxghFzxyq/KFvV5yqk4MuErcgFVKg4dtfvX7EEwUhcsmM6bpOjN6UaRRcwqzcSwzEjI/YELopDZkC403z5DN6nBiGEY1BUyFpLsLvjSlTxkxUkE4qhg9m3svE/7xugoNLbyrCOEEIeXYIhYT8kOFapJUA7QsNiCxLDlSElDPNEEELyjhPxSTtqJz24c5/v0hap1W3Vq3dnVfqV0UzJXJIjsgJcckFqZMb0iBNwsmYPJFn8mI9Wq/Wm/X+M7pkFTsH5A+sj28wPZda</latexit>

M . 30mg



UV

Galileons

UV

Massive gravity only consistent over range 

Massive spin-3/2 only for     
<latexit sha1_base64="J7aG1bpZilvaup2duRgHVs8jtmM=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNDRIQSIPEVvR+bIJp5zP1t0aKbLCV9BCRYdo+RcK/gXbuICEqUYzu9rZ8SMpDNr2p1VaWl5ZXSuvVzY2t7Z3qrt7HRPGmkObhzLUPZ8ZkEJBGwVK6EUaWOBL6PqTy8zvPoA2IlS3OI3AC9hYiZHgDFPp7trF0BVqhNNBtWbX7Rx0kTgFqZECrUH1yx2GPA5AIZfMmL5jR+glTKPgEmYVNzYQMT5hY+inVLEAjJfkiWf0KDYMQxqBpkLSXITfGwkLjJkGfjoZMLw3814m/uf1Yxyde4lQUYygeHYIhYT8kOFapFUAHQoNiCxLDlQoyplmiKAFZZynYpx2U0n7cOa/XySdk7rTqDduTmvNi6KZMjkgh+SYOOSMNMkVaZE24USRJ/JMXqxH69V6s95/RktWsbNP/sD6+AaFjpWA</latexit>

M ! 1(         with graviton and tuned couplings)

<latexit sha1_base64="L/NV8+NQCw6yIq6DssgTdNwOHGM=">AAACCHicbVC7TsNAEDyHVwgv8+hoTkRIVMEOKFBG0NAgBYk8pCSKzpdNOOXOtu7WSMHKD/AVtFDRIVr+goJ/wTYpIGGq0cyudna8UAqDjvNp5RYWl5ZX8quFtfWNzS17e6dhgkhzqPNABrrlMQNS+FBHgRJaoQamPAlNb3SZ+s170EYE/i2OQ+gqNvTFQHCGidSz9647EowxQlHXoaoXnxyXJz276JScDHSeuFNSJFPUevZXpx/wSIGPXDJj2q4TYjdmGgWXMCl0IgMh4yM2hHZCfabAdOMs/YQeRoZhQEPQVEiaifB7I2bKmLHykknF8M7Meqn4n9eOcHDejYUfRgg+Tw+hkJAdMlyLpBagfaEBkaXJgQqfcqYZImhBGeeJGCU9FZI+3Nnv50mjXHIrpcrNabF6MW0mT/bJATkiLjkjVXJFaqROOHkgT+SZvFiP1qv1Zr3/jOas6c4u+QPr4xuiB5il</latexit>

M . 10m3/2

Massive spin-J>2 have finite gap fixed by mass

Mass

J

1  2  3  4  5  6  

2 
 4

  
6 

 8
  

10

Berman’24,Berman,Geiser’24

<latexit sha1_base64="NzodcCPtsZFmR6ghKDCSd90dyS0=">AAACCXicbVC7TsNAEDyHVwivAKKiOREhUUV2iAJlBA1lkMhDShzrfNmEE3e2uVsjRVa+gK+ghYoO0fIVFPwLTnABCVOsRjO72t3xIykM2vanlVtaXlldy68XNja3tneKu3stE8aaQ5OHMtQdnxmQIoAmCpTQiTQw5Uto+3eXU7/9ANqIMLjBcQSuYqNADAVnmEpe8UB5lX61N4J7qjynX0nrab/iFUt22Z6BLhInIyWSoeEVv3qDkMcKAuSSGdN17AjdhGkUXMKk0IsNRIzfsRF0UxowBcZNZudP6HFsGIY0Ak2FpDMRfk8kTBkzVn7aqRjemnlvKv7ndWMcnruJCKIYIeDTRSgkzBYZrkWaC9CB0IDIppcDFQHlTDNE0IIyzlMxToMqpHk4898vklal7NTKtetqqX6RJZMnh+SInBCHnJE6uSIN0iScJOSJPJMX69F6td6s95/WnJXN7JM/sD6+AZuHmJI=</latexit>

m4
2 � m2

1m
2
3

Analytic spectrum bounds 
from      subtractions

<latexit sha1_base64="/wcjfF8qG47TZayQD2peWiDysW8=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVrS+bMKR89m6WyOFKP9ACxUdouVvKPgX7OACEqYazexqZyeIlbTkup/O0vLK6tp6YaO4ubW9s1va22/aKDECGyJSkWkHYFFJjQ2SpLAdG4QwUNgKRleZ33pAY2Wkb2kcox/CUMuBFECp1OxKPaBxr1R2K+4MfJF4OSmzHPVe6avbj0QSoiahwNqO58bkT8CQFAqnxW5iMQYxgiF2UqohROtPZmmn/DixQBGP0XCp+EzE3xsTCK0dh0E6GQLd2XkvE//zOgkNLvyJ1HFCqEV2iKTC2SErjExrQN6XBokgS45cai7AABEayUGIVEzSXoppH97894ukeVrxqpXqzVm5dpk3U2CH7IidMI+dsxq7ZnXWYILdsyf2zF6cR+fVeXPef0aXnHzngP2B8/ENfOKTzA==</latexit>1

UV ➙ IR implications: spectra
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<latexit sha1_base64="cyDFeoMWltjHjXw5grLwrrvbRF0=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTagQBlBQ4MUJPKQEss6XzbhlDvbultHiqK0fAUtVHSIlv+g4F+wjQtImGo0s6udnSCWwqDjfFpLyyura+uljfLm1vbOrr233zJRojk0eSQj3QmYASlCaKJACZ1YA1OBhHYwus789hi0EVF4j5MYPMWGoRgIzjCVfNu+7UkwxghFzxyq/KFvV5yqk4MuErcgFVKg4dtfvX7EEwUhcsmM6bpOjN6UaRRcwqzcSwzEjI/YELopDZkC403z5DN6nBiGEY1BUyFpLsLvjSlTxkxUkE4qhg9m3svE/7xugoNLbyrCOEEIeXYIhYT8kOFapJUA7QsNiCxLDlSElDPNEEELyjhPxSTtqJz24c5/v0hap1W3Vq3dnVfqV0UzJXJIjsgJcckFqZMb0iBNwsmYPJFn8mI9Wq/Wm/X+M7pkFTsH5A+sj28wPZda</latexit>
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UV

Galileons

UV

Massive gravity only consistent over range 

Massive spin-3/2 only for     
<latexit sha1_base64="J7aG1bpZilvaup2duRgHVs8jtmM=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNDRIQSIPEVvR+bIJp5zP1t0aKbLCV9BCRYdo+RcK/gXbuICEqUYzu9rZ8SMpDNr2p1VaWl5ZXSuvVzY2t7Z3qrt7HRPGmkObhzLUPZ8ZkEJBGwVK6EUaWOBL6PqTy8zvPoA2IlS3OI3AC9hYiZHgDFPp7trF0BVqhNNBtWbX7Rx0kTgFqZECrUH1yx2GPA5AIZfMmL5jR+glTKPgEmYVNzYQMT5hY+inVLEAjJfkiWf0KDYMQxqBpkLSXITfGwkLjJkGfjoZMLw3814m/uf1Yxyde4lQUYygeHYIhYT8kOFapFUAHQoNiCxLDlQoyplmiKAFZZynYpx2U0n7cOa/XySdk7rTqDduTmvNi6KZMjkgh+SYOOSMNMkVaZE24USRJ/JMXqxH69V6s95/RktWsbNP/sD6+AaFjpWA</latexit>

M ! 1(         with graviton and tuned couplings)

<latexit sha1_base64="L/NV8+NQCw6yIq6DssgTdNwOHGM=">AAACCHicbVC7TsNAEDyHVwgv8+hoTkRIVMEOKFBG0NAgBYk8pCSKzpdNOOXOtu7WSMHKD/AVtFDRIVr+goJ/wTYpIGGq0cyudna8UAqDjvNp5RYWl5ZX8quFtfWNzS17e6dhgkhzqPNABrrlMQNS+FBHgRJaoQamPAlNb3SZ+s170EYE/i2OQ+gqNvTFQHCGidSz9647EowxQlHXoaoXnxyXJz276JScDHSeuFNSJFPUevZXpx/wSIGPXDJj2q4TYjdmGgWXMCl0IgMh4yM2hHZCfabAdOMs/YQeRoZhQEPQVEiaifB7I2bKmLHykknF8M7Meqn4n9eOcHDejYUfRgg+Tw+hkJAdMlyLpBagfaEBkaXJgQqfcqYZImhBGeeJGCU9FZI+3Nnv50mjXHIrpcrNabF6MW0mT/bJATkiLjkjVXJFaqROOHkgT+SZvFiP1qv1Zr3/jOas6c4u+QPr4xuiB5il</latexit>

M . 10m3/2

Massive spin-J>2 have finite gap fixed by mass

●●●●●●●●●●●● ●●●●●●●●●●●●
●●●●

●●
●●
●
●
●
●

●

●

●

●
●
●●●●●●●●●●●●●●●●

●
●
●

●

●
●
●
●

●●
●
●●●●●●●●● ●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●

0 1 2 3 4 5 6 7
0.000

0.005

0.010

0.015

0.020

(m2 /m1)2

m
3-
2
λ 3
,4
g
0

Huang,Ricossa,FR,Tsai’25
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Higher-spin spectra prefer to organise in linear trajectories

UV ➙ IR implications: spectra
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Berman’24,Berman,Geiser’24

<latexit sha1_base64="NzodcCPtsZFmR6ghKDCSd90dyS0=">AAACCXicbVC7TsNAEDyHVwivAKKiOREhUUV2iAJlBA1lkMhDShzrfNmEE3e2uVsjRVa+gK+ghYoO0fIVFPwLTnABCVOsRjO72t3xIykM2vanlVtaXlldy68XNja3tneKu3stE8aaQ5OHMtQdnxmQIoAmCpTQiTQw5Uto+3eXU7/9ANqIMLjBcQSuYqNADAVnmEpe8UB5lX61N4J7qjynX0nrab/iFUt22Z6BLhInIyWSoeEVv3qDkMcKAuSSGdN17AjdhGkUXMKk0IsNRIzfsRF0UxowBcZNZudP6HFsGIY0Ak2FpDMRfk8kTBkzVn7aqRjemnlvKv7ndWMcnruJCKIYIeDTRSgkzBYZrkWaC9CB0IDIppcDFQHlTDNE0IIyzlMxToMqpHk4898vklal7NTKtetqqX6RJZMnh+SInBCHnJE6uSIN0iScJOSJPJMX69F6td6s95/WnJXN7JM/sD6+AZuHmJI=</latexit>
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2 � m2

1m
2
3

Analytic spectrum bounds 
from      subtractions

<latexit sha1_base64="/wcjfF8qG47TZayQD2peWiDysW8=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVrS+bMKR89m6WyOFKP9ACxUdouVvKPgX7OACEqYazexqZyeIlbTkup/O0vLK6tp6YaO4ubW9s1va22/aKDECGyJSkWkHYFFJjQ2SpLAdG4QwUNgKRleZ33pAY2Wkb2kcox/CUMuBFECp1OxKPaBxr1R2K+4MfJF4OSmzHPVe6avbj0QSoiahwNqO58bkT8CQFAqnxW5iMQYxgiF2UqohROtPZmmn/DixQBGP0XCp+EzE3xsTCK0dh0E6GQLd2XkvE//zOgkNLvyJ1HFCqEV2iKTC2SErjExrQN6XBokgS45cai7AABEayUGIVEzSXoppH97894ukeVrxqpXqzVm5dpk3U2CH7IidMI+dsxq7ZnXWYILdsyf2zF6cR+fVeXPef0aXnHzngP2B8/ENfOKTzA==</latexit>1

Huang,Ricossa,FR,Tsai’25


<latexit sha1_base64="cyDFeoMWltjHjXw5grLwrrvbRF0=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTagQBlBQ4MUJPKQEss6XzbhlDvbultHiqK0fAUtVHSIlv+g4F+wjQtImGo0s6udnSCWwqDjfFpLyyura+uljfLm1vbOrr233zJRojk0eSQj3QmYASlCaKJACZ1YA1OBhHYwus789hi0EVF4j5MYPMWGoRgIzjCVfNu+7UkwxghFzxyq/KFvV5yqk4MuErcgFVKg4dtfvX7EEwUhcsmM6bpOjN6UaRRcwqzcSwzEjI/YELopDZkC403z5DN6nBiGEY1BUyFpLsLvjSlTxkxUkE4qhg9m3svE/7xugoNLbyrCOEEIeXYIhYT8kOFapJUA7QsNiCxLDlSElDPNEEELyjhPxSTtqJz24c5/v0hap1W3Vq3dnVfqV0UzJXJIjsgJcckFqZMb0iBNwsmYPJFn8mI9Wq/Wm/X+M7pkFTsH5A+sj28wPZda</latexit>
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UV

Galileons

UV

Massive gravity only consistent over range 

Massive spin-3/2 only for     
<latexit sha1_base64="J7aG1bpZilvaup2duRgHVs8jtmM=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNDRIQSIPEVvR+bIJp5zP1t0aKbLCV9BCRYdo+RcK/gXbuICEqUYzu9rZ8SMpDNr2p1VaWl5ZXSuvVzY2t7Z3qrt7HRPGmkObhzLUPZ8ZkEJBGwVK6EUaWOBL6PqTy8zvPoA2IlS3OI3AC9hYiZHgDFPp7trF0BVqhNNBtWbX7Rx0kTgFqZECrUH1yx2GPA5AIZfMmL5jR+glTKPgEmYVNzYQMT5hY+inVLEAjJfkiWf0KDYMQxqBpkLSXITfGwkLjJkGfjoZMLw3814m/uf1Yxyde4lQUYygeHYIhYT8kOFapFUAHQoNiCxLDlQoyplmiKAFZZynYpx2U0n7cOa/XySdk7rTqDduTmvNi6KZMjkgh+SYOOSMNMkVaZE24USRJ/JMXqxH69V6s95/RktWsbNP/sD6+AaFjpWA</latexit>

M ! 1(         with graviton and tuned couplings)

<latexit sha1_base64="L/NV8+NQCw6yIq6DssgTdNwOHGM=">AAACCHicbVC7TsNAEDyHVwgv8+hoTkRIVMEOKFBG0NAgBYk8pCSKzpdNOOXOtu7WSMHKD/AVtFDRIVr+goJ/wTYpIGGq0cyudna8UAqDjvNp5RYWl5ZX8quFtfWNzS17e6dhgkhzqPNABrrlMQNS+FBHgRJaoQamPAlNb3SZ+s170EYE/i2OQ+gqNvTFQHCGidSz9647EowxQlHXoaoXnxyXJz276JScDHSeuFNSJFPUevZXpx/wSIGPXDJj2q4TYjdmGgWXMCl0IgMh4yM2hHZCfabAdOMs/YQeRoZhQEPQVEiaifB7I2bKmLHykknF8M7Meqn4n9eOcHDejYUfRgg+Tw+hkJAdMlyLpBagfaEBkaXJgQqfcqYZImhBGeeJGCU9FZI+3Nnv50mjXHIrpcrNabF6MW0mT/bJATkiLjkjVXJFaqROOHkgT+SZvFiP1qv1Zr3/jOas6c4u+QPr4xuiB5il</latexit>

M . 10m3/2

Massive spin-J>2 have finite gap fixed by mass

Higher-spin spectra prefer to organise in linear trajectories

UV ➙ IR implications: spectra
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Berman’24,Berman,Geiser’24

<latexit sha1_base64="NzodcCPtsZFmR6ghKDCSd90dyS0=">AAACCXicbVC7TsNAEDyHVwivAKKiOREhUUV2iAJlBA1lkMhDShzrfNmEE3e2uVsjRVa+gK+ghYoO0fIVFPwLTnABCVOsRjO72t3xIykM2vanlVtaXlldy68XNja3tneKu3stE8aaQ5OHMtQdnxmQIoAmCpTQiTQw5Uto+3eXU7/9ANqIMLjBcQSuYqNADAVnmEpe8UB5lX61N4J7qjynX0nrab/iFUt22Z6BLhInIyWSoeEVv3qDkMcKAuSSGdN17AjdhGkUXMKk0IsNRIzfsRF0UxowBcZNZudP6HFsGIY0Ak2FpDMRfk8kTBkzVn7aqRjemnlvKv7ndWMcnruJCKIYIeDTRSgkzBYZrkWaC9CB0IDIppcDFQHlTDNE0IIyzlMxToMqpHk4898vklal7NTKtetqqX6RJZMnh+SInBCHnJE6uSIN0iScJOSJPJMX69F6td6s95/WnJXN7JM/sD6+AZuHmJI=</latexit>

m4
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1m
2
3

Analytic spectrum bounds 
from      subtractions

<latexit sha1_base64="/wcjfF8qG47TZayQD2peWiDysW8=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVrS+bMKR89m6WyOFKP9ACxUdouVvKPgX7OACEqYazexqZyeIlbTkup/O0vLK6tp6YaO4ubW9s1va22/aKDECGyJSkWkHYFFJjQ2SpLAdG4QwUNgKRleZ33pAY2Wkb2kcox/CUMuBFECp1OxKPaBxr1R2K+4MfJF4OSmzHPVe6avbj0QSoiahwNqO58bkT8CQFAqnxW5iMQYxgiF2UqohROtPZmmn/DixQBGP0XCp+EzE3xsTCK0dh0E6GQLd2XkvE//zOgkNLvyJ1HFCqEV2iKTC2SErjExrQN6XBokgS45cai7AABEayUGIVEzSXoppH97894ukeVrxqpXqzVm5dpk3U2CH7IidMI+dsxq7ZnXWYILdsyf2zF6cR+fVeXPef0aXnHzngP2B8/ENfOKTzA==</latexit>1
Albert,Henriksson,Rastelli,Vichi’24

Large-N QCD kink?

Eckner,Figueroa,

Metayer,Tourkine’25

<latexit sha1_base64="cyDFeoMWltjHjXw5grLwrrvbRF0=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTagQBlBQ4MUJPKQEss6XzbhlDvbultHiqK0fAUtVHSIlv+g4F+wjQtImGo0s6udnSCWwqDjfFpLyyura+uljfLm1vbOrr233zJRojk0eSQj3QmYASlCaKJACZ1YA1OBhHYwus789hi0EVF4j5MYPMWGoRgIzjCVfNu+7UkwxghFzxyq/KFvV5yqk4MuErcgFVKg4dtfvX7EEwUhcsmM6bpOjN6UaRRcwqzcSwzEjI/YELopDZkC403z5DN6nBiGEY1BUyFpLsLvjSlTxkxUkE4qhg9m3svE/7xugoNLbyrCOEEIeXYIhYT8kOFapJUA7QsNiCxLDlSElDPNEEELyjhPxSTtqJz24c5/v0hap1W3Vq3dnVfqV0UzJXJIjsgJcckFqZMb0iBNwsmYPJFn8mI9Wq/Wm/X+M7pkFTsH5A+sj28wPZda</latexit>

M . 30mg



UV and IR
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UV and IR
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UV and IR
UV

IR

Cheung,Jeong,Ko,Pomarol,

Remmen,Sciotti,’26

Cheung,Remmen,’25

Multipositivity:

Anomaly
+



UV and IR
UV

IR

Cheung,Jeong,Ko,Pomarol,

Remmen,Sciotti,’26

Cheung,Remmen,’25

Multipositivity:

Anomaly
+

Haring,Zhiboedov’23

<latexit sha1_base64="l1LW2rsGcLzmt4qrQdCJhVLSSDM=">AAACDHicbVDLSgNBEJyNrxhfq14EL4NBSEDCrkj0GPXiMYJ5QBLD7KQTx8w+mOkVwhI/wa/wqidv4tV/8OC/uLvuQaN16aKqm+4uJ5BCo2V9GLm5+YXFpfxyYWV1bX3D3Nxqaj9UHBrcl75qO0yDFB40UKCEdqCAuY6EljM+T/zWHSgtfO8KJwH0XDbyxFBwhrHUN3dOS/oAy10tXDosYZnq6+g2rtO+WbQqVgr6l9gZKZIM9b752R34PHTBQy6Z1h3bCrAXMYWCS5gWuqGGgPExG0Enph5zQfei9IMp3Q81Q58GoKiQNBXh50TEXK0nrhN3ugxv9KyXiP95nRCHJ71IeEGI4PFkEQoJ6SLNlYijAToQChBZcjlQ4VHOFEMEJSjjPBbDOKtCnIc9+/1f0jys2NVK9fKoWDvLksmTXbJHSsQmx6RGLkidNAgn9+SRPJFn48F4MV6Nt+/WnJHNbJNfMN6/AOlCmdg=</latexit>

A(s, t) ⇠ f(t)sj(t)<latexit sha1_base64="ztVftXgys1WqJEMcwtDC0dJGba8=">AAAB/HicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjJI5CFiKzpfNuGU89m6WyNFUfgKWqjoEC3/QsG/YIcUkDDVaGZXOzthoqQl1/10lpZXVtfWCxvFza3tnd3S3n7TxqkR2BCxik075BaV1NggSQrbiUEehQpb4fAq91sPaKyM9S2NEgwiPtCyLwWnTLqzPsW+1H0adUtlt+JOwRaJNyNlmKHeLX35vVikEWoSilvb8dyEgjE3JIXCSdFPLSZcDPkAOxnVPEIbjKeJJ+w4tZxilqBhUrGpiL83xjyydhSF2WTE6d7Oe7n4n9dJqX8RjKVOUkIt8kMkFU4PWWFkVgWynjRIxPPkyKRmghtOhEYyLkQmplk3xawPb/77RdI8rXjVSvXmrFy7nDVTgEM4ghPw4BxqcA11aIAADU/wDC/Oo/PqvDnvP6NLzmznAP7A+fgGwh6Vpg==</latexit>

s ! 1Regge:



UV and IR
UV

IR

String-theory
<latexit sha1_base64="22MlRb2JU4LbxLBbsb4HUh6gsyg=">AAACPHicbVC7TsNAEDzzJrwClDQnIqRYQGQjBDRIPAooQSKAFEfR+tiQE3e2dbdGQlZ+iU/gK2gooKJDtNTYIQUkTDWamdXuTpgoacnzXpyR0bHxicmp6dLM7Nz8Qnlx6dLGqRFYF7GKzXUIFpWMsE6SFF4nBkGHCq/Cu+PCv7pHY2UcXdBDgk0Nt5FsSwGUS63y6WHVbpC7H7QNiCw4Aa2huhmASjpQta47oJDrdodS64XaKle8mtcDHyZ+n1RYH2et8mtwE4tUY0RCgbUN30uomYEhKRR2S0FqMQFxB7fYyGkEGm0z633c5WupBYp5goZLxXsi/p7IQFv7oMM8qYE6dtArxP+8RkrtvWYmoyQljESxiKTC3iIrjMyrRH4jDRJBcTlyGXEBBojQSA5C5GKad1vK+/AHvx8ml1s1f6e2c75dOTjqNzPFVtgqqzKf7bIDdsrOWJ0J9sie2St7c56cd+fD+fyJjjj9mWX2B87XN35+rB4=</latexit>

A(s, t) =
�(�↵(s))�(�↵(t))

�(�↵(s+ t))

Causal 
  +Unitary 
    +? 

Cheung,Jeong,Ko,Pomarol,

Remmen,Sciotti,’26

Cheung,Remmen,’25

Multipositivity:

Anomaly
+

Haring,Zhiboedov’23

<latexit sha1_base64="l1LW2rsGcLzmt4qrQdCJhVLSSDM=">AAACDHicbVDLSgNBEJyNrxhfq14EL4NBSEDCrkj0GPXiMYJ5QBLD7KQTx8w+mOkVwhI/wa/wqidv4tV/8OC/uLvuQaN16aKqm+4uJ5BCo2V9GLm5+YXFpfxyYWV1bX3D3Nxqaj9UHBrcl75qO0yDFB40UKCEdqCAuY6EljM+T/zWHSgtfO8KJwH0XDbyxFBwhrHUN3dOS/oAy10tXDosYZnq6+g2rtO+WbQqVgr6l9gZKZIM9b752R34PHTBQy6Z1h3bCrAXMYWCS5gWuqGGgPExG0Enph5zQfei9IMp3Q81Q58GoKiQNBXh50TEXK0nrhN3ugxv9KyXiP95nRCHJ71IeEGI4PFkEQoJ6SLNlYijAToQChBZcjlQ4VHOFEMEJSjjPBbDOKtCnIc9+/1f0jys2NVK9fKoWDvLksmTXbJHSsQmx6RGLkidNAgn9+SRPJFn48F4MV6Nt+/WnJHNbJNfMN6/AOlCmdg=</latexit>

A(s, t) ⇠ f(t)sj(t)<latexit sha1_base64="ztVftXgys1WqJEMcwtDC0dJGba8=">AAAB/HicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjJI5CFiKzpfNuGU89m6WyNFUfgKWqjoEC3/QsG/YIcUkDDVaGZXOzthoqQl1/10lpZXVtfWCxvFza3tnd3S3n7TxqkR2BCxik075BaV1NggSQrbiUEehQpb4fAq91sPaKyM9S2NEgwiPtCyLwWnTLqzPsW+1H0adUtlt+JOwRaJNyNlmKHeLX35vVikEWoSilvb8dyEgjE3JIXCSdFPLSZcDPkAOxnVPEIbjKeJJ+w4tZxilqBhUrGpiL83xjyydhSF2WTE6d7Oe7n4n9dJqX8RjKVOUkIt8kMkFU4PWWFkVgWynjRIxPPkyKRmghtOhEYyLkQmplk3xawPb/77RdI8rXjVSvXmrFy7nDVTgEM4ghPw4BxqcA11aIAADU/wDC/Oo/PqvDnvP6NLzmznAP7A+fgGwh6Vpg==</latexit>

s ! 1Regge:



UV and IR
UV

IR

String-theory
<latexit sha1_base64="22MlRb2JU4LbxLBbsb4HUh6gsyg=">AAACPHicbVC7TsNAEDzzJrwClDQnIqRYQGQjBDRIPAooQSKAFEfR+tiQE3e2dbdGQlZ+iU/gK2gooKJDtNTYIQUkTDWamdXuTpgoacnzXpyR0bHxicmp6dLM7Nz8Qnlx6dLGqRFYF7GKzXUIFpWMsE6SFF4nBkGHCq/Cu+PCv7pHY2UcXdBDgk0Nt5FsSwGUS63y6WHVbpC7H7QNiCw4Aa2huhmASjpQta47oJDrdodS64XaKle8mtcDHyZ+n1RYH2et8mtwE4tUY0RCgbUN30uomYEhKRR2S0FqMQFxB7fYyGkEGm0z633c5WupBYp5goZLxXsi/p7IQFv7oMM8qYE6dtArxP+8RkrtvWYmoyQljESxiKTC3iIrjMyrRH4jDRJBcTlyGXEBBojQSA5C5GKad1vK+/AHvx8ml1s1f6e2c75dOTjqNzPFVtgqqzKf7bIDdsrOWJ0J9sie2St7c56cd+fD+fyJjjj9mWX2B87XN35+rB4=</latexit>

A(s, t) =
�(�↵(s))�(�↵(t))

�(�↵(s+ t))

Causal 
  +Unitary 
    +? 

Cheung,Jeong,Ko,Pomarol,

Remmen,Sciotti,’26

Cheung,Remmen,’25

Multipositivity:

Anomaly
+

Haring,Zhiboedov’23

<latexit sha1_base64="l1LW2rsGcLzmt4qrQdCJhVLSSDM=">AAACDHicbVDLSgNBEJyNrxhfq14EL4NBSEDCrkj0GPXiMYJ5QBLD7KQTx8w+mOkVwhI/wa/wqidv4tV/8OC/uLvuQaN16aKqm+4uJ5BCo2V9GLm5+YXFpfxyYWV1bX3D3Nxqaj9UHBrcl75qO0yDFB40UKCEdqCAuY6EljM+T/zWHSgtfO8KJwH0XDbyxFBwhrHUN3dOS/oAy10tXDosYZnq6+g2rtO+WbQqVgr6l9gZKZIM9b752R34PHTBQy6Z1h3bCrAXMYWCS5gWuqGGgPExG0Enph5zQfei9IMp3Q81Q58GoKiQNBXh50TEXK0nrhN3ugxv9KyXiP95nRCHJ71IeEGI4PFkEQoJ6SLNlYijAToQChBZcjlQ4VHOFEMEJSjjPBbDOKtCnIc9+/1f0jys2NVK9fKoWDvLksmTXbJHSsQmx6RGLkidNAgn9+SRPJFn48F4MV6Nt+/WnJHNbJNfMN6/AOlCmdg=</latexit>

A(s, t) ⇠ f(t)sj(t)<latexit sha1_base64="ztVftXgys1WqJEMcwtDC0dJGba8=">AAAB/HicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjJI5CFiKzpfNuGU89m6WyNFUfgKWqjoEC3/QsG/YIcUkDDVaGZXOzthoqQl1/10lpZXVtfWCxvFza3tnd3S3n7TxqkR2BCxik075BaV1NggSQrbiUEehQpb4fAq91sPaKyM9S2NEgwiPtCyLwWnTLqzPsW+1H0adUtlt+JOwRaJNyNlmKHeLX35vVikEWoSilvb8dyEgjE3JIXCSdFPLSZcDPkAOxnVPEIbjKeJJ+w4tZxilqBhUrGpiL83xjyydhSF2WTE6d7Oe7n4n9dJqX8RjKVOUkIt8kMkFU4PWWFkVgWynjRIxPPkyKRmghtOhEYyLkQmplk3xawPb/77RdI8rXjVSvXmrFy7nDVTgEM4ghPw4BxqcA11aIAADU/wDC/Oo/PqvDnvP6NLzmznAP7A+fgGwh6Vpg==</latexit>

s ! 1Regge:Huang,Liu,Rodina,Wang’20

Berman,Elvang,Herderschee’23

Cheung,Hillmann,Remmen,’24

Cheung,Remmen,Sciotti,Tarquini,’25,

…

Monodromy 
SUSY 
Ultrasoftness 
…

See Grant’s talk
+



UV ➙ IR implications at weakest coupling

UV ➙ IR with finite coupling effects



These results (and most literature):  
based on tree-level/zero coupling EFT

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

UV ➙ IR Relations and IR effects

<latexit sha1_base64="YWL+MhnoZZFpSxPN4QgeSSE/0K4=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaLzZRNOOZ+tuzVSZPITtFDRIVp+hoJ/4WxcQMJUo5ldze4EsRQGXffTKa2srq1vlDcrW9s7u3vV/YOOiRLNoc0jGelewAxIoaCNAiX0Yg0sDCR0g+l15ncfQBsRqTucxeCHbKLEWHCGVupNhmqAEXWH1Zpbd3PQZeIVpEYKtIbVr8Eo4kkICrlkxvQ9N0Y/ZRoFlzCvDBIDMeNTNoG+pYqFYPw0v3dOTxLDbGoMmgpJcxF+b6QsNGYWBnYyZHhvFr1M/M/rJzi+9FOh4gRB8SwIhYQ8yHAtbBFAR0IDIssuByoU5UwzRNCCMs6tmNhmKrYPb/H7ZdI5q3uNeuP2vNa8KpopkyNyTE6JRy5Ik9yQFmkTTiR5Is/kxXl0Xp035/1ntOQUO4fkD5yPbyr5lB0=</latexit>

gn ! 0
<latexit sha1_base64="wOEDHC+1OJTbNVGQgXEOgNZrgAM=">AAACCnicbVA9SwNBEN3zM8avqGBjsxgEq3AnEm2EoI1lBPMBSQhzm0lcsrd37M4J4bx/4K+w1cpObP0TFv4XLzGFJr5ieLw3w8w8P1LSkut+OguLS8srq7m1/PrG5tZ2YWe3bsPYCKyJUIWm6YNFJTXWSJLCZmQQAl9hwx9ejf3GPRorQ31Lowg7AQy07EsBlEndwn67b0Akg65OsxKkF32pJWG3UHRL7gR8nnhTUmRTVLuFr3YvFHGAmoQCa1ueG1EnAUNSKEzz7dhiBGIIA2xlVEOAtpNM7k/5UWyBQh6h4VLxiYi/JxIIrB0FftYZAN3ZWW8s/ue1YuqfdxKpo5hQi/Eikgoni6wwMgsGeU8aJILx5cil5gIMEKGRHITIxDhLKp/l4c1+P0/qJyWvXCrfnBYrl9NkcuyAHbJj5rEzVmHXrMpqTLAH9sSe2Yvz6Lw6b877T+uCM53ZY3/gfHwDyi6bIg==</latexit>gn
gm

= finite



These results (and most literature):  
based on tree-level/zero coupling EFT

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>
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4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>
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4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

UV ➙ IR Relations and IR effects

<latexit sha1_base64="YWL+MhnoZZFpSxPN4QgeSSE/0K4=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaLzZRNOOZ+tuzVSZPITtFDRIVp+hoJ/4WxcQMJUo5ldze4EsRQGXffTKa2srq1vlDcrW9s7u3vV/YOOiRLNoc0jGelewAxIoaCNAiX0Yg0sDCR0g+l15ncfQBsRqTucxeCHbKLEWHCGVupNhmqAEXWH1Zpbd3PQZeIVpEYKtIbVr8Eo4kkICrlkxvQ9N0Y/ZRoFlzCvDBIDMeNTNoG+pYqFYPw0v3dOTxLDbGoMmgpJcxF+b6QsNGYWBnYyZHhvFr1M/M/rJzi+9FOh4gRB8SwIhYQ8yHAtbBFAR0IDIssuByoU5UwzRNCCMs6tmNhmKrYPb/H7ZdI5q3uNeuP2vNa8KpopkyNyTE6JRy5Ik9yQFmkTTiR5Is/kxXl0Xp035/1ntOQUO4fkD5yPbyr5lB0=</latexit>

gn ! 0
<latexit sha1_base64="wOEDHC+1OJTbNVGQgXEOgNZrgAM=">AAACCnicbVA9SwNBEN3zM8avqGBjsxgEq3AnEm2EoI1lBPMBSQhzm0lcsrd37M4J4bx/4K+w1cpObP0TFv4XLzGFJr5ieLw3w8w8P1LSkut+OguLS8srq7m1/PrG5tZ2YWe3bsPYCKyJUIWm6YNFJTXWSJLCZmQQAl9hwx9ejf3GPRorQ31Lowg7AQy07EsBlEndwn67b0Akg65OsxKkF32pJWG3UHRL7gR8nnhTUmRTVLuFr3YvFHGAmoQCa1ueG1EnAUNSKEzz7dhiBGIIA2xlVEOAtpNM7k/5UWyBQh6h4VLxiYi/JxIIrB0FftYZAN3ZWW8s/ue1YuqfdxKpo5hQi/Eikgoni6wwMgsGeU8aJILx5cil5gIMEKGRHITIxDhLKp/l4c1+P0/qJyWvXCrfnBYrl9NkcuyAHbJj5rEzVmHXrMpqTLAH9sSe2Yvz6Lw6b877T+uCM53ZY3/gfHwDyi6bIg==</latexit>gn
gm

= finite

Rest of this talk: finite couplings



These results (and most literature):  
based on tree-level/zero coupling EFT

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>
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<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>
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4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

UV ➙ IR Relations and IR effects

<latexit sha1_base64="YWL+MhnoZZFpSxPN4QgeSSE/0K4=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaLzZRNOOZ+tuzVSZPITtFDRIVp+hoJ/4WxcQMJUo5ldze4EsRQGXffTKa2srq1vlDcrW9s7u3vV/YOOiRLNoc0jGelewAxIoaCNAiX0Yg0sDCR0g+l15ncfQBsRqTucxeCHbKLEWHCGVupNhmqAEXWH1Zpbd3PQZeIVpEYKtIbVr8Eo4kkICrlkxvQ9N0Y/ZRoFlzCvDBIDMeNTNoG+pYqFYPw0v3dOTxLDbGoMmgpJcxF+b6QsNGYWBnYyZHhvFr1M/M/rJzi+9FOh4gRB8SwIhYQ8yHAtbBFAR0IDIssuByoU5UwzRNCCMs6tmNhmKrYPb/H7ZdI5q3uNeuP2vNa8KpopkyNyTE6JRy5Ik9yQFmkTTiR5Is/kxXl0Xp035/1ntOQUO4fkD5yPbyr5lB0=</latexit>

gn ! 0
<latexit sha1_base64="wOEDHC+1OJTbNVGQgXEOgNZrgAM=">AAACCnicbVA9SwNBEN3zM8avqGBjsxgEq3AnEm2EoI1lBPMBSQhzm0lcsrd37M4J4bx/4K+w1cpObP0TFv4XLzGFJr5ieLw3w8w8P1LSkut+OguLS8srq7m1/PrG5tZ2YWe3bsPYCKyJUIWm6YNFJTXWSJLCZmQQAl9hwx9ejf3GPRorQ31Lowg7AQy07EsBlEndwn67b0Akg65OsxKkF32pJWG3UHRL7gR8nnhTUmRTVLuFr3YvFHGAmoQCa1ueG1EnAUNSKEzz7dhiBGIIA2xlVEOAtpNM7k/5UWyBQh6h4VLxiYi/JxIIrB0FftYZAN3ZWW8s/ue1YuqfdxKpo5hQi/Eikgoni6wwMgsGeU8aJILx5cil5gIMEKGRHITIxDhLKp/l4c1+P0/qJyWvXCrfnBYrl9NkcuyAHbJj5rEzVmHXrMpqTLAH9sSe2Yvz6Lw6b877T+uCM53ZY3/gfHwDyi6bIg==</latexit>gn
gm

= finite

Rest of this talk: finite couplings
<latexit sha1_base64="CqUDYcei9wsXwOI63ZGuKcs9Ms0="></latexit>

A(s, t) = 16⇡
1X

`=0

(2`+ 1) a`(s)P`(1 + 2t/s)

Unitarity:
<latexit sha1_base64="48x0cTRQ0426FV9vSjy+rg3EjMI=">AAACD3icbVC7TsNAEDyHd3gZKGlOREhUkY1QoIyggQ4kkiDFkbW+LHDKnW3u1kjISsEn8BW0UNEhWj6Bgn/BDikgMNVoZle7M1GqpCXP+3AqU9Mzs3PzC9XFpeWVVXdtvW2TzAhsiUQl5iICi0rG2CJJCi9Sg6AjhZ1ocFT6nVs0VibxOd2l2NNwFctLKYAKKXQ3vUDhTR4YzU/0kEMYoFK81LgfujWv7o3A/xJ/TGpsjNPQ/Qz6icg0xiQUWNv1vZR6ORiSQuGwGmQWUxADuMJuQWPQaHv5KMSQb2cWKOEpGi4VH4n4cyMHbe2djopJDXRtJ71S/M/rZnR50MtlnGaEsSgPkVQ4OmSFkUU7yPvSIBGUnyOXMRdggAiN5CBEIWZFXdWiD38y/V/S3q37jXrjbK/WPBw3M8822RbbYT7bZ012zE5Ziwl2zx7ZE3t2HpwX59V5+x6tOOOdDfYLzvsXJsubqA==</latexit>

0  Ima`  1



These results (and most literature):  
based on tree-level/zero coupling EFT

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

UV ➙ IR Relations and IR effects

<latexit sha1_base64="YWL+MhnoZZFpSxPN4QgeSSE/0K4=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaLzZRNOOZ+tuzVSZPITtFDRIVp+hoJ/4WxcQMJUo5ldze4EsRQGXffTKa2srq1vlDcrW9s7u3vV/YOOiRLNoc0jGelewAxIoaCNAiX0Yg0sDCR0g+l15ncfQBsRqTucxeCHbKLEWHCGVupNhmqAEXWH1Zpbd3PQZeIVpEYKtIbVr8Eo4kkICrlkxvQ9N0Y/ZRoFlzCvDBIDMeNTNoG+pYqFYPw0v3dOTxLDbGoMmgpJcxF+b6QsNGYWBnYyZHhvFr1M/M/rJzi+9FOh4gRB8SwIhYQ8yHAtbBFAR0IDIssuByoU5UwzRNCCMs6tmNhmKrYPb/H7ZdI5q3uNeuP2vNa8KpopkyNyTE6JRy5Ik9yQFmkTTiR5Is/kxXl0Xp035/1ntOQUO4fkD5yPbyr5lB0=</latexit>

gn ! 0
<latexit sha1_base64="wOEDHC+1OJTbNVGQgXEOgNZrgAM=">AAACCnicbVA9SwNBEN3zM8avqGBjsxgEq3AnEm2EoI1lBPMBSQhzm0lcsrd37M4J4bx/4K+w1cpObP0TFv4XLzGFJr5ieLw3w8w8P1LSkut+OguLS8srq7m1/PrG5tZ2YWe3bsPYCKyJUIWm6YNFJTXWSJLCZmQQAl9hwx9ejf3GPRorQ31Lowg7AQy07EsBlEndwn67b0Akg65OsxKkF32pJWG3UHRL7gR8nnhTUmRTVLuFr3YvFHGAmoQCa1ueG1EnAUNSKEzz7dhiBGIIA2xlVEOAtpNM7k/5UWyBQh6h4VLxiYi/JxIIrB0FftYZAN3ZWW8s/ue1YuqfdxKpo5hQi/Eikgoni6wwMgsGeU8aJILx5cil5gIMEKGRHITIxDhLKp/l4c1+P0/qJyWvXCrfnBYrl9NkcuyAHbJj5rEzVmHXrMpqTLAH9sSe2Yvz6Lw6b877T+uCM53ZY3/gfHwDyi6bIg==</latexit>gn
gm

= finite

Rest of this talk: finite couplings
<latexit sha1_base64="CqUDYcei9wsXwOI63ZGuKcs9Ms0="></latexit>

A(s, t) = 16⇡
1X

`=0

(2`+ 1) a`(s)P`(1 + 2t/s)

Unitarity:
<latexit sha1_base64="48x0cTRQ0426FV9vSjy+rg3EjMI=">AAACD3icbVC7TsNAEDyHd3gZKGlOREhUkY1QoIyggQ4kkiDFkbW+LHDKnW3u1kjISsEn8BW0UNEhWj6Bgn/BDikgMNVoZle7M1GqpCXP+3AqU9Mzs3PzC9XFpeWVVXdtvW2TzAhsiUQl5iICi0rG2CJJCi9Sg6AjhZ1ocFT6nVs0VibxOd2l2NNwFctLKYAKKXQ3vUDhTR4YzU/0kEMYoFK81LgfujWv7o3A/xJ/TGpsjNPQ/Qz6icg0xiQUWNv1vZR6ORiSQuGwGmQWUxADuMJuQWPQaHv5KMSQb2cWKOEpGi4VH4n4cyMHbe2djopJDXRtJ71S/M/rZnR50MtlnGaEsSgPkVQ4OmSFkUU7yPvSIBGUnyOXMRdggAiN5CBEIWZFXdWiD38y/V/S3q37jXrjbK/WPBw3M8822RbbYT7bZ012zE5Ziwl2zx7ZE3t2HpwX59V5+x6tOOOdDfYLzvsXJsubqA==</latexit>

0  Ima`  1 S-Matrix Bootstrap

Elias Miro, Guerrieri, Gumus’22

Acanfora,Guerrieri,Haring,Karateev’23

Paulos,Penedones,Toledo,vanRees,Vieira’16,…



These results (and most literature):  
based on tree-level/zero coupling EFT

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

UV ➙ IR Relations and IR effects
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Rest of this talk: finite couplings
<latexit sha1_base64="CqUDYcei9wsXwOI63ZGuKcs9Ms0="></latexit>
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Unitarity:
<latexit sha1_base64="48x0cTRQ0426FV9vSjy+rg3EjMI=">AAACD3icbVC7TsNAEDyHd3gZKGlOREhUkY1QoIyggQ4kkiDFkbW+LHDKnW3u1kjISsEn8BW0UNEhWj6Bgn/BDikgMNVoZle7M1GqpCXP+3AqU9Mzs3PzC9XFpeWVVXdtvW2TzAhsiUQl5iICi0rG2CJJCi9Sg6AjhZ1ocFT6nVs0VibxOd2l2NNwFctLKYAKKXQ3vUDhTR4YzU/0kEMYoFK81LgfujWv7o3A/xJ/TGpsjNPQ/Qz6icg0xiQUWNv1vZR6ORiSQuGwGmQWUxADuMJuQWPQaHv5KMSQb2cWKOEpGi4VH4n4cyMHbe2djopJDXRtJ71S/M/rZnR50MtlnGaEsSgPkVQ4OmSFkUU7yPvSIBGUnyOXMRdggAiN5CBEIWZFXdWiD38y/V/S3q37jXrjbK/WPBw3M8822RbbYT7bZ012zE5Ziwl2zx7ZE3t2HpwX59V5+x6tOOOdDfYLzvsXJsubqA==</latexit>
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Elias Miro, Guerrieri, Gumus’22

Acanfora,Guerrieri,Haring,Karateev’23

Strongly coupled theories 
No EFT 

Difficult comparison with experiments

Paulos,Penedones,Toledo,vanRees,Vieira’16,…



These results (and most literature):  
based on tree-level/zero coupling EFT
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Rest of this talk: finite couplings
<latexit sha1_base64="CqUDYcei9wsXwOI63ZGuKcs9Ms0="></latexit>

A(s, t) = 16⇡
1X

`=0

(2`+ 1) a`(s)P`(1 + 2t/s)

Unitarity:
<latexit sha1_base64="48x0cTRQ0426FV9vSjy+rg3EjMI=">AAACD3icbVC7TsNAEDyHd3gZKGlOREhUkY1QoIyggQ4kkiDFkbW+LHDKnW3u1kjISsEn8BW0UNEhWj6Bgn/BDikgMNVoZle7M1GqpCXP+3AqU9Mzs3PzC9XFpeWVVXdtvW2TzAhsiUQl5iICi0rG2CJJCi9Sg6AjhZ1ocFT6nVs0VibxOd2l2NNwFctLKYAKKXQ3vUDhTR4YzU/0kEMYoFK81LgfujWv7o3A/xJ/TGpsjNPQ/Qz6icg0xiQUWNv1vZR6ORiSQuGwGmQWUxADuMJuQWPQaHv5KMSQb2cWKOEpGi4VH4n4cyMHbe2djopJDXRtJ71S/M/rZnR50MtlnGaEsSgPkVQ4OmSFkUU7yPvSIBGUnyOXMRdggAiN5CBEIWZFXdWiD38y/V/S3q37jXrjbK/WPBw3M8822RbbYT7bZ012zE5Ziwl2zx7ZE3t2HpwX59V5+x6tOOOdDfYLzvsXJsubqA==</latexit>

0  Ima`  1
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effects calculable in the EFT
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Rest of this talk: finite couplings
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Weak but finite-coupling 
effects calculable in the EFT

Aren’t these small?
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Massless particles (Goldstones,Gravitons, Photons,…): enhanced IR
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Bellazzini,Elias-Miro,Riembau,Rattazzi,FR’20

Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25


Chang,Parra-Martinez’25

Ye,He,Gu’24; Peng,Shao,Tokareva,Xu’25


…

Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25

Bellazzini,Riembau,FR ’22

Chang,Parra-Martinez’25


<latexit sha1_base64="ca2IAlqTEZ7pDycxXb505OMl0Cs=">AAACDXicbVC7TsNAEDzzDOEVoEI0JyIkqshGKFDyaCiDRB5SbFnrYwknzmfrbo2ErIhP4CtooaJDtHwDBf+CHVIAYarRzK52dqJUSUuu++FMTc/Mzs1XFqqLS8srq7W19Y5NMiOwLRKVmF4EFpXU2CZJCnupQYgjhd3o5rT0u7dorEz0Bd2lGMQw0PJKCqBCCmubuR8DXQtQ/HgYat/KmPsqGXAKa3W34Y7AJ4k3JnU2RiusffqXichi1CQUWNv33JSCHAxJoXBY9TOLKYgbGGC/oBpitEE+emHIdzILlPAUDZeKj0T8uZFDbO1dHBWTZV771yvF/7x+RleHQS51mhFqUR4iqXB0yAoji26QX0qDRFAmRy41F2CACI3kIEQhZkVZ1aIP7+/3k6Sz1/Cajeb5fv3oZNxMhW2xbbbLPHbAjtgZa7E2E+yePbIn9uw8OC/Oq/P2PTrljHc22C8471++rpuI</latexit>

An ⇠ log t
<latexit sha1_base64="eFIalnkW5DmIvSuQ5lkJx1zvQZc=">AAACDXicbVC7TsNAEDzzDOEVoEI0JyIkqshGKFDyaCiDRB5SbFnrYwknzmfrbo2ErIhP4CtooaJDtHwDBf+CHVIAYarRzK52dqJUSUuu++FMTc/Mzs1XFqqLS8srq7W19Y5NMiOwLRKVmF4EFpXU2CZJCnupQYgjhd3o5rT0u7dorEz0Bd2lGMQw0PJKCqBCCmubuR8DXQtQ/HgYat/KmPsqGXAb1upuwx2BTxJvTOpsjFZY+/QvE5HFqEkosLbvuSkFORiSQuGw6mcWUxA3MMB+QTXEaIN89MKQ72QWKOEpGi4VH4n4cyOH2Nq7OComy7z2r1eK/3n9jK4Og1zqNCPUojxEUuHokBVGFt0gv5QGiaBMjlxqLsAAERrJQYhCzIqyqkUf3t/vJ0lnr+E1G83z/frRybiZCtti22yXeeyAHbEz1mJtJtg9e2RP7Nl5cF6cV+fte3TKGe9ssF9w3r8AvR+bhw==</latexit>

An ⇠ log s <latexit sha1_base64="iI67VwcMeFv6//Dg3gKhAB2aK5U=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrd9CgeVql2zc7BF4hSkCgWag8pXfxiK2MeAhOLG9Bw7IjfhmqRQOCv3Y4MRFxM+xl5KA+6jcZM86owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tvdm3svE/7xeTKMLN5FBFBMGIjtEUmF+yAgt0w6QDaVGIp4lRyYDJrjmRKgl40KkYpyWUk77cOa/XyTt05pTr9VvzqqNy6KZEhzCEZyAA+fQgGtoQgsEjOEJnuHFerRerTfr/Wd0ySp2DuAPrI9vC26SZw==</latexit>! <latexit sha1_base64="uBFspp+wKUQujlOPZ+oiD4UWKqI=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHxtNklsMCN6MUjJvJIgJDZocGR2dnNTK8JEv7Bq568Ga/+jQf/xV3ERI3WqVLVna4uP5LCoOO8WZmV1bX1jexmbmt7Z3cvv3/QMmGsOTR5KEPd8ZkBKRQ0UaCETqSBBb6Etj85T/32LWgjQnWF0wj6ARsrMRKcYSK1ekKNcDrIFxy7VvXK1Rp1bLdYc7xSSkrlStGhru0sUCBLNAb5994w5HEACrlkxnRdJ8L+jGkUXMI814sNRIxP2Bi6CVUsANOfLdLO6UlsGIY0Ak2FpAsRvm/MWGDMNPCTyYDhtfntpeJfXjfGUbU/EyqKERRPD6GQsDhkuBZJDUCHQgMiS5MDFYpyphkiaEEZ54kYJ73kkj6+nqb/k1bRdj3buywV6mfLZrLkiByTU+KSCqmTC9IgTcLJDbknD+TRurOerGfr5XM0Yy13DskPWK8f/fGUIg==</latexit>1<latexit sha1_base64="iI67VwcMeFv6//Dg3gKhAB2aK5U=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrd9CgeVql2zc7BF4hSkCgWag8pXfxiK2MeAhOLG9Bw7IjfhmqRQOCv3Y4MRFxM+xl5KA+6jcZM86owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tvdm3svE/7xeTKMLN5FBFBMGIjtEUmF+yAgt0w6QDaVGIp4lRyYDJrjmRKgl40KkYpyWUk77cOa/XyTt05pTr9VvzqqNy6KZEhzCEZyAA+fQgGtoQgsEjOEJnuHFerRerTfr/Wd0ySp2DuAPrI9vC26SZw==</latexit>! <latexit sha1_base64="uBFspp+wKUQujlOPZ+oiD4UWKqI=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHxtNklsMCN6MUjJvJIgJDZocGR2dnNTK8JEv7Bq568Ga/+jQf/xV3ERI3WqVLVna4uP5LCoOO8WZmV1bX1jexmbmt7Z3cvv3/QMmGsOTR5KEPd8ZkBKRQ0UaCETqSBBb6Etj85T/32LWgjQnWF0wj6ARsrMRKcYSK1ekKNcDrIFxy7VvXK1Rp1bLdYc7xSSkrlStGhru0sUCBLNAb5994w5HEACrlkxnRdJ8L+jGkUXMI814sNRIxP2Bi6CVUsANOfLdLO6UlsGIY0Ak2FpAsRvm/MWGDMNPCTyYDhtfntpeJfXjfGUbU/EyqKERRPD6GQsDhkuBZJDUCHQgMiS5MDFYpyphkiaEEZ54kYJ73kkj6+nqb/k1bRdj3buywV6mfLZrLkiByTU+KSCqmTC9IgTcLJDbknD+TRurOerGfr5XM0Yy13DskPWK8f/fGUIg==</latexit>1
<latexit sha1_base64="INlwBVvONm+TxccRiCe8+vccoTQ=">AAAB+XicdVDLTgJBEJzFF+IL9ehlIjHBC9kFXeBG9OIRE3kksCGzQ4MTZh+Z6TUhGz7Cq568Ga9+jQf/xd0VEzVap0pVd7q63FAKjab5ZuRWVtfWN/Kbha3tnd294v5BVweR4tDhgQxU32UapPChgwIl9EMFzHMl9NzZZer37kBpEfg3OA/B8djUFxPBGSZSr4xDDMzTUbFkVs4b9aZdpQlpNi3bzEitXqtSq2JmKJEl2qPi+3Ac8MgDH7lkWg8sM0QnZgoFl7AoDCMNIeMzNoVBQn3mgXbiLO6CnkSaYUBDUFRImonwfSNmntZzz00mPYa3+reXin95gwgnDScWfhgh+Dw9hEJCdkhzJZIegI6FAkSWJgcqfMqZYoigBGWcJ2KUFFNI+vh6mv5PutWKZVfs67NS62LZTJ4ckWNSJhapkxa5Im3SIZzMyD15II9GbDwZz8bL52jOWO4ckh8wXj8AsqaT5A==</latexit>

(t ! 0)
<latexit sha1_base64="q1j2G3P8+QMUMBKrHdrACy7Caq0=">AAAB+XicdVDLTgJBEJzFF+IL9ehlIjHBC9kFXeBG9OIRE3kksCGzQ4MTZh+Z6TUhGz7Cq568Ga9+jQf/xd0VEzVap0pVd7q63FAKjab5ZuRWVtfWN/Kbha3tnd294v5BVweR4tDhgQxU32UapPChgwIl9EMFzHMl9NzZZer37kBpEfg3OA/B8djUFxPBGSZSr6yHGJino2LJrJw36k27ShPSbFq2mZFavValVsXMUCJLtEfF9+E44JEHPnLJtB5YZohOzBQKLmFRGEYaQsZnbAqDhPrMA+3EWdwFPYk0w4CGoKiQNBPh+0bMPK3nnptMegxv9W8vFf/yBhFOGk4s/DBC8Hl6CIWE7JDmSiQ9AB0LBYgsTQ5U+JQzxRBBCco4T8QoKaaQ9PH1NP2fdKsVy67Y12el1sWymTw5IsekTCxSJy1yRdqkQziZkXvyQB6N2Hgyno2Xz9Gcsdw5JD9gvH4AsRKT4w==</latexit>

(s ! 0)



UV ➙ IR Relations and IR effects

<latexit sha1_base64="JrXi6abbtJxWB631ojRhdIlgR+w=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVrS+bMKRO9u6WyOFKP9ACxUdouVvKPgX7OACEqYazexqZyeIlbTkup/O0vLK6tp6YaO4ubW9s1va22/aKDECGyJSkWkHYFHJEBskSWE7Ngg6UNgKRleZ33pAY2UU3tI4Rl/DMJQDKYBSqdkdgtbQK5XdijsDXyReTsosR71X+ur2I5FoDEkosLbjuTH5EzAkhcJpsZtYjEGMYIidlIag0fqTWdopP04sUMRjNFwqPhPx98YEtLVjHaSTGujOznuZ+J/XSWhw4U9kGCeEocgOkVQ4O2SFkWkNyPvSIBFkyZHLkAswQIRGchAiFZO0l2Lahzf//SJpnla8aqV6c1auXebNFNghO2InzGPnrMauWZ01mGD37Ik9sxfn0Xl13pz3n9ElJ985YH/gfHwDP/GTpQ==</latexit>�

<latexit sha1_base64="4unsbM0IpD5peZ4NMuwHb5kZ5/8=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJSJRB5SYkXnyyY55Xy27vaQIitfQAsVHaLlgyj4F2zjAgJTjWZ2tbMTxFIYdN0Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBfPbzO89gDYiUve4iMEP2VSJieAMU6k9G1Vrbt3NQf8SryA1UqA1qn4OxxG3ISjkkhkz8NwY/YRpFFzCsjK0BmLG52wKg5QqFoLxkzzokp5ZwzCiMWgqJM1F+LmRsNCYRRikkyHDmVn1MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/BWv/9Luhd1r1FvtC9rzZuimTI5IafknHjkijTJHWmRDuEEyCN5Is+OdV6cV+fte7TkFDvH5Bec9y9xK5F8</latexit>

h

Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25

<latexit sha1_base64="inu/WX8H1OsqJsO2A/uJ3ZuFh/8=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QoEyQEMZJPKQEis6XzbhyPls3a2RgpV/oIWKDtHyNxT8C7ZxAQlTjWZ2tbPjhVIYtO1Pa2FxaXlltbBWXN/Y3Nou7ey2TBBpDk0eyEB3PGZACgVNFCihE2pgvieh7Y2vUr/9ANqIQN3iJATXZyMlhoIzTKTWRcUc41G/VLardgY6T5yclEmORr/01RsEPPJBIZfMmK5jh+jGTKPgEqbFXmQgZHzMRtBNqGI+GDfO0k7pYWQYBjQETYWkmQi/N2LmGzPxvWTSZ3hnZr1U/M/rRjg8d2OhwghB8fQQCgnZIcO1SGoAOhAaEFmaHKhQlDPNEEELyjhPxCjppZj04cx+P09aJ1WnVq3dnJbrl3kzBbJPDkiFOOSM1Mk1aZAm4eSePJFn8mI9Wq/Wm/X+M7pg5Tt75A+sj28cNJLr</latexit>

A(s, t)

<latexit sha1_base64="W1wZxTRRAmfsoD9lKf3/hYxiS8Q=">AAACEnicbVC7SgNBFJ31bXxFLQUZDIJV2BWJNoJoYxnBJEI2hLuTmzhkdnaZuSuEZTs/wa+w1cpObP0BC//FzZpCjac6nHPvnDsniJW05Lofzszs3PzC4tJyaWV1bX2jvLnVtFFiBDZEpCJzE4BFJTU2SJLCm9gghIHCVjC8GPutOzRWRvqaRjF2Qhho2ZcCKJe65d1Tv29ApF6Wpn7xXGqwl/lS92mUZd1yxa26Bfg08Sakwiaod8uffi8SSYiahAJr254bUycFQ1IozEp+YjEGMYQBtnOqIUTbSYvgjO8nFijiMRouFS9E/LmRQmjtKAzyyRDo1v71xuJ/Xjuh/kknlTpOCLUYB5FUWARZYWReEPKeNEgE48uRS80FGCBCIzkIkYtJ3lgp78P7+/tp0jyserVq7eqocnY+aWaJ7bA9dsA8dszO2CWrswYT7J49sif27Dw4L86r8/Y9OuNMdrbZLzjvX6o6nuk=</latexit>

=
1

1
long-range 
forces, D=4

Massless particles (Goldstones,Gravitons, Photons,…): enhanced IR

Bellazzini,Elias-Miro,Riembau,Rattazzi,FR’20

Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25


Chang,Parra-Martinez’25

Ye,He,Gu’24; Peng,Shao,Tokareva,Xu’25


…

Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25

Bellazzini,Riembau,FR ’22

Chang,Parra-Martinez’25


<latexit sha1_base64="ca2IAlqTEZ7pDycxXb505OMl0Cs=">AAACDXicbVC7TsNAEDzzDOEVoEI0JyIkqshGKFDyaCiDRB5SbFnrYwknzmfrbo2ErIhP4CtooaJDtHwDBf+CHVIAYarRzK52dqJUSUuu++FMTc/Mzs1XFqqLS8srq7W19Y5NMiOwLRKVmF4EFpXU2CZJCnupQYgjhd3o5rT0u7dorEz0Bd2lGMQw0PJKCqBCCmubuR8DXQtQ/HgYat/KmPsqGXAKa3W34Y7AJ4k3JnU2RiusffqXichi1CQUWNv33JSCHAxJoXBY9TOLKYgbGGC/oBpitEE+emHIdzILlPAUDZeKj0T8uZFDbO1dHBWTZV771yvF/7x+RleHQS51mhFqUR4iqXB0yAoji26QX0qDRFAmRy41F2CACI3kIEQhZkVZ1aIP7+/3k6Sz1/Cajeb5fv3oZNxMhW2xbbbLPHbAjtgZa7E2E+yePbIn9uw8OC/Oq/P2PTrljHc22C8471++rpuI</latexit>

An ⇠ log t
<latexit sha1_base64="eFIalnkW5DmIvSuQ5lkJx1zvQZc=">AAACDXicbVC7TsNAEDzzDOEVoEI0JyIkqshGKFDyaCiDRB5SbFnrYwknzmfrbo2ErIhP4CtooaJDtHwDBf+CHVIAYarRzK52dqJUSUuu++FMTc/Mzs1XFqqLS8srq7W19Y5NMiOwLRKVmF4EFpXU2CZJCnupQYgjhd3o5rT0u7dorEz0Bd2lGMQw0PJKCqBCCmubuR8DXQtQ/HgYat/KmPsqGXAb1upuwx2BTxJvTOpsjFZY+/QvE5HFqEkosLbvuSkFORiSQuGw6mcWUxA3MMB+QTXEaIN89MKQ72QWKOEpGi4VH4n4cyOH2Nq7OComy7z2r1eK/3n9jK4Og1zqNCPUojxEUuHokBVGFt0gv5QGiaBMjlxqLsAAERrJQYhCzIqyqkUf3t/vJ0lnr+E1G83z/frRybiZCtti22yXeeyAHbEz1mJtJtg9e2RP7Nl5cF6cV+fte3TKGe9ssF9w3r8AvR+bhw==</latexit>

An ⇠ log s <latexit sha1_base64="iI67VwcMeFv6//Dg3gKhAB2aK5U=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrd9CgeVql2zc7BF4hSkCgWag8pXfxiK2MeAhOLG9Bw7IjfhmqRQOCv3Y4MRFxM+xl5KA+6jcZM86owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tvdm3svE/7xeTKMLN5FBFBMGIjtEUmF+yAgt0w6QDaVGIp4lRyYDJrjmRKgl40KkYpyWUk77cOa/XyTt05pTr9VvzqqNy6KZEhzCEZyAA+fQgGtoQgsEjOEJnuHFerRerTfr/Wd0ySp2DuAPrI9vC26SZw==</latexit>! <latexit sha1_base64="uBFspp+wKUQujlOPZ+oiD4UWKqI=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHxtNklsMCN6MUjJvJIgJDZocGR2dnNTK8JEv7Bq568Ga/+jQf/xV3ERI3WqVLVna4uP5LCoOO8WZmV1bX1jexmbmt7Z3cvv3/QMmGsOTR5KEPd8ZkBKRQ0UaCETqSBBb6Etj85T/32LWgjQnWF0wj6ARsrMRKcYSK1ekKNcDrIFxy7VvXK1Rp1bLdYc7xSSkrlStGhru0sUCBLNAb5994w5HEACrlkxnRdJ8L+jGkUXMI814sNRIxP2Bi6CVUsANOfLdLO6UlsGIY0Ak2FpAsRvm/MWGDMNPCTyYDhtfntpeJfXjfGUbU/EyqKERRPD6GQsDhkuBZJDUCHQgMiS5MDFYpyphkiaEEZ54kYJ73kkj6+nqb/k1bRdj3buywV6mfLZrLkiByTU+KSCqmTC9IgTcLJDbknD+TRurOerGfr5XM0Yy13DskPWK8f/fGUIg==</latexit>1<latexit sha1_base64="iI67VwcMeFv6//Dg3gKhAB2aK5U=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrd9CgeVql2zc7BF4hSkCgWag8pXfxiK2MeAhOLG9Bw7IjfhmqRQOCv3Y4MRFxM+xl5KA+6jcZM86owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tvdm3svE/7xeTKMLN5FBFBMGIjtEUmF+yAgt0w6QDaVGIp4lRyYDJrjmRKgl40KkYpyWUk77cOa/XyTt05pTr9VvzqqNy6KZEhzCEZyAA+fQgGtoQgsEjOEJnuHFerRerTfr/Wd0ySp2DuAPrI9vC26SZw==</latexit>! <latexit sha1_base64="uBFspp+wKUQujlOPZ+oiD4UWKqI=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHxtNklsMCN6MUjJvJIgJDZocGR2dnNTK8JEv7Bq568Ga/+jQf/xV3ERI3WqVLVna4uP5LCoOO8WZmV1bX1jexmbmt7Z3cvv3/QMmGsOTR5KEPd8ZkBKRQ0UaCETqSBBb6Etj85T/32LWgjQnWF0wj6ARsrMRKcYSK1ekKNcDrIFxy7VvXK1Rp1bLdYc7xSSkrlStGhru0sUCBLNAb5994w5HEACrlkxnRdJ8L+jGkUXMI814sNRIxP2Bi6CVUsANOfLdLO6UlsGIY0Ak2FpAsRvm/MWGDMNPCTyYDhtfntpeJfXjfGUbU/EyqKERRPD6GQsDhkuBZJDUCHQgMiS5MDFYpyphkiaEEZ54kYJ73kkj6+nqb/k1bRdj3buywV6mfLZrLkiByTU+KSCqmTC9IgTcLJDbknD+TRurOerGfr5XM0Yy13DskPWK8f/fGUIg==</latexit>1
<latexit sha1_base64="INlwBVvONm+TxccRiCe8+vccoTQ=">AAAB+XicdVDLTgJBEJzFF+IL9ehlIjHBC9kFXeBG9OIRE3kksCGzQ4MTZh+Z6TUhGz7Cq568Ga9+jQf/xd0VEzVap0pVd7q63FAKjab5ZuRWVtfWN/Kbha3tnd294v5BVweR4tDhgQxU32UapPChgwIl9EMFzHMl9NzZZer37kBpEfg3OA/B8djUFxPBGSZSr4xDDMzTUbFkVs4b9aZdpQlpNi3bzEitXqtSq2JmKJEl2qPi+3Ac8MgDH7lkWg8sM0QnZgoFl7AoDCMNIeMzNoVBQn3mgXbiLO6CnkSaYUBDUFRImonwfSNmntZzz00mPYa3+reXin95gwgnDScWfhgh+Dw9hEJCdkhzJZIegI6FAkSWJgcqfMqZYoigBGWcJ2KUFFNI+vh6mv5PutWKZVfs67NS62LZTJ4ckWNSJhapkxa5Im3SIZzMyD15II9GbDwZz8bL52jOWO4ckh8wXj8AsqaT5A==</latexit>

(t ! 0)
<latexit sha1_base64="q1j2G3P8+QMUMBKrHdrACy7Caq0=">AAAB+XicdVDLTgJBEJzFF+IL9ehlIjHBC9kFXeBG9OIRE3kksCGzQ4MTZh+Z6TUhGz7Cq568Ga9+jQf/xd0VEzVap0pVd7q63FAKjab5ZuRWVtfWN/Kbha3tnd294v5BVweR4tDhgQxU32UapPChgwIl9EMFzHMl9NzZZer37kBpEfg3OA/B8djUFxPBGSZSr6yHGJino2LJrJw36k27ShPSbFq2mZFavValVsXMUCJLtEfF9+E44JEHPnLJtB5YZohOzBQKLmFRGEYaQsZnbAqDhPrMA+3EWdwFPYk0w4CGoKiQNBPh+0bMPK3nnptMegxv9W8vFf/yBhFOGk4s/DBC8Hl6CIWE7JDmSiQ9AB0LBYgsTQ5U+JQzxRBBCco4T8QoKaaQ9PH1NP2fdKsVy67Y12el1sWymTw5IsekTCxSJy1yRdqkQziZkXvyQB6N2Hgyno2Xz9Gcsdw5JD9gvH4AsRKT4w==</latexit>

(s ! 0)



UV ➙ IR Relations and IR effects

<latexit sha1_base64="JrXi6abbtJxWB631ojRhdIlgR+w=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVrS+bMKRO9u6WyOFKP9ACxUdouVvKPgX7OACEqYazexqZyeIlbTkup/O0vLK6tp6YaO4ubW9s1va22/aKDECGyJSkWkHYFHJEBskSWE7Ngg6UNgKRleZ33pAY2UU3tI4Rl/DMJQDKYBSqdkdgtbQK5XdijsDXyReTsosR71X+ur2I5FoDEkosLbjuTH5EzAkhcJpsZtYjEGMYIidlIag0fqTWdopP04sUMRjNFwqPhPx98YEtLVjHaSTGujOznuZ+J/XSWhw4U9kGCeEocgOkVQ4O2SFkWkNyPvSIBFkyZHLkAswQIRGchAiFZO0l2Lahzf//SJpnla8aqV6c1auXebNFNghO2InzGPnrMauWZ01mGD37Ik9sxfn0Xl13pz3n9ElJ985YH/gfHwDP/GTpQ==</latexit>�

<latexit sha1_base64="4unsbM0IpD5peZ4NMuwHb5kZ5/8=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJSJRB5SYkXnyyY55Xy27vaQIitfQAsVHaLlgyj4F2zjAgJTjWZ2tbMTxFIYdN0Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBfPbzO89gDYiUve4iMEP2VSJieAMU6k9G1Vrbt3NQf8SryA1UqA1qn4OxxG3ISjkkhkz8NwY/YRpFFzCsjK0BmLG52wKg5QqFoLxkzzokp5ZwzCiMWgqJM1F+LmRsNCYRRikkyHDmVn1MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/BWv/9Luhd1r1FvtC9rzZuimTI5IafknHjkijTJHWmRDuEEyCN5Is+OdV6cV+fte7TkFDvH5Bec9y9xK5F8</latexit>

h

Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25

<latexit sha1_base64="inu/WX8H1OsqJsO2A/uJ3ZuFh/8=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QoEyQEMZJPKQEis6XzbhyPls3a2RgpV/oIWKDtHyNxT8C7ZxAQlTjWZ2tbPjhVIYtO1Pa2FxaXlltbBWXN/Y3Nou7ey2TBBpDk0eyEB3PGZACgVNFCihE2pgvieh7Y2vUr/9ANqIQN3iJATXZyMlhoIzTKTWRcUc41G/VLardgY6T5yclEmORr/01RsEPPJBIZfMmK5jh+jGTKPgEqbFXmQgZHzMRtBNqGI+GDfO0k7pYWQYBjQETYWkmQi/N2LmGzPxvWTSZ3hnZr1U/M/rRjg8d2OhwghB8fQQCgnZIcO1SGoAOhAaEFmaHKhQlDPNEEELyjhPxCjppZj04cx+P09aJ1WnVq3dnJbrl3kzBbJPDkiFOOSM1Mk1aZAm4eSePJFn8mI9Wq/Wm/X+M7pg5Tt75A+sj28cNJLr</latexit>

A(s, t)

<latexit sha1_base64="W1wZxTRRAmfsoD9lKf3/hYxiS8Q=">AAACEnicbVC7SgNBFJ31bXxFLQUZDIJV2BWJNoJoYxnBJEI2hLuTmzhkdnaZuSuEZTs/wa+w1cpObP0BC//FzZpCjac6nHPvnDsniJW05Lofzszs3PzC4tJyaWV1bX2jvLnVtFFiBDZEpCJzE4BFJTU2SJLCm9gghIHCVjC8GPutOzRWRvqaRjF2Qhho2ZcCKJe65d1Tv29ApF6Wpn7xXGqwl/lS92mUZd1yxa26Bfg08Sakwiaod8uffi8SSYiahAJr254bUycFQ1IozEp+YjEGMYQBtnOqIUTbSYvgjO8nFijiMRouFS9E/LmRQmjtKAzyyRDo1v71xuJ/Xjuh/kknlTpOCLUYB5FUWARZYWReEPKeNEgE48uRS80FGCBCIzkIkYtJ3lgp78P7+/tp0jyserVq7eqocnY+aWaJ7bA9dsA8dszO2CWrswYT7J49sif27Dw4L86r8/Y9OuNMdrbZLzjvX6o6nuk=</latexit>

=
1

1
long-range 
forces, D=4

Massless particles (Goldstones,Gravitons, Photons,…): enhanced IR

Bellazzini,Elias-Miro,Riembau,Rattazzi,FR’20

Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25


Chang,Parra-Martinez’25

Ye,He,Gu’24; Peng,Shao,Tokareva,Xu’25


…

Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25

Bellazzini,Riembau,FR ’22

Chang,Parra-Martinez’25


<latexit sha1_base64="ca2IAlqTEZ7pDycxXb505OMl0Cs=">AAACDXicbVC7TsNAEDzzDOEVoEI0JyIkqshGKFDyaCiDRB5SbFnrYwknzmfrbo2ErIhP4CtooaJDtHwDBf+CHVIAYarRzK52dqJUSUuu++FMTc/Mzs1XFqqLS8srq7W19Y5NMiOwLRKVmF4EFpXU2CZJCnupQYgjhd3o5rT0u7dorEz0Bd2lGMQw0PJKCqBCCmubuR8DXQtQ/HgYat/KmPsqGXAKa3W34Y7AJ4k3JnU2RiusffqXichi1CQUWNv33JSCHAxJoXBY9TOLKYgbGGC/oBpitEE+emHIdzILlPAUDZeKj0T8uZFDbO1dHBWTZV771yvF/7x+RleHQS51mhFqUR4iqXB0yAoji26QX0qDRFAmRy41F2CACI3kIEQhZkVZ1aIP7+/3k6Sz1/Cajeb5fv3oZNxMhW2xbbbLPHbAjtgZa7E2E+yePbIn9uw8OC/Oq/P2PTrljHc22C8471++rpuI</latexit>

An ⇠ log t
<latexit sha1_base64="eFIalnkW5DmIvSuQ5lkJx1zvQZc=">AAACDXicbVC7TsNAEDzzDOEVoEI0JyIkqshGKFDyaCiDRB5SbFnrYwknzmfrbo2ErIhP4CtooaJDtHwDBf+CHVIAYarRzK52dqJUSUuu++FMTc/Mzs1XFqqLS8srq7W19Y5NMiOwLRKVmF4EFpXU2CZJCnupQYgjhd3o5rT0u7dorEz0Bd2lGMQw0PJKCqBCCmubuR8DXQtQ/HgYat/KmPsqGXAb1upuwx2BTxJvTOpsjFZY+/QvE5HFqEkosLbvuSkFORiSQuGw6mcWUxA3MMB+QTXEaIN89MKQ72QWKOEpGi4VH4n4cyOH2Nq7OComy7z2r1eK/3n9jK4Og1zqNCPUojxEUuHokBVGFt0gv5QGiaBMjlxqLsAAERrJQYhCzIqyqkUf3t/vJ0lnr+E1G83z/frRybiZCtti22yXeeyAHbEz1mJtJtg9e2RP7Nl5cF6cV+fte3TKGe9ssF9w3r8AvR+bhw==</latexit>

An ⇠ log s <latexit sha1_base64="iI67VwcMeFv6//Dg3gKhAB2aK5U=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrd9CgeVql2zc7BF4hSkCgWag8pXfxiK2MeAhOLG9Bw7IjfhmqRQOCv3Y4MRFxM+xl5KA+6jcZM86owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tvdm3svE/7xeTKMLN5FBFBMGIjtEUmF+yAgt0w6QDaVGIp4lRyYDJrjmRKgl40KkYpyWUk77cOa/XyTt05pTr9VvzqqNy6KZEhzCEZyAA+fQgGtoQgsEjOEJnuHFerRerTfr/Wd0ySp2DuAPrI9vC26SZw==</latexit>! <latexit sha1_base64="uBFspp+wKUQujlOPZ+oiD4UWKqI=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHxtNklsMCN6MUjJvJIgJDZocGR2dnNTK8JEv7Bq568Ga/+jQf/xV3ERI3WqVLVna4uP5LCoOO8WZmV1bX1jexmbmt7Z3cvv3/QMmGsOTR5KEPd8ZkBKRQ0UaCETqSBBb6Etj85T/32LWgjQnWF0wj6ARsrMRKcYSK1ekKNcDrIFxy7VvXK1Rp1bLdYc7xSSkrlStGhru0sUCBLNAb5994w5HEACrlkxnRdJ8L+jGkUXMI814sNRIxP2Bi6CVUsANOfLdLO6UlsGIY0Ak2FpAsRvm/MWGDMNPCTyYDhtfntpeJfXjfGUbU/EyqKERRPD6GQsDhkuBZJDUCHQgMiS5MDFYpyphkiaEEZ54kYJ73kkj6+nqb/k1bRdj3buywV6mfLZrLkiByTU+KSCqmTC9IgTcLJDbknD+TRurOerGfr5XM0Yy13DskPWK8f/fGUIg==</latexit>1<latexit sha1_base64="iI67VwcMeFv6//Dg3gKhAB2aK5U=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrd9CgeVql2zc7BF4hSkCgWag8pXfxiK2MeAhOLG9Bw7IjfhmqRQOCv3Y4MRFxM+xl5KA+6jcZM86owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tvdm3svE/7xeTKMLN5FBFBMGIjtEUmF+yAgt0w6QDaVGIp4lRyYDJrjmRKgl40KkYpyWUk77cOa/XyTt05pTr9VvzqqNy6KZEhzCEZyAA+fQgGtoQgsEjOEJnuHFerRerTfr/Wd0ySp2DuAPrI9vC26SZw==</latexit>! <latexit sha1_base64="uBFspp+wKUQujlOPZ+oiD4UWKqI=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHxtNklsMCN6MUjJvJIgJDZocGR2dnNTK8JEv7Bq568Ga/+jQf/xV3ERI3WqVLVna4uP5LCoOO8WZmV1bX1jexmbmt7Z3cvv3/QMmGsOTR5KEPd8ZkBKRQ0UaCETqSBBb6Etj85T/32LWgjQnWF0wj6ARsrMRKcYSK1ekKNcDrIFxy7VvXK1Rp1bLdYc7xSSkrlStGhru0sUCBLNAb5994w5HEACrlkxnRdJ8L+jGkUXMI814sNRIxP2Bi6CVUsANOfLdLO6UlsGIY0Ak2FpAsRvm/MWGDMNPCTyYDhtfntpeJfXjfGUbU/EyqKERRPD6GQsDhkuBZJDUCHQgMiS5MDFYpyphkiaEEZ54kYJ73kkj6+nqb/k1bRdj3buywV6mfLZrLkiByTU+KSCqmTC9IgTcLJDbknD+TRurOerGfr5XM0Yy13DskPWK8f/fGUIg==</latexit>1
<latexit sha1_base64="INlwBVvONm+TxccRiCe8+vccoTQ=">AAAB+XicdVDLTgJBEJzFF+IL9ehlIjHBC9kFXeBG9OIRE3kksCGzQ4MTZh+Z6TUhGz7Cq568Ga9+jQf/xd0VEzVap0pVd7q63FAKjab5ZuRWVtfWN/Kbha3tnd294v5BVweR4tDhgQxU32UapPChgwIl9EMFzHMl9NzZZer37kBpEfg3OA/B8djUFxPBGSZSr4xDDMzTUbFkVs4b9aZdpQlpNi3bzEitXqtSq2JmKJEl2qPi+3Ac8MgDH7lkWg8sM0QnZgoFl7AoDCMNIeMzNoVBQn3mgXbiLO6CnkSaYUBDUFRImonwfSNmntZzz00mPYa3+reXin95gwgnDScWfhgh+Dw9hEJCdkhzJZIegI6FAkSWJgcqfMqZYoigBGWcJ2KUFFNI+vh6mv5PutWKZVfs67NS62LZTJ4ckWNSJhapkxa5Im3SIZzMyD15II9GbDwZz8bL52jOWO4ckh8wXj8AsqaT5A==</latexit>

(t ! 0)
<latexit sha1_base64="q1j2G3P8+QMUMBKrHdrACy7Caq0=">AAAB+XicdVDLTgJBEJzFF+IL9ehlIjHBC9kFXeBG9OIRE3kksCGzQ4MTZh+Z6TUhGz7Cq568Ga9+jQf/xd0VEzVap0pVd7q63FAKjab5ZuRWVtfWN/Kbha3tnd294v5BVweR4tDhgQxU32UapPChgwIl9EMFzHMl9NzZZer37kBpEfg3OA/B8djUFxPBGSZSr6yHGJino2LJrJw36k27ShPSbFq2mZFavValVsXMUCJLtEfF9+E44JEHPnLJtB5YZohOzBQKLmFRGEYaQsZnbAqDhPrMA+3EWdwFPYk0w4CGoKiQNBPh+0bMPK3nnptMegxv9W8vFf/yBhFOGk4s/DBC8Hl6CIWE7JDmSiQ9AB0LBYgsTQ5U+JQzxRBBCco4T8QoKaaQ9PH1NP2fdKsVy67Y12el1sWymTw5IsekTCxSJy1yRdqkQziZkXvyQB6N2Hgyno2Xz9Gcsdw5JD9gvH4AsRKT4w==</latexit>

(s ! 0)

Possible that bounds are O(1) modified for                ?
<latexit sha1_base64="SLDaxxqiV62pz9ObQKi+xPmK6TM=">AAACDHicbVA9SwNBEN3zM8avqI1gsxgEixDuRKJl0EIriWASIQnH3GYSF/f2zt05IYT4E/wVtlrZia3/wcL/4iWm0MRXPd6bYea9IFbSkut+OjOzc/MLi5ml7PLK6tp6bmOzZqPECKyKSEXmOgCLSmqskiSF17FBCAOF9eD2dOjX79FYGekr6sXYCqGrZUcKoFTyc9tdX/MCb4KKb6DAz/wL3tR4x10/l3eL7gh8mnhjkmdjVPzcV7MdiSRETUKBtQ3PjanVB0NSKBxkm4nFGMQtdLGRUg0h2lZ/lGDA9xILFPEYDZeKj0T8vdGH0NpeGKSTIdCNnfSG4n9eI6HOcasvdZwQajE8RFLh6JAVRqbVIG9Lg0Qw/By51FyAASI0koMQqZikXWXTPrzJ9NOkdlD0SsXS5WG+fDJuJsN22C7bZx47YmV2ziqsygR7YE/smb04j86r8+a8/4zOOOOdLfYHzsc3XHGZfQ==</latexit>

gn,↵, GN 6= 0
Maybe yes! After all these are UV/IR relations…



UV ➙ IR Relations and IR effects

<latexit sha1_base64="JrXi6abbtJxWB631ojRhdIlgR+w=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVrS+bMKRO9u6WyOFKP9ACxUdouVvKPgX7OACEqYazexqZyeIlbTkup/O0vLK6tp6YaO4ubW9s1va22/aKDECGyJSkWkHYFHJEBskSWE7Ngg6UNgKRleZ33pAY2UU3tI4Rl/DMJQDKYBSqdkdgtbQK5XdijsDXyReTsosR71X+ur2I5FoDEkosLbjuTH5EzAkhcJpsZtYjEGMYIidlIag0fqTWdopP04sUMRjNFwqPhPx98YEtLVjHaSTGujOznuZ+J/XSWhw4U9kGCeEocgOkVQ4O2SFkWkNyPvSIBFkyZHLkAswQIRGchAiFZO0l2Lahzf//SJpnla8aqV6c1auXebNFNghO2InzGPnrMauWZ01mGD37Ik9sxfn0Xl13pz3n9ElJ985YH/gfHwDP/GTpQ==</latexit>�

<latexit sha1_base64="4unsbM0IpD5peZ4NMuwHb5kZ5/8=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJSJRB5SYkXnyyY55Xy27vaQIitfQAsVHaLlgyj4F2zjAgJTjWZ2tbMTxFIYdN0Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBfPbzO89gDYiUve4iMEP2VSJieAMU6k9G1Vrbt3NQf8SryA1UqA1qn4OxxG3ISjkkhkz8NwY/YRpFFzCsjK0BmLG52wKg5QqFoLxkzzokp5ZwzCiMWgqJM1F+LmRsNCYRRikkyHDmVn1MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/BWv/9Luhd1r1FvtC9rzZuimTI5IafknHjkijTJHWmRDuEEyCN5Is+OdV6cV+fte7TkFDvH5Bec9y9xK5F8</latexit>

h

Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25

<latexit sha1_base64="inu/WX8H1OsqJsO2A/uJ3ZuFh/8=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESEFCUU2QoEyQEMZJPKQEis6XzbhyPls3a2RgpV/oIWKDtHyNxT8C7ZxAQlTjWZ2tbPjhVIYtO1Pa2FxaXlltbBWXN/Y3Nou7ey2TBBpDk0eyEB3PGZACgVNFCihE2pgvieh7Y2vUr/9ANqIQN3iJATXZyMlhoIzTKTWRcUc41G/VLardgY6T5yclEmORr/01RsEPPJBIZfMmK5jh+jGTKPgEqbFXmQgZHzMRtBNqGI+GDfO0k7pYWQYBjQETYWkmQi/N2LmGzPxvWTSZ3hnZr1U/M/rRjg8d2OhwghB8fQQCgnZIcO1SGoAOhAaEFmaHKhQlDPNEEELyjhPxCjppZj04cx+P09aJ1WnVq3dnJbrl3kzBbJPDkiFOOSM1Mk1aZAm4eSePJFn8mI9Wq/Wm/X+M7pg5Tt75A+sj28cNJLr</latexit>

A(s, t)

<latexit sha1_base64="W1wZxTRRAmfsoD9lKf3/hYxiS8Q=">AAACEnicbVC7SgNBFJ31bXxFLQUZDIJV2BWJNoJoYxnBJEI2hLuTmzhkdnaZuSuEZTs/wa+w1cpObP0BC//FzZpCjac6nHPvnDsniJW05Lofzszs3PzC4tJyaWV1bX2jvLnVtFFiBDZEpCJzE4BFJTU2SJLCm9gghIHCVjC8GPutOzRWRvqaRjF2Qhho2ZcCKJe65d1Tv29ApF6Wpn7xXGqwl/lS92mUZd1yxa26Bfg08Sakwiaod8uffi8SSYiahAJr254bUycFQ1IozEp+YjEGMYQBtnOqIUTbSYvgjO8nFijiMRouFS9E/LmRQmjtKAzyyRDo1v71xuJ/Xjuh/kknlTpOCLUYB5FUWARZYWReEPKeNEgE48uRS80FGCBCIzkIkYtJ3lgp78P7+/tp0jyserVq7eqocnY+aWaJ7bA9dsA8dszO2CWrswYT7J49sif27Dw4L86r8/Y9OuNMdrbZLzjvX6o6nuk=</latexit>

=
1

1
long-range 
forces, D=4

Massless particles (Goldstones,Gravitons, Photons,…): enhanced IR

Bellazzini,Elias-Miro,Riembau,Rattazzi,FR’20

Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25


Chang,Parra-Martinez’25

Ye,He,Gu’24; Peng,Shao,Tokareva,Xu’25


…

Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25

Bellazzini,Riembau,FR ’22

Chang,Parra-Martinez’25


<latexit sha1_base64="ca2IAlqTEZ7pDycxXb505OMl0Cs=">AAACDXicbVC7TsNAEDzzDOEVoEI0JyIkqshGKFDyaCiDRB5SbFnrYwknzmfrbo2ErIhP4CtooaJDtHwDBf+CHVIAYarRzK52dqJUSUuu++FMTc/Mzs1XFqqLS8srq7W19Y5NMiOwLRKVmF4EFpXU2CZJCnupQYgjhd3o5rT0u7dorEz0Bd2lGMQw0PJKCqBCCmubuR8DXQtQ/HgYat/KmPsqGXAKa3W34Y7AJ4k3JnU2RiusffqXichi1CQUWNv33JSCHAxJoXBY9TOLKYgbGGC/oBpitEE+emHIdzILlPAUDZeKj0T8uZFDbO1dHBWTZV771yvF/7x+RleHQS51mhFqUR4iqXB0yAoji26QX0qDRFAmRy41F2CACI3kIEQhZkVZ1aIP7+/3k6Sz1/Cajeb5fv3oZNxMhW2xbbbLPHbAjtgZa7E2E+yePbIn9uw8OC/Oq/P2PTrljHc22C8471++rpuI</latexit>

An ⇠ log t
<latexit sha1_base64="eFIalnkW5DmIvSuQ5lkJx1zvQZc=">AAACDXicbVC7TsNAEDzzDOEVoEI0JyIkqshGKFDyaCiDRB5SbFnrYwknzmfrbo2ErIhP4CtooaJDtHwDBf+CHVIAYarRzK52dqJUSUuu++FMTc/Mzs1XFqqLS8srq7W19Y5NMiOwLRKVmF4EFpXU2CZJCnupQYgjhd3o5rT0u7dorEz0Bd2lGMQw0PJKCqBCCmubuR8DXQtQ/HgYat/KmPsqGXAb1upuwx2BTxJvTOpsjFZY+/QvE5HFqEkosLbvuSkFORiSQuGw6mcWUxA3MMB+QTXEaIN89MKQ72QWKOEpGi4VH4n4cyOH2Nq7OComy7z2r1eK/3n9jK4Og1zqNCPUojxEUuHokBVGFt0gv5QGiaBMjlxqLsAAERrJQYhCzIqyqkUf3t/vJ0lnr+E1G83z/frRybiZCtti22yXeeyAHbEz1mJtJtg9e2RP7Nl5cF6cV+fte3TKGe9ssF9w3r8AvR+bhw==</latexit>

An ⇠ log s <latexit sha1_base64="iI67VwcMeFv6//Dg3gKhAB2aK5U=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrd9CgeVql2zc7BF4hSkCgWag8pXfxiK2MeAhOLG9Bw7IjfhmqRQOCv3Y4MRFxM+xl5KA+6jcZM86owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tvdm3svE/7xeTKMLN5FBFBMGIjtEUmF+yAgt0w6QDaVGIp4lRyYDJrjmRKgl40KkYpyWUk77cOa/XyTt05pTr9VvzqqNy6KZEhzCEZyAA+fQgGtoQgsEjOEJnuHFerRerTfr/Wd0ySp2DuAPrI9vC26SZw==</latexit>! <latexit sha1_base64="uBFspp+wKUQujlOPZ+oiD4UWKqI=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHxtNklsMCN6MUjJvJIgJDZocGR2dnNTK8JEv7Bq568Ga/+jQf/xV3ERI3WqVLVna4uP5LCoOO8WZmV1bX1jexmbmt7Z3cvv3/QMmGsOTR5KEPd8ZkBKRQ0UaCETqSBBb6Etj85T/32LWgjQnWF0wj6ARsrMRKcYSK1ekKNcDrIFxy7VvXK1Rp1bLdYc7xSSkrlStGhru0sUCBLNAb5994w5HEACrlkxnRdJ8L+jGkUXMI814sNRIxP2Bi6CVUsANOfLdLO6UlsGIY0Ak2FpAsRvm/MWGDMNPCTyYDhtfntpeJfXjfGUbU/EyqKERRPD6GQsDhkuBZJDUCHQgMiS5MDFYpyphkiaEEZ54kYJ73kkj6+nqb/k1bRdj3buywV6mfLZrLkiByTU+KSCqmTC9IgTcLJDbknD+TRurOerGfr5XM0Yy13DskPWK8f/fGUIg==</latexit>1<latexit sha1_base64="iI67VwcMeFv6//Dg3gKhAB2aK5U=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrd9CgeVql2zc7BF4hSkCgWag8pXfxiK2MeAhOLG9Bw7IjfhmqRQOCv3Y4MRFxM+xl5KA+6jcZM86owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tvdm3svE/7xeTKMLN5FBFBMGIjtEUmF+yAgt0w6QDaVGIp4lRyYDJrjmRKgl40KkYpyWUk77cOa/XyTt05pTr9VvzqqNy6KZEhzCEZyAA+fQgGtoQgsEjOEJnuHFerRerTfr/Wd0ySp2DuAPrI9vC26SZw==</latexit>! <latexit sha1_base64="uBFspp+wKUQujlOPZ+oiD4UWKqI=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHxtNklsMCN6MUjJvJIgJDZocGR2dnNTK8JEv7Bq568Ga/+jQf/xV3ERI3WqVLVna4uP5LCoOO8WZmV1bX1jexmbmt7Z3cvv3/QMmGsOTR5KEPd8ZkBKRQ0UaCETqSBBb6Etj85T/32LWgjQnWF0wj6ARsrMRKcYSK1ekKNcDrIFxy7VvXK1Rp1bLdYc7xSSkrlStGhru0sUCBLNAb5994w5HEACrlkxnRdJ8L+jGkUXMI814sNRIxP2Bi6CVUsANOfLdLO6UlsGIY0Ak2FpAsRvm/MWGDMNPCTyYDhtfntpeJfXjfGUbU/EyqKERRPD6GQsDhkuBZJDUCHQgMiS5MDFYpyphkiaEEZ54kYJ73kkj6+nqb/k1bRdj3buywV6mfLZrLkiByTU+KSCqmTC9IgTcLJDbknD+TRurOerGfr5XM0Yy13DskPWK8f/fGUIg==</latexit>1
<latexit sha1_base64="INlwBVvONm+TxccRiCe8+vccoTQ=">AAAB+XicdVDLTgJBEJzFF+IL9ehlIjHBC9kFXeBG9OIRE3kksCGzQ4MTZh+Z6TUhGz7Cq568Ga9+jQf/xd0VEzVap0pVd7q63FAKjab5ZuRWVtfWN/Kbha3tnd294v5BVweR4tDhgQxU32UapPChgwIl9EMFzHMl9NzZZer37kBpEfg3OA/B8djUFxPBGSZSr4xDDMzTUbFkVs4b9aZdpQlpNi3bzEitXqtSq2JmKJEl2qPi+3Ac8MgDH7lkWg8sM0QnZgoFl7AoDCMNIeMzNoVBQn3mgXbiLO6CnkSaYUBDUFRImonwfSNmntZzz00mPYa3+reXin95gwgnDScWfhgh+Dw9hEJCdkhzJZIegI6FAkSWJgcqfMqZYoigBGWcJ2KUFFNI+vh6mv5PutWKZVfs67NS62LZTJ4ckWNSJhapkxa5Im3SIZzMyD15II9GbDwZz8bL52jOWO4ckh8wXj8AsqaT5A==</latexit>

(t ! 0)
<latexit sha1_base64="q1j2G3P8+QMUMBKrHdrACy7Caq0=">AAAB+XicdVDLTgJBEJzFF+IL9ehlIjHBC9kFXeBG9OIRE3kksCGzQ4MTZh+Z6TUhGz7Cq568Ga9+jQf/xd0VEzVap0pVd7q63FAKjab5ZuRWVtfWN/Kbha3tnd294v5BVweR4tDhgQxU32UapPChgwIl9EMFzHMl9NzZZer37kBpEfg3OA/B8djUFxPBGSZSr6yHGJino2LJrJw36k27ShPSbFq2mZFavValVsXMUCJLtEfF9+E44JEHPnLJtB5YZohOzBQKLmFRGEYaQsZnbAqDhPrMA+3EWdwFPYk0w4CGoKiQNBPh+0bMPK3nnptMegxv9W8vFf/yBhFOGk4s/DBC8Hl6CIWE7JDmSiQ9AB0LBYgsTQ5U+JQzxRBBCco4T8QoKaaQ9PH1NP2fdKsVy67Y12el1sWymTw5IsekTCxSJy1yRdqkQziZkXvyQB6N2Hgyno2Xz9Gcsdw5JD9gvH4AsRKT4w==</latexit>

(s ! 0)

Possible that bounds are O(1) modified for                ?
<latexit sha1_base64="SLDaxxqiV62pz9ObQKi+xPmK6TM=">AAACDHicbVA9SwNBEN3zM8avqI1gsxgEixDuRKJl0EIriWASIQnH3GYSF/f2zt05IYT4E/wVtlrZia3/wcL/4iWm0MRXPd6bYea9IFbSkut+OjOzc/MLi5ml7PLK6tp6bmOzZqPECKyKSEXmOgCLSmqskiSF17FBCAOF9eD2dOjX79FYGekr6sXYCqGrZUcKoFTyc9tdX/MCb4KKb6DAz/wL3tR4x10/l3eL7gh8mnhjkmdjVPzcV7MdiSRETUKBtQ3PjanVB0NSKBxkm4nFGMQtdLGRUg0h2lZ/lGDA9xILFPEYDZeKj0T8vdGH0NpeGKSTIdCNnfSG4n9eI6HOcasvdZwQajE8RFLh6JAVRqbVIG9Lg0Qw/By51FyAASI0koMQqZikXWXTPrzJ9NOkdlD0SsXS5WG+fDJuJsN22C7bZx47YmV2ziqsygR7YE/smb04j86r8+a8/4zOOOOdLfYHzsc3XHGZfQ==</latexit>

gn,↵, GN 6= 0
Maybe yes! After all these are UV/IR relations…

Or are there modified dispersion relations for which NLO 
effects are truly small?



Bellazzini,Elias-Miro,Riembau,Rattazzi,FR’20

Bellazzini,Riembau,FR ’22


Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25

<latexit sha1_base64="E3LmaxpMt245Eg5kwfOpRj8xSEM="></latexit>

A6 = � �4

2s2
+ g6

<latexit sha1_base64="wQKTF6cXfMgwV5oCYvHyubzWABw=">AAACGHicbVC7TsNAEDzzJrwClDQnAlJoIhtFgQYpQEMJEoFISWStL5tw4vzQ3RopsvwDfAJfQQsVHaKlo+BfsE0KCEw1mtm92RsvUtKQbX9YU9Mzs3PzC4ulpeWV1bXy+saVCWMtsCVCFeq2BwaVDLBFkhS2I43gewqvvdvT3L++Q21kGFzSKMKeD8NADqQAyiS3vJN0faAbAYofp279iA/detIt3k009tOq2eOpW67YNbsA/0ucMamwMc7d8me3H4rYx4CEAmM6jh1RLwFNUihMS93YYATiFobYyWgAPppeUqSmfDc2QCGPUHOpeCHiz40EfGNGvpdN5qebSS8X//M6MQ0Oe4kMopgwEHkQSYVFkBFaZjUh70uNRJBfjlwGXIAGItSSgxCZGGe9lbI+nMnf/yVX+zWnUWtc1CvNk3EzC2yLbbMqc9gBa7Izds5aTLB79sie2LP1YL1Yr9bb9+iUNd7ZZL9gvX8Bi7Wfpg==</latexit>

A4 = g4(s)

<latexit sha1_base64="LxGvefXQlK9jr9hFUg0r+wXeAVk="></latexit>

A2 = g2 +
�4

2
s2

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

Not all tree-level bounds are affected in the same way…

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

<latexit sha1_base64="/UYGtqKzxB+WvmVddrxNgHTHroU=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjII8pASK1pfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yVXmdx5QGxkGdzSN0PVhHMiRFECpdDse1AeVql2zc/BF4hSkygo0B5Wv/jAUsY8BCQXG9Bw7IjcBTVIonJX7scEIxATG2EtpAD4aN8mjzvhxbIBCHqHmUvFcxN8bCfjGTH0vnfSB7s28l4n/eb2YRhduIoMoJgxEdoikwvyQEVqmHSAfSo1EkCVHLgMuQAMRaslBiFSM01LKaR/O/PeLpH1ac+q1+s1ZtXFZNFNih+yInTCHnbMGu2ZN1mKCjdkTe2Yv1qP1ar1Z7z+jS1axc8D+wPr4BqLzkiQ=</latexit>g6

<latexit sha1_base64="mYoKH0XgCnR7ROcn1x6fr9geV1g=">AAACC3icdVC7TgJBFJ3FF+ILtbCwmUhMrDa7sAIl0cYSE3kkgGR2uOCE2Udm7pqQDZ/gV9hqZWds/QgL/8VlwfiInmJy7jn35s49biiFRst6MzJLyyura9n13Mbm1vZOfnevqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74fOa3bkFpEfhXOAmh57GRL4aCM0ykfv6gG4pra/5g8FX08wXLtO1K2alQy3SqxdJpKSHVStUp2dQ2rRQFskC9n3/vDgIeeeAjl0zrjm2F2IuZQsElTHPdSEPI+JiNoJNQn3mge3F6wJQeR5phQENQVEiaivB9Imae1hPPTTo9hjf6tzcT//I6EQ6rvVj4YYTg89kiFBLSRZorkSQDdCAUILLZz4EKn3KmGCIoQRnniRglUeWSPD6Ppv+TZtG0y2b50inUzhbJZMkhOSInxCYVUiMXpE4ahJMpuScP5NG4M56MZ+Nl3poxFjP75AeM1w88Mpq+</latexit>

⇡0⇡0 ! ⇡0⇡0

Negativity

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·



Bellazzini,Elias-Miro,Riembau,Rattazzi,FR’20

Bellazzini,Riembau,FR ’22


Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-’25

<latexit sha1_base64="E3LmaxpMt245Eg5kwfOpRj8xSEM="></latexit>

A6 = � �4

2s2
+ g6

<latexit sha1_base64="wQKTF6cXfMgwV5oCYvHyubzWABw=">AAACGHicbVC7TsNAEDzzJrwClDQnAlJoIhtFgQYpQEMJEoFISWStL5tw4vzQ3RopsvwDfAJfQQsVHaKlo+BfsE0KCEw1mtm92RsvUtKQbX9YU9Mzs3PzC4ulpeWV1bXy+saVCWMtsCVCFeq2BwaVDLBFkhS2I43gewqvvdvT3L++Q21kGFzSKMKeD8NADqQAyiS3vJN0faAbAYofp279iA/detIt3k009tOq2eOpW67YNbsA/0ucMamwMc7d8me3H4rYx4CEAmM6jh1RLwFNUihMS93YYATiFobYyWgAPppeUqSmfDc2QCGPUHOpeCHiz40EfGNGvpdN5qebSS8X//M6MQ0Oe4kMopgwEHkQSYVFkBFaZjUh70uNRJBfjlwGXIAGItSSgxCZGGe9lbI+nMnf/yVX+zWnUWtc1CvNk3EzC2yLbbMqc9gBa7Izds5aTLB79sie2LP1YL1Yr9bb9+iUNd7ZZL9gvX8Bi7Wfpg==</latexit>

A4 = g4(s)

<latexit sha1_base64="LxGvefXQlK9jr9hFUg0r+wXeAVk="></latexit>

A2 = g2 +
�4

2
s2

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

Not all tree-level bounds are affected in the same way…

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

<latexit sha1_base64="/UYGtqKzxB+WvmVddrxNgHTHroU=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjII8pASK1pfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yVXmdx5QGxkGdzSN0PVhHMiRFECpdDse1AeVql2zc/BF4hSkygo0B5Wv/jAUsY8BCQXG9Bw7IjcBTVIonJX7scEIxATG2EtpAD4aN8mjzvhxbIBCHqHmUvFcxN8bCfjGTH0vnfSB7s28l4n/eb2YRhduIoMoJgxEdoikwvyQEVqmHSAfSo1EkCVHLgMuQAMRaslBiFSM01LKaR/O/PeLpH1ac+q1+s1ZtXFZNFNih+yInTCHnbMGu2ZN1mKCjdkTe2Yv1qP1ar1Z7z+jS1axc8D+wPr4BqLzkiQ=</latexit>g6

Each coupling individually bounded, independently of others!

<latexit sha1_base64="mYoKH0XgCnR7ROcn1x6fr9geV1g=">AAACC3icdVC7TgJBFJ3FF+ILtbCwmUhMrDa7sAIl0cYSE3kkgGR2uOCE2Udm7pqQDZ/gV9hqZWds/QgL/8VlwfiInmJy7jn35s49biiFRst6MzJLyyura9n13Mbm1vZOfnevqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74fOa3bkFpEfhXOAmh57GRL4aCM0ykfv6gG4pra/5g8FX08wXLtO1K2alQy3SqxdJpKSHVStUp2dQ2rRQFskC9n3/vDgIeeeAjl0zrjm2F2IuZQsElTHPdSEPI+JiNoJNQn3mge3F6wJQeR5phQENQVEiaivB9Imae1hPPTTo9hjf6tzcT//I6EQ6rvVj4YYTg89kiFBLSRZorkSQDdCAUILLZz4EKn3KmGCIoQRnniRglUeWSPD6Ppv+TZtG0y2b50inUzhbJZMkhOSInxCYVUiMXpE4ahJMpuScP5NG4M56MZ+Nl3poxFjP75AeM1w88Mpq+</latexit>

⇡0⇡0 ! ⇡0⇡0

Negativity

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·



Negativity
Bellazzini,Elias-Miro,Riembau,Rattazzi,FR’20


Bellazzini,Riembau,FR ’22

Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-25


Chang,Parra-Martinez’25

Peng,Saho,Tokareva,Xu’25

<latexit sha1_base64="E3LmaxpMt245Eg5kwfOpRj8xSEM="></latexit>

A6 = � �4

2s2
+ g6

<latexit sha1_base64="wQKTF6cXfMgwV5oCYvHyubzWABw=">AAACGHicbVC7TsNAEDzzJrwClDQnAlJoIhtFgQYpQEMJEoFISWStL5tw4vzQ3RopsvwDfAJfQQsVHaKlo+BfsE0KCEw1mtm92RsvUtKQbX9YU9Mzs3PzC4ulpeWV1bXy+saVCWMtsCVCFeq2BwaVDLBFkhS2I43gewqvvdvT3L++Q21kGFzSKMKeD8NADqQAyiS3vJN0faAbAYofp279iA/detIt3k009tOq2eOpW67YNbsA/0ucMamwMc7d8me3H4rYx4CEAmM6jh1RLwFNUihMS93YYATiFobYyWgAPppeUqSmfDc2QCGPUHOpeCHiz40EfGNGvpdN5qebSS8X//M6MQ0Oe4kMopgwEHkQSYVFkBFaZjUh70uNRJBfjlwGXIAGItSSgxCZGGe9lbI+nMnf/yVX+zWnUWtc1CvNk3EzC2yLbbMqc9gBa7Izds5aTLB79sie2LP1YL1Yr9bb9+iUNd7ZZL9gvX8Bi7Wfpg==</latexit>

A4 = g4(s)

<latexit sha1_base64="LxGvefXQlK9jr9hFUg0r+wXeAVk="></latexit>

A2 = g2 +
�4

2
s2

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

Not all tree-level bounds are affected in the same way…

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

<latexit sha1_base64="mYoKH0XgCnR7ROcn1x6fr9geV1g=">AAACC3icdVC7TgJBFJ3FF+ILtbCwmUhMrDa7sAIl0cYSE3kkgGR2uOCE2Udm7pqQDZ/gV9hqZWds/QgL/8VlwfiInmJy7jn35s49biiFRst6MzJLyyura9n13Mbm1vZOfnevqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74fOa3bkFpEfhXOAmh57GRL4aCM0ykfv6gG4pra/5g8FX08wXLtO1K2alQy3SqxdJpKSHVStUp2dQ2rRQFskC9n3/vDgIeeeAjl0zrjm2F2IuZQsElTHPdSEPI+JiNoJNQn3mge3F6wJQeR5phQENQVEiaivB9Imae1hPPTTo9hjf6tzcT//I6EQ6rvVj4YYTg89kiFBLSRZorkSQDdCAUILLZz4EKn3KmGCIoQRnniRglUeWSPD6Ppv+TZtG0y2b50inUzhbJZMkhOSInxCYVUiMXpE4ahJMpuScP5NG4M56MZ+Nl3poxFjP75AeM1w88Mpq+</latexit>

⇡0⇡0 ! ⇡0⇡0

exact at order O(s4)

<latexit sha1_base64="mNKDVXtidcykt6CvRm1XU0USqYM=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESHRENkIBcoIGspEIg8psaLzZRNOOZ+tuz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtPbzO8+gjYiUvc4i8EP2USJseAMU6l1PqxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDB7PoZeJ/Xt/i+NpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOhc1r16rty6rjZuimRI5JifkjHjkijTIHWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H98VNpFB</latexit>�<latexit sha1_base64="AkmnnCbyAXBlv7xYmnziFIjN2VY=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjaCiDIA8psaLzZWNOOZ+tuzUosvIJtFDRIVq+h4J/wTYuIGGq0cyudna8SAqDtv1plVZW19Y3ypuVre2d3b3q/kHXhLHm0OGhDHXfYwakUNBBgRL6kQYWeBJ63vQq83sPoI0I1R3OInAD5isxEZxhKt36o8aoWrPrdg66TJyC1EiB9qj6NRyHPA5AIZfMmIFjR+gmTKPgEuaVYWwgYnzKfBikVLEAjJvkUef0JDYMQxqBpkLSXITfGwkLjJkFXjoZMLw3i14m/ucNYpxcuIlQUYygeHYIhYT8kOFapB0AHQsNiCxLDlQoyplmiKAFZZynYpyWUkn7cBa/XybdRt1p1ps3Z7XWZdFMmRyRY3JKHHJOWuSatEmHcOKTJ/JMXqxH69V6s95/RktWsXNI/sD6+Aact5Ig</latexit>g2
<latexit sha1_base64="AkmnnCbyAXBlv7xYmnziFIjN2VY=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjaCiDIA8psaLzZWNOOZ+tuzUosvIJtFDRIVq+h4J/wTYuIGGq0cyudna8SAqDtv1plVZW19Y3ypuVre2d3b3q/kHXhLHm0OGhDHXfYwakUNBBgRL6kQYWeBJ63vQq83sPoI0I1R3OInAD5isxEZxhKt36o8aoWrPrdg66TJyC1EiB9qj6NRyHPA5AIZfMmIFjR+gmTKPgEuaVYWwgYnzKfBikVLEAjJvkUef0JDYMQxqBpkLSXITfGwkLjJkFXjoZMLw3i14m/ucNYpxcuIlQUYygeHYIhYT8kOFapB0AHQsNiCxLDlQoyplmiKAFZZynYpyWUkn7cBa/XybdRt1p1ps3Z7XWZdFMmRyRY3JKHHJOWuSatEmHcOKTJ/JMXqxH69V6s95/RktWsXNI/sD6+Aact5Ig</latexit>g2



In amplitude: like running      . In dispersion relation: more…
<latexit sha1_base64="kasJwXCv6JLQcu3gY5Qxp0NgVzI=">AAAB+HicbVC7TsNAEDyHVwivACXNiQgpNJGNokAZQUMZJPKQEis6XzbhyPls3a2RgpV/oIWKDtHyNxT8C7ZxAQlTjWZ2tbPjhVIYtO1Pq7Cyura+UdwsbW3v7O6V9w86Jog0hzYPZKB7HjMghYI2CpTQCzUw35PQ9aZXqd99AG1EoG5xFoLrs4kSY8EZJlJnMqxXzemwXLFrdga6TJycVEiO1rD8NRgFPPJBIZfMmL5jh+jGTKPgEualQWQgZHzKJtBPqGI+GDfO0s7pSWQYBjQETYWkmQi/N2LmGzPzvWTSZ3hnFr1U/M/rRzi+cGOhwghB8fQQCgnZIcO1SGoAOhIaEFmaHKhQlDPNEEELyjhPxCjppZT04Sx+v0w6ZzWnUWvc1CvNy7yZIjkix6RKHHJOmuSatEibcHJPnsgzebEerVfrzXr/GS1Y+c4h+QPr4xtD/5ME</latexit>

g4(s)

<latexit sha1_base64="E3LmaxpMt245Eg5kwfOpRj8xSEM="></latexit>

A6 = � �4

2s2
+ g6

<latexit sha1_base64="wQKTF6cXfMgwV5oCYvHyubzWABw=">AAACGHicbVC7TsNAEDzzJrwClDQnAlJoIhtFgQYpQEMJEoFISWStL5tw4vzQ3RopsvwDfAJfQQsVHaKlo+BfsE0KCEw1mtm92RsvUtKQbX9YU9Mzs3PzC4ulpeWV1bXy+saVCWMtsCVCFeq2BwaVDLBFkhS2I43gewqvvdvT3L++Q21kGFzSKMKeD8NADqQAyiS3vJN0faAbAYofp279iA/detIt3k009tOq2eOpW67YNbsA/0ucMamwMc7d8me3H4rYx4CEAmM6jh1RLwFNUihMS93YYATiFobYyWgAPppeUqSmfDc2QCGPUHOpeCHiz40EfGNGvpdN5qebSS8X//M6MQ0Oe4kMopgwEHkQSYVFkBFaZjUh70uNRJBfjlwGXIAGItSSgxCZGGe9lbI+nMnf/yVX+zWnUWtc1CvNk3EzC2yLbbMqc9gBa7Izds5aTLB79sie2LP1YL1Yr9bb9+iUNd7ZZL9gvX8Bi7Wfpg==</latexit>

A4 = g4(s)

<latexit sha1_base64="LxGvefXQlK9jr9hFUg0r+wXeAVk="></latexit>

A2 = g2 +
�4

2
s2

<latexit sha1_base64="50ZSYdvTe1cXCTO4V4hMK8oYHDM="></latexit>

+ · · ·
<latexit sha1_base64="50ZSYdvTe1cXCTO4V4hMK8oYHDM="></latexit>

+ · · ·
<latexit sha1_base64="50ZSYdvTe1cXCTO4V4hMK8oYHDM="></latexit>

+ · · ·

Negativity
Bellazzini,Elias-Miro,Riembau,Rattazzi,FR’20


Bellazzini,Riembau,FR ’22

Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-25


Chang,Parra-Martinez’25

Peng,Saho,Tokareva,Xu’25

<latexit sha1_base64="E3LmaxpMt245Eg5kwfOpRj8xSEM="></latexit>

A6 = � �4

2s2
+ g6

<latexit sha1_base64="wQKTF6cXfMgwV5oCYvHyubzWABw=">AAACGHicbVC7TsNAEDzzJrwClDQnAlJoIhtFgQYpQEMJEoFISWStL5tw4vzQ3RopsvwDfAJfQQsVHaKlo+BfsE0KCEw1mtm92RsvUtKQbX9YU9Mzs3PzC4ulpeWV1bXy+saVCWMtsCVCFeq2BwaVDLBFkhS2I43gewqvvdvT3L++Q21kGFzSKMKeD8NADqQAyiS3vJN0faAbAYofp279iA/detIt3k009tOq2eOpW67YNbsA/0ucMamwMc7d8me3H4rYx4CEAmM6jh1RLwFNUihMS93YYATiFobYyWgAPppeUqSmfDc2QCGPUHOpeCHiz40EfGNGvpdN5qebSS8X//M6MQ0Oe4kMopgwEHkQSYVFkBFaZjUh70uNRJBfjlwGXIAGItSSgxCZGGe9lbI+nMnf/yVX+zWnUWtc1CvNk3EzC2yLbbMqc9gBa7Izds5aTLB79sie2LP1YL1Yr9bb9+iUNd7ZZL9gvX8Bi7Wfpg==</latexit>

A4 = g4(s)

<latexit sha1_base64="LxGvefXQlK9jr9hFUg0r+wXeAVk="></latexit>

A2 = g2 +
�4

2
s2

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

Not all tree-level bounds are affected in the same way…

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

<latexit sha1_base64="mYoKH0XgCnR7ROcn1x6fr9geV1g=">AAACC3icdVC7TgJBFJ3FF+ILtbCwmUhMrDa7sAIl0cYSE3kkgGR2uOCE2Udm7pqQDZ/gV9hqZWds/QgL/8VlwfiInmJy7jn35s49biiFRst6MzJLyyura9n13Mbm1vZOfnevqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74fOa3bkFpEfhXOAmh57GRL4aCM0ykfv6gG4pra/5g8FX08wXLtO1K2alQy3SqxdJpKSHVStUp2dQ2rRQFskC9n3/vDgIeeeAjl0zrjm2F2IuZQsElTHPdSEPI+JiNoJNQn3mge3F6wJQeR5phQENQVEiaivB9Imae1hPPTTo9hjf6tzcT//I6EQ6rvVj4YYTg89kiFBLSRZorkSQDdCAUILLZz4EKn3KmGCIoQRnniRglUeWSPD6Ppv+TZtG0y2b50inUzhbJZMkhOSInxCYVUiMXpE4ahJMpuScP5NG4M56MZ+Nl3poxFjP75AeM1w88Mpq+</latexit>

⇡0⇡0 ! ⇡0⇡0

exact at order O(s4)

<latexit sha1_base64="mNKDVXtidcykt6CvRm1XU0USqYM=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESHRENkIBcoIGspEIg8psaLzZRNOOZ+tuz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtPbzO8+gjYiUvc4i8EP2USJseAMU6l1PqxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDB7PoZeJ/Xt/i+NpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOhc1r16rty6rjZuimRI5JifkjHjkijTIHWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H98VNpFB</latexit>�<latexit sha1_base64="AkmnnCbyAXBlv7xYmnziFIjN2VY=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjaCiDIA8psaLzZWNOOZ+tuzUosvIJtFDRIVq+h4J/wTYuIGGq0cyudna8SAqDtv1plVZW19Y3ypuVre2d3b3q/kHXhLHm0OGhDHXfYwakUNBBgRL6kQYWeBJ63vQq83sPoI0I1R3OInAD5isxEZxhKt36o8aoWrPrdg66TJyC1EiB9qj6NRyHPA5AIZfMmIFjR+gmTKPgEuaVYWwgYnzKfBikVLEAjJvkUef0JDYMQxqBpkLSXITfGwkLjJkFXjoZMLw3i14m/ucNYpxcuIlQUYygeHYIhYT8kOFapB0AHQsNiCxLDlQoyplmiKAFZZynYpyWUkn7cBa/XybdRt1p1ps3Z7XWZdFMmRyRY3JKHHJOWuSatEmHcOKTJ/JMXqxH69V6s95/RktWsXNI/sD6+Aact5Ig</latexit>g2
<latexit sha1_base64="AkmnnCbyAXBlv7xYmnziFIjN2VY=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjaCiDIA8psaLzZWNOOZ+tuzUosvIJtFDRIVq+h4J/wTYuIGGq0cyudna8SAqDtv1plVZW19Y3ypuVre2d3b3q/kHXhLHm0OGhDHXfYwakUNBBgRL6kQYWeBJ63vQq83sPoI0I1R3OInAD5isxEZxhKt36o8aoWrPrdg66TJyC1EiB9qj6NRyHPA5AIZfMmIFjR+gmTKPgEuaVYWwgYnzKfBikVLEAjJvkUef0JDYMQxqBpkLSXITfGwkLjJkFXjoZMLw3i14m/ucNYpxcuIlQUYygeHYIhYT8kOFapB0AHQsNiCxLDlQoyplmiKAFZZynYpyWUkn7cBa/XybdRt1p1ps3Z7XWZdFMmRyRY3JKHHJOWuSatEmHcOKTJ/JMXqxH69V6s95/RktWsXNI/sD6+Aact5Ig</latexit>g2



In amplitude: like running      . In dispersion relation: more…
<latexit sha1_base64="kasJwXCv6JLQcu3gY5Qxp0NgVzI=">AAAB+HicbVC7TsNAEDyHVwivACXNiQgpNJGNokAZQUMZJPKQEis6XzbhyPls3a2RgpV/oIWKDtHyNxT8C7ZxAQlTjWZ2tbPjhVIYtO1Pq7Cyura+UdwsbW3v7O6V9w86Jog0hzYPZKB7HjMghYI2CpTQCzUw35PQ9aZXqd99AG1EoG5xFoLrs4kSY8EZJlJnMqxXzemwXLFrdga6TJycVEiO1rD8NRgFPPJBIZfMmL5jh+jGTKPgEualQWQgZHzKJtBPqGI+GDfO0s7pSWQYBjQETYWkmQi/N2LmGzPzvWTSZ3hnFr1U/M/rRzi+cGOhwghB8fQQCgnZIcO1SGoAOhIaEFmaHKhQlDPNEEELyjhPxCjppZT04Sx+v0w6ZzWnUWvc1CvNy7yZIjkix6RKHHJOmuSatEibcHJPnsgzebEerVfrzXr/GS1Y+c4h+QPr4xtD/5ME</latexit>

g4(s)

<latexit sha1_base64="E3LmaxpMt245Eg5kwfOpRj8xSEM="></latexit>

A6 = � �4

2s2
+ g6

<latexit sha1_base64="wQKTF6cXfMgwV5oCYvHyubzWABw=">AAACGHicbVC7TsNAEDzzJrwClDQnAlJoIhtFgQYpQEMJEoFISWStL5tw4vzQ3RopsvwDfAJfQQsVHaKlo+BfsE0KCEw1mtm92RsvUtKQbX9YU9Mzs3PzC4ulpeWV1bXy+saVCWMtsCVCFeq2BwaVDLBFkhS2I43gewqvvdvT3L++Q21kGFzSKMKeD8NADqQAyiS3vJN0faAbAYofp279iA/detIt3k009tOq2eOpW67YNbsA/0ucMamwMc7d8me3H4rYx4CEAmM6jh1RLwFNUihMS93YYATiFobYyWgAPppeUqSmfDc2QCGPUHOpeCHiz40EfGNGvpdN5qebSS8X//M6MQ0Oe4kMopgwEHkQSYVFkBFaZjUh70uNRJBfjlwGXIAGItSSgxCZGGe9lbI+nMnf/yVX+zWnUWtc1CvNk3EzC2yLbbMqc9gBa7Izds5aTLB79sie2LP1YL1Yr9bb9+iUNd7ZZL9gvX8Bi7Wfpg==</latexit>

A4 = g4(s)

<latexit sha1_base64="LxGvefXQlK9jr9hFUg0r+wXeAVk="></latexit>

A2 = g2 +
�4

2
s2

<latexit sha1_base64="50ZSYdvTe1cXCTO4V4hMK8oYHDM="></latexit>

+ · · ·
<latexit sha1_base64="50ZSYdvTe1cXCTO4V4hMK8oYHDM="></latexit>

+ · · ·
<latexit sha1_base64="50ZSYdvTe1cXCTO4V4hMK8oYHDM="></latexit>

+ · · ·

Negativity
Bellazzini,Elias-Miro,Riembau,Rattazzi,FR’20


Bellazzini,Riembau,FR ’22

Beadle,Isabella,Perrone,Ricossa,FR,Serra’24-25


Chang,Parra-Martinez’25

Peng,Saho,Tokareva,Xu’25

<latexit sha1_base64="E3LmaxpMt245Eg5kwfOpRj8xSEM="></latexit>

A6 = � �4

2s2
+ g6

<latexit sha1_base64="wQKTF6cXfMgwV5oCYvHyubzWABw=">AAACGHicbVC7TsNAEDzzJrwClDQnAlJoIhtFgQYpQEMJEoFISWStL5tw4vzQ3RopsvwDfAJfQQsVHaKlo+BfsE0KCEw1mtm92RsvUtKQbX9YU9Mzs3PzC4ulpeWV1bXy+saVCWMtsCVCFeq2BwaVDLBFkhS2I43gewqvvdvT3L++Q21kGFzSKMKeD8NADqQAyiS3vJN0faAbAYofp279iA/detIt3k009tOq2eOpW67YNbsA/0ucMamwMc7d8me3H4rYx4CEAmM6jh1RLwFNUihMS93YYATiFobYyWgAPppeUqSmfDc2QCGPUHOpeCHiz40EfGNGvpdN5qebSS8X//M6MQ0Oe4kMopgwEHkQSYVFkBFaZjUh70uNRJBfjlwGXIAGItSSgxCZGGe9lbI+nMnf/yVX+zWnUWtc1CvNk3EzC2yLbbMqc9gBa7Izds5aTLB79sie2LP1YL1Yr9bb9+iUNd7ZZL9gvX8Bi7Wfpg==</latexit>

A4 = g4(s)

<latexit sha1_base64="LxGvefXQlK9jr9hFUg0r+wXeAVk="></latexit>

A2 = g2 +
�4

2
s2

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

<latexit sha1_base64="oYZpTHFLleBCw0BuK5MCGeBt4k0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBwkmkJIrWl0045fzgbo0UWfkGWqjoEC2fQ8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BtwlgLdEWoQt31wKCSAbokSWE30gi+p7DjTa8zv/OI2sgwuKNZhAMfJoEcSwGUSq7dV/gwrNbsup2DLxOnIDVWoDWsfvVHoYh9DEgoMKbn2BENEtAkhcJ5pR8bjEBMYYK9lAbgoxkkedg5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtC9WfQy8T+vF9P4cpDIIIoJA5EdIqkwP2SElmkLyEdSIxFkyZHLgAvQQIRachAiFeO0lkrah7P4/TJpn9WdRr1xe15rXhXNlNkRO2anzGEXrMluWIu5TDDJntgze7Fm1qv1Zr3/jJasYueQ/YH18Q02K5MK</latexit>

0 

Not all tree-level bounds are affected in the same way…

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·<latexit sha1_base64="wh3KWz4BZQFyGD2xNV5d6n8cWYg=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtJk1y+tG9OIRo4AJbMjs0OCE2UdmejWE8Ale9eTNePV7PPgvLismarROlarudHX5sZIGGXuzckvLK6tr+fXCxubW9k5xd69tokQLaIlIRfra5waUDKGFEhVcxxp44Cvo+OOzud+5BW1kFF7hJAYv4KNQDqXgmEqXoz7rF0vMrtdZxa1RZpedslsrp4S5btWpUcdmGUpkgWa/+N4bRCIJIEShuDFdh8XoTblGKRTMCr3EQMzFmI+gm9KQB2C8aRZ1Ro8SwzGiMWgqFc1E+L4x5YExk8BPJwOON+a3Nxf/8roJDmveVIZxghCK+SGUCrJDRmiZdgB0IDUg8nlyoDKkgmuOCFpSLkQqJmkphbSPr6fp/6R9YjsVu3Lhlhqni2by5IAckmPikCppkHPSJC0iyIjckwfyaN1ZT9az9fI5mrMWO/vkB6zXDx0kknY=</latexit>g0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="+LS56IUF8laZOr2Tun+L1ITIAmQ=">AAACBHicdVC7TsNAEDzzDOFloKQ5ESFRWbaVZ8ejoQwSCZESE50vGzhxfuhuHQlZafkKWqjoEC3/QcG/YJsgAYKpRjO72tnxYyk02vabMTe/sLi0XFopr66tb2yaW9tdHSWKQ4dHMlI9n2mQIoQOCpTQixWwwJdw4d+c5P7FBJQWUXiOtzF4AbsKxVhwhpk0NM2jYeoOMHKnl+m5ApgOzYpttZr1WrNFbctxW3a9mpNqreHa1LHsAhUyQ3tovg9GEU8CCJFLpnXfsWP0UqZQcAnT8iDREDN+w66gn9GQBaC9tEg+pfuJZhjRGBQVkhYifN9IWaD1beBnkwHDa/3by8W/vH6C46aXijBOEEKeH0IhoTikuRJZJUBHQgEiy5MDFSHlTDFEUIIyzjMxyToqZ318PU3/J13XcupW/axaOTyeNVMiu2SPHBCHNMghOSVt0iGcTMg9eSCPxp3xZDwbL5+jc8ZsZ4f8gPH6Aa2nmFI=</latexit>

ATree
2!2

<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·
<latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

<latexit sha1_base64="mYoKH0XgCnR7ROcn1x6fr9geV1g=">AAACC3icdVC7TgJBFJ3FF+ILtbCwmUhMrDa7sAIl0cYSE3kkgGR2uOCE2Udm7pqQDZ/gV9hqZWds/QgL/8VlwfiInmJy7jn35s49biiFRst6MzJLyyura9n13Mbm1vZOfnevqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74fOa3bkFpEfhXOAmh57GRL4aCM0ykfv6gG4pra/5g8FX08wXLtO1K2alQy3SqxdJpKSHVStUp2dQ2rRQFskC9n3/vDgIeeeAjl0zrjm2F2IuZQsElTHPdSEPI+JiNoJNQn3mge3F6wJQeR5phQENQVEiaivB9Imae1hPPTTo9hjf6tzcT//I6EQ6rvVj4YYTg89kiFBLSRZorkSQDdCAUILLZz4EKn3KmGCIoQRnniRglUeWSPD6Ppv+TZtG0y2b50inUzhbJZMkhOSInxCYVUiMXpE4ahJMpuScP5NG4M56MZ+Nl3poxFjP75AeM1w88Mpq+</latexit>

⇡0⇡0 ! ⇡0⇡0

exact at order O(s4)

<latexit sha1_base64="mNKDVXtidcykt6CvRm1XU0USqYM=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESHRENkIBcoIGspEIg8psaLzZRNOOZ+tuz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtPbzO8+gjYiUvc4i8EP2USJseAMU6l1PqxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDB7PoZeJ/Xt/i+NpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOhc1r16rty6rjZuimRI5JifkjHjkijTIHWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H98VNpFB</latexit>�<latexit sha1_base64="AkmnnCbyAXBlv7xYmnziFIjN2VY=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjaCiDIA8psaLzZWNOOZ+tuzUosvIJtFDRIVq+h4J/wTYuIGGq0cyudna8SAqDtv1plVZW19Y3ypuVre2d3b3q/kHXhLHm0OGhDHXfYwakUNBBgRL6kQYWeBJ63vQq83sPoI0I1R3OInAD5isxEZxhKt36o8aoWrPrdg66TJyC1EiB9qj6NRyHPA5AIZfMmIFjR+gmTKPgEuaVYWwgYnzKfBikVLEAjJvkUef0JDYMQxqBpkLSXITfGwkLjJkFXjoZMLw3i14m/ucNYpxcuIlQUYygeHYIhYT8kOFapB0AHQsNiCxLDlQoyplmiKAFZZynYpyWUkn7cBa/XybdRt1p1ps3Z7XWZdFMmRyRY3JKHHJOWuSatEmHcOKTJ/JMXqxH69V6s95/RktWsXNI/sD6+Aact5Ig</latexit>g2
<latexit sha1_base64="AkmnnCbyAXBlv7xYmnziFIjN2VY=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIjFCgjaCiDIA8psaLzZWNOOZ+tuzUosvIJtFDRIVq+h4J/wTYuIGGq0cyudna8SAqDtv1plVZW19Y3ypuVre2d3b3q/kHXhLHm0OGhDHXfYwakUNBBgRL6kQYWeBJ63vQq83sPoI0I1R3OInAD5isxEZxhKt36o8aoWrPrdg66TJyC1EiB9qj6NRyHPA5AIZfMmIFjR+gmTKPgEuaVYWwgYnzKfBikVLEAjJvkUef0JDYMQxqBpkLSXITfGwkLjJkFXjoZMLw3i14m/ucNYpxcuIlQUYygeHYIhYT8kOFapB0AHQsNiCxLDlQoyplmiKAFZZynYpyWUkn7cBa/XybdRt1p1ps3Z7XWZdFMmRyRY3JKHHJOWuSatEmHcOKTJ/JMXqxH69V6s95/RktWsXNI/sD6+Aact5Ig</latexit>g2

(running vs irrelevant are  indistinguishable)
Negativity for irrelevant interactions



long-range Interactions

<latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1 <latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1 <latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1<latexit sha1_base64="CxMUgBR1Aun0kyWUOdY4uyu+oKI=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxIneEqCXRxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSm5jQFFjWK3ZdTsHXyVOQWqsQHtY/RqMIpEEGJJQYEzfsWPy5qBJCoWLyiAxGIOYwgT7KQ0hQOPN87ALfpYYoIjHqLlUPBfx98YcAmNmgZ9OBkAPZtnLxP+8fkLjK28uwzghDEV2iKTC/JARWqYtIB9JjUSQJUcuQy5AAxFqyUGIVEzSWippH87y96uk06g7F/XmXbPWui6aKbMTdsrOmcMuWYvdsjZzmWCSPbFn9mLNrFfrzXr/GS1Zxc4x+wPr4xvylZLd</latexit>

2 ! 2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="GCtESMsPU2q1Xnde10NDke3apUQ=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRCjRIETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0f2UPyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGeIpGL</latexit>

= 0

<latexit sha1_base64="cQePkb4IrfsFoCI68cRaNiWfU5Q=">AAACCHicdVDLSgNBEJz1bXzFx83LYBC8GHajJuYgiF48KhgjJDH0jh0dMju7zPQKcckP+BVe9eRNvPoXHvwXN2sEFa1TUdVNV5cfKWnJdd+ckdGx8YnJqenczOzc/EJ+cenMhrERWBOhCs25DxaV1FgjSQrPI4MQ+Arrfvdw4Ndv0FgZ6lPqRdgK4ErLjhRAqdTOryRNAYrX+3t4kWw2pe5Qr9/OF9zizm6lWi7xlFSrXtnNyFZlq8S9opuhwIY4buffm5ehiAPUJBRY2/DciFoJGJJCYT/XjC1GILpwhY2UagjQtpIsfZ+vxxYo5BEaLhXPRPy+kUBgbS/w08kA6Nr+9gbiX14jps5uK5E6igm1GBwiqTA7ZIWRaS3IL6VBIhgkRy41F2CACI3kIEQqxmlPubSPr6f5/+SsVPTKxfLJdmH/YNjMFFtla2yDeazC9tkRO2Y1Jtgtu2cP7NG5c56cZ+flc3TEGe4ssx9wXj8AyfSaCQ==</latexit>

W = e�1

<latexit sha1_base64="fuDTxQMTsOcDwis5E+c2+Sg6XPU=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIjFGiQAjSUQSIPkVjR+bIJp5zP1t0aKbLCV9BCRYdo+RcK/gXbuICEqUYzu9rZ8UIpDNr2p1VYWl5ZXSuulzY2t7Z3yrt7bRNEmkOLBzLQXY8ZkEJBCwVK6IYamO9J6HiTq9TvPIA2IlC3OA3B9dlYiZHgDBPp7mIQ1/oY1Gbng3LFrtoZ6CJxclIhOZqD8ld/GPDIB4VcMmN6jh2iGzONgkuYlfqRgZDxCRtDL6GK+WDcOEs8o0eRYRjQEDQVkmYi/N6ImW/M1PeSSZ/hvZn3UvE/rxfh6MyNhQojBMXTQygkZIcM1yKpAuhQaEBkaXKgQlHONEMELSjjPBGjpJtS0ocz//0iadeqTr1avzmpNC7zZorkgBySY+KQU9Ig16RJWoQTRZ7IM3mxHq1X6816/xktWPnOPvkD6+Mbk7iU5g==</latexit>

A2!2 =

Esclusive Amplitudes:  Unitary and Analytic but… 

<latexit sha1_base64="KYfifhj7EYcwopZWhuxhbnB6d2o=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIKihN0g6kWIiuAxQh5CNi69Y6uDsw9megVZ9iP8BL/Cq568idcc/Bc3j4Mm1qmo6qary4+VNGTbXWticmp6ZnZuvrCwuLS8Ulxda5oo0QIbIlKRvvLBoJIhNkiSwqtYIwS+wpb/cNbzW4+ojYzCOj3F2AngLpS3UgDlklfcPU5dAYq3Mm9AzjN3b/vESysuRbySXad1jZjtmsTf8Yolu2z3wceJMyQlNkTNK367N5FIAgxJKDCm7dgxdVLQJIXCrOAmBmMQD3CH7ZyGEKDppP2nMr6VGMgjxKi5VLwv4u+NFAJjngI/nwyA7s2o1xP/89oJ3R51UhnGCWEoeodIKuwfMkLLvC3kN1IjEfSSI5chF6CBCLXkIEQuJnl9hbwPZ/T7cdKslJ2D8sHlfql6Omxmjm2wTbbNHHbIquyC1ViDCfbMXtkbe7derA/r0/oajE5Yw5119gdW9wcXO6H4</latexit>

= WE (A
Tree
2!2 + sub)

<latexit sha1_base64="Ngqrc7+NXTOONE3LloWnc9wSTmE=">AAACBXicdVA9SwNBEN3zM8avqKXNYhCsjjtzJiksghqwjGBUSEKYWydxyd4Hu3OKHKn9FbZa2Ymtv8PC/+IlRlDRVz3em2HePD9W0pDjvFlT0zOzc/O5hfzi0vLKamFt/cxEiRbYFJGK9IUPBpUMsUmSFF7EGiHwFZ77g8ORf36N2sgoPKXbGDsB9EPZkwIok7qFtfYRKgJe30/bAhSvD7uFomO7bqXsVbhje9Xd0l4pI9VK1Su53LWdMYpsgka38N6+jEQSYEhCgTEt14mpk4ImKRQO8+3EYAxiAH1sZTSEAE0nHUcf8u3EAEU8Rs2l4mMRv2+kEBhzG/jZZAB0ZX57I/Evr5VQr9pJZRgnhKEYHSKpcHzICC2zTpBfSo1EMEqOXIZcgAYi1JKDEJmYZCXlsz6+nub/k7Nd2y3b5ROvWDuYNJNjm2yL7TCXVViNHbMGazLBbtg9e2CP1p31ZD1bL5+jU9ZkZ4P9gPX6AVDZmAc=</latexit>

�E < E
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+ <latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="oQyWdeY36uAiF2M2XF5XA3B25/g=">AAAB+3icdVA9SwNBEN3z2/gVtbRZDIKFHHcmJimDNpYKJlGSI8xtxri4e3fszgkh5FfYamUntv4YC/+LlzOCir7q8d4M8+aFiZKWPO/NmZmdm19YXFourKyurW8UN7daNk6NwKaIVWwuQ7CoZIRNkqTwMjEIOlTYDm9PJn77Do2VcXRBwwQDDYNIXksBlElX3QFoDQf8plcsea7v16qVGvfcSv2wfFTOSL1Wr5R97rtejhKb4qxXfO/2Y5FqjEgosLbjewkFIzAkhcJxoZtaTEDcwgA7GY1Aow1GeeAx30stUMwTNFwqnov4fWME2tqhDrNJDXRjf3sT8S+vk9J1PRjJKEkJIzE5RFJhfsgKI7MmkPelQSKYJEcuIy7AABEayUGITEyzagpZH19P8/9J69D1q271vFJqHE+bWWI7bJftM5/VWIOdsjPWZIJpds8e2KMzdp6cZ+flc3TGme5ssx9wXj8ASTSUyQ==</latexit>

�, h



long-range Interactions

<latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1 <latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1 <latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1<latexit sha1_base64="CxMUgBR1Aun0kyWUOdY4uyu+oKI=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxIneEqCXRxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSm5jQFFjWK3ZdTsHXyVOQWqsQHtY/RqMIpEEGJJQYEzfsWPy5qBJCoWLyiAxGIOYwgT7KQ0hQOPN87ALfpYYoIjHqLlUPBfx98YcAmNmgZ9OBkAPZtnLxP+8fkLjK28uwzghDEV2iKTC/JARWqYtIB9JjUSQJUcuQy5AAxFqyUGIVEzSWippH87y96uk06g7F/XmXbPWui6aKbMTdsrOmcMuWYvdsjZzmWCSPbFn9mLNrFfrzXr/GS1Zxc4x+wPr4xvylZLd</latexit>

2 ! 2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="GCtESMsPU2q1Xnde10NDke3apUQ=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRCjRIETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0f2UPyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGeIpGL</latexit>

= 0

<latexit sha1_base64="cQePkb4IrfsFoCI68cRaNiWfU5Q=">AAACCHicdVDLSgNBEJz1bXzFx83LYBC8GHajJuYgiF48KhgjJDH0jh0dMju7zPQKcckP+BVe9eRNvPoXHvwXN2sEFa1TUdVNV5cfKWnJdd+ckdGx8YnJqenczOzc/EJ+cenMhrERWBOhCs25DxaV1FgjSQrPI4MQ+Arrfvdw4Ndv0FgZ6lPqRdgK4ErLjhRAqdTOryRNAYrX+3t4kWw2pe5Qr9/OF9zizm6lWi7xlFSrXtnNyFZlq8S9opuhwIY4buffm5ehiAPUJBRY2/DciFoJGJJCYT/XjC1GILpwhY2UagjQtpIsfZ+vxxYo5BEaLhXPRPy+kUBgbS/w08kA6Nr+9gbiX14jps5uK5E6igm1GBwiqTA7ZIWRaS3IL6VBIhgkRy41F2CACI3kIEQqxmlPubSPr6f5/+SsVPTKxfLJdmH/YNjMFFtla2yDeazC9tkRO2Y1Jtgtu2cP7NG5c56cZ+flc3TEGe4ssx9wXj8AyfSaCQ==</latexit>

W = e�1

<latexit sha1_base64="fuDTxQMTsOcDwis5E+c2+Sg6XPU=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIjFGiQAjSUQSIPkVjR+bIJp5zP1t0aKbLCV9BCRYdo+RcK/gXbuICEqUYzu9rZ8UIpDNr2p1VYWl5ZXSuulzY2t7Z3yrt7bRNEmkOLBzLQXY8ZkEJBCwVK6IYamO9J6HiTq9TvPIA2IlC3OA3B9dlYiZHgDBPp7mIQ1/oY1Gbng3LFrtoZ6CJxclIhOZqD8ld/GPDIB4VcMmN6jh2iGzONgkuYlfqRgZDxCRtDL6GK+WDcOEs8o0eRYRjQEDQVkmYi/N6ImW/M1PeSSZ/hvZn3UvE/rxfh6MyNhQojBMXTQygkZIcM1yKpAuhQaEBkaXKgQlHONEMELSjjPBGjpJtS0ocz//0iadeqTr1avzmpNC7zZorkgBySY+KQU9Ig16RJWoQTRZ7IM3mxHq1X6816/xktWPnOPvkD6+Mbk7iU5g==</latexit>

A2!2 =

Esclusive Amplitudes:  Unitary and Analytic but… 

<latexit sha1_base64="KYfifhj7EYcwopZWhuxhbnB6d2o=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIKihN0g6kWIiuAxQh5CNi69Y6uDsw9megVZ9iP8BL/Cq568idcc/Bc3j4Mm1qmo6qary4+VNGTbXWticmp6ZnZuvrCwuLS8Ulxda5oo0QIbIlKRvvLBoJIhNkiSwqtYIwS+wpb/cNbzW4+ojYzCOj3F2AngLpS3UgDlklfcPU5dAYq3Mm9AzjN3b/vESysuRbySXad1jZjtmsTf8Yolu2z3wceJMyQlNkTNK367N5FIAgxJKDCm7dgxdVLQJIXCrOAmBmMQD3CH7ZyGEKDppP2nMr6VGMgjxKi5VLwv4u+NFAJjngI/nwyA7s2o1xP/89oJ3R51UhnGCWEoeodIKuwfMkLLvC3kN1IjEfSSI5chF6CBCLXkIEQuJnl9hbwPZ/T7cdKslJ2D8sHlfql6Omxmjm2wTbbNHHbIquyC1ViDCfbMXtkbe7derA/r0/oajE5Yw5119gdW9wcXO6H4</latexit>

= WE (A
Tree
2!2 + sub)

<latexit sha1_base64="Ngqrc7+NXTOONE3LloWnc9wSTmE=">AAACBXicdVA9SwNBEN3zM8avqKXNYhCsjjtzJiksghqwjGBUSEKYWydxyd4Hu3OKHKn9FbZa2Ymtv8PC/+IlRlDRVz3em2HePD9W0pDjvFlT0zOzc/O5hfzi0vLKamFt/cxEiRbYFJGK9IUPBpUMsUmSFF7EGiHwFZ77g8ORf36N2sgoPKXbGDsB9EPZkwIok7qFtfYRKgJe30/bAhSvD7uFomO7bqXsVbhje9Xd0l4pI9VK1Su53LWdMYpsgka38N6+jEQSYEhCgTEt14mpk4ImKRQO8+3EYAxiAH1sZTSEAE0nHUcf8u3EAEU8Rs2l4mMRv2+kEBhzG/jZZAB0ZX57I/Evr5VQr9pJZRgnhKEYHSKpcHzICC2zTpBfSo1EMEqOXIZcgAYi1JKDEJmYZCXlsz6+nub/k7Nd2y3b5ROvWDuYNJNjm2yL7TCXVViNHbMGazLBbtg9e2CP1p31ZD1bL5+jU9ZkZ4P9gPX6AVDZmAc=</latexit>

�E < E
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+ <latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="oQyWdeY36uAiF2M2XF5XA3B25/g=">AAAB+3icdVA9SwNBEN3z2/gVtbRZDIKFHHcmJimDNpYKJlGSI8xtxri4e3fszgkh5FfYamUntv4YC/+LlzOCir7q8d4M8+aFiZKWPO/NmZmdm19YXFourKyurW8UN7daNk6NwKaIVWwuQ7CoZIRNkqTwMjEIOlTYDm9PJn77Do2VcXRBwwQDDYNIXksBlElX3QFoDQf8plcsea7v16qVGvfcSv2wfFTOSL1Wr5R97rtejhKb4qxXfO/2Y5FqjEgosLbjewkFIzAkhcJxoZtaTEDcwgA7GY1Aow1GeeAx30stUMwTNFwqnov4fWME2tqhDrNJDXRjf3sT8S+vk9J1PRjJKEkJIzE5RFJhfsgKI7MmkPelQSKYJEcuIy7AABEayUGITEyzagpZH19P8/9J69D1q271vFJqHE+bWWI7bJftM5/VWIOdsjPWZIJpds8e2KMzdp6cZ+flc3TGme5ssx9wXj8ASTSUyQ==</latexit>

�, h



long-range Interactions

<latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1 <latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1 <latexit sha1_base64="MuCVlWsWkE/oEZmmJHK2q+Sdjkk=">AAACCHicbVDLSsNAFJ34rPUVHzs3g0UQhJKIVJdFNy4r2Ac0oUymt3XoZBJmboQa+gN+hVtduRO3/oUL/8U0ZqGtZ3U45945d04QS2HQcT6thcWl5ZXV0lp5fWNza9ve2W2ZKNEcmjySke4EzIAUCpooUEIn1sDCQEI7GF1N/fY9aCMidYvjGPyQDZUYCM4wk3r2/knq5a+kGvoTT6gBjic9u+JUnRx0nrgFqZACjZ795fUjnoSgkEtmTNd1YvRTplFwCZOylxiIGR+xIXQzqlgIxk/z3Ak9SgzDiMagqZA0F+H3RspCY8ZhkE2GDO/MrDcV//O6CQ4u/FSoOEFQfBqEQkIeZLgWWS1A+0IDIpteDlQoyplmiKAFZZxnYpL1VM76cGd/P09ap1W3Vq3dnFXql0UzJXJADskxcck5qZNr0iBNwskDeSLP5MV6tF6tN+v9Z3TBKnb2yB9YH99UMJpa</latexit>

+1<latexit sha1_base64="CxMUgBR1Aun0kyWUOdY4uyu+oKI=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxIneEqCXRxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSm5jQFFjWK3ZdTsHXyVOQWqsQHtY/RqMIpEEGJJQYEzfsWPy5qBJCoWLyiAxGIOYwgT7KQ0hQOPN87ALfpYYoIjHqLlUPBfx98YcAmNmgZ9OBkAPZtnLxP+8fkLjK28uwzghDEV2iKTC/JARWqYtIB9JjUSQJUcuQy5AAxFqyUGIVEzSWippH87y96uk06g7F/XmXbPWui6aKbMTdsrOmcMuWYvdsjZzmWCSPbFn9mLNrFfrzXr/GS1Zxc4x+wPr4xvylZLd</latexit>

2 ! 2

<latexit sha1_base64="zBrg+heMxhUTY7C2W+qDUEDvHe0="></latexit>

ATree = g2
(s2 + t2 + u2)

2
� g3stu+ g4

(s2 + t2 + u2)2

4
+ · · ·

<latexit sha1_base64="GCtESMsPU2q1Xnde10NDke3apUQ=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRCjRIETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0f2UPyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGeIpGL</latexit>

= 0

<latexit sha1_base64="cQePkb4IrfsFoCI68cRaNiWfU5Q=">AAACCHicdVDLSgNBEJz1bXzFx83LYBC8GHajJuYgiF48KhgjJDH0jh0dMju7zPQKcckP+BVe9eRNvPoXHvwXN2sEFa1TUdVNV5cfKWnJdd+ckdGx8YnJqenczOzc/EJ+cenMhrERWBOhCs25DxaV1FgjSQrPI4MQ+Arrfvdw4Ndv0FgZ6lPqRdgK4ErLjhRAqdTOryRNAYrX+3t4kWw2pe5Qr9/OF9zizm6lWi7xlFSrXtnNyFZlq8S9opuhwIY4buffm5ehiAPUJBRY2/DciFoJGJJCYT/XjC1GILpwhY2UagjQtpIsfZ+vxxYo5BEaLhXPRPy+kUBgbS/w08kA6Nr+9gbiX14jps5uK5E6igm1GBwiqTA7ZIWRaS3IL6VBIhgkRy41F2CACI3kIEQqxmlPubSPr6f5/+SsVPTKxfLJdmH/YNjMFFtla2yDeazC9tkRO2Y1Jtgtu2cP7NG5c56cZ+flc3TEGe4ssx9wXj8AyfSaCQ==</latexit>

W = e�1

<latexit sha1_base64="fuDTxQMTsOcDwis5E+c2+Sg6XPU=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIjFGiQAjSUQSIPkVjR+bIJp5zP1t0aKbLCV9BCRYdo+RcK/gXbuICEqUYzu9rZ8UIpDNr2p1VYWl5ZXSuulzY2t7Z3yrt7bRNEmkOLBzLQXY8ZkEJBCwVK6IYamO9J6HiTq9TvPIA2IlC3OA3B9dlYiZHgDBPp7mIQ1/oY1Gbng3LFrtoZ6CJxclIhOZqD8ld/GPDIB4VcMmN6jh2iGzONgkuYlfqRgZDxCRtDL6GK+WDcOEs8o0eRYRjQEDQVkmYi/N6ImW/M1PeSSZ/hvZn3UvE/rxfh6MyNhQojBMXTQygkZIcM1yKpAuhQaEBkaXKgQlHONEMELSjjPBGjpJtS0ocz//0iadeqTr1avzmpNC7zZorkgBySY+KQU9Ig16RJWoQTRZ7IM3mxHq1X6816/xktWPnOPvkD6+Mbk7iU5g==</latexit>

A2!2 =

Esclusive Amplitudes:  Unitary and Analytic but… 

<latexit sha1_base64="KYfifhj7EYcwopZWhuxhbnB6d2o=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIKihN0g6kWIiuAxQh5CNi69Y6uDsw9megVZ9iP8BL/Cq568idcc/Bc3j4Mm1qmo6qary4+VNGTbXWticmp6ZnZuvrCwuLS8Ulxda5oo0QIbIlKRvvLBoJIhNkiSwqtYIwS+wpb/cNbzW4+ojYzCOj3F2AngLpS3UgDlklfcPU5dAYq3Mm9AzjN3b/vESysuRbySXad1jZjtmsTf8Yolu2z3wceJMyQlNkTNK367N5FIAgxJKDCm7dgxdVLQJIXCrOAmBmMQD3CH7ZyGEKDppP2nMr6VGMgjxKi5VLwv4u+NFAJjngI/nwyA7s2o1xP/89oJ3R51UhnGCWEoeodIKuwfMkLLvC3kN1IjEfSSI5chF6CBCLXkIEQuJnl9hbwPZ/T7cdKslJ2D8sHlfql6Omxmjm2wTbbNHHbIquyC1ViDCfbMXtkbe7derA/r0/oajE5Yw5119gdW9wcXO6H4</latexit>

= WE (A
Tree
2!2 + sub)

<latexit sha1_base64="Ngqrc7+NXTOONE3LloWnc9wSTmE=">AAACBXicdVA9SwNBEN3zM8avqKXNYhCsjjtzJiksghqwjGBUSEKYWydxyd4Hu3OKHKn9FbZa2Ymtv8PC/+IlRlDRVz3em2HePD9W0pDjvFlT0zOzc/O5hfzi0vLKamFt/cxEiRbYFJGK9IUPBpUMsUmSFF7EGiHwFZ77g8ORf36N2sgoPKXbGDsB9EPZkwIok7qFtfYRKgJe30/bAhSvD7uFomO7bqXsVbhje9Xd0l4pI9VK1Su53LWdMYpsgka38N6+jEQSYEhCgTEt14mpk4ImKRQO8+3EYAxiAH1sZTSEAE0nHUcf8u3EAEU8Rs2l4mMRv2+kEBhzG/jZZAB0ZX57I/Evr5VQr9pJZRgnhKEYHSKpcHzICC2zTpBfSo1EMEqOXIZcgAYi1JKDEJmYZCXlsz6+nub/k7Nd2y3b5ROvWDuYNJNjm2yL7TCXVViNHbMGazLBbtg9e2CP1p31ZD1bL5+jU9ZkZ4P9gPX6AVDZmAc=</latexit>

�E < E

Inclusive Cross-sections: IR finite, but no analyticity

<latexit sha1_base64="4WOKVRqQB0jUO91Pr6ZOPcWQp+g=">AAACDXicbVDLSgNBEJz1GeNr1ZN4GQyCXsKuSPTgQdSARwVjhGwIvZNOHDL7YKZXkCX4CX6FVz15E69+gwf/xd01B43WqajqprvKj5U05Dgf1sTk1PTMbGmuPL+wuLRsr6xemSjRAhsiUpG+9sGgkiE2SJLC61gjBL7Cpj84yf3mLWojo/CS7mJsB9APZU8KoEzq2Ouekf0Atr1TVAS8fph6AhSvD3c6dsWpOgX4X+KOSIWNcN6xP71uJJIAQxIKjGm5TkztFDRJoXBY9hKDMYgB9LGV0RACNO20iDDkW4kBiniMmkvFCxF/bqQQGHMX+NlkAHRjxr1c/M9rJdQ7aKcyjBPCUOSHSCosDhmhZdYN8q7USAT558hlyAVoIEItOQiRiUlWVjnrwx1P/5dc7VbdWrV2sVc5Oh41U2IbbJNtM5ftsyN2xs5Zgwl2zx7ZE3u2HqwX69V6+x6dsEY7a+wXrPcvg6Caww==</latexit>

�(�E < E)
<latexit sha1_base64="Jnq20aiqZNRKfGZGCm3US8YjMUs=">AAACFHicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEAmWAhjJI5CHFSXS+bMIp57N1t0aKHLd8Al9BCxUdoqWn4F9wTApImGo0s3uzN14ohUHb/rSWlldW19ZzG/nNre2d3cLefsMEkeZQ54EMdMtjBqRQUEeBElqhBuZ7Epre6GrqN+9BGxGoWxyH0PHZUImB4AxTqVegron8bhy72VOxhn7iCjXAcZLQycWkW+4VinbJzkAXiTMjRTJDrVf4cvsBj3xQyCUzpu3YIXZiplFwCUnejQyEjI/YENopVcwH04mz+IQeR4ZhQEPQVEiaifB7I2a+MWPfSyd9hndm3puK/3ntCAfnnVioMEJQfBqEQkIWZLgWaUVA+0IDIpteDlQoyplmiKAFZZynYpR2lk/7cOZ/v0ga5ZJTKVVuTovVy1kzOXJIjsgJccgZqZJrUiN1wskDeSLP5MV6tF6tN+v9Z3TJmu0ckD+wPr4BCJKflw==</latexit> 1X

|A|2<latexit sha1_base64="g27SbzssCHE+9VeUHQ1IXeVeNOQ=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpgoYykchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqXQ8rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauOmaKZEjskJOSMeuSQNckeapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3LiaRUQ==</latexit>=

<latexit sha1_base64="Ngqrc7+NXTOONE3LloWnc9wSTmE=">AAACBXicdVA9SwNBEN3zM8avqKXNYhCsjjtzJiksghqwjGBUSEKYWydxyd4Hu3OKHKn9FbZa2Ymtv8PC/+IlRlDRVz3em2HePD9W0pDjvFlT0zOzc/O5hfzi0vLKamFt/cxEiRbYFJGK9IUPBpUMsUmSFF7EGiHwFZ77g8ORf36N2sgoPKXbGDsB9EPZkwIok7qFtfYRKgJe30/bAhSvD7uFomO7bqXsVbhje9Xd0l4pI9VK1Su53LWdMYpsgka38N6+jEQSYEhCgTEt14mpk4ImKRQO8+3EYAxiAH1sZTSEAE0nHUcf8u3EAEU8Rs2l4mMRv2+kEBhzG/jZZAB0ZX57I/Evr5VQr9pJZRgnhKEYHSKpcHzICC2zTpBfSo1EMEqOXIZcgAYi1JKDEJmYZCXlsz6+nub/k7Nd2y3b5ROvWDuYNJNjm2yL7TCXVViNHbMGazLBbtg9e2CP1p31ZD1bL5+jU9ZkZ4P9gPX6AVDZmAc=</latexit>

�E < E

Bloch,Nordsiek’37,Kinoshita’62,Lee,Nauenberg’64

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+ <latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="oQyWdeY36uAiF2M2XF5XA3B25/g=">AAAB+3icdVA9SwNBEN3z2/gVtbRZDIKFHHcmJimDNpYKJlGSI8xtxri4e3fszgkh5FfYamUntv4YC/+LlzOCir7q8d4M8+aFiZKWPO/NmZmdm19YXFourKyurW8UN7daNk6NwKaIVWwuQ7CoZIRNkqTwMjEIOlTYDm9PJn77Do2VcXRBwwQDDYNIXksBlElX3QFoDQf8plcsea7v16qVGvfcSv2wfFTOSL1Wr5R97rtejhKb4qxXfO/2Y5FqjEgosLbjewkFIzAkhcJxoZtaTEDcwgA7GY1Aow1GeeAx30stUMwTNFwqnov4fWME2tqhDrNJDXRjf3sT8S+vk9J1PRjJKEkJIzE5RFJhfsgKI7MmkPelQSKYJEcuIy7AABEayUGITEyzagpZH19P8/9J69D1q271vFJqHE+bWWI7bJftM5/VWIOdsjPWZIJpds8e2KMzdp6cZ+flc3TGme5ssx9wXj8ASTSUyQ==</latexit>

�, h



Inclusive 
Cross-sections

Esclusive 
Amplitudes

Unitary/Analytic
IR Safe

<latexit sha1_base64="4WOKVRqQB0jUO91Pr6ZOPcWQp+g=">AAACDXicbVDLSgNBEJz1GeNr1ZN4GQyCXsKuSPTgQdSARwVjhGwIvZNOHDL7YKZXkCX4CX6FVz15E69+gwf/xd01B43WqajqprvKj5U05Dgf1sTk1PTMbGmuPL+wuLRsr6xemSjRAhsiUpG+9sGgkiE2SJLC61gjBL7Cpj84yf3mLWojo/CS7mJsB9APZU8KoEzq2Ouekf0Atr1TVAS8fph6AhSvD3c6dsWpOgX4X+KOSIWNcN6xP71uJJIAQxIKjGm5TkztFDRJoXBY9hKDMYgB9LGV0RACNO20iDDkW4kBiniMmkvFCxF/bqQQGHMX+NlkAHRjxr1c/M9rJdQ7aKcyjBPCUOSHSCosDhmhZdYN8q7USAT558hlyAVoIEItOQiRiUlWVjnrwx1P/5dc7VbdWrV2sVc5Oh41U2IbbJNtM5ftsyN2xs5Zgwl2zx7ZE3u2HqwX69V6+x6dsEY7a+wXrPcvg6Caww==</latexit>

�(�E < E)
<latexit sha1_base64="3I2bzf3Kf1nH/UeVQTi73xdjUuU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQBGsogyENKomh92YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+OGShqy7U+rsLS8srpWXC9tbG5t75R391omiLTApghUoDsuGFTSxyZJUtgJNYLnKmy7k6vUbz+gNjLw72gaYt+DsS9HUgAl0u3FQA7KFbtqZ+CLxMlJheVoDMpfvWEgIg99EgqM6Tp2SP0YNEmhcFbqRQZDEBMYYzehPnho+nEWdcaPIgMU8BA1l4pnIv7eiMEzZuq5yaQHdG/mvVT8z+tGNDrvx9IPI0JfpIdIKswOGaFl0gHyodRIBGly5NLnAjQQoZYchEjEKCmllPThzH+/SFonVadWrd2cVuqXeTNFdsAO2TFz2Bmrs2vWYE0m2Jg9sWf2Yj1ar9ab9f4zWrDynX32B9bHN7bqkjE=</latexit>

Ai

Stripped Amplitudes: IR Finite



Inclusive 
Cross-sections

Esclusive 
Amplitudes

Unitary/Analytic
IR Safe

<latexit sha1_base64="4WOKVRqQB0jUO91Pr6ZOPcWQp+g=">AAACDXicbVDLSgNBEJz1GeNr1ZN4GQyCXsKuSPTgQdSARwVjhGwIvZNOHDL7YKZXkCX4CX6FVz15E69+gwf/xd01B43WqajqprvKj5U05Dgf1sTk1PTMbGmuPL+wuLRsr6xemSjRAhsiUpG+9sGgkiE2SJLC61gjBL7Cpj84yf3mLWojo/CS7mJsB9APZU8KoEzq2Ouekf0Atr1TVAS8fph6AhSvD3c6dsWpOgX4X+KOSIWNcN6xP71uJJIAQxIKjGm5TkztFDRJoXBY9hKDMYgB9LGV0RACNO20iDDkW4kBiniMmkvFCxF/bqQQGHMX+NlkAHRjxr1c/M9rJdQ7aKcyjBPCUOSHSCosDhmhZdYN8q7USAT558hlyAVoIEItOQiRiUlWVjnrwx1P/5dc7VbdWrV2sVc5Oh41U2IbbJNtM5ftsyN2xs5Zgwl2zx7ZE3u2HqwX69V6+x6dsEY7a+wXrPcvg6Caww==</latexit>
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<latexit sha1_base64="OWe3rrtKBHnMsIaOi3Xtrg6QNYU=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hd0g0WNUBI8RzAPyonfSiUNmH8z0CmGTi1/hVU/exKt/4sF/cRP3oIl1Kqq66epyQyUN2fantbS8srq2ntnIbm5t7+zm9vZrJoi0wKoIVKAbLhhU0scqSVLYCDWC5yqsu8OrqV9/QG1k4N/RKMS2BwNf9qUASqTO+KIbtwQofj0Zd4rdXN4u2DPwReKkJM9SVLq5r1YvEJGHPgkFxjQdO6R2DJqkUDjJtiKDIYghDLCZUB88NO14lnrCjyMDFPAQNZeKz0T8vRGDZ8zIc5NJD+jezHtT8T+vGVH/vB1LP4wIfTE9RFLh7JARWiZ1IO9JjUQwTY5c+lyABiLUkoMQiRgl/WSTPpz57xdJrVhwSoXS7Wm+fJk2k2GH7IidMIedsTK7YRVWZYJp9sSe2Yv1aL1ab9b7z+iSle4csD+wPr4BuBeWpw==</latexit>

|AE |2

Stripped 
Amplitudes

Unitary/Analytic
IR Safe

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E

In this work

Stripped Amplitudes: IR Finite

Regulator
<latexit sha1_base64="V0LXJ5TA5HIpgCW+zKWHJQgiRO8=">AAAB/nicdVDLSgNBEJz1GeMr6tHLYBC8uOwma5KLENSDxwjmAUkIs5NOHJydHWZ6BQkBv8KrnryJV3/Fg//iJkZQ0ToVVd10dYVaCoue9+bMzS8sLi1nVrKra+sbm7mt7YaNE8OhzmMZm1bILEihoI4CJbS0ARaFEprh9enEb96AsSJWl3iroRuxoRIDwRmmUqcD2goZq+Ozw6CXy3uu75dLQZl6blApFI+KKamUK0HRp77rTZEnM9R6ufdOP+ZJBAq5ZNa2fU9jd8QMCi5hnO0kFjTj12wI7ZQqFoHtjqaZx3Q/sQxjqsFQIelUhO8bIxZZexuF6WTE8Mr+9ibiX147wUGlOxJKJwiKTw6hkDA9ZLkRaRlA+8IAIpskByoU5cwwRDCCMs5TMUnbyaZ9fD1N/yeNguuX3NJFkK+ezJrJkF2yRw6IT8qkSs5JjdQJJ5rckwfy6Nw5T86z8/I5OufMdnbIDzivH429lgw=</latexit>

✏ = D � 4

are formal amplitudes of finite size        experiments 

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E

<latexit sha1_base64="6z/+qgz8Fa5GUHlQraFIG9bEn2Q=">AAAB/3icdVDLSgNBEJz1GeMr6tHLYBC8uOyamOQYFMFjBJMIyRp6x04cnH040yvIkoNf4VVP3sSrn+LBf3ETI6honYqqbrq6/FhJQ47zZk1Nz8zOzecW8otLyyurhbX1lokSLbApIhXpMx8MKhlikyQpPIs1QuArbPtXhyO/fYPayCg8pdsYvQAGoexLAZRJXtoVoPjR8DzddYe9QtGxXbdaKVe5Y5dre6X9UkZq1Vq55HLXdsYosgkavcJ79yISSYAhCQXGdFwnJi8FTVIoHOa7icEYxBUMsJPREAI0XjoOPeTbiQGKeIyaS8XHIn7fSCEw5jbws8kA6NL89kbiX14noX7NS2UYJ4ShGB0iqXB8yAgtszaQX0iNRDBKjlyGXIAGItSSgxCZmGT15LM+vp7m/5PWnu1W7MpJuVg/mDSTY5tsi+0wl1VZnR2zBmsywa7ZPXtgj9ad9WQ9Wy+fo1PWZGeD/YD1+gFS2pZ7</latexit>

E�1

Regulator   disappears, physical    remains: 
                             it specify initial/final states!

<latexit sha1_base64="KG59yny7Tug/n8aDRsNzn5bcx+E=">AAAB+nicdVDLSgNBEJyNrxhfUY9eBoPgadlNYpJjUASPEcwDkhB6J504OPtgplcIa37Cq568iVd/xoP/4iZGUNE6FVXddHV5kZKGHOfNyiwtr6yuZddzG5tb2zv53b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3s3ZzG/fojYyDK5oEmHfh3EgR1IApVIn6QlQ/Hw6yBcc23WrlXKVO3a5ViydlFJSq9bKJZe7tjNHgS3QGOTfe8NQxD4GJBQY03WdiPoJaJJC4TTXiw1GIG5gjN2UBuCj6SfzvFN+FBugkEeouVR8LuL3jQR8Yya+l076QNfmtzcT//K6MY1q/UQGUUwYiNkhkgrnh4zQMi0C+VBqJIJZcuQy4AI0EKGWHIRIxThtJpf28fU0/5+0irZbsSuX5UL9dNFMlh2wQ3bMXFZldXbBGqzJBFPsnj2wR+vOerKerZfP0Yy12NlnP2C9fgDgDJSV</latexit>

E<latexit sha1_base64="U1jEO+wKOU/Az+7HcfHO2Kgcoqc=">AAAB+nicdVDLTsJAFJ3iC/GFunQzkZi4alqo0CXRjUtM5JFAQ6bDBSdMp83MrQlBfsKtrtwZt/6MC//Fgpio0bM6Oefe3HNPmEhh0HHerNzK6tr6Rn6zsLW9s7tX3D9omTjVHJo8lrHuhMyAFAqaKFBCJ9HAolBCOxxfzP32LWgjYnWNkwSCiI2UGArOMJM6PUiMkLHqF0uO7bq1qlejju355cpZJSN+zfcqLnVtZ4ESWaLRL773BjFPI1DIJTOm6zoJBlOmUXAJs0IvNZAwPmYj6GZUsQhMMF3kndGT1DCMaQKaCkkXInzfmLLImEkUZpMRwxvz25uLf3ndFId+MBUqSREUnx9CIWFxyHAtsiKADoQGRDZPDlQoyplmiKAFZZxnYpo1U8j6+Hqa/k9aZdut2tUrr1Q/XzaTJ0fkmJwSl9RInVySBmkSTiS5Jw/k0bqznqxn6+VzNGctdw7JD1ivH4qdlQI=</latexit>✏



Stripped Amplitudes: Analytic

Weinberg’65

QED:

only for real kinematics!

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E



Stripped Amplitudes: Analytic

Weinberg’65

QED:

only for real kinematics!

Analytic continuation:
Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E



Stripped Amplitudes: Analytic

Weinberg’65

QED:

only for real kinematics!

Analytic continuation:
Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25 >>
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<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E



Stripped Amplitudes: Analytic

Weinberg’65

QED:

only for real kinematics!

Analytic continuation:
Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25 >>
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e

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

<latexit sha1_base64="g27SbzssCHE+9VeUHQ1IXeVeNOQ=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpgoYykchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqXQ8rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauOmaKZEjskJOSMeuSQNckeapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3LiaRUQ==</latexit>=

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E



Stripped Amplitudes: Analytic

Weinberg’65

QED:

only for real kinematics!

Analytic continuation:
Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25 >>
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e

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

<latexit sha1_base64="g27SbzssCHE+9VeUHQ1IXeVeNOQ=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpgoYykchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqXQ8rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauOmaKZEjskJOSMeuSQNckeapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3LiaRUQ==</latexit>= <latexit sha1_base64="iI67VwcMeFv6//Dg3gKhAB2aK5U=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrd9CgeVql2zc7BF4hSkCgWag8pXfxiK2MeAhOLG9Bw7IjfhmqRQOCv3Y4MRFxM+xl5KA+6jcZM86owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tvdm3svE/7xeTKMLN5FBFBMGIjtEUmF+yAgt0w6QDaVGIp4lRyYDJrjmRKgl40KkYpyWUk77cOa/XyTt05pTr9VvzqqNy6KZEhzCEZyAA+fQgGtoQgsEjOEJnuHFerRerTfr/Wd0ySp2DuAPrI9vC26SZw==</latexit>!
<latexit sha1_base64="V7yaw78e7wcp6puTeNAHhncKJC0=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVnS+bMyRu7N1t0YKVv6BFio6RMvfUPAv2CYFJEw1mtnVzk4QS2HRdT+dpeWV1bX10kZ5c2t7Z7eyt9+2UWI4tHgkI9MNmAUpNLRQoIRubICpQEInGF/lfucBjBWRvsVJDL5ioRYjwRlmUtv2w5CqQaXq1twCdJF4M1IlMzQHla/+MOKJAo1cMmt7nhujnzKDgkuYlvuJhZjxMQuhl1HNFFg/LdJO6XFiGUY0BkOFpIUIvzdSpqydqCCbVAzv7LyXi/95vQRHF34qdJwgaJ4fQiGhOGS5EVkNQIfCACLLkwMVmnJmGCIYQRnnmZhkvZSzPrz57xdJ+7Tm1Wv1m7Nq43LWTIkckiNyQjxyThrkmjRJi3ByT57IM3lxHp1X5815/xldcmY7B+QPnI9v7UeTcA==</latexit>

s � m

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E



Stripped Amplitudes: Analytic

Weinberg’65

QED:

only for real kinematics!

Analytic continuation:
Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25 >>
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<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

<latexit sha1_base64="g27SbzssCHE+9VeUHQ1IXeVeNOQ=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpgoYykchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqXQ8rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauOmaKZEjskJOSMeuSQNckeapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3LiaRUQ==</latexit>= <latexit sha1_base64="iI67VwcMeFv6//Dg3gKhAB2aK5U=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrd9CgeVql2zc7BF4hSkCgWag8pXfxiK2MeAhOLG9Bw7IjfhmqRQOCv3Y4MRFxM+xl5KA+6jcZM86owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tvdm3svE/7xeTKMLN5FBFBMGIjtEUmF+yAgt0w6QDaVGIp4lRyYDJrjmRKgl40KkYpyWUk77cOa/XyTt05pTr9VvzqqNy6KZEhzCEZyAA+fQgGtoQgsEjOEJnuHFerRerTfr/Wd0ySp2DuAPrI9vC26SZw==</latexit>!
<latexit sha1_base64="V7yaw78e7wcp6puTeNAHhncKJC0=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVnS+bMyRu7N1t0YKVv6BFio6RMvfUPAv2CYFJEw1mtnVzk4QS2HRdT+dpeWV1bX10kZ5c2t7Z7eyt9+2UWI4tHgkI9MNmAUpNLRQoIRubICpQEInGF/lfucBjBWRvsVJDL5ioRYjwRlmUtv2w5CqQaXq1twCdJF4M1IlMzQHla/+MOKJAo1cMmt7nhujnzKDgkuYlvuJhZjxMQuhl1HNFFg/LdJO6XFiGUY0BkOFpIUIvzdSpqydqCCbVAzv7LyXi/95vQRHF34qdJwgaJ4fQiGhOGS5EVkNQIfCACLLkwMVmnJmGCIYQRnnmZhkvZSzPrz57xdJ+7Tm1Wv1m7Nq43LWTIkckiNyQjxyThrkmjRJi3ByT57IM3lxHp1X5815/xldcmY7B+QPnI9v7UeTcA==</latexit>

s � m
<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E

has same analyticity as    and respects Froissart          !
<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E

<latexit sha1_base64="YyJI33nHLpS9qTw7l/kQ3J7mx04=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKtgRCpQBGsogkQdKTHS+bMIp57N1t0aKrHwFLVR0iJaPoeBfsI0LSJhqNLOrnR0vlMKgbX9ahaXlldW14nppY3Nre6e8u9c2QaQ5tHggA931mAEpFLRQoIRuqIH5noSON7lK/c4jaCMCdYvTEFyfjZUYCc4wke4uTsx9rY+BPShX7KqdgS4SJycVkqM5KH/1hwGPfFDIJTOm59ghujHTKLiEWakfGQgZn7Ax9BKqmA/GjbPAM3oUGYYBDUFTIWkmwu+NmPnGTH0vmfQZPph5LxX/83oRjs7dWKgwQlA8PYRCQnbIcC2SJoAOhQZEliYHKhTlTDNE0IIyzhMxSqopJX04898vknat6tSr9ZvTSuMyb6ZIDsghOSYOOSMNck2apEU48ckTeSYv1sx6td6s95/RgpXv7JM/sD6+AYBYlEY=</latexit>

A/s2 ! 0
<latexit sha1_base64="ztVftXgys1WqJEMcwtDC0dJGba8=">AAAB/HicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjJI5CFiKzpfNuGU89m6WyNFUfgKWqjoEC3/QsG/YIcUkDDVaGZXOzthoqQl1/10lpZXVtfWCxvFza3tnd3S3n7TxqkR2BCxik075BaV1NggSQrbiUEehQpb4fAq91sPaKyM9S2NEgwiPtCyLwWnTLqzPsW+1H0adUtlt+JOwRaJNyNlmKHeLX35vVikEWoSilvb8dyEgjE3JIXCSdFPLSZcDPkAOxnVPEIbjKeJJ+w4tZxilqBhUrGpiL83xjyydhSF2WTE6d7Oe7n4n9dJqX8RjKVOUkIt8kMkFU4PWWFkVgWynjRIxPPkyKRmghtOhEYyLkQmplk3xawPb/77RdI8rXjVSvXmrFy7nDVTgEM4ghPw4BxqcA11aIAADU/wDC/Oo/PqvDnvP6NLzmznAP7A+fgGwh6Vpg==</latexit>

s ! 1

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E



Stripped Amplitudes: Analytic

Weinberg’65

QED:

only for real kinematics!

Analytic continuation:
Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25 >>
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e

<latexit sha1_base64="l78Ca1HGNizbsESl+LfiEMRtCMQ=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUtkblimVe1GsNp0pT0mjYjpWTs9pZldqmlaNClmiNyu/DcchjHwLkkmk9sK0I3YQpFFzCojSMNUSMz9gUBikNmA/aTfKgC3oSa4YhjUBRIWkuwveNhPlaz30vnfQZ3urfXib+5Q1inNTdRARRjBDw7BAKCfkhzZVIGwA6FgoQWZYcqAgoZ4ohghKUcZ6KcVpJKe3j62n6P+lWTdsxnfZ5pXm5bKZIjsgxOSU2qZEmuSYt0iGcALknD+TRiI0n49l4+RwtGMudQ/IDxusHqWiRpA==</latexit>

0

<latexit sha1_base64="g27SbzssCHE+9VeUHQ1IXeVeNOQ=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpgoYykchDSqzofNmEU85n624PKbLyBbRQ0SFaPoiCf8E2LiBhqtHMrnZ2glgKg6776aysrq1vbJa2yts7u3v7lYPDjoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqXQ8rVbfm5qDLxCtIlRRoDitfg1HEbQgKuWTG9D03Rj9hGgWXMC8PrIGY8SmbQD+lioVg/CQPOqen1jCMaAyaCklzEX5vJCw0ZhYG6WTI8MEsepn4n9e3OL7yE6Fii6B4dgiFhPyQ4VqkDQAdCQ2ILEsOVCjKmWaIoAVlnKeiTSspp314i98vk855zavX6q2LauOmaKZEjskJOSMeuSQNckeapE04AfJEnsmLY51X5815/xldcYqdI/IHzsc3LiaRUQ==</latexit>= <latexit sha1_base64="iI67VwcMeFv6//Dg3gKhAB2aK5U=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pASKzpfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJleZ33lAbWQY3NE0Qtfn40COpOCUSrd9CgeVql2zc7BF4hSkCgWag8pXfxiK2MeAhOLG9Bw7IjfhmqRQOCv3Y4MRFxM+xl5KA+6jcZM86owdx4ZTyCLUTCqWi/h7I+G+MVPfSyd9Tvdm3svE/7xeTKMLN5FBFBMGIjtEUmF+yAgt0w6QDaVGIp4lRyYDJrjmRKgl40KkYpyWUk77cOa/XyTt05pTr9VvzqqNy6KZEhzCEZyAA+fQgGtoQgsEjOEJnuHFerRerTfr/Wd0ySp2DuAPrI9vC26SZw==</latexit>!
<latexit sha1_base64="V7yaw78e7wcp6puTeNAHhncKJC0=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVnS+bMyRu7N1t0YKVv6BFio6RMvfUPAv2CYFJEw1mtnVzk4QS2HRdT+dpeWV1bX10kZ5c2t7Z7eyt9+2UWI4tHgkI9MNmAUpNLRQoIRubICpQEInGF/lfucBjBWRvsVJDL5ioRYjwRlmUtv2w5CqQaXq1twCdJF4M1IlMzQHla/+MOKJAo1cMmt7nhujnzKDgkuYlvuJhZjxMQuhl1HNFFg/LdJO6XFiGUY0BkOFpIUIvzdSpqydqCCbVAzv7LyXi/95vQRHF34qdJwgaJ4fQiGhOGS5EVkNQIfCACLLkwMVmnJmGCIYQRnnmZhkvZSzPrz57xdJ+7Tm1Wv1m7Nq43LWTIkckiNyQjxyThrkmjRJi3ByT57IM3lxHp1X5815/xldcmY7B+QPnI9v7UeTcA==</latexit>

s � m

… and similarly in Gravity!

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E

has same analyticity as    and respects Froissart          !
<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E

<latexit sha1_base64="YyJI33nHLpS9qTw7l/kQ3J7mx04=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKtgRCpQBGsogkQdKTHS+bMIp57N1t0aKrHwFLVR0iJaPoeBfsI0LSJhqNLOrnR0vlMKgbX9ahaXlldW14nppY3Nre6e8u9c2QaQ5tHggA931mAEpFLRQoIRuqIH5noSON7lK/c4jaCMCdYvTEFyfjZUYCc4wke4uTsx9rY+BPShX7KqdgS4SJycVkqM5KH/1hwGPfFDIJTOm59ghujHTKLiEWakfGQgZn7Ax9BKqmA/GjbPAM3oUGYYBDUFTIWkmwu+NmPnGTH0vmfQZPph5LxX/83oRjs7dWKgwQlA8PYRCQnbIcC2SJoAOhQZEliYHKhTlTDNE0IIyzhMxSqopJX04898vknat6tSr9ZvTSuMyb6ZIDsghOSYOOSMNck2apEU48ckTeSYv1sx6td6s95/RgpXv7JM/sD6+AYBYlEY=</latexit>

A/s2 ! 0
<latexit sha1_base64="ztVftXgys1WqJEMcwtDC0dJGba8=">AAAB/HicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjJI5CFiKzpfNuGU89m6WyNFUfgKWqjoEC3/QsG/YIcUkDDVaGZXOzthoqQl1/10lpZXVtfWCxvFza3tnd3S3n7TxqkR2BCxik075BaV1NggSQrbiUEehQpb4fAq91sPaKyM9S2NEgwiPtCyLwWnTLqzPsW+1H0adUtlt+JOwRaJNyNlmKHeLX35vVikEWoSilvb8dyEgjE3JIXCSdFPLSZcDPkAOxnVPEIbjKeJJ+w4tZxilqBhUrGpiL83xjyydhSF2WTE6d7Oe7n4n9dJqX8RjKVOUkIt8kMkFU4PWWFkVgWynjRIxPPkyKRmghtOhEYyLkQmplk3xawPb/77RdI8rXjVSvXmrFy7nDVTgEM4ghPw4BxqcA11aIAADU/wDC/Oo/PqvDnvP6NLzmznAP7A+fgGwh6Vpg==</latexit>

s ! 1

<latexit sha1_base64="QbfC6cdDVEL/aWkvVKFBiUX/JmA="></latexit>

AE ⌘ lim
✏!0

A✏

W✏
E



Effectively 2 QED couplings:

Captures leading IR effectsCaptures finite perturbative effects

Stripped Amplitudes: Unitary and Positive



Effectively 2 QED couplings:
Typical scale of interaction

1/Size of experimental apparatus
<latexit sha1_base64="K1Xp5mWPb28GEavS6yADzDvpiEI=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pCSKDpfNuaU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7LiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2XG1QywBZJUtiNNHLfVdhxJ1eZ33lAbWQY3NE0woHPvUCOpeCUSrd9zxtWqnbNzsEWiVOQKhRoDitf/VEoYh8DEoob03PsiAYJ1ySFwlm5HxuMuJhwD3spDbiPZpDkUWfsODacQhahZlKxXMTfGwn3jZn6bjrpc7o3814m/uf1YhpfDBIZRDFhILJDJBXmh4zQMu0A2UhqJOJZcmQyYIJrToRaMi5EKsZpKeW0D2f++0XSPq059Vr95qzauCyaKcEhHMEJOHAODbiGJrRAgAdP8Awv1qP1ar1Z7z+jS1axcwB/YH18A+qXklI=</latexit>

�
Captures leading IR effectsCaptures finite perturbative effects

Stripped Amplitudes: Unitary and Positive



Effectively 2 QED couplings:
Typical scale of interaction

1/Size of experimental apparatus
<latexit sha1_base64="K1Xp5mWPb28GEavS6yADzDvpiEI=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pCSKDpfNuaU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7LiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2XG1QywBZJUtiNNHLfVdhxJ1eZ33lAbWQY3NE0woHPvUCOpeCUSrd9zxtWqnbNzsEWiVOQKhRoDitf/VEoYh8DEoob03PsiAYJ1ySFwlm5HxuMuJhwD3spDbiPZpDkUWfsODacQhahZlKxXMTfGwn3jZn6bjrpc7o3814m/uf1YhpfDBIZRDFhILJDJBXmh4zQMu0A2UhqJOJZcmQyYIJrToRaMi5EKsZpKeW0D2f++0XSPq059Vr95qzauCyaKcEhHMEJOHAODbiGJrRAgAdP8Awv1qP1ar1Z7z+jS1axcwB/YH18A+qXklI=</latexit>

�
Captures leading IR effectsCaptures finite perturbative effects

Stripped Amplitudes: Unitary and Positive



Effectively 2 QED couplings:
Typical scale of interaction

1/Size of experimental apparatus
<latexit sha1_base64="K1Xp5mWPb28GEavS6yADzDvpiEI=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pCSKDpfNuaU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7LiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2XG1QywBZJUtiNNHLfVdhxJ1eZ33lAbWQY3NE0woHPvUCOpeCUSrd9zxtWqnbNzsEWiVOQKhRoDitf/VEoYh8DEoob03PsiAYJ1ySFwlm5HxuMuJhwD3spDbiPZpDkUWfsODacQhahZlKxXMTfGwn3jZn6bjrpc7o3814m/uf1YhpfDBIZRDFhILJDJBXmh4zQMu0A2UhqJOJZcmQyYIJrToRaMi5EKsZpKeW0D2f++0XSPq059Vr95qzauCyaKcEhHMEJOHAODbiGJrRAgAdP8Awv1qP1ar1Z7z+jS1axcwB/YH18A+qXklI=</latexit>

�
Captures leading IR effectsCaptures finite perturbative effects

In gravity:

Stripped Amplitudes: Unitary and Positive



Effectively 2 QED couplings:
Typical scale of interaction

1/Size of experimental apparatus
<latexit sha1_base64="K1Xp5mWPb28GEavS6yADzDvpiEI=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pCSKDpfNuaU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7LiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2XG1QywBZJUtiNNHLfVdhxJ1eZ33lAbWQY3NE0woHPvUCOpeCUSrd9zxtWqnbNzsEWiVOQKhRoDitf/VEoYh8DEoob03PsiAYJ1ySFwlm5HxuMuJhwD3spDbiPZpDkUWfsODacQhahZlKxXMTfGwn3jZn6bjrpc7o3814m/uf1YhpfDBIZRDFhILJDJBXmh4zQMu0A2UhqJOJZcmQyYIJrToRaMi5EKsZpKeW0D2f++0XSPq059Vr95qzauCyaKcEhHMEJOHAODbiGJrRAgAdP8Awv1qP1ar1Z7z+jS1axcwB/YH18A+qXklI=</latexit>

�
Captures leading IR effectsCaptures finite perturbative effects

In gravity:

subleading in    and<latexit sha1_base64="c7oRbCbq/xvY6KPG481M29Asgfg=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHxtNkFBI5ELx4xkUcChPQODYzMPjLTa4KEf/CqJ2/Gq3/jwX9xQUzUaJ0qVd3p6vIiJQ05zpuVWlldW99Ib2a2tnd297L7Bw0TxlpgXYQq1C0PDCoZYJ0kKWxFGsH3FDa98cXcb96iNjIMrmkSYdeHYSAHUgAlUqMDKhpBL5tzbNctl4pl7tjFSr5wVkhIpVwpFlzu2s4CObZErZd97/RDEfsYkFBgTNt1IupOQZMUCmeZTmwwAjGGIbYTGoCPpjtdpJ3xk9gAhTxCzaXiCxG/b0zBN2bie8mkDzQyv725+JfXjmlQ6U5lEMWEgZgfIqlwccgILZMakPelRiKYJ0cuAy5AAxFqyUGIRIyTXjJJH19P8/9JI2+7Jbt0VcxVz5fNpNkRO2anzGVlVmWXrMbqTLAbds8e2KN1Zz1Zz9bL52jKWu4csh+wXj8AvruT+g==</latexit>↵
<latexit sha1_base64="KG59yny7Tug/n8aDRsNzn5bcx+E=">AAAB+nicdVDLSgNBEJyNrxhfUY9eBoPgadlNYpJjUASPEcwDkhB6J504OPtgplcIa37Cq568iVd/xoP/4iZGUNE6FVXddHV5kZKGHOfNyiwtr6yuZddzG5tb2zv53b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3s3ZzG/fojYyDK5oEmHfh3EgR1IApVIn6QlQ/Hw6yBcc23WrlXKVO3a5ViydlFJSq9bKJZe7tjNHgS3QGOTfe8NQxD4GJBQY03WdiPoJaJJC4TTXiw1GIG5gjN2UBuCj6SfzvFN+FBugkEeouVR8LuL3jQR8Yya+l076QNfmtzcT//K6MY1q/UQGUUwYiNkhkgrnh4zQMi0C+VBqJIJZcuQy4AI0EKGWHIRIxThtJpf28fU0/5+0irZbsSuX5UL9dNFMlh2wQ3bMXFZldXbBGqzJBFPsnj2wR+vOerKerZfP0Yy12NlnP2C9fgDgDJSV</latexit>

E

Hard Amplitude: only propagates photons with 
<latexit sha1_base64="tKbvw3YB3V7nNwgOqXiorD6MGWc=">AAACBnicdVA9SwNBEN2L3/ErammzGASrcJdoYhoRRbBUMBpIQphbJ3HJ7t2xOyfKkd5fYauVndj6Nyz8L17OCCr6qsd7M8yb50dKWnLdNyc3MTk1PTM7l59fWFxaLqysntswNgIbIlShafpgUckAGyRJYTMyCNpXeOEPDkf+xTUaK8PgjG4j7GjoB7InBVAqdQurR912H7QGvpe0BSh+NOwWim5pZ7dWr5Z5Sup1r+pmpFKrlLlXcjMU2Rgn3cJ7+zIUscaAhAJrW54bUScBQ1IoHObbscUIxAD62EppABptJ8myD/lmbIFCHqHhUvFMxO8bCWhrb7WfTmqgK/vbG4l/ea2YerudRAZRTBiI0SGSCrNDVhiZloL8UhokglFy5DLgAgwQoZEchEjFOG0pn/bx9TT/n5yXS161VD3dLu4fjJuZZetsg20xj9XYPjtmJ6zBBLth9+yBPTp3zpPz7Lx8juac8c4a+wHn9QNQ5ZiZ</latexit>

E� > E

Stripped Amplitudes: Unitary and Positive



Effectively 2 QED couplings:
Typical scale of interaction

1/Size of experimental apparatus
<latexit sha1_base64="K1Xp5mWPb28GEavS6yADzDvpiEI=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pCSKDpfNuaU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7LiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2XG1QywBZJUtiNNHLfVdhxJ1eZ33lAbWQY3NE0woHPvUCOpeCUSrd9zxtWqnbNzsEWiVOQKhRoDitf/VEoYh8DEoob03PsiAYJ1ySFwlm5HxuMuJhwD3spDbiPZpDkUWfsODacQhahZlKxXMTfGwn3jZn6bjrpc7o3814m/uf1YhpfDBIZRDFhILJDJBXmh4zQMu0A2UhqJOJZcmQyYIJrToRaMi5EKsZpKeW0D2f++0XSPq059Vr95qzauCyaKcEhHMEJOHAODbiGJrRAgAdP8Awv1qP1ar1Z7z+jS1axcwB/YH18A+qXklI=</latexit>

�
Captures leading IR effectsCaptures finite perturbative effects

In gravity:

subleading in    and<latexit sha1_base64="c7oRbCbq/xvY6KPG481M29Asgfg=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHxtNkFBI5ELx4xkUcChPQODYzMPjLTa4KEf/CqJ2/Gq3/jwX9xQUzUaJ0qVd3p6vIiJQ05zpuVWlldW99Ib2a2tnd297L7Bw0TxlpgXYQq1C0PDCoZYJ0kKWxFGsH3FDa98cXcb96iNjIMrmkSYdeHYSAHUgAlUqMDKhpBL5tzbNctl4pl7tjFSr5wVkhIpVwpFlzu2s4CObZErZd97/RDEfsYkFBgTNt1IupOQZMUCmeZTmwwAjGGIbYTGoCPpjtdpJ3xk9gAhTxCzaXiCxG/b0zBN2bie8mkDzQyv725+JfXjmlQ6U5lEMWEgZgfIqlwccgILZMakPelRiKYJ0cuAy5AAxFqyUGIRIyTXjJJH19P8/9JI2+7Jbt0VcxVz5fNpNkRO2anzGVlVmWXrMbqTLAbds8e2KN1Zz1Zz9bL52jKWu4csh+wXj8AvruT+g==</latexit>↵
<latexit sha1_base64="KG59yny7Tug/n8aDRsNzn5bcx+E=">AAAB+nicdVDLSgNBEJyNrxhfUY9eBoPgadlNYpJjUASPEcwDkhB6J504OPtgplcIa37Cq568iVd/xoP/4iZGUNE6FVXddHV5kZKGHOfNyiwtr6yuZddzG5tb2zv53b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3s3ZzG/fojYyDK5oEmHfh3EgR1IApVIn6QlQ/Hw6yBcc23WrlXKVO3a5ViydlFJSq9bKJZe7tjNHgS3QGOTfe8NQxD4GJBQY03WdiPoJaJJC4TTXiw1GIG5gjN2UBuCj6SfzvFN+FBugkEeouVR8LuL3jQR8Yya+l076QNfmtzcT//K6MY1q/UQGUUwYiNkhkgrnh4zQMi0C+VBqJIJZcuQy4AI0EKGWHIRIxThtJpf28fU0/5+0irZbsSuX5UL9dNFMlh2wQ3bMXFZldXbBGqzJBFPsnj2wR+vOerKerZfP0Yy12NlnP2C9fgDgDJSV</latexit>

E

Hard Amplitude: only propagates photons with 
<latexit sha1_base64="tKbvw3YB3V7nNwgOqXiorD6MGWc=">AAACBnicdVA9SwNBEN2L3/ErammzGASrcJdoYhoRRbBUMBpIQphbJ3HJ7t2xOyfKkd5fYauVndj6Nyz8L17OCCr6qsd7M8yb50dKWnLdNyc3MTk1PTM7l59fWFxaLqysntswNgIbIlShafpgUckAGyRJYTMyCNpXeOEPDkf+xTUaK8PgjG4j7GjoB7InBVAqdQurR912H7QGvpe0BSh+NOwWim5pZ7dWr5Z5Sup1r+pmpFKrlLlXcjMU2Rgn3cJ7+zIUscaAhAJrW54bUScBQ1IoHObbscUIxAD62EppABptJ8myD/lmbIFCHqHhUvFMxO8bCWhrb7WfTmqgK/vbG4l/ea2YerudRAZRTBiI0SGSCrNDVhiZloL8UhokglFy5DLgAgwQoZEchEjFOG0pn/bx9TT/n5yXS161VD3dLu4fjJuZZetsg20xj9XYPjtmJ6zBBLth9+yBPTp3zpPz7Lx8juac8c4a+wHn9QNQ5ZiZ</latexit>

E� > E

Is unitary (equivalent to            theory)
<latexit sha1_base64="+NZiuqr3ASj4kSmdiFvvDWsfYQE=">AAACBnicbVA9SwNBEN2LXzF+xVjaLAbBKtyJRBshKIJlBPMBSQhzm0lcsnt37M6J4Ujvr7DVyk5s/RsW/hcvMYUmvurx3gzz5vmRkpZc99PJLC2vrK5l13Mbm1vbO/ndQt2GsRFYE6EKTdMHi0oGWCNJCpuRQdC+woY/vJz4jXs0VobBLY0i7GgYBLIvBVAqdfMF3W0PQGvg50lbgOJX426+6JbcKfgi8WakyGaodvNf7V4oYo0BCQXWtjw3ok4ChqRQOM61Y4sRiCEMsJXSADTaTjLNPuaHsQUKeYSGS8WnIv7eSEBbO9J+OqmB7uy8NxH/81ox9c86iQyimDAQk0MkFU4PWWFkWgrynjRIBJPkyGXABRggQiM5CJGKcdpSLu3Dm/9+kdSPS165VL45KVYuZs1k2T47YEfMY6eswq5ZldWYYA/siT2zF+fReXXenPef0Ywz29ljf+B8fAMAyZhg</latexit>

m� = E

Stripped Amplitudes: Unitary and Positive



<latexit sha1_base64="E5TUmBDN+Q5ySMKVX4ZloGeUYbc=">AAAB9nicbVC7TsNAEFyHVwivACXNiQiJyrIRCpQRNJRBIiFSEkXnyyY55fzQ3RoRWfkFWqjoEC2/Q8G/YBsXkDDVaGZXOztepKQhx/m0Siura+sb5c3K1vbO7l51/6BtwlgLbIlQhbrjcYNKBtgiSQo7kUbuewrvvel15t8/oDYyDO5oFmHf5+NAjqTglEloj+1BtebYTg62TNyC1KBAc1D96g1DEfsYkFDcmK7rRNRPuCYpFM4rvdhgxMWUj7Gb0oD7aPpJnnXOTmLDKWQRaiYVy0X8vZFw35iZ76WTPqeJWfQy8T+vG9Posp/IIIoJA5EdIqkwP2SElmkJyIZSIxHPkiOTARNccyLUknEhUjFOW6mkfbiL3y+T9pnt1u367XmtcVU0U4YjOIZTcOECGnADTWiBgAk8wTO8WI/Wq/Vmvf+Mlqxi5xD+wPr4Bg1Oklo=</latexit>e.g.

<latexit sha1_base64="2hesPHJlM4oVE+N/PSer7mk8O3k=">AAACHHicbVDLSsNAFJ34tr6qLt0MFqEilEREXfrYuFPB2kJTys30th2cTOLMjSAhv+An+BVudeVO3Aou/BfT2IWvszqcc58niJW05Lrvztj4xOTU9MxsaW5+YXGpvLxyaaPECKyLSEWmGYBFJTXWSZLCZmwQwkBhI7g6HvqNGzRWRvqCbmNsh9DXsicFUC51ytXUL4akBrtZzkHxw6yjM7+P19zlW6dVH1Q8gM1OueLW3AL8L/FGpMJGOOuUP/xuJJIQNQkF1rY8N6Z2CoakUJiV/MRiDOIK+tjKqYYQbTstjsn4RmKBIh6j4VLxQsTvHSmE1t6GQV4ZAg3sb28o/ue1Eurtt1Op44RQi+EikgqLRVYYmUeFvCsNEsHwcuRScwEGiNBIDkLkYpJnV8rz8H5//5dcbte83dru+U7l4GiUzAxbY+usyjy2xw7YCTtjdSbYHXtgj+zJuXeenRfn9at0zBn1rLIfcN4+AdPIoVk=</latexit>

An � 0 +O(↵)

Leads to positivity at all orders in    and L.O. in

Effectively 2 QED couplings:
Typical scale of interaction

1/Size of experimental apparatus
<latexit sha1_base64="K1Xp5mWPb28GEavS6yADzDvpiEI=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjII8pCSKDpfNuaU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7LiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F2XG1QywBZJUtiNNHLfVdhxJ1eZ33lAbWQY3NE0woHPvUCOpeCUSrd9zxtWqnbNzsEWiVOQKhRoDitf/VEoYh8DEoob03PsiAYJ1ySFwlm5HxuMuJhwD3spDbiPZpDkUWfsODacQhahZlKxXMTfGwn3jZn6bjrpc7o3814m/uf1YhpfDBIZRDFhILJDJBXmh4zQMu0A2UhqJOJZcmQyYIJrToRaMi5EKsZpKeW0D2f++0XSPq059Vr95qzauCyaKcEhHMEJOHAODbiGJrRAgAdP8Awv1qP1ar1Z7z+jS1axcwB/YH18A+qXklI=</latexit>

�
Captures leading IR effectsCaptures finite perturbative effects

In gravity:

subleading in    and<latexit sha1_base64="c7oRbCbq/xvY6KPG481M29Asgfg=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHxtNkFBI5ELx4xkUcChPQODYzMPjLTa4KEf/CqJ2/Gq3/jwX9xQUzUaJ0qVd3p6vIiJQ05zpuVWlldW99Ib2a2tnd297L7Bw0TxlpgXYQq1C0PDCoZYJ0kKWxFGsH3FDa98cXcb96iNjIMrmkSYdeHYSAHUgAlUqMDKhpBL5tzbNctl4pl7tjFSr5wVkhIpVwpFlzu2s4CObZErZd97/RDEfsYkFBgTNt1IupOQZMUCmeZTmwwAjGGIbYTGoCPpjtdpJ3xk9gAhTxCzaXiCxG/b0zBN2bie8mkDzQyv725+JfXjmlQ6U5lEMWEgZgfIqlwccgILZMakPelRiKYJ0cuAy5AAxFqyUGIRIyTXjJJH19P8/9JI2+7Jbt0VcxVz5fNpNkRO2anzGVlVmWXrMbqTLAbds8e2KN1Zz1Zz9bL52jKWu4csh+wXj8AvruT+g==</latexit>↵
<latexit sha1_base64="KG59yny7Tug/n8aDRsNzn5bcx+E=">AAAB+nicdVDLSgNBEJyNrxhfUY9eBoPgadlNYpJjUASPEcwDkhB6J504OPtgplcIa37Cq568iVd/xoP/4iZGUNE6FVXddHV5kZKGHOfNyiwtr6yuZddzG5tb2zv53b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3s3ZzG/fojYyDK5oEmHfh3EgR1IApVIn6QlQ/Hw6yBcc23WrlXKVO3a5ViydlFJSq9bKJZe7tjNHgS3QGOTfe8NQxD4GJBQY03WdiPoJaJJC4TTXiw1GIG5gjN2UBuCj6SfzvFN+FBugkEeouVR8LuL3jQR8Yya+l076QNfmtzcT//K6MY1q/UQGUUwYiNkhkgrnh4zQMi0C+VBqJIJZcuQy4AI0EKGWHIRIxThtJpf28fU0/5+0irZbsSuX5UL9dNFMlh2wQ3bMXFZldXbBGqzJBFPsnj2wR+vOerKerZfP0Yy12NlnP2C9fgDgDJSV</latexit>

E

Hard Amplitude: only propagates photons with 
<latexit sha1_base64="tKbvw3YB3V7nNwgOqXiorD6MGWc=">AAACBnicdVA9SwNBEN2L3/ErammzGASrcJdoYhoRRbBUMBpIQphbJ3HJ7t2xOyfKkd5fYauVndj6Nyz8L17OCCr6qsd7M8yb50dKWnLdNyc3MTk1PTM7l59fWFxaLqysntswNgIbIlShafpgUckAGyRJYTMyCNpXeOEPDkf+xTUaK8PgjG4j7GjoB7InBVAqdQurR912H7QGvpe0BSh+NOwWim5pZ7dWr5Z5Sup1r+pmpFKrlLlXcjMU2Rgn3cJ7+zIUscaAhAJrW54bUScBQ1IoHObbscUIxAD62EppABptJ8myD/lmbIFCHqHhUvFMxO8bCWhrb7WfTmqgK/vbG4l/ea2YerudRAZRTBiI0SGSCrNDVhiZloL8UhokglFy5DLgAgwQoZEchEjFOG0pn/bx9TT/n5yXS161VD3dLu4fjJuZZetsg20xj9XYPjtmJ6zBBLth9+yBPTp3zpPz7Lx8juac8c4a+wHn9QNQ5ZiZ</latexit>

E� > E

Is unitary (equivalent to            theory)
<latexit sha1_base64="+NZiuqr3ASj4kSmdiFvvDWsfYQE=">AAACBnicbVA9SwNBEN2LXzF+xVjaLAbBKtyJRBshKIJlBPMBSQhzm0lcsnt37M6J4Ujvr7DVyk5s/RsW/hcvMYUmvurx3gzz5vmRkpZc99PJLC2vrK5l13Mbm1vbO/ndQt2GsRFYE6EKTdMHi0oGWCNJCpuRQdC+woY/vJz4jXs0VobBLY0i7GgYBLIvBVAqdfMF3W0PQGvg50lbgOJX426+6JbcKfgi8WakyGaodvNf7V4oYo0BCQXWtjw3ok4ChqRQOM61Y4sRiCEMsJXSADTaTjLNPuaHsQUKeYSGS8WnIv7eSEBbO9J+OqmB7uy8NxH/81ox9c86iQyimDAQk0MkFU4PWWFkWgrynjRIBJPkyGXABRggQiM5CJGKcdpSLu3Dm/9+kdSPS165VL45KVYuZs1k2T47YEfMY6eswq5ZldWYYA/siT2zF+fReXXenPef0Ywz29ljf+B8fAMAyZhg</latexit>

m� = E

Stripped Amplitudes: Unitary and Positive



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Tree level: don’t enter twice-subtracted relations

<latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Tree level: don’t enter twice-subtracted relations

Positivity Bounds: 

<latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Tree level: don’t enter twice-subtracted relations

Positivity Bounds: 

<latexit sha1_base64="cPsFVaSbqyVMFIxeJCes57MuV88=">AAAB83icdVC7TsNAEDyHVwivACXNiQiJyrIDOEkXQUOZSOQhJVZ0vmzCKeeH7tZIkZUvoIWKDtHyQRT8C7YJEiCYajSzq50dL5JCo2W9GYWV1bX1jeJmaWt7Z3evvH/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW92lfm9O1BahMENziNwfTYNxERwhqnUro7KFcu8qNcaTpWmpNGwHSsnZ7WzKrVNK0eFLNEald+H45DHPgTIJdN6YFsRuglTKLiERWkYa4gYn7EpDFIaMB+0m+RBF/Qk1gxDGoGiQtJchO8bCfO1nvteOukzvNW/vUz8yxvEOKm7iQiiGCHg2SEUEvJDmiuRNgB0LBQgsiw5UBFQzhRDBCUo4zwV47SSUtrH19P0f9KtmrZjOu3zSvNy2UyRHJFjckpsUiNNck1apEM4AXJPHsijERtPxrPx8jlaMJY7h+QHjNcPrIaRpg==</latexit>

2



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Loop level: <latexit sha1_base64="qIr5rVkV7LzN+T6gzneH0pDa+dM=">AAACBnicbVDLTgJBEJz1ifha8ehlIjHBC9k1Bj0SjYk3MZFHAoT0Dg1MmH1kptdINtz9Cq968ma8+hse/BcX5KBgnSpV3enq8iIlDTnOp7W0vLK6tp7ZyG5ube/s2nu5mgljLbAqQhXqhgcGlQywSpIUNiKN4HsK697wcuLX71EbGQZ3NIqw7UM/kD0pgFKpY+duCi1Q0QA6SUuA4lfj446dd4rOFHyRuDOSZzNUOvZXqxuK2MeAhAJjmq4TUTsBTVIoHGdbscEIxBD62ExpAD6adjLNPuZHsQEKeYSaS8WnIv7eSMA3ZuR76aQPNDDz3kT8z2vG1DtvJzKIYsJATA6RVDg9ZISWaSnIu1IjEUySI5cBF6CBCLXkIEQqxmlL2bQPd/77RVI7KbqlYun2NF++mDWTYQfskBWYy85YmV2zCqsywR7YE3tmL9aj9Wq9We8/o0vWbGef/YH18Q3B45g5</latexit>

O(↵E)
<latexit sha1_base64="daW5XkvkT7qUpYLI/qQKacw8nEA=">AAACCHicbVDLTgJBEJz1ifjCx83LRGKCF7JLDHokGhNvYiKPBJD0Dg1MmH1kptcEN/yAX+FVT96MV//Cg//ighwUrFOlqjtdXW6opCHb/rQWFpeWV1ZTa+n1jc2t7czObtUEkRZYEYEKdN0Fg0r6WCFJCuuhRvBchTV3cDH2a/eojQz8WxqG2PKg58uuFECJ1M7sX+eaoMI+tOOmAMUvR3eF43Yma+ftCfg8caYky6YotzNfzU4gIg99EgqMaTh2SK0YNEmhcJRuRgZDEAPoYSOhPnhoWvEk/YgfRQYo4CFqLhWfiPh7IwbPmKHnJpMeUN/MemPxP68RUfesFUs/jAh9MT5EUuHkkBFaJrUg70iNRDBOjlz6XIAGItSSgxCJGCU9pZM+nNnv50m1kHeK+eLNSbZ0Pm0mxQ7YIcsxh52yErtiZVZhgj2wJ/bMXqxH69V6s95/Rhes6c4e+wPr4xv59Jjd</latexit>

O(↵2
E)

<latexit sha1_base64="buFNanub+vwDGzJ2MJNYsa+xma4=">AAACC3icbVC7TgJBFJ3FF+Jr1cLCZiIxsSK7xqAlakwsMREwAULuDhecMPvIzF0TstlP8CtstbIztn6Ehf/islIoeKoz59w7Z+Z4kZKGHOfTKiwsLi2vFFdLa+sbm1v29k7ThLEW2BChCvWdBwaVDLBBkhTeRRrB9xS2vNHlxG89oDYyDG5pHGHXh2EgB1IAZVLP3ks6+SWJxn563stOoPhVmvbsslNxcvB54k5JmU1R79lfnX4oYh8DEgqMabtORN0ENEmhMC11YoMRiBEMsZ3RAHw03STPTvlhbIBCHqHmUvFcxN8bCfjGjH0vm/SB7s2sNxH/89oxDc66iQyimDAQkyCSCvMgI7TMmkHelxqJYPJy5DLgAjQQoZYchMjEOKuqlPXhzv5+njSPK261Ur05Kdcups0U2T47YEfMZaesxq5ZnTWYYCl7Ys/sxXq0Xq036/1ntGBNd3bZH1gf3zEWm1A=</latexit>

AE
<latexit sha1_base64="mIZ3cgFuemzHnGW/UZSYAw/86eY=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpCg1lkMhDcqzofNmEI+ezdbdGClb+gRYqOkTL31DwL9jGBSRMNZrZ1c6OH0lh0LY/raXlldW19dJGeXNre2e3srffMWGsObR5KEPd85kBKRS0UaCEXqSBBb6Erj+5yvzuA2gjQnWL0wi8gI2VGAnOMJU6l/2mGLuDStWu2TnoInEKUiUFWoPKV38Y8jgAhVwyY1zHjtBLmEbBJczK/dhAxPiEjcFNqWIBGC/J087ocWwYhjQCTYWkuQi/NxIWGDMN/HQyYHhn5r1M/M9zYxxdeIlQUYygeHYIhYT8kOFapDUAHQoNiCxLDlQoyplmiKAFZZynYpz2Uk77cOa/XySd05pTr9VvzqqNZtFMiRySI3JCHHJOGuSatEibcHJPnsgzebEerVfrzXr/GV2yip0D8gfWxzez+ZNM</latexit>

=
h <latexit sha1_base64="q02aXLr/h8FmfIbx1lGyrX2V20s=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxInfGoCXBxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSu6gJSfesFqz63YOvkqcgtRYgfaw+jUYRSIJMCShwJi+Y8fkzUGTFAoXlUFiMAYxhQn2UxpCgMab52EX/CwxQBGPUXOpeC7i7405BMbMAj+dDIAezLKXif95/YTG195chnFCGIrsEEmF+SEjtExbQD6SGokgS45chlyABiLUkoMQqZiktVTSPpzl71dJ56LuNOqNu8tas1U0U2Yn7JSdM4ddsSa7ZW3mMsEke2LP7MWaWa/Wm/X+M1qyip1j9gfWxzcx3JMH</latexit>i

<latexit sha1_base64="RFeulObKVYs7+sOnS9T2tgbSthM=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVnS+bMKR89m6WyMFK/9ACxUdouVvKPgXzsYFJEw1mtnV7E4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982UaI5tHgkI90NmAEpFLRQoIRurIGFgYROMLnK/M4DaCMidYvTGPyQjZUYCc7QSu0+ihDMoFJ1a24Ouki8glRJgeag8tUfRjwJQSGXzJie58bop0yj4BJm5X5iIGZ8wsbQs1QxG+Kn+bUzepwYhhGNQVMhaS7C742UhcZMw8BOhgzvzLyXif95vQRHF34qVJwgKJ4FoZCQBxmuha0B6FBoQGTZ5UCFopxphghaUMa5FRPbS9n24c1/v0japzWvXqvfnFUbl0UzJXJIjsgJ8cg5aZBr0iQtwsk9eSLP5MV5dF6dN+f9Z3TJKXYOyB84H99whpPE</latexit>⇥

<latexit sha1_base64="GCtESMsPU2q1Xnde10NDke3apUQ=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRCjRIETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0f2UPyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGeIpGL</latexit>

= 0 exclusively…

Positivity Bounds: 



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Loop level: <latexit sha1_base64="qIr5rVkV7LzN+T6gzneH0pDa+dM=">AAACBnicbVDLTgJBEJz1ifha8ehlIjHBC9k1Bj0SjYk3MZFHAoT0Dg1MmH1kptdINtz9Cq968ma8+hse/BcX5KBgnSpV3enq8iIlDTnOp7W0vLK6tp7ZyG5ube/s2nu5mgljLbAqQhXqhgcGlQywSpIUNiKN4HsK697wcuLX71EbGQZ3NIqw7UM/kD0pgFKpY+duCi1Q0QA6SUuA4lfj446dd4rOFHyRuDOSZzNUOvZXqxuK2MeAhAJjmq4TUTsBTVIoHGdbscEIxBD62ExpAD6adjLNPuZHsQEKeYSaS8WnIv7eSMA3ZuR76aQPNDDz3kT8z2vG1DtvJzKIYsJATA6RVDg9ZISWaSnIu1IjEUySI5cBF6CBCLXkIEQqxmlL2bQPd/77RVI7KbqlYun2NF++mDWTYQfskBWYy85YmV2zCqsywR7YE3tmL9aj9Wq9We8/o0vWbGef/YH18Q3B45g5</latexit>

O(↵E)
<latexit sha1_base64="daW5XkvkT7qUpYLI/qQKacw8nEA=">AAACCHicbVDLTgJBEJz1ifjCx83LRGKCF7JLDHokGhNvYiKPBJD0Dg1MmH1kptcEN/yAX+FVT96MV//Cg//ighwUrFOlqjtdXW6opCHb/rQWFpeWV1ZTa+n1jc2t7czObtUEkRZYEYEKdN0Fg0r6WCFJCuuhRvBchTV3cDH2a/eojQz8WxqG2PKg58uuFECJ1M7sX+eaoMI+tOOmAMUvR3eF43Yma+ftCfg8caYky6YotzNfzU4gIg99EgqMaTh2SK0YNEmhcJRuRgZDEAPoYSOhPnhoWvEk/YgfRQYo4CFqLhWfiPh7IwbPmKHnJpMeUN/MemPxP68RUfesFUs/jAh9MT5EUuHkkBFaJrUg70iNRDBOjlz6XIAGItSSgxCJGCU9pZM+nNnv50m1kHeK+eLNSbZ0Pm0mxQ7YIcsxh52yErtiZVZhgj2wJ/bMXqxH69V6s95/Rhes6c4e+wPr4xv59Jjd</latexit>

O(↵2
E)

<latexit sha1_base64="buFNanub+vwDGzJ2MJNYsa+xma4=">AAACC3icbVC7TgJBFJ3FF+Jr1cLCZiIxsSK7xqAlakwsMREwAULuDhecMPvIzF0TstlP8CtstbIztn6Ehf/islIoeKoz59w7Z+Z4kZKGHOfTKiwsLi2vFFdLa+sbm1v29k7ThLEW2BChCvWdBwaVDLBBkhTeRRrB9xS2vNHlxG89oDYyDG5pHGHXh2EgB1IAZVLP3ks6+SWJxn563stOoPhVmvbsslNxcvB54k5JmU1R79lfnX4oYh8DEgqMabtORN0ENEmhMC11YoMRiBEMsZ3RAHw03STPTvlhbIBCHqHmUvFcxN8bCfjGjH0vm/SB7s2sNxH/89oxDc66iQyimDAQkyCSCvMgI7TMmkHelxqJYPJy5DLgAjQQoZYchMjEOKuqlPXhzv5+njSPK261Ur05Kdcups0U2T47YEfMZaesxq5ZnTWYYCl7Ys/sxXq0Xq036/1ntGBNd3bZH1gf3zEWm1A=</latexit>

AE
<latexit sha1_base64="mIZ3cgFuemzHnGW/UZSYAw/86eY=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpCg1lkMhDcqzofNmEI+ezdbdGClb+gRYqOkTL31DwL9jGBSRMNZrZ1c6OH0lh0LY/raXlldW19dJGeXNre2e3srffMWGsObR5KEPd85kBKRS0UaCEXqSBBb6Erj+5yvzuA2gjQnWL0wi8gI2VGAnOMJU6l/2mGLuDStWu2TnoInEKUiUFWoPKV38Y8jgAhVwyY1zHjtBLmEbBJczK/dhAxPiEjcFNqWIBGC/J087ocWwYhjQCTYWkuQi/NxIWGDMN/HQyYHhn5r1M/M9zYxxdeIlQUYygeHYIhYT8kOFapDUAHQoNiCxLDlQoyplmiKAFZZynYpz2Uk77cOa/XySd05pTr9VvzqqNZtFMiRySI3JCHHJOGuSatEibcHJPnsgzebEerVfrzXr/GV2yip0D8gfWxzez+ZNM</latexit>

=
h <latexit sha1_base64="q02aXLr/h8FmfIbx1lGyrX2V20s=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxInfGoCXBxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSu6gJSfesFqz63YOvkqcgtRYgfaw+jUYRSIJMCShwJi+Y8fkzUGTFAoXlUFiMAYxhQn2UxpCgMab52EX/CwxQBGPUXOpeC7i7405BMbMAj+dDIAezLKXif95/YTG195chnFCGIrsEEmF+SEjtExbQD6SGokgS45chlyABiLUkoMQqZiktVTSPpzl71dJ56LuNOqNu8tas1U0U2Yn7JSdM4ddsSa7ZW3mMsEke2LP7MWaWa/Wm/X+M1qyip1j9gfWxzcx3JMH</latexit>i

<latexit sha1_base64="RFeulObKVYs7+sOnS9T2tgbSthM=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVnS+bMKR89m6WyMFK/9ACxUdouVvKPgXzsYFJEw1mtnV7E4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982UaI5tHgkI90NmAEpFLRQoIRurIGFgYROMLnK/M4DaCMidYvTGPyQjZUYCc7QSu0+ihDMoFJ1a24Ouki8glRJgeag8tUfRjwJQSGXzJie58bop0yj4BJm5X5iIGZ8wsbQs1QxG+Kn+bUzepwYhhGNQVMhaS7C742UhcZMw8BOhgzvzLyXif95vQRHF34qVJwgKJ4FoZCQBxmuha0B6FBoQGTZ5UCFopxphghaUMa5FRPbS9n24c1/v0japzWvXqvfnFUbl0UzJXJIjsgJ8cg5aZBr0iQtwsk9eSLP5MV5dF6dN+f9Z3TJKXYOyB84H99whpPE</latexit>⇥

<latexit sha1_base64="GCtESMsPU2q1Xnde10NDke3apUQ=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRCjRIETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0f2UPyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGeIpGL</latexit>

= 0 exclusively…

Positivity Bounds: 



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Loop level: <latexit sha1_base64="qIr5rVkV7LzN+T6gzneH0pDa+dM=">AAACBnicbVDLTgJBEJz1ifha8ehlIjHBC9k1Bj0SjYk3MZFHAoT0Dg1MmH1kptdINtz9Cq968ma8+hse/BcX5KBgnSpV3enq8iIlDTnOp7W0vLK6tp7ZyG5ube/s2nu5mgljLbAqQhXqhgcGlQywSpIUNiKN4HsK697wcuLX71EbGQZ3NIqw7UM/kD0pgFKpY+duCi1Q0QA6SUuA4lfj446dd4rOFHyRuDOSZzNUOvZXqxuK2MeAhAJjmq4TUTsBTVIoHGdbscEIxBD62ExpAD6adjLNPuZHsQEKeYSaS8WnIv7eSMA3ZuR76aQPNDDz3kT8z2vG1DtvJzKIYsJATA6RVDg9ZISWaSnIu1IjEUySI5cBF6CBCLXkIEQqxmlL2bQPd/77RVI7KbqlYun2NF++mDWTYQfskBWYy85YmV2zCqsywR7YE3tmL9aj9Wq9We8/o0vWbGef/YH18Q3B45g5</latexit>

O(↵E)
<latexit sha1_base64="daW5XkvkT7qUpYLI/qQKacw8nEA=">AAACCHicbVDLTgJBEJz1ifjCx83LRGKCF7JLDHokGhNvYiKPBJD0Dg1MmH1kptcEN/yAX+FVT96MV//Cg//ighwUrFOlqjtdXW6opCHb/rQWFpeWV1ZTa+n1jc2t7czObtUEkRZYEYEKdN0Fg0r6WCFJCuuhRvBchTV3cDH2a/eojQz8WxqG2PKg58uuFECJ1M7sX+eaoMI+tOOmAMUvR3eF43Yma+ftCfg8caYky6YotzNfzU4gIg99EgqMaTh2SK0YNEmhcJRuRgZDEAPoYSOhPnhoWvEk/YgfRQYo4CFqLhWfiPh7IwbPmKHnJpMeUN/MemPxP68RUfesFUs/jAh9MT5EUuHkkBFaJrUg70iNRDBOjlz6XIAGItSSgxCJGCU9pZM+nNnv50m1kHeK+eLNSbZ0Pm0mxQ7YIcsxh52yErtiZVZhgj2wJ/bMXqxH69V6s95/Rhes6c4e+wPr4xv59Jjd</latexit>

O(↵2
E)

<latexit sha1_base64="buFNanub+vwDGzJ2MJNYsa+xma4=">AAACC3icbVC7TgJBFJ3FF+Jr1cLCZiIxsSK7xqAlakwsMREwAULuDhecMPvIzF0TstlP8CtstbIztn6Ehf/islIoeKoz59w7Z+Z4kZKGHOfTKiwsLi2vFFdLa+sbm1v29k7ThLEW2BChCvWdBwaVDLBBkhTeRRrB9xS2vNHlxG89oDYyDG5pHGHXh2EgB1IAZVLP3ks6+SWJxn563stOoPhVmvbsslNxcvB54k5JmU1R79lfnX4oYh8DEgqMabtORN0ENEmhMC11YoMRiBEMsZ3RAHw03STPTvlhbIBCHqHmUvFcxN8bCfjGjH0vm/SB7s2sNxH/89oxDc66iQyimDAQkyCSCvMgI7TMmkHelxqJYPJy5DLgAjQQoZYchMjEOKuqlPXhzv5+njSPK261Ur05Kdcups0U2T47YEfMZaesxq5ZnTWYYCl7Ys/sxXq0Xq036/1ntGBNd3bZH1gf3zEWm1A=</latexit>

AE
<latexit sha1_base64="mIZ3cgFuemzHnGW/UZSYAw/86eY=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpCg1lkMhDcqzofNmEI+ezdbdGClb+gRYqOkTL31DwL9jGBSRMNZrZ1c6OH0lh0LY/raXlldW19dJGeXNre2e3srffMWGsObR5KEPd85kBKRS0UaCEXqSBBb6Erj+5yvzuA2gjQnWL0wi8gI2VGAnOMJU6l/2mGLuDStWu2TnoInEKUiUFWoPKV38Y8jgAhVwyY1zHjtBLmEbBJczK/dhAxPiEjcFNqWIBGC/J087ocWwYhjQCTYWkuQi/NxIWGDMN/HQyYHhn5r1M/M9zYxxdeIlQUYygeHYIhYT8kOFapDUAHQoNiCxLDlQoyplmiKAFZZynYpz2Uk77cOa/XySd05pTr9VvzqqNZtFMiRySI3JCHHJOGuSatEibcHJPnsgzebEerVfrzXr/GV2yip0D8gfWxzez+ZNM</latexit>

=
h <latexit sha1_base64="q02aXLr/h8FmfIbx1lGyrX2V20s=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxInfGoCXBxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSu6gJSfesFqz63YOvkqcgtRYgfaw+jUYRSIJMCShwJi+Y8fkzUGTFAoXlUFiMAYxhQn2UxpCgMab52EX/CwxQBGPUXOpeC7i7405BMbMAj+dDIAezLKXif95/YTG195chnFCGIrsEEmF+SEjtExbQD6SGokgS45chlyABiLUkoMQqZiktVTSPpzl71dJ56LuNOqNu8tas1U0U2Yn7JSdM4ddsSa7ZW3mMsEke2LP7MWaWa/Wm/X+M1qyip1j9gfWxzcx3JMH</latexit>i

<latexit sha1_base64="RFeulObKVYs7+sOnS9T2tgbSthM=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVnS+bMKR89m6WyMFK/9ACxUdouVvKPgXzsYFJEw1mtnV7E4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982UaI5tHgkI90NmAEpFLRQoIRurIGFgYROMLnK/M4DaCMidYvTGPyQjZUYCc7QSu0+ihDMoFJ1a24Ouki8glRJgeag8tUfRjwJQSGXzJie58bop0yj4BJm5X5iIGZ8wsbQs1QxG+Kn+bUzepwYhhGNQVMhaS7C742UhcZMw8BOhgzvzLyXif95vQRHF34qVJwgKJ4FoZCQBxmuha0B6FBoQGTZ5UCFopxphghaUMa5FRPbS9n24c1/v0japzWvXqvfnFUbl0UzJXJIjsgJ8cg5aZBr0iQtwsk9eSLP5MV5dF6dN+f9Z3TJKXYOyB84H99whpPE</latexit>⇥

 - exact in <latexit sha1_base64="C4lcj65e7IBF9wNWbFHucdb/a9U=">AAACA3icdVDLSgNBEJz1bXxFPXoZDIKnZTdZkxxFETwqGBWyS+iddJIhsw9megVZcvQrvOrJm3j1Qzz4L25iBBWtU1HVTVdXmCppyHHerJnZufmFxaXl0srq2vpGeXPr0iSZFtgSiUr0dQgGlYyxRZIUXqcaIQoVXoXD47F/dYPayCS+oNsUgwj6sexJAVRInfKGDyodQCf3BSh+MuqUK47tuo261+CO7TWrtYNaQZqNpldzuWs7E1TYFGed8rvfTUQWYUxCgTFt10kpyEGTFApHJT8zmIIYQh/bBY0hQhPkk+AjvpcZoISnqLlUfCLi940cImNuo7CYjIAG5rc3Fv/y2hn1mkEu4zQjjMX4EEmFk0NGaFk0grwrNRLBODlyGXMBGohQSw5CFGJWVFQq+vh6mv9PLqu2W7fr517l8GjazBLbYbtsn7mswQ7ZKTtjLSZYxu7ZA3u07qwn69l6+RydsaY72+wHrNcPxZqXzQ==</latexit>↵E
<latexit sha1_base64="sOsJLMJ81SMhO1srJlv4EILG04g="></latexit>

O(↵1
E )

<latexit sha1_base64="GCtESMsPU2q1Xnde10NDke3apUQ=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRCjRIETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0f2UPyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGeIpGL</latexit>

= 0 exclusively…

Positivity Bounds: 



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Loop level: <latexit sha1_base64="qIr5rVkV7LzN+T6gzneH0pDa+dM=">AAACBnicbVDLTgJBEJz1ifha8ehlIjHBC9k1Bj0SjYk3MZFHAoT0Dg1MmH1kptdINtz9Cq968ma8+hse/BcX5KBgnSpV3enq8iIlDTnOp7W0vLK6tp7ZyG5ube/s2nu5mgljLbAqQhXqhgcGlQywSpIUNiKN4HsK697wcuLX71EbGQZ3NIqw7UM/kD0pgFKpY+duCi1Q0QA6SUuA4lfj446dd4rOFHyRuDOSZzNUOvZXqxuK2MeAhAJjmq4TUTsBTVIoHGdbscEIxBD62ExpAD6adjLNPuZHsQEKeYSaS8WnIv7eSMA3ZuR76aQPNDDz3kT8z2vG1DtvJzKIYsJATA6RVDg9ZISWaSnIu1IjEUySI5cBF6CBCLXkIEQqxmlL2bQPd/77RVI7KbqlYun2NF++mDWTYQfskBWYy85YmV2zCqsywR7YE3tmL9aj9Wq9We8/o0vWbGef/YH18Q3B45g5</latexit>

O(↵E)
<latexit sha1_base64="daW5XkvkT7qUpYLI/qQKacw8nEA=">AAACCHicbVDLTgJBEJz1ifjCx83LRGKCF7JLDHokGhNvYiKPBJD0Dg1MmH1kptcEN/yAX+FVT96MV//Cg//ighwUrFOlqjtdXW6opCHb/rQWFpeWV1ZTa+n1jc2t7czObtUEkRZYEYEKdN0Fg0r6WCFJCuuhRvBchTV3cDH2a/eojQz8WxqG2PKg58uuFECJ1M7sX+eaoMI+tOOmAMUvR3eF43Yma+ftCfg8caYky6YotzNfzU4gIg99EgqMaTh2SK0YNEmhcJRuRgZDEAPoYSOhPnhoWvEk/YgfRQYo4CFqLhWfiPh7IwbPmKHnJpMeUN/MemPxP68RUfesFUs/jAh9MT5EUuHkkBFaJrUg70iNRDBOjlz6XIAGItSSgxCJGCU9pZM+nNnv50m1kHeK+eLNSbZ0Pm0mxQ7YIcsxh52yErtiZVZhgj2wJ/bMXqxH69V6s95/Rhes6c4e+wPr4xv59Jjd</latexit>

O(↵2
E)

<latexit sha1_base64="buFNanub+vwDGzJ2MJNYsa+xma4=">AAACC3icbVC7TgJBFJ3FF+Jr1cLCZiIxsSK7xqAlakwsMREwAULuDhecMPvIzF0TstlP8CtstbIztn6Ehf/islIoeKoz59w7Z+Z4kZKGHOfTKiwsLi2vFFdLa+sbm1v29k7ThLEW2BChCvWdBwaVDLBBkhTeRRrB9xS2vNHlxG89oDYyDG5pHGHXh2EgB1IAZVLP3ks6+SWJxn563stOoPhVmvbsslNxcvB54k5JmU1R79lfnX4oYh8DEgqMabtORN0ENEmhMC11YoMRiBEMsZ3RAHw03STPTvlhbIBCHqHmUvFcxN8bCfjGjH0vm/SB7s2sNxH/89oxDc66iQyimDAQkyCSCvMgI7TMmkHelxqJYPJy5DLgAjQQoZYchMjEOKuqlPXhzv5+njSPK261Ur05Kdcups0U2T47YEfMZaesxq5ZnTWYYCl7Ys/sxXq0Xq036/1ntGBNd3bZH1gf3zEWm1A=</latexit>

AE
<latexit sha1_base64="mIZ3cgFuemzHnGW/UZSYAw/86eY=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpCg1lkMhDcqzofNmEI+ezdbdGClb+gRYqOkTL31DwL9jGBSRMNZrZ1c6OH0lh0LY/raXlldW19dJGeXNre2e3srffMWGsObR5KEPd85kBKRS0UaCEXqSBBb6Erj+5yvzuA2gjQnWL0wi8gI2VGAnOMJU6l/2mGLuDStWu2TnoInEKUiUFWoPKV38Y8jgAhVwyY1zHjtBLmEbBJczK/dhAxPiEjcFNqWIBGC/J087ocWwYhjQCTYWkuQi/NxIWGDMN/HQyYHhn5r1M/M9zYxxdeIlQUYygeHYIhYT8kOFapDUAHQoNiCxLDlQoyplmiKAFZZynYpz2Uk77cOa/XySd05pTr9VvzqqNZtFMiRySI3JCHHJOGuSatEibcHJPnsgzebEerVfrzXr/GV2yip0D8gfWxzez+ZNM</latexit>

=
h <latexit sha1_base64="q02aXLr/h8FmfIbx1lGyrX2V20s=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxInfGoCXBxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSu6gJSfesFqz63YOvkqcgtRYgfaw+jUYRSIJMCShwJi+Y8fkzUGTFAoXlUFiMAYxhQn2UxpCgMab52EX/CwxQBGPUXOpeC7i7405BMbMAj+dDIAezLKXif95/YTG195chnFCGIrsEEmF+SEjtExbQD6SGokgS45chlyABiLUkoMQqZiktVTSPpzl71dJ56LuNOqNu8tas1U0U2Yn7JSdM4ddsSa7ZW3mMsEke2LP7MWaWa/Wm/X+M1qyip1j9gfWxzcx3JMH</latexit>i

<latexit sha1_base64="RFeulObKVYs7+sOnS9T2tgbSthM=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVnS+bMKR89m6WyMFK/9ACxUdouVvKPgXzsYFJEw1mtnV7E4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982UaI5tHgkI90NmAEpFLRQoIRurIGFgYROMLnK/M4DaCMidYvTGPyQjZUYCc7QSu0+ihDMoFJ1a24Ouki8glRJgeag8tUfRjwJQSGXzJie58bop0yj4BJm5X5iIGZ8wsbQs1QxG+Kn+bUzepwYhhGNQVMhaS7C742UhcZMw8BOhgzvzLyXif95vQRHF34qVJwgKJ4FoZCQBxmuha0B6FBoQGTZ5UCFopxphghaUMa5FRPbS9n24c1/v0japzWvXqvfnFUbl0UzJXJIjsgJ8cg5aZBr0iQtwsk9eSLP5MV5dF6dN+f9Z3TJKXYOyB84H99whpPE</latexit>⇥

 - exact in <latexit sha1_base64="C4lcj65e7IBF9wNWbFHucdb/a9U=">AAACA3icdVDLSgNBEJz1bXxFPXoZDIKnZTdZkxxFETwqGBWyS+iddJIhsw9megVZcvQrvOrJm3j1Qzz4L25iBBWtU1HVTVdXmCppyHHerJnZufmFxaXl0srq2vpGeXPr0iSZFtgSiUr0dQgGlYyxRZIUXqcaIQoVXoXD47F/dYPayCS+oNsUgwj6sexJAVRInfKGDyodQCf3BSh+MuqUK47tuo261+CO7TWrtYNaQZqNpldzuWs7E1TYFGed8rvfTUQWYUxCgTFt10kpyEGTFApHJT8zmIIYQh/bBY0hQhPkk+AjvpcZoISnqLlUfCLi940cImNuo7CYjIAG5rc3Fv/y2hn1mkEu4zQjjMX4EEmFk0NGaFk0grwrNRLBODlyGXMBGohQSw5CFGJWVFQq+vh6mv9PLqu2W7fr517l8GjazBLbYbtsn7mswQ7ZKTtjLSZYxu7ZA3u07qwn69l6+RydsaY72+wHrNcPxZqXzQ==</latexit>↵E
<latexit sha1_base64="sOsJLMJ81SMhO1srJlv4EILG04g="></latexit>

O(↵1
E )

approx in   
  not valid

<latexit sha1_base64="vv6bfSUxh9HB/xPuRdfF8PG3eFY=">AAAB+HicdVC7TsNAEDzzDOEVoKQ5ESFRWXaUOEmHoKEMEkmQEgutLwscnB+6WyOFiH+ghYoO0fI3FPwLtgkSIJhqNLOrnZ0gUdKQ47xZM7Nz8wuLpaXy8srq2nplY7Nn4lQL7IpYxfo0AINKRtglSQpPE40QBgr7wfVh7vdvUBsZRyc0TtAP4SKS51IAZVJvCCq5hLNK1bHbLa/RanPHdmttx6vnpN5o1hzu2k6BKpuic1Z5H45ikYYYkVBgzMB1EvInoEkKhXflYWowAXENFzjIaAQhGn9SpL3ju6kBinmCmkvFCxG/b0wgNGYcBtlkCHRpfnu5+Jc3SOm85U9klKSEkcgPkVRYHDJCy6wG5COpkQjy5MhlxAVoIEItOQiRiWnWSznr4+tp/j/p1WzXs73jenX/YNpMiW2zHbbHXNZk++yIdViXCXbF7tkDe7RurSfr2Xr5HJ2xpjtb7Aes1w/Ft5P+</latexit>↵

<latexit sha1_base64="GCtESMsPU2q1Xnde10NDke3apUQ=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRCjRIETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0f2UPyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGeIpGL</latexit>

= 0 exclusively…

Positivity Bounds: 



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Loop level: <latexit sha1_base64="qIr5rVkV7LzN+T6gzneH0pDa+dM=">AAACBnicbVDLTgJBEJz1ifha8ehlIjHBC9k1Bj0SjYk3MZFHAoT0Dg1MmH1kptdINtz9Cq968ma8+hse/BcX5KBgnSpV3enq8iIlDTnOp7W0vLK6tp7ZyG5ube/s2nu5mgljLbAqQhXqhgcGlQywSpIUNiKN4HsK697wcuLX71EbGQZ3NIqw7UM/kD0pgFKpY+duCi1Q0QA6SUuA4lfj446dd4rOFHyRuDOSZzNUOvZXqxuK2MeAhAJjmq4TUTsBTVIoHGdbscEIxBD62ExpAD6adjLNPuZHsQEKeYSaS8WnIv7eSMA3ZuR76aQPNDDz3kT8z2vG1DtvJzKIYsJATA6RVDg9ZISWaSnIu1IjEUySI5cBF6CBCLXkIEQqxmlL2bQPd/77RVI7KbqlYun2NF++mDWTYQfskBWYy85YmV2zCqsywR7YE3tmL9aj9Wq9We8/o0vWbGef/YH18Q3B45g5</latexit>

O(↵E)
<latexit sha1_base64="daW5XkvkT7qUpYLI/qQKacw8nEA=">AAACCHicbVDLTgJBEJz1ifjCx83LRGKCF7JLDHokGhNvYiKPBJD0Dg1MmH1kptcEN/yAX+FVT96MV//Cg//ighwUrFOlqjtdXW6opCHb/rQWFpeWV1ZTa+n1jc2t7czObtUEkRZYEYEKdN0Fg0r6WCFJCuuhRvBchTV3cDH2a/eojQz8WxqG2PKg58uuFECJ1M7sX+eaoMI+tOOmAMUvR3eF43Yma+ftCfg8caYky6YotzNfzU4gIg99EgqMaTh2SK0YNEmhcJRuRgZDEAPoYSOhPnhoWvEk/YgfRQYo4CFqLhWfiPh7IwbPmKHnJpMeUN/MemPxP68RUfesFUs/jAh9MT5EUuHkkBFaJrUg70iNRDBOjlz6XIAGItSSgxCJGCU9pZM+nNnv50m1kHeK+eLNSbZ0Pm0mxQ7YIcsxh52yErtiZVZhgj2wJ/bMXqxH69V6s95/Rhes6c4e+wPr4xv59Jjd</latexit>

O(↵2
E)

<latexit sha1_base64="buFNanub+vwDGzJ2MJNYsa+xma4=">AAACC3icbVC7TgJBFJ3FF+Jr1cLCZiIxsSK7xqAlakwsMREwAULuDhecMPvIzF0TstlP8CtstbIztn6Ehf/islIoeKoz59w7Z+Z4kZKGHOfTKiwsLi2vFFdLa+sbm1v29k7ThLEW2BChCvWdBwaVDLBBkhTeRRrB9xS2vNHlxG89oDYyDG5pHGHXh2EgB1IAZVLP3ks6+SWJxn563stOoPhVmvbsslNxcvB54k5JmU1R79lfnX4oYh8DEgqMabtORN0ENEmhMC11YoMRiBEMsZ3RAHw03STPTvlhbIBCHqHmUvFcxN8bCfjGjH0vm/SB7s2sNxH/89oxDc66iQyimDAQkyCSCvMgI7TMmkHelxqJYPJy5DLgAjQQoZYchMjEOKuqlPXhzv5+njSPK261Ur05Kdcups0U2T47YEfMZaesxq5ZnTWYYCl7Ys/sxXq0Xq036/1ntGBNd3bZH1gf3zEWm1A=</latexit>

AE
<latexit sha1_base64="mIZ3cgFuemzHnGW/UZSYAw/86eY=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpCg1lkMhDcqzofNmEI+ezdbdGClb+gRYqOkTL31DwL9jGBSRMNZrZ1c6OH0lh0LY/raXlldW19dJGeXNre2e3srffMWGsObR5KEPd85kBKRS0UaCEXqSBBb6Erj+5yvzuA2gjQnWL0wi8gI2VGAnOMJU6l/2mGLuDStWu2TnoInEKUiUFWoPKV38Y8jgAhVwyY1zHjtBLmEbBJczK/dhAxPiEjcFNqWIBGC/J087ocWwYhjQCTYWkuQi/NxIWGDMN/HQyYHhn5r1M/M9zYxxdeIlQUYygeHYIhYT8kOFapDUAHQoNiCxLDlQoyplmiKAFZZynYpz2Uk77cOa/XySd05pTr9VvzqqNZtFMiRySI3JCHHJOGuSatEibcHJPnsgzebEerVfrzXr/GV2yip0D8gfWxzez+ZNM</latexit>

=
h <latexit sha1_base64="q02aXLr/h8FmfIbx1lGyrX2V20s=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxInfGoCXBxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSu6gJSfesFqz63YOvkqcgtRYgfaw+jUYRSIJMCShwJi+Y8fkzUGTFAoXlUFiMAYxhQn2UxpCgMab52EX/CwxQBGPUXOpeC7i7405BMbMAj+dDIAezLKXif95/YTG195chnFCGIrsEEmF+SEjtExbQD6SGokgS45chlyABiLUkoMQqZiktVTSPpzl71dJ56LuNOqNu8tas1U0U2Yn7JSdM4ddsSa7ZW3mMsEke2LP7MWaWa/Wm/X+M1qyip1j9gfWxzcx3JMH</latexit>i

<latexit sha1_base64="RFeulObKVYs7+sOnS9T2tgbSthM=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVnS+bMKR89m6WyMFK/9ACxUdouVvKPgXzsYFJEw1mtnV7E4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982UaI5tHgkI90NmAEpFLRQoIRurIGFgYROMLnK/M4DaCMidYvTGPyQjZUYCc7QSu0+ihDMoFJ1a24Ouki8glRJgeag8tUfRjwJQSGXzJie58bop0yj4BJm5X5iIGZ8wsbQs1QxG+Kn+bUzepwYhhGNQVMhaS7C742UhcZMw8BOhgzvzLyXif95vQRHF34qVJwgKJ4FoZCQBxmuha0B6FBoQGTZ5UCFopxphghaUMa5FRPbS9n24c1/v0japzWvXqvfnFUbl0UzJXJIjsgJ8cg5aZBr0iQtwsk9eSLP5MV5dF6dN+f9Z3TJKXYOyB84H99whpPE</latexit>⇥

 - exact in <latexit sha1_base64="C4lcj65e7IBF9wNWbFHucdb/a9U=">AAACA3icdVDLSgNBEJz1bXxFPXoZDIKnZTdZkxxFETwqGBWyS+iddJIhsw9megVZcvQrvOrJm3j1Qzz4L25iBBWtU1HVTVdXmCppyHHerJnZufmFxaXl0srq2vpGeXPr0iSZFtgSiUr0dQgGlYyxRZIUXqcaIQoVXoXD47F/dYPayCS+oNsUgwj6sexJAVRInfKGDyodQCf3BSh+MuqUK47tuo261+CO7TWrtYNaQZqNpldzuWs7E1TYFGed8rvfTUQWYUxCgTFt10kpyEGTFApHJT8zmIIYQh/bBY0hQhPkk+AjvpcZoISnqLlUfCLi940cImNuo7CYjIAG5rc3Fv/y2hn1mkEu4zQjjMX4EEmFk0NGaFk0grwrNRLBODlyGXMBGohQSw5CFGJWVFQq+vh6mv9PLqu2W7fr517l8GjazBLbYbtsn7mswQ7ZKTtjLSZYxu7ZA3u07qwn69l6+RydsaY72+wHrNcPxZqXzQ==</latexit>↵E
<latexit sha1_base64="sOsJLMJ81SMhO1srJlv4EILG04g="></latexit>

O(↵1
E )

approx in   
  not valid

<latexit sha1_base64="vv6bfSUxh9HB/xPuRdfF8PG3eFY=">AAAB+HicdVC7TsNAEDzzDOEVoKQ5ESFRWXaUOEmHoKEMEkmQEgutLwscnB+6WyOFiH+ghYoO0fI3FPwLtgkSIJhqNLOrnZ0gUdKQ47xZM7Nz8wuLpaXy8srq2nplY7Nn4lQL7IpYxfo0AINKRtglSQpPE40QBgr7wfVh7vdvUBsZRyc0TtAP4SKS51IAZVJvCCq5hLNK1bHbLa/RanPHdmttx6vnpN5o1hzu2k6BKpuic1Z5H45ikYYYkVBgzMB1EvInoEkKhXflYWowAXENFzjIaAQhGn9SpL3ju6kBinmCmkvFCxG/b0wgNGYcBtlkCHRpfnu5+Jc3SOm85U9klKSEkcgPkVRYHDJCy6wG5COpkQjy5MhlxAVoIEItOQiRiWnWSznr4+tp/j/p1WzXs73jenX/YNpMiW2zHbbHXNZk++yIdViXCXbF7tkDe7RurSfr2Xr5HJ2xpjtb7Aes1w/Ft5P+</latexit>↵

Bound weaker

<latexit sha1_base64="GCtESMsPU2q1Xnde10NDke3apUQ=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRCjRIETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0f2UPyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGeIpGL</latexit>

= 0 exclusively…

Positivity Bounds: 



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

Loop level: <latexit sha1_base64="qIr5rVkV7LzN+T6gzneH0pDa+dM=">AAACBnicbVDLTgJBEJz1ifha8ehlIjHBC9k1Bj0SjYk3MZFHAoT0Dg1MmH1kptdINtz9Cq968ma8+hse/BcX5KBgnSpV3enq8iIlDTnOp7W0vLK6tp7ZyG5ube/s2nu5mgljLbAqQhXqhgcGlQywSpIUNiKN4HsK697wcuLX71EbGQZ3NIqw7UM/kD0pgFKpY+duCi1Q0QA6SUuA4lfj446dd4rOFHyRuDOSZzNUOvZXqxuK2MeAhAJjmq4TUTsBTVIoHGdbscEIxBD62ExpAD6adjLNPuZHsQEKeYSaS8WnIv7eSMA3ZuR76aQPNDDz3kT8z2vG1DtvJzKIYsJATA6RVDg9ZISWaSnIu1IjEUySI5cBF6CBCLXkIEQqxmlL2bQPd/77RVI7KbqlYun2NF++mDWTYQfskBWYy85YmV2zCqsywR7YE3tmL9aj9Wq9We8/o0vWbGef/YH18Q3B45g5</latexit>

O(↵E)
<latexit sha1_base64="daW5XkvkT7qUpYLI/qQKacw8nEA=">AAACCHicbVDLTgJBEJz1ifjCx83LRGKCF7JLDHokGhNvYiKPBJD0Dg1MmH1kptcEN/yAX+FVT96MV//Cg//ighwUrFOlqjtdXW6opCHb/rQWFpeWV1ZTa+n1jc2t7czObtUEkRZYEYEKdN0Fg0r6WCFJCuuhRvBchTV3cDH2a/eojQz8WxqG2PKg58uuFECJ1M7sX+eaoMI+tOOmAMUvR3eF43Yma+ftCfg8caYky6YotzNfzU4gIg99EgqMaTh2SK0YNEmhcJRuRgZDEAPoYSOhPnhoWvEk/YgfRQYo4CFqLhWfiPh7IwbPmKHnJpMeUN/MemPxP68RUfesFUs/jAh9MT5EUuHkkBFaJrUg70iNRDBOjlz6XIAGItSSgxCJGCU9pZM+nNnv50m1kHeK+eLNSbZ0Pm0mxQ7YIcsxh52yErtiZVZhgj2wJ/bMXqxH69V6s95/Rhes6c4e+wPr4xv59Jjd</latexit>

O(↵2
E)

<latexit sha1_base64="buFNanub+vwDGzJ2MJNYsa+xma4=">AAACC3icbVC7TgJBFJ3FF+Jr1cLCZiIxsSK7xqAlakwsMREwAULuDhecMPvIzF0TstlP8CtstbIztn6Ehf/islIoeKoz59w7Z+Z4kZKGHOfTKiwsLi2vFFdLa+sbm1v29k7ThLEW2BChCvWdBwaVDLBBkhTeRRrB9xS2vNHlxG89oDYyDG5pHGHXh2EgB1IAZVLP3ks6+SWJxn563stOoPhVmvbsslNxcvB54k5JmU1R79lfnX4oYh8DEgqMabtORN0ENEmhMC11YoMRiBEMsZ3RAHw03STPTvlhbIBCHqHmUvFcxN8bCfjGjH0vm/SB7s2sNxH/89oxDc66iQyimDAQkyCSCvMgI7TMmkHelxqJYPJy5DLgAjQQoZYchMjEOKuqlPXhzv5+njSPK261Ur05Kdcups0U2T47YEfMZaesxq5ZnTWYYCl7Ys/sxXq0Xq036/1ntGBNd3bZH1gf3zEWm1A=</latexit>

AE
<latexit sha1_base64="mIZ3cgFuemzHnGW/UZSYAw/86eY=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgQYpCg1lkMhDcqzofNmEI+ezdbdGClb+gRYqOkTL31DwL9jGBSRMNZrZ1c6OH0lh0LY/raXlldW19dJGeXNre2e3srffMWGsObR5KEPd85kBKRS0UaCEXqSBBb6Erj+5yvzuA2gjQnWL0wi8gI2VGAnOMJU6l/2mGLuDStWu2TnoInEKUiUFWoPKV38Y8jgAhVwyY1zHjtBLmEbBJczK/dhAxPiEjcFNqWIBGC/J087ocWwYhjQCTYWkuQi/NxIWGDMN/HQyYHhn5r1M/M9zYxxdeIlQUYygeHYIhYT8kOFapDUAHQoNiCxLDlQoyplmiKAFZZynYpz2Uk77cOa/XySd05pTr9VvzqqNZtFMiRySI3JCHHJOGuSatEibcHJPnsgzebEerVfrzXr/GV2yip0D8gfWxzez+ZNM</latexit>

=
h <latexit sha1_base64="q02aXLr/h8FmfIbx1lGyrX2V20s=">AAAB93icbVA9TwJBEN3DL8Qv1NJmIzGxInfGoCXBxhITD0jgQuaWATfsfWR3zoQQfoOtVnbG1p9j4X/x7rxCwVe9vDeTefP8WElDtv1pldbWNza3ytuVnd29/YPq4VHHRIkW6IpIRbrng0ElQ3RJksJerBECX2HXn95kfvcRtZFReE+zGL0AJqEcSwGUSu6gJSfesFqz63YOvkqcgtRYgfaw+jUYRSIJMCShwJi+Y8fkzUGTFAoXlUFiMAYxhQn2UxpCgMab52EX/CwxQBGPUXOpeC7i7405BMbMAj+dDIAezLKXif95/YTG195chnFCGIrsEEmF+SEjtExbQD6SGokgS45chlyABiLUkoMQqZiktVTSPpzl71dJ56LuNOqNu8tas1U0U2Yn7JSdM4ddsSa7ZW3mMsEke2LP7MWaWa/Wm/X+M1qyip1j9gfWxzcx3JMH</latexit>i

<latexit sha1_base64="RFeulObKVYs7+sOnS9T2tgbSthM=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElVnS+bMKR89m6WyMFK/9ACxUdouVvKPgXzsYFJEw1mtnV7E4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982UaI5tHgkI90NmAEpFLRQoIRurIGFgYROMLnK/M4DaCMidYvTGPyQjZUYCc7QSu0+ihDMoFJ1a24Ouki8glRJgeag8tUfRjwJQSGXzJie58bop0yj4BJm5X5iIGZ8wsbQs1QxG+Kn+bUzepwYhhGNQVMhaS7C742UhcZMw8BOhgzvzLyXif95vQRHF34qVJwgKJ4FoZCQBxmuha0B6FBoQGTZ5UCFopxphghaUMa5FRPbS9n24c1/v0japzWvXqvfnFUbl0UzJXJIjsgJ8cg5aZBr0iQtwsk9eSLP5MV5dF6dN+f9Z3TJKXYOyB84H99whpPE</latexit>⇥

 - exact in <latexit sha1_base64="C4lcj65e7IBF9wNWbFHucdb/a9U=">AAACA3icdVDLSgNBEJz1bXxFPXoZDIKnZTdZkxxFETwqGBWyS+iddJIhsw9megVZcvQrvOrJm3j1Qzz4L25iBBWtU1HVTVdXmCppyHHerJnZufmFxaXl0srq2vpGeXPr0iSZFtgSiUr0dQgGlYyxRZIUXqcaIQoVXoXD47F/dYPayCS+oNsUgwj6sexJAVRInfKGDyodQCf3BSh+MuqUK47tuo261+CO7TWrtYNaQZqNpldzuWs7E1TYFGed8rvfTUQWYUxCgTFt10kpyEGTFApHJT8zmIIYQh/bBY0hQhPkk+AjvpcZoISnqLlUfCLi940cImNuo7CYjIAG5rc3Fv/y2hn1mkEu4zQjjMX4EEmFk0NGaFk0grwrNRLBODlyGXMBGohQSw5CFGJWVFQq+vh6mv9PLqu2W7fr517l8GjazBLbYbtsn7mswQ7ZKTtjLSZYxu7ZA3u07qwn69l6+RydsaY72+wHrNcPxZqXzQ==</latexit>↵E
<latexit sha1_base64="sOsJLMJ81SMhO1srJlv4EILG04g="></latexit>

O(↵1
E )

approx in   
  not valid

<latexit sha1_base64="vv6bfSUxh9HB/xPuRdfF8PG3eFY=">AAAB+HicdVC7TsNAEDzzDOEVoKQ5ESFRWXaUOEmHoKEMEkmQEgutLwscnB+6WyOFiH+ghYoO0fI3FPwLtgkSIJhqNLOrnZ0gUdKQ47xZM7Nz8wuLpaXy8srq2nplY7Nn4lQL7IpYxfo0AINKRtglSQpPE40QBgr7wfVh7vdvUBsZRyc0TtAP4SKS51IAZVJvCCq5hLNK1bHbLa/RanPHdmttx6vnpN5o1hzu2k6BKpuic1Z5H45ikYYYkVBgzMB1EvInoEkKhXflYWowAXENFzjIaAQhGn9SpL3ju6kBinmCmkvFCxG/b0wgNGYcBtlkCHRpfnu5+Jc3SOm85U9klKSEkcgPkVRYHDJCy6wG5COpkQjy5MhlxAVoIEItOQiRiWnWSznr4+tp/j/p1WzXs73jenX/YNpMiW2zHbbHXNZk++yIdViXCXbF7tkDe7RurSfr2Xr5HJ2xpjtb7Aes1w/Ft5P+</latexit>↵

Bound weaker

Optimal experiment  
has size       of this order 

<latexit sha1_base64="g0V7//+FzhbTPA321f6PU5vKoVI=">AAAB/HicdVDLSgNBEJz1bXxFPXoZDIKnuJtIHregCB4VjIpJkN5JRwdnZ5eZXiEs8Su86smbePVfPPgvTmIEFa1TUdVNV1eYKGnJ99+8icmp6ZnZufncwuLS8kp+de3UxqkR2BSxis15CBaV1NgkSQrPE4MQhQrPwpv9oX92i8bKWJ9QP8FOBFda9qQActJFsJO1BSh+MLjMF/xiUPGrpV3uF6u1oFyuOBLUK/VyiQdFf4QCG+PoMv/e7sYijVCTUGBtK/AT6mRgSAqFg1w7tZiAuIErbDmqIULbyUaJB3wrtUAxT9BwqfhIxO8bGUTW9qPQTUZA1/a3NxT/8lop9WqdTOokJdRieIikwtEhK4x0VSDvSoNEMEyOXGouwAARGslBCCemrpuc6+Praf4/OS25zoqV491CY2/czBzbYJtsmwWsyhrskB2xJhNMs3v2wB69O+/Je/ZePkcnvPHOOvsB7/UDvMGVBQ==</latexit>

1/E

<latexit sha1_base64="GCtESMsPU2q1Xnde10NDke3apUQ=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIRCjRIETSUAZGHlETR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CNC0iYajSzq50dN1TSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMkGkBTZFoALdcblBJX1skiSFnVAj91yFbXdyk/rtKWojA/+BZiH2PT725UgKTol0f2UPyhW7amdgy8TJSQVyNAblr94wEJGHPgnFjek6dkj9mGuSQuG81IsMhlxM+Bi7CfW5h6YfZ0nn7CQynAIWomZSsUzE3xsx94yZeW4y6XF6NIteKv7ndSMaXfZj6YcRoS/SQyQVZoeM0DKpANlQaiTiaXJk0meCa06EWjIuRCJGSSelpA9n8ftl0jqrOrVq7e68Ur/OmynCERzDKThwAXW4hQY0QcAInuAZXqyp9Wq9We8/owUr3zmEP7A+vgGeIpGL</latexit>

= 0 exclusively…

Positivity Bounds: 



Bounds for charged/neutral pions 
<latexit sha1_base64="RfAm4Rt3cCAIdK29K8tc9Y7wleg=">AAACC3icdVDJSgNBEO2JW4xb1IMHL41BEIRhJonJHINePEYwCyQx9HQqsUnPQneNEEI+wa/wqidv4tWP8OC/ODNGXNB3aF69V0V1PTeUQqNlvRqZhcWl5ZXsam5tfWNzK7+909RBpDg0eCAD1XaZBil8aKBACe1QAfNcCS13fJb4rRtQWgT+JU5C6Hls5Iuh4AxjqZ/f64bi6jh5rC4GX0U/X7BM265WylVqmWWnWDopxcSpOuWSTW3TSlEgc9T7+bfuIOCRBz5yybTu2FaIvSlTKLiEWa4baQgZH7MRdGLqMw90b5oeMKOHkWYY0BAUFZKmInyfmDJP64nnxp0ew2v920vEv7xOhEOnNxV+GCH4PFmEQkK6SHMl4mSADoQCRJb8HKjwKWeKIYISlHEei1EcVS7O4/No+j9pFk27YlYuyoXa6TyZLNknB+SI2KRKauSc1EmDcDIjd+SePBi3xqPxZDx/tGaM+cwu+QHj5R0sKZq0</latexit>

⇡+⇡0 ! ⇡+⇡0

 - exact in <latexit sha1_base64="C4lcj65e7IBF9wNWbFHucdb/a9U=">AAACA3icdVDLSgNBEJz1bXxFPXoZDIKnZTdZkxxFETwqGBWyS+iddJIhsw9megVZcvQrvOrJm3j1Qzz4L25iBBWtU1HVTVdXmCppyHHerJnZufmFxaXl0srq2vpGeXPr0iSZFtgSiUr0dQgGlYyxRZIUXqcaIQoVXoXD47F/dYPayCS+oNsUgwj6sexJAVRInfKGDyodQCf3BSh+MuqUK47tuo261+CO7TWrtYNaQZqNpldzuWs7E1TYFGed8rvfTUQWYUxCgTFt10kpyEGTFApHJT8zmIIYQh/bBY0hQhPkk+AjvpcZoISnqLlUfCLi940cImNuo7CYjIAG5rc3Fv/y2hn1mkEu4zQjjMX4EEmFk0NGaFk0grwrNRLBODlyGXMBGohQSw5CFGJWVFQq+vh6mv9PLqu2W7fr517l8GjazBLbYbtsn7mswQ7ZKTtjLSZYxu7ZA3u07qwn69l6+RydsaY72+wHrNcPxZqXzQ==</latexit>↵E
<latexit sha1_base64="sOsJLMJ81SMhO1srJlv4EILG04g="></latexit>

O(↵1
E )

Positivity bounds survive to        also in D=4… 
                 QED corrections are perturbative.

<latexit sha1_base64="8jF+SA37leVRrp1/CQFG4cN1e+o=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIoAUW2h92cAp5/Nxt0aKokh8BS1UdIiWX6HgX3CMC15TjWZ2tbMTGyUd+f67V5mZnZtfqC7WlpZXVtfq6xvnLs2swK5IVWovY3CopMYuSVJ4aSxCEiu8iIfHU//iDq2TqT6jkcEogWstB1IA5VIYgjI3EGq85f5VveE3/QL8LwlK0mAlOlf1j7CfiixBTUKBc73ANxSNwZIUCie1MHNoQAzhGns51ZCgi8ZF5gnfyRxQyg1aLhUvRPy+MYbEuVES55MJ0I377U3F/7xeRoPDaCy1yQi1mB4iqbA45ISVeRnI+9IiEUyTI5eaC7BAhFZyECIXs7ydWt5H8Pv7v+R8rxm0mq3T/Ub7qGymyrbYNttlATtgbXbCOqzLBDPsgT2yJ+/ee/ZevNev0YpX7myyH/DePgE76ZXU</latexit>

↵ 6= 0



Bounds with Gravity:
<latexit sha1_base64="jHb2B24DlCSN2KVwMTL70hMPel0=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAInsKuSPQiBD3oSSKYByQh9E46ccjs7DLTK4QlX+BXeNWTN/HqV3jwX9zEHDSxTkVVN11dfqSkJdf9dDILi0vLK9nV3Nr6xuZWfnunZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R9cjv36AxorQ31HwwjbAfS17EkBlEqd/F6rZ0Ak/VFy1bkZnfOe1JKwky+4RXcCPk+8KSmwKSqd/FerG4o4QE1CgbVNz42onYAhKRSOcq3YYgRiAH1splRDgLadTOKP+GFsgUIeoeFS8YmIvzcSCKwdBn46GQDd21lvLP7nNWPqnbUTqaOYUIvxIZIKJ4esMDLtBXlXGiSCcXLkUnMBBojQSA5CpGKcFpVL+/Bmv58nteOiVyqWbk8K5YtpM1m2zw7YEfPYKSuza1ZhVSZYwp7YM3txHp1X5815/xnNONOdXfYHzsc3KKGaLA==</latexit> g

GN
= finiteTree Amplitude:

<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0
<latexit sha1_base64="Lnutr5yuBs8yRIvJwkjpQn3HhSk=">AAAB+XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjJI5CElUXS+bMIp57N1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnR0/UtKS6346K6tr6xubpa3y9s7u3n7l4LBtw9gIbIlQhabrc4tKamyRJIXdyCAPfIUdf3qT+Z1HNFaG+p5mEQ4CPtFyLAWnVOpMhrpPoTusVN2am4MtE68gVSjQHFa++qNQxAFqEopb2/PciAYJNySFwnm5H1uMuJjyCfZSqnmAdpDkcefsNLacQhahYVKxXMTfGwkPrJ0FfjoZcHqwi14m/uf1YhpfDRKpo5hQi+wQSYX5ISuMTHtANpIGiXiWHJnUTHDDidBIxoVIxTgtppz24S1+v0za5zWvXqvfXVQb10UzJTiGEzgDDy6hAbfQhBYImMITPMOLkzivzpvz/jO64hQ7R/AHzsc30XyT8w==</latexit>

gn ! 0

<latexit sha1_base64="mYoKH0XgCnR7ROcn1x6fr9geV1g=">AAACC3icdVC7TgJBFJ3FF+ILtbCwmUhMrDa7sAIl0cYSE3kkgGR2uOCE2Udm7pqQDZ/gV9hqZWds/QgL/8VlwfiInmJy7jn35s49biiFRst6MzJLyyura9n13Mbm1vZOfnevqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74fOa3bkFpEfhXOAmh57GRL4aCM0ykfv6gG4pra/5g8FX08wXLtO1K2alQy3SqxdJpKSHVStUp2dQ2rRQFskC9n3/vDgIeeeAjl0zrjm2F2IuZQsElTHPdSEPI+JiNoJNQn3mge3F6wJQeR5phQENQVEiaivB9Imae1hPPTTo9hjf6tzcT//I6EQ6rvVj4YYTg89kiFBLSRZorkSQDdCAUILLZz4EKn3KmGCIoQRnniRglUeWSPD6Ppv+TZtG0y2b50inUzhbJZMkhOSInxCYVUiMXpE4ahJMpuScP5NG4M56MZ+Nl3poxFjP75AeM1w88Mpq+</latexit>

⇡0⇡0 ! ⇡0⇡0



Bounds with Gravity:
<latexit sha1_base64="jHb2B24DlCSN2KVwMTL70hMPel0=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAInsKuSPQiBD3oSSKYByQh9E46ccjs7DLTK4QlX+BXeNWTN/HqV3jwX9zEHDSxTkVVN11dfqSkJdf9dDILi0vLK9nV3Nr6xuZWfnunZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R9cjv36AxorQ31HwwjbAfS17EkBlEqd/F6rZ0Ak/VFy1bkZnfOe1JKwky+4RXcCPk+8KSmwKSqd/FerG4o4QE1CgbVNz42onYAhKRSOcq3YYgRiAH1splRDgLadTOKP+GFsgUIeoeFS8YmIvzcSCKwdBn46GQDd21lvLP7nNWPqnbUTqaOYUIvxIZIKJ4esMDLtBXlXGiSCcXLkUnMBBojQSA5CpGKcFpVL+/Bmv58nteOiVyqWbk8K5YtpM1m2zw7YEfPYKSuza1ZhVSZYwp7YM3txHp1X5815/xnNONOdXfYHzsc3KKGaLA==</latexit> g

GN
= finite

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

Tree Amplitude:
<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0
<latexit sha1_base64="Lnutr5yuBs8yRIvJwkjpQn3HhSk=">AAAB+XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjJI5CElUXS+bMIp57N1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnR0/UtKS6346K6tr6xubpa3y9s7u3n7l4LBtw9gIbIlQhabrc4tKamyRJIXdyCAPfIUdf3qT+Z1HNFaG+p5mEQ4CPtFyLAWnVOpMhrpPoTusVN2am4MtE68gVSjQHFa++qNQxAFqEopb2/PciAYJNySFwnm5H1uMuJjyCfZSqnmAdpDkcefsNLacQhahYVKxXMTfGwkPrJ0FfjoZcHqwi14m/uf1YhpfDRKpo5hQi+wQSYX5ISuMTHtANpIGiXiWHJnUTHDDidBIxoVIxTgtppz24S1+v0za5zWvXqvfXVQb10UzJTiGEzgDDy6hAbfQhBYImMITPMOLkzivzpvz/jO64hQ7R/AHzsc30XyT8w==</latexit>

gn ! 0

<latexit sha1_base64="mYoKH0XgCnR7ROcn1x6fr9geV1g=">AAACC3icdVC7TgJBFJ3FF+ILtbCwmUhMrDa7sAIl0cYSE3kkgGR2uOCE2Udm7pqQDZ/gV9hqZWds/QgL/8VlwfiInmJy7jn35s49biiFRst6MzJLyyura9n13Mbm1vZOfnevqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74fOa3bkFpEfhXOAmh57GRL4aCM0ykfv6gG4pra/5g8FX08wXLtO1K2alQy3SqxdJpKSHVStUp2dQ2rRQFskC9n3/vDgIeeeAjl0zrjm2F2IuZQsElTHPdSEPI+JiNoJNQn3mge3F6wJQeR5phQENQVEiaivB9Imae1hPPTTo9hjf6tzcT//I6EQ6rvVj4YYTg89kiFBLSRZorkSQDdCAUILLZz4EKn3KmGCIoQRnniRglUeWSPD6Ppv+TZtG0y2b50inUzhbJZMkhOSInxCYVUiMXpE4ahJMpuScP5NG4M56MZ+Nl3poxFjP75AeM1w88Mpq+</latexit>

⇡0⇡0 ! ⇡0⇡0



Bounds with Gravity:
<latexit sha1_base64="jHb2B24DlCSN2KVwMTL70hMPel0=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAInsKuSPQiBD3oSSKYByQh9E46ccjs7DLTK4QlX+BXeNWTN/HqV3jwX9zEHDSxTkVVN11dfqSkJdf9dDILi0vLK9nV3Nr6xuZWfnunZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R9cjv36AxorQ31HwwjbAfS17EkBlEqd/F6rZ0Ak/VFy1bkZnfOe1JKwky+4RXcCPk+8KSmwKSqd/FerG4o4QE1CgbVNz42onYAhKRSOcq3YYgRiAH1splRDgLadTOKP+GFsgUIeoeFS8YmIvzcSCKwdBn46GQDd21lvLP7nNWPqnbUTqaOYUIvxIZIKJ4esMDLtBXlXGiSCcXLkUnMBBojQSA5CpGKcFpVL+/Bmv58nteOiVyqWbk8K5YtpM1m2zw7YEfPYKSuza1ZhVSZYwp7YM3txHp1X5815/xnNONOdXfYHzsc3KKGaLA==</latexit> g

GN
= finite

Caron-Huot,Mazac,Rastelli,Simons-Duffin’22

<latexit sha1_base64="1SFTamCmjvk123UAmz8uYVbCuXE=">AAAB9XicdVDLTgJBEJz1ifhCPXqZSEw8kV2QBQ4mRD14xCiPBDZkdmhwwuwjM70aQvgEr3ryZrz6PR78F3dXTNRonSpV3enqckMpNJrmm7GwuLS8sppZy65vbG5t53Z2WzqIFIcmD2SgOi7TIIUPTRQooRMqYJ4roe2OzxK/fQtKi8C/xkkIjsdGvhgKzjCWrs5Pyv1c3iyUq5WaXaQxqdUs20xJqVIqUqtgpsiTORr93HtvEPDIAx+5ZFp3LTNEZ8oUCi5hlu1FGkLGx2wE3Zj6zAPtTNOoM3oYaYYBDUFRIWkqwveNKfO0nnhuPOkxvNG/vUT8y+tGOKw6U+GHEYLPk0MoJKSHNFci7gDoQChAZElyoMKnnCmGCEpQxnksRnEp2biPr6fp/6RVLFh2wb48ztdP581kyD45IEfEIhVSJxekQZqEkxG5Jw/k0bgznoxn4+VzdMGY7+yRHzBePwDE9pI+</latexit>

D = 5

<latexit sha1_base64="QsTn/7uikdcI9g3hLPlH+B+R4x4=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtNkFXeBgQtSDR4zySGBDZocGJ8w+MtOrIYRP8Konb8ar3+PBf3FZMVGjdapUdaery4uk0GhZb0ZmYXFpeSW7mltb39jcym/vNHUYKw4NHspQtT2mQYoAGihQQjtSwHxPQssbnc381i0oLcLgGscRuD4bBmIgOMNEujo/cXr5gmUeV8pVp0gTUq3ajpWSUrlUpLZppSiQOeq9/Hu3H/LYhwC5ZFp3bCtCd8IUCi5hmuvGGiLGR2wInYQGzAftTtKoU3oQa4YhjUBRIWkqwveNCfO1HvteMukzvNG/vZn4l9eJcVBxJyKIYoSAzw6hkJAe0lyJpAOgfaEAkc2SAxUB5UwxRFCCMs4TMU5KySV9fD1N/yfNomk7pnN5VKidzpvJkj2yTw6JTcqkRi5InTQIJ0NyTx7Io3FnPBnPxsvnaMaY7+ySHzBePwDGhZI/</latexit>

D = 6
<latexit sha1_base64="4aa5GOG06uGuChfTgsEeJSSxrmE=">AAAB9XicdVDLSgNBEJyNrxhfUY9eBoPgKewmmsdBCOrBY0TzgGQJs5NOHDL7YKZXCUs+wauevIlXv8eD/+LuGkFF61RUddPV5QRSaDTNNyOzsLi0vJJdza2tb2xu5bd32toPFYcW96Wvug7TIIUHLRQooRsoYK4joeNMzhK/cwtKC9+7xmkAtsvGnhgJzjCWrs5PqoN8wSwe16r1SonGpF63KmZKytVyiVpFM0WBzNEc5N/7Q5+HLnjIJdO6Z5kB2hFTKLiEWa4faggYn7Ax9GLqMRe0HaVRZ/Qg1Ax9GoCiQtJUhO8bEXO1nrpOPOkyvNG/vUT8y+uFOKrZkfCCEMHjySEUEtJDmisRdwB0KBQgsiQ5UOFRzhRDBCUo4zwWw7iUXNzH19P0f9IuFa1KsXJ5VGiczpvJkj2yTw6JRaqkQS5Ik7QIJ2NyTx7Io3FnPBnPxsvnaMaY7+ySHzBePwDIFJJA</latexit>

D = 7

<latexit sha1_base64="rsxErimWYoToKyfkqmUEvXWAvoQ=">AAAB9nicdVDLSgNBEJyNrxhfUY9eBoPgadlNNI+DENSDxwjmAckSZiedZMjsg5leMYT8glc9eROv/o4H/8XdNYKK1qmo6qaryw2l0GhZb0ZmaXlldS27ntvY3Nreye/utXQQKQ5NHshAdVymQQofmihQQidUwDxXQtudXCR++xaUFoF/g9MQHI+NfDEUnGEiXZ7ZxX6+YJmn1UqtXKQxqdXsspWSUqVUpLZppSiQBRr9/HtvEPDIAx+5ZFp3bStEZ8YUCi5hnutFGkLGJ2wE3Zj6zAPtzNKsc3oUaYYBDUFRIWkqwveNGfO0nnpuPOkxHOvfXiL+5XUjHFadmfDDCMHnySEUEtJDmisRlwB0IBQgsiQ5UOFTzhRDBCUo4zwWo7iVXNzH19P0f9IqmnbZLF+fFOrni2ay5IAckmNikwqpkyvSIE3CyZjckwfyaNwZT8az8fI5mjEWO/vkB4zXDzJcknY=</latexit>

D = 12

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

Tree Amplitude:
<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0
<latexit sha1_base64="Lnutr5yuBs8yRIvJwkjpQn3HhSk=">AAAB+XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjJI5CElUXS+bMIp57N1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnR0/UtKS6346K6tr6xubpa3y9s7u3n7l4LBtw9gIbIlQhabrc4tKamyRJIXdyCAPfIUdf3qT+Z1HNFaG+p5mEQ4CPtFyLAWnVOpMhrpPoTusVN2am4MtE68gVSjQHFa++qNQxAFqEopb2/PciAYJNySFwnm5H1uMuJjyCfZSqnmAdpDkcefsNLacQhahYVKxXMTfGwkPrJ0FfjoZcHqwi14m/uf1YhpfDRKpo5hQi+wQSYX5ISuMTHtANpIGiXiWHJnUTHDDidBIxoVIxTgtppz24S1+v0za5zWvXqvfXVQb10UzJTiGEzgDDy6hAbfQhBYImMITPMOLkzivzpvz/jO64hQ7R/AHzsc30XyT8w==</latexit>

gn ! 0

<latexit sha1_base64="mYoKH0XgCnR7ROcn1x6fr9geV1g=">AAACC3icdVC7TgJBFJ3FF+ILtbCwmUhMrDa7sAIl0cYSE3kkgGR2uOCE2Udm7pqQDZ/gV9hqZWds/QgL/8VlwfiInmJy7jn35s49biiFRst6MzJLyyura9n13Mbm1vZOfnevqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74fOa3bkFpEfhXOAmh57GRL4aCM0ykfv6gG4pra/5g8FX08wXLtO1K2alQy3SqxdJpKSHVStUp2dQ2rRQFskC9n3/vDgIeeeAjl0zrjm2F2IuZQsElTHPdSEPI+JiNoJNQn3mge3F6wJQeR5phQENQVEiaivB9Imae1hPPTTo9hjf6tzcT//I6EQ6rvVj4YYTg89kiFBLSRZorkSQDdCAUILLZz4EKn3KmGCIoQRnniRglUeWSPD6Ppv+TZtG0y2b50inUzhbJZMkhOSInxCYVUiMXpE4ahJMpuScP5NG4M56MZ+Nl3poxFjP75AeM1w88Mpq+</latexit>

⇡0⇡0 ! ⇡0⇡0



Bounds with Gravity:
<latexit sha1_base64="jHb2B24DlCSN2KVwMTL70hMPel0=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAInsKuSPQiBD3oSSKYByQh9E46ccjs7DLTK4QlX+BXeNWTN/HqV3jwX9zEHDSxTkVVN11dfqSkJdf9dDILi0vLK9nV3Nr6xuZWfnunZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R9cjv36AxorQ31HwwjbAfS17EkBlEqd/F6rZ0Ak/VFy1bkZnfOe1JKwky+4RXcCPk+8KSmwKSqd/FerG4o4QE1CgbVNz42onYAhKRSOcq3YYgRiAH1splRDgLadTOKP+GFsgUIeoeFS8YmIvzcSCKwdBn46GQDd21lvLP7nNWPqnbUTqaOYUIvxIZIKJ4esMDLtBXlXGiSCcXLkUnMBBojQSA5CpGKcFpVL+/Bmv58nteOiVyqWbk8K5YtpM1m2zw7YEfPYKSuza1ZhVSZYwp7YM3txHp1X5815/xnNONOdXfYHzsc3KKGaLA==</latexit> g

GN
= finite

Caron-Huot,Mazac,Rastelli,Simons-Duffin’22

<latexit sha1_base64="1SFTamCmjvk123UAmz8uYVbCuXE=">AAAB9XicdVDLTgJBEJz1ifhCPXqZSEw8kV2QBQ4mRD14xCiPBDZkdmhwwuwjM70aQvgEr3ryZrz6PR78F3dXTNRonSpV3enqckMpNJrmm7GwuLS8sppZy65vbG5t53Z2WzqIFIcmD2SgOi7TIIUPTRQooRMqYJ4roe2OzxK/fQtKi8C/xkkIjsdGvhgKzjCWrs5Pyv1c3iyUq5WaXaQxqdUs20xJqVIqUqtgpsiTORr93HtvEPDIAx+5ZFp3LTNEZ8oUCi5hlu1FGkLGx2wE3Zj6zAPtTNOoM3oYaYYBDUFRIWkqwveNKfO0nnhuPOkxvNG/vUT8y+tGOKw6U+GHEYLPk0MoJKSHNFci7gDoQChAZElyoMKnnCmGCEpQxnksRnEp2biPr6fp/6RVLFh2wb48ztdP581kyD45IEfEIhVSJxekQZqEkxG5Jw/k0bgznoxn4+VzdMGY7+yRHzBePwDE9pI+</latexit>

D = 5

<latexit sha1_base64="QsTn/7uikdcI9g3hLPlH+B+R4x4=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtNkFXeBgQtSDR4zySGBDZocGJ8w+MtOrIYRP8Konb8ar3+PBf3FZMVGjdapUdaery4uk0GhZb0ZmYXFpeSW7mltb39jcym/vNHUYKw4NHspQtT2mQYoAGihQQjtSwHxPQssbnc381i0oLcLgGscRuD4bBmIgOMNEujo/cXr5gmUeV8pVp0gTUq3ajpWSUrlUpLZppSiQOeq9/Hu3H/LYhwC5ZFp3bCtCd8IUCi5hmuvGGiLGR2wInYQGzAftTtKoU3oQa4YhjUBRIWkqwveNCfO1HvteMukzvNG/vZn4l9eJcVBxJyKIYoSAzw6hkJAe0lyJpAOgfaEAkc2SAxUB5UwxRFCCMs4TMU5KySV9fD1N/yfNomk7pnN5VKidzpvJkj2yTw6JTcqkRi5InTQIJ0NyTx7Io3FnPBnPxsvnaMaY7+ySHzBePwDGhZI/</latexit>

D = 6
<latexit sha1_base64="4aa5GOG06uGuChfTgsEeJSSxrmE=">AAAB9XicdVDLSgNBEJyNrxhfUY9eBoPgKewmmsdBCOrBY0TzgGQJs5NOHDL7YKZXCUs+wauevIlXv8eD/+LuGkFF61RUddPV5QRSaDTNNyOzsLi0vJJdza2tb2xu5bd32toPFYcW96Wvug7TIIUHLRQooRsoYK4joeNMzhK/cwtKC9+7xmkAtsvGnhgJzjCWrs5PqoN8wSwe16r1SonGpF63KmZKytVyiVpFM0WBzNEc5N/7Q5+HLnjIJdO6Z5kB2hFTKLiEWa4faggYn7Ax9GLqMRe0HaVRZ/Qg1Ax9GoCiQtJUhO8bEXO1nrpOPOkyvNG/vUT8y+uFOKrZkfCCEMHjySEUEtJDmisRdwB0KBQgsiQ5UOFRzhRDBCUo4zwWw7iUXNzH19P0f9IuFa1KsXJ5VGiczpvJkj2yTw6JRaqkQS5Ik7QIJ2NyTx7Io3FnPBnPxsvnaMaY7+ySHzBePwDIFJJA</latexit>

D = 7

<latexit sha1_base64="rsxErimWYoToKyfkqmUEvXWAvoQ=">AAAB9nicdVDLSgNBEJyNrxhfUY9eBoPgadlNNI+DENSDxwjmAckSZiedZMjsg5leMYT8glc9eROv/o4H/8XdNYKK1qmo6qaryw2l0GhZb0ZmaXlldS27ntvY3Nreye/utXQQKQ5NHshAdVymQQofmihQQidUwDxXQtudXCR++xaUFoF/g9MQHI+NfDEUnGEiXZ7ZxX6+YJmn1UqtXKQxqdXsspWSUqVUpLZppSiQBRr9/HtvEPDIAx+5ZFp3bStEZ8YUCi5hnutFGkLGJ2wE3Zj6zAPtzNKsc3oUaYYBDUFRIWkqwveNGfO0nnpuPOkxHOvfXiL+5XUjHFadmfDDCMHnySEUEtJDmisRlwB0IBQgsiQ5UOFTzhRDBCUo4zwWo7iVXNzH19P0f9IqmnbZLF+fFOrni2ay5IAckmNikwqpkyvSIE3CyZjckwfyaNwZT8az8fI5mjEWO/vkB4zXDzJcknY=</latexit>

D = 12

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

Tree Amplitude:
<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0
<latexit sha1_base64="Lnutr5yuBs8yRIvJwkjpQn3HhSk=">AAAB+XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjJI5CElUXS+bMIp57N1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnR0/UtKS6346K6tr6xubpa3y9s7u3n7l4LBtw9gIbIlQhabrc4tKamyRJIXdyCAPfIUdf3qT+Z1HNFaG+p5mEQ4CPtFyLAWnVOpMhrpPoTusVN2am4MtE68gVSjQHFa++qNQxAFqEopb2/PciAYJNySFwnm5H1uMuJjyCfZSqnmAdpDkcefsNLacQhahYVKxXMTfGwkPrJ0FfjoZcHqwi14m/uf1YhpfDRKpo5hQi+wQSYX5ISuMTHtANpIGiXiWHJnUTHDDidBIxoVIxTgtppz24S1+v0za5zWvXqvfXVQb10UzJTiGEzgDDy6hAbfQhBYImMITPMOLkzivzpvz/jO64hQ7R/AHzsc30XyT8w==</latexit>

gn ! 0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+ <latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

Stripped Amplitude:
<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="mYoKH0XgCnR7ROcn1x6fr9geV1g=">AAACC3icdVC7TgJBFJ3FF+ILtbCwmUhMrDa7sAIl0cYSE3kkgGR2uOCE2Udm7pqQDZ/gV9hqZWds/QgL/8VlwfiInmJy7jn35s49biiFRst6MzJLyyura9n13Mbm1vZOfnevqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74fOa3bkFpEfhXOAmh57GRL4aCM0ykfv6gG4pra/5g8FX08wXLtO1K2alQy3SqxdJpKSHVStUp2dQ2rRQFskC9n3/vDgIeeeAjl0zrjm2F2IuZQsElTHPdSEPI+JiNoJNQn3mge3F6wJQeR5phQENQVEiaivB9Imae1hPPTTo9hjf6tzcT//I6EQ6rvVj4YYTg89kiFBLSRZorkSQDdCAUILLZz4EKn3KmGCIoQRnniRglUeWSPD6Ppv+TZtG0y2b50inUzhbJZMkhOSInxCYVUiMXpE4ahJMpuScP5NG4M56MZ+Nl3poxFjP75AeM1w88Mpq+</latexit>

⇡0⇡0 ! ⇡0⇡0



Bounds with Gravity:
<latexit sha1_base64="jHb2B24DlCSN2KVwMTL70hMPel0=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAInsKuSPQiBD3oSSKYByQh9E46ccjs7DLTK4QlX+BXeNWTN/HqV3jwX9zEHDSxTkVVN11dfqSkJdf9dDILi0vLK9nV3Nr6xuZWfnunZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R9cjv36AxorQ31HwwjbAfS17EkBlEqd/F6rZ0Ak/VFy1bkZnfOe1JKwky+4RXcCPk+8KSmwKSqd/FerG4o4QE1CgbVNz42onYAhKRSOcq3YYgRiAH1splRDgLadTOKP+GFsgUIeoeFS8YmIvzcSCKwdBn46GQDd21lvLP7nNWPqnbUTqaOYUIvxIZIKJ4esMDLtBXlXGiSCcXLkUnMBBojQSA5CpGKcFpVL+/Bmv58nteOiVyqWbk8K5YtpM1m2zw7YEfPYKSuza1ZhVSZYwp7YM3txHp1X5815/xnNONOdXfYHzsc3KKGaLA==</latexit> g

GN
= finite

Caron-Huot,Mazac,Rastelli,Simons-Duffin’22

<latexit sha1_base64="1SFTamCmjvk123UAmz8uYVbCuXE=">AAAB9XicdVDLTgJBEJz1ifhCPXqZSEw8kV2QBQ4mRD14xCiPBDZkdmhwwuwjM70aQvgEr3ryZrz6PR78F3dXTNRonSpV3enqckMpNJrmm7GwuLS8sppZy65vbG5t53Z2WzqIFIcmD2SgOi7TIIUPTRQooRMqYJ4roe2OzxK/fQtKi8C/xkkIjsdGvhgKzjCWrs5Pyv1c3iyUq5WaXaQxqdUs20xJqVIqUqtgpsiTORr93HtvEPDIAx+5ZFp3LTNEZ8oUCi5hlu1FGkLGx2wE3Zj6zAPtTNOoM3oYaYYBDUFRIWkqwveNKfO0nnhuPOkxvNG/vUT8y+tGOKw6U+GHEYLPk0MoJKSHNFci7gDoQChAZElyoMKnnCmGCEpQxnksRnEp2biPr6fp/6RVLFh2wb48ztdP581kyD45IEfEIhVSJxekQZqEkxG5Jw/k0bgznoxn4+VzdMGY7+yRHzBePwDE9pI+</latexit>

D = 5

<latexit sha1_base64="QsTn/7uikdcI9g3hLPlH+B+R4x4=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtNkFXeBgQtSDR4zySGBDZocGJ8w+MtOrIYRP8Konb8ar3+PBf3FZMVGjdapUdaery4uk0GhZb0ZmYXFpeSW7mltb39jcym/vNHUYKw4NHspQtT2mQYoAGihQQjtSwHxPQssbnc381i0oLcLgGscRuD4bBmIgOMNEujo/cXr5gmUeV8pVp0gTUq3ajpWSUrlUpLZppSiQOeq9/Hu3H/LYhwC5ZFp3bCtCd8IUCi5hmuvGGiLGR2wInYQGzAftTtKoU3oQa4YhjUBRIWkqwveNCfO1HvteMukzvNG/vZn4l9eJcVBxJyKIYoSAzw6hkJAe0lyJpAOgfaEAkc2SAxUB5UwxRFCCMs4TMU5KySV9fD1N/yfNomk7pnN5VKidzpvJkj2yTw6JTcqkRi5InTQIJ0NyTx7Io3FnPBnPxsvnaMaY7+ySHzBePwDGhZI/</latexit>

D = 6
<latexit sha1_base64="4aa5GOG06uGuChfTgsEeJSSxrmE=">AAAB9XicdVDLSgNBEJyNrxhfUY9eBoPgKewmmsdBCOrBY0TzgGQJs5NOHDL7YKZXCUs+wauevIlXv8eD/+LuGkFF61RUddPV5QRSaDTNNyOzsLi0vJJdza2tb2xu5bd32toPFYcW96Wvug7TIIUHLRQooRsoYK4joeNMzhK/cwtKC9+7xmkAtsvGnhgJzjCWrs5PqoN8wSwe16r1SonGpF63KmZKytVyiVpFM0WBzNEc5N/7Q5+HLnjIJdO6Z5kB2hFTKLiEWa4faggYn7Ax9GLqMRe0HaVRZ/Qg1Ax9GoCiQtJUhO8bEXO1nrpOPOkyvNG/vUT8y+uFOKrZkfCCEMHjySEUEtJDmisRdwB0KBQgsiQ5UOFRzhRDBCUo4zwWw7iUXNzH19P0f9IuFa1KsXJ5VGiczpvJkj2yTw6JRaqkQS5Ik7QIJ2NyTx7Io3FnPBnPxsvnaMaY7+ySHzBePwDIFJJA</latexit>

D = 7

<latexit sha1_base64="rsxErimWYoToKyfkqmUEvXWAvoQ=">AAAB9nicdVDLSgNBEJyNrxhfUY9eBoPgadlNNI+DENSDxwjmAckSZiedZMjsg5leMYT8glc9eROv/o4H/8XdNYKK1qmo6qaryw2l0GhZb0ZmaXlldS27ntvY3Nreye/utXQQKQ5NHshAdVymQQofmihQQidUwDxXQtudXCR++xaUFoF/g9MQHI+NfDEUnGEiXZ7ZxX6+YJmn1UqtXKQxqdXsspWSUqVUpLZppSiQBRr9/HtvEPDIAx+5ZFp3bStEZ8YUCi5hnutFGkLGJ2wE3Zj6zAPtzNKsc3oUaYYBDUFRIWkqwveNGfO0nnpuPOkxHOvfXiL+5XUjHFadmfDDCMHnySEUEtJDmisRlwB0IBQgsiQ5UOFTzhRDBCUo4zwWo7iVXNzH19P0f9IqmnbZLF+fFOrni2ay5IAckmNikwqpkyvSIE3CyZjckwfyaNwZT8az8fI5mjEWO/vkB4zXDzJcknY=</latexit>

D = 12

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

Tree Amplitude:
<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0
<latexit sha1_base64="Lnutr5yuBs8yRIvJwkjpQn3HhSk=">AAAB+XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjJI5CElUXS+bMIp57N1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnR0/UtKS6346K6tr6xubpa3y9s7u3n7l4LBtw9gIbIlQhabrc4tKamyRJIXdyCAPfIUdf3qT+Z1HNFaG+p5mEQ4CPtFyLAWnVOpMhrpPoTusVN2am4MtE68gVSjQHFa++qNQxAFqEopb2/PciAYJNySFwnm5H1uMuJjyCfZSqnmAdpDkcefsNLacQhahYVKxXMTfGwkPrJ0FfjoZcHqwi14m/uf1YhpfDRKpo5hQi+wQSYX5ISuMTHtANpIGiXiWHJnUTHDDidBIxoVIxTgtppz24S1+v0za5zWvXqvfXVQb10UzJTiGEzgDDy6hAbfQhBYImMITPMOLkzivzpvz/jO64hQ7R/AHzsc30XyT8w==</latexit>

gn ! 0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+ <latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

Stripped Amplitude:
<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="HLauqaiiPWSfwFzvIj6Zj8bOtZ4=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRoMhGKFBG0FAGiTykxIrOl0045Xy27vaQIpOfoIWKDtHyMxT8C7ZxAQlTjWZ2NbsTxFIYdN1PZ2l5ZXVtvbRR3tza3tmt7O23TWQ1hxaPZKS7ATMghYIWCpTQjTWwMJDQCSbXmd95AG1EpO5wGoMfsrESI8EZplLX9DGieGoHlapbc3PQReIVpEoKNAeVr/4w4jYEhVwyY3qeG6OfMI2CS5iV+9ZAzPiEjaGXUsVCMH6S3zujx9awNDcGTYWkuQi/NxIWGjMNg3QyZHhv5r1M/M/rWRxd+olQsUVQPAtCISEPMlyLtAigQ6EBkWWXAxWKcqYZImhBGeepaNNmymkf3vz3i6R9VvPqtfrtebVxVTRTIofkiJwQj1yQBrkhTdIinEjyRJ7Ji/PovDpvzvvP6JJT7ByQP3A+vgFi25RB</latexit>

s ! t, u

<latexit sha1_base64="h17r+DNPiPjOm+G4D6KBib2j0es="></latexit>

AE =
A

WGR

����
✏!0

<latexit sha1_base64="mYoKH0XgCnR7ROcn1x6fr9geV1g=">AAACC3icdVC7TgJBFJ3FF+ILtbCwmUhMrDa7sAIl0cYSE3kkgGR2uOCE2Udm7pqQDZ/gV9hqZWds/QgL/8VlwfiInmJy7jn35s49biiFRst6MzJLyyura9n13Mbm1vZOfnevqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74fOa3bkFpEfhXOAmh57GRL4aCM0ykfv6gG4pra/5g8FX08wXLtO1K2alQy3SqxdJpKSHVStUp2dQ2rRQFskC9n3/vDgIeeeAjl0zrjm2F2IuZQsElTHPdSEPI+JiNoJNQn3mge3F6wJQeR5phQENQVEiaivB9Imae1hPPTTo9hjf6tzcT//I6EQ6rvVj4YYTg89kiFBLSRZorkSQDdCAUILLZz4EKn3KmGCIoQRnniRglUeWSPD6Ppv+TZtG0y2b50inUzhbJZMkhOSInxCYVUiMXpE4ahJMpuScP5NG4M56MZ+Nl3poxFjP75AeM1w88Mpq+</latexit>

⇡0⇡0 ! ⇡0⇡0



Bounds with Gravity:
<latexit sha1_base64="jHb2B24DlCSN2KVwMTL70hMPel0=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAInsKuSPQiBD3oSSKYByQh9E46ccjs7DLTK4QlX+BXeNWTN/HqV3jwX9zEHDSxTkVVN11dfqSkJdf9dDILi0vLK9nV3Nr6xuZWfnunZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R9cjv36AxorQ31HwwjbAfS17EkBlEqd/F6rZ0Ak/VFy1bkZnfOe1JKwky+4RXcCPk+8KSmwKSqd/FerG4o4QE1CgbVNz42onYAhKRSOcq3YYgRiAH1splRDgLadTOKP+GFsgUIeoeFS8YmIvzcSCKwdBn46GQDd21lvLP7nNWPqnbUTqaOYUIvxIZIKJ4esMDLtBXlXGiSCcXLkUnMBBojQSA5CpGKcFpVL+/Bmv58nteOiVyqWbk8K5YtpM1m2zw7YEfPYKSuza1ZhVSZYwp7YM3txHp1X5815/xnNONOdXfYHzsc3KKGaLA==</latexit> g

GN
= finite

<latexit sha1_base64="o86YV1/7QggX6cLLH058p1ParuE=">AAAB/3icdVDLSgNBEJz1GeMr6tHLYBDiZdk1MclRFNGbCiYKyRJ6x04cnH040yuEJQe/wquevIlXP8WD/+ImRlDROhVV3XR1+bGShhznzZqYnJqemc3N5ecXFpeWCyurTRMlWmBDRCrSFz4YVDLEBklSeBFrhMBXeO5f7w/981vURkbhGfVj9ALohbIrBVAmecelw07aFqD4wWCrUyg6tuvWqpUad+xKfbu8U85IvVavlF3u2s4IRTbGSafw3r6MRBJgSEKBMS3XiclLQZMUCgf5dmIwBnENPWxlNIQAjZeOQg/4ZmKAIh6j5lLxkYjfN1IIjOkHfjYZAF2Z395Q/MtrJdSte6kM44QwFMNDJBWODhmhZdYG8kupkQiGyZHLkAvQQIRachAiE5OsnnzWx9fT/H/S3Lbdql09rRR398bN5Ng622Al5rIa22VH7IQ1mGA37J49sEfrznqynq2Xz9EJa7yzxn7Aev0Ao8qWDQ==</latexit>

O(GE)
<latexit sha1_base64="/wEs9m3z5pMejyBR+c/ZYJfJNFc=">AAACA3icdVDLTgJBEJz1ifgA9ehlIjHBy2YXEDgajdGbmgiaAJLeodGJs4/M9JqQDUe/wquevBmvfogH/8UFMVGjdapUdaery4uUNOQ4b9bU9Mzs3HxmIbu4tLySy6+uNU0Ya4ENEapQX3hgUMkAGyRJ4UWkEXxP4bl3sz/yz29RGxkGZzSIsOPDVSD7UgClUjefOy4edpO2AMUPhpel7W6+4NiuW6tWatyxK/VSeaecknqtXim73LWdMQpsgpNu/r3dC0XsY0BCgTEt14mok4AmKRQOs+3YYATiBq6wldIAfDSdZBx8yLdiAxTyCDWXio9F/L6RgG/MwPfSSR/o2vz2RuJfXiumfr2TyCCKCQMxOkRS4fiQEVqmjSDvSY1EMEqOXAZcgAYi1JKDEKkYpxVl0z6+nub/k2bJdqt29bRS2N2bNJNhG2yTFZnLamyXHbET1mCCxeyePbBH6856sp6tl8/RKWuys85+wHr9AFBsluI=</latexit>

O(G2
E)

<latexit sha1_base64="a1k5JcHSa4gd98fMZUq7EhBuO20=">AAACFHicbVC7TsNAEDzzDOEVoKQ5ESFRRTagQIlACBqkIJGAFBtrfWzCifNDd2ukyHLLJ/AVtFDRIVp6Cv4FJ7jgNdVoZle7M0GipCHbfrfGxicmp6YrM9XZufmFxdrScsfEqRbYFrGK9UUABpWMsE2SFF4kGiEMFJ4HNwdD//wWtZFxdEaDBL0Q+pHsSQFUSH6Nuz0NIju5bPK+v5VnTtNNJD/yM1eA4od57tfqdsMegf8lTknqrETLr324V7FIQ4xIKDCm69gJeRlokkJhXnVTgwmIG+hjt6ARhGi8bJQk5+upAYp5gppLxUcift/IIDRmEAbFZAh0bX57Q/E/r5tSb9fLZJSkhJEYHiKpcHTICC2LipBfSY1EMPwcuYy4AA1EqCUHIQoxLTqrFn04v9P/JZ3NhtNsNE+363v7ZTMVtsrW2AZz2A7bY8esxdpMsDv2wB7Zk3VvPVsv1uvX6JhV7qywH7DePgHgSp2o</latexit>

M6g3
16⇡GE

<latexit sha1_base64="/NyJ6RzQu22SbsgUu1o2lAcu7yI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRFGiQIqCgDII8pMSKzpdNOOV8tu7WoMjKJ9BCRYdo+R4K/gXbuICEqUYzu9rZ8UIpDNr2p1VYWl5ZXSuulzY2t7Z3yrt7bRNEmkOLBzLQXY8ZkEJBCwVK6IYamO9J6HiTy9TvPIA2IlB3OA3B9dlYiZHgDBPp9uq8NihX7KqdgS4SJycVkqM5KH/1hwGPfFDIJTOm59ghujHTKLiEWakfGQgZn7Ax9BKqmA/GjbOoM3oUGYYBDUFTIWkmwu+NmPnGTH0vmfQZ3pt5LxX/83oRjs7cWKgwQlA8PYRCQnbIcC2SDoAOhQZEliYHKhTlTDNE0IIyzhMxSkopJX04898vkvZJ1alX6ze1SuMib6ZIDsghOSYOOSUNck2apEU4GZMn8kxerEfr1Xqz3n9GC1a+s0/+wPr4BjPikd0=</latexit>

D = 4

Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25
<latexit sha1_base64="anfp258KuM6+A9QYTFNJ1jorR2k=">AAACFHicbVC7SgNBFJ2NrxhfUUubwSBYhV2RaBkU0UaIYB6Qjcvd8SYOmX0wc1cIy7Z+gl9hq5Wd2Npb+C9uYgpfpzqccy/3nuPHShqy7XerMDM7N79QXCwtLa+srpXXN1omSrTApohUpDs+GFQyxCZJUtiJNULgK2z7w+Ox375FbWQUXtIoxl4Ag1D2pQDKJa/M3b4GkZ5f7fOBt5elTs2NJT/1UleA4idZ5pUrdtWegP8lzpRU2BQNr/zhXkciCTAkocCYrmPH1EtBkxQKs5KbGIxBDGGA3ZyGEKDppZMkGd9JDFDEY9RcKj4R8ftGCoExo8DPJwOgG/PbG4v/ed2E+oe9VIZxQhiK8SGSCieHjNAyrwj5tdRIBOPPkcuQC9BAhFpyECIXk7yzUt6H8zv9X9Laqzq1au1iv1I/mjZTZFtsm+0yhx2wOjtjDdZkgt2xB/bInqx769l6sV6/RgvWdGeT/YD19gnbXJ2l</latexit>

M4g2
16⇡GE

Caron-Huot,Mazac,Rastelli,Simons-Duffin’22

<latexit sha1_base64="1SFTamCmjvk123UAmz8uYVbCuXE=">AAAB9XicdVDLTgJBEJz1ifhCPXqZSEw8kV2QBQ4mRD14xCiPBDZkdmhwwuwjM70aQvgEr3ryZrz6PR78F3dXTNRonSpV3enqckMpNJrmm7GwuLS8sppZy65vbG5t53Z2WzqIFIcmD2SgOi7TIIUPTRQooRMqYJ4roe2OzxK/fQtKi8C/xkkIjsdGvhgKzjCWrs5Pyv1c3iyUq5WaXaQxqdUs20xJqVIqUqtgpsiTORr93HtvEPDIAx+5ZFp3LTNEZ8oUCi5hlu1FGkLGx2wE3Zj6zAPtTNOoM3oYaYYBDUFRIWkqwveNKfO0nnhuPOkxvNG/vUT8y+tGOKw6U+GHEYLPk0MoJKSHNFci7gDoQChAZElyoMKnnCmGCEpQxnksRnEp2biPr6fp/6RVLFh2wb48ztdP581kyD45IEfEIhVSJxekQZqEkxG5Jw/k0bgznoxn4+VzdMGY7+yRHzBePwDE9pI+</latexit>

D = 5

<latexit sha1_base64="QsTn/7uikdcI9g3hLPlH+B+R4x4=">AAAB9XicdVDLTgJBEJzFF+IL9ehlIjHxtNkFXeBgQtSDR4zySGBDZocGJ8w+MtOrIYRP8Konb8ar3+PBf3FZMVGjdapUdaery4uk0GhZb0ZmYXFpeSW7mltb39jcym/vNHUYKw4NHspQtT2mQYoAGihQQjtSwHxPQssbnc381i0oLcLgGscRuD4bBmIgOMNEujo/cXr5gmUeV8pVp0gTUq3ajpWSUrlUpLZppSiQOeq9/Hu3H/LYhwC5ZFp3bCtCd8IUCi5hmuvGGiLGR2wInYQGzAftTtKoU3oQa4YhjUBRIWkqwveNCfO1HvteMukzvNG/vZn4l9eJcVBxJyKIYoSAzw6hkJAe0lyJpAOgfaEAkc2SAxUB5UwxRFCCMs4TMU5KySV9fD1N/yfNomk7pnN5VKidzpvJkj2yTw6JTcqkRi5InTQIJ0NyTx7Io3FnPBnPxsvnaMaY7+ySHzBePwDGhZI/</latexit>

D = 6
<latexit sha1_base64="4aa5GOG06uGuChfTgsEeJSSxrmE=">AAAB9XicdVDLSgNBEJyNrxhfUY9eBoPgKewmmsdBCOrBY0TzgGQJs5NOHDL7YKZXCUs+wauevIlXv8eD/+LuGkFF61RUddPV5QRSaDTNNyOzsLi0vJJdza2tb2xu5bd32toPFYcW96Wvug7TIIUHLRQooRsoYK4joeNMzhK/cwtKC9+7xmkAtsvGnhgJzjCWrs5PqoN8wSwe16r1SonGpF63KmZKytVyiVpFM0WBzNEc5N/7Q5+HLnjIJdO6Z5kB2hFTKLiEWa4faggYn7Ax9GLqMRe0HaVRZ/Qg1Ax9GoCiQtJUhO8bEXO1nrpOPOkyvNG/vUT8y+uFOKrZkfCCEMHjySEUEtJDmisRdwB0KBQgsiQ5UOFRzhRDBCUo4zwWw7iUXNzH19P0f9IuFa1KsXJ5VGiczpvJkj2yTw6JRaqkQS5Ik7QIJ2NyTx7Io3FnPBnPxsvnaMaY7+ySHzBePwDIFJJA</latexit>

D = 7

<latexit sha1_base64="rsxErimWYoToKyfkqmUEvXWAvoQ=">AAAB9nicdVDLSgNBEJyNrxhfUY9eBoPgadlNNI+DENSDxwjmAckSZiedZMjsg5leMYT8glc9eROv/o4H/8XdNYKK1qmo6qaryw2l0GhZb0ZmaXlldS27ntvY3Nreye/utXQQKQ5NHshAdVymQQofmihQQidUwDxXQtudXCR++xaUFoF/g9MQHI+NfDEUnGEiXZ7ZxX6+YJmn1UqtXKQxqdXsspWSUqVUpLZppSiQBRr9/HtvEPDIAx+5ZFp3bStEZ8YUCi5hnutFGkLGJ2wE3Zj6zAPtzNKsc3oUaYYBDUFRIWkqwveNGfO0nnpuPOkxHOvfXiL+5XUjHFadmfDDCMHnySEUEtJDmisRlwB0IBQgsiQ5UOFTzhRDBCUo4zwWo7iVXNzH19P0f9IqmnbZLF+fFOrni2ay5IAckmNikwqpkyvSIE3CyZjckwfyaNwZT8az8fI5mjEWO/vkB4zXDzJcknY=</latexit>

D = 12

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

Tree Amplitude:
<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0
<latexit sha1_base64="Lnutr5yuBs8yRIvJwkjpQn3HhSk=">AAAB+XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjJI5CElUXS+bMIp57N1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnR0/UtKS6346K6tr6xubpa3y9s7u3n7l4LBtw9gIbIlQhabrc4tKamyRJIXdyCAPfIUdf3qT+Z1HNFaG+p5mEQ4CPtFyLAWnVOpMhrpPoTusVN2am4MtE68gVSjQHFa++qNQxAFqEopb2/PciAYJNySFwnm5H1uMuJjyCfZSqnmAdpDkcefsNLacQhahYVKxXMTfGwkPrJ0FfjoZcHqwi14m/uf1YhpfDRKpo5hQi+wQSYX5ISuMTHtANpIGiXiWHJnUTHDDidBIxoVIxTgtppz24S1+v0za5zWvXqvfXVQb10UzJTiGEzgDDy6hAbfQhBYImMITPMOLkzivzpvz/jO64hQ7R/AHzsc30XyT8w==</latexit>

gn ! 0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+ <latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

Stripped Amplitude:
<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="HLauqaiiPWSfwFzvIj6Zj8bOtZ4=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRoMhGKFBG0FAGiTykxIrOl0045Xy27vaQIpOfoIWKDtHyMxT8C7ZxAQlTjWZ2NbsTxFIYdN1PZ2l5ZXVtvbRR3tza3tmt7O23TWQ1hxaPZKS7ATMghYIWCpTQjTWwMJDQCSbXmd95AG1EpO5wGoMfsrESI8EZplLX9DGieGoHlapbc3PQReIVpEoKNAeVr/4w4jYEhVwyY3qeG6OfMI2CS5iV+9ZAzPiEjaGXUsVCMH6S3zujx9awNDcGTYWkuQi/NxIWGjMNg3QyZHhv5r1M/M/rWRxd+olQsUVQPAtCISEPMlyLtAigQ6EBkWWXAxWKcqYZImhBGeepaNNmymkf3vz3i6R9VvPqtfrtebVxVTRTIofkiJwQj1yQBrkhTdIinEjyRJ7Ji/PovDpvzvvP6JJT7ByQP3A+vgFi25RB</latexit>

s ! t, u

<latexit sha1_base64="h17r+DNPiPjOm+G4D6KBib2j0es="></latexit>

AE =
A

WGR

����
✏!0

<latexit sha1_base64="mYoKH0XgCnR7ROcn1x6fr9geV1g=">AAACC3icdVC7TgJBFJ3FF+ILtbCwmUhMrDa7sAIl0cYSE3kkgGR2uOCE2Udm7pqQDZ/gV9hqZWds/QgL/8VlwfiInmJy7jn35s49biiFRst6MzJLyyura9n13Mbm1vZOfnevqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74fOa3bkFpEfhXOAmh57GRL4aCM0ykfv6gG4pra/5g8FX08wXLtO1K2alQy3SqxdJpKSHVStUp2dQ2rRQFskC9n3/vDgIeeeAjl0zrjm2F2IuZQsElTHPdSEPI+JiNoJNQn3mge3F6wJQeR5phQENQVEiaivB9Imae1hPPTTo9hjf6tzcT//I6EQ6rvVj4YYTg89kiFBLSRZorkSQDdCAUILLZz4EKn3KmGCIoQRnniRglUeWSPD6Ppv+TZtG0y2b50inUzhbJZMkhOSInxCYVUiMXpE4ahJMpuScP5NG4M56MZ+Nl3poxFjP75AeM1w88Mpq+</latexit>

⇡0⇡0 ! ⇡0⇡0



Bounds with Gravity:
<latexit sha1_base64="jHb2B24DlCSN2KVwMTL70hMPel0=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAInsKuSPQiBD3oSSKYByQh9E46ccjs7DLTK4QlX+BXeNWTN/HqV3jwX9zEHDSxTkVVN11dfqSkJdf9dDILi0vLK9nV3Nr6xuZWfnunZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R9cjv36AxorQ31HwwjbAfS17EkBlEqd/F6rZ0Ak/VFy1bkZnfOe1JKwky+4RXcCPk+8KSmwKSqd/FerG4o4QE1CgbVNz42onYAhKRSOcq3YYgRiAH1splRDgLadTOKP+GFsgUIeoeFS8YmIvzcSCKwdBn46GQDd21lvLP7nNWPqnbUTqaOYUIvxIZIKJ4esMDLtBXlXGiSCcXLkUnMBBojQSA5CpGKcFpVL+/Bmv58nteOiVyqWbk8K5YtpM1m2zw7YEfPYKSuza1ZhVSZYwp7YM3txHp1X5815/xnNONOdXfYHzsc3KKGaLA==</latexit> g

GN
= finite

<latexit sha1_base64="o86YV1/7QggX6cLLH058p1ParuE=">AAAB/3icdVDLSgNBEJz1GeMr6tHLYBDiZdk1MclRFNGbCiYKyRJ6x04cnH040yuEJQe/wquevIlXP8WD/+ImRlDROhVV3XR1+bGShhznzZqYnJqemc3N5ecXFpeWCyurTRMlWmBDRCrSFz4YVDLEBklSeBFrhMBXeO5f7w/981vURkbhGfVj9ALohbIrBVAmecelw07aFqD4wWCrUyg6tuvWqpUad+xKfbu8U85IvVavlF3u2s4IRTbGSafw3r6MRBJgSEKBMS3XiclLQZMUCgf5dmIwBnENPWxlNIQAjZeOQg/4ZmKAIh6j5lLxkYjfN1IIjOkHfjYZAF2Z395Q/MtrJdSte6kM44QwFMNDJBWODhmhZdYG8kupkQiGyZHLkAvQQIRachAiE5OsnnzWx9fT/H/S3Lbdql09rRR398bN5Ng622Al5rIa22VH7IQ1mGA37J49sEfrznqynq2Xz9EJa7yzxn7Aev0Ao8qWDQ==</latexit>

O(GE)
<latexit sha1_base64="/wEs9m3z5pMejyBR+c/ZYJfJNFc=">AAACA3icdVDLTgJBEJz1ifgA9ehlIjHBy2YXEDgajdGbmgiaAJLeodGJs4/M9JqQDUe/wquevBmvfogH/8UFMVGjdapUdaery4uUNOQ4b9bU9Mzs3HxmIbu4tLySy6+uNU0Ya4ENEapQX3hgUMkAGyRJ4UWkEXxP4bl3sz/yz29RGxkGZzSIsOPDVSD7UgClUjefOy4edpO2AMUPhpel7W6+4NiuW6tWatyxK/VSeaecknqtXim73LWdMQpsgpNu/r3dC0XsY0BCgTEt14mok4AmKRQOs+3YYATiBq6wldIAfDSdZBx8yLdiAxTyCDWXio9F/L6RgG/MwPfSSR/o2vz2RuJfXiumfr2TyCCKCQMxOkRS4fiQEVqmjSDvSY1EMEqOXAZcgAYi1JKDEKkYpxVl0z6+nub/k2bJdqt29bRS2N2bNJNhG2yTFZnLamyXHbET1mCCxeyePbBH6856sp6tl8/RKWuys85+wHr9AFBsluI=</latexit>

O(G2
E)

<latexit sha1_base64="a1k5JcHSa4gd98fMZUq7EhBuO20=">AAACFHicbVC7TsNAEDzzDOEVoKQ5ESFRRTagQIlACBqkIJGAFBtrfWzCifNDd2ukyHLLJ/AVtFDRIVp6Cv4FJ7jgNdVoZle7M0GipCHbfrfGxicmp6YrM9XZufmFxdrScsfEqRbYFrGK9UUABpWMsE2SFF4kGiEMFJ4HNwdD//wWtZFxdEaDBL0Q+pHsSQFUSH6Nuz0NIju5bPK+v5VnTtNNJD/yM1eA4od57tfqdsMegf8lTknqrETLr324V7FIQ4xIKDCm69gJeRlokkJhXnVTgwmIG+hjt6ARhGi8bJQk5+upAYp5gppLxUcift/IIDRmEAbFZAh0bX57Q/E/r5tSb9fLZJSkhJEYHiKpcHTICC2LipBfSY1EMPwcuYy4AA1EqCUHIQoxLTqrFn04v9P/JZ3NhtNsNE+363v7ZTMVtsrW2AZz2A7bY8esxdpMsDv2wB7Zk3VvPVsv1uvX6JhV7qywH7DePgHgSp2o</latexit>

M6g3
16⇡GE

<latexit sha1_base64="/NyJ6RzQu22SbsgUu1o2lAcu7yI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRFGiQIqCgDII8pMSKzpdNOOV8tu7WoMjKJ9BCRYdo+R4K/gXbuICEqUYzu9rZ8UIpDNr2p1VYWl5ZXSuulzY2t7Z3yrt7bRNEmkOLBzLQXY8ZkEJBCwVK6IYamO9J6HiTy9TvPIA2IlB3OA3B9dlYiZHgDBPp9uq8NihX7KqdgS4SJycVkqM5KH/1hwGPfFDIJTOm59ghujHTKLiEWakfGQgZn7Ax9BKqmA/GjbOoM3oUGYYBDUFTIWkmwu+NmPnGTH0vmfQZ3pt5LxX/83oRjs7cWKgwQlA8PYRCQnbIcC2SDoAOhQZEliYHKhTlTDNE0IIyzhMxSkopJX04898vkvZJ1alX6ze1SuMib6ZIDsghOSYOOSUNck2apEU4GZMn8kxerEfr1Xqz3n9GC1a+s0/+wPr4BjPikd0=</latexit>

D = 4

Bellazzini,Berman,Isabella,FR,Romano,Sciotti’25
<latexit sha1_base64="anfp258KuM6+A9QYTFNJ1jorR2k=">AAACFHicbVC7SgNBFJ2NrxhfUUubwSBYhV2RaBkU0UaIYB6Qjcvd8SYOmX0wc1cIy7Z+gl9hq5Wd2Npb+C9uYgpfpzqccy/3nuPHShqy7XerMDM7N79QXCwtLa+srpXXN1omSrTApohUpDs+GFQyxCZJUtiJNULgK2z7w+Ox375FbWQUXtIoxl4Ag1D2pQDKJa/M3b4GkZ5f7fOBt5elTs2NJT/1UleA4idZ5pUrdtWegP8lzpRU2BQNr/zhXkciCTAkocCYrmPH1EtBkxQKs5KbGIxBDGGA3ZyGEKDppZMkGd9JDFDEY9RcKj4R8ftGCoExo8DPJwOgG/PbG4v/ed2E+oe9VIZxQhiK8SGSCieHjNAyrwj5tdRIBOPPkcuQC9BAhFpyECIXk7yzUt6H8zv9X9Laqzq1au1iv1I/mjZTZFtsm+0yhx2wOjtjDdZkgt2xB/bInqx769l6sV6/RgvWdGeT/YD19gnbXJ2l</latexit>

M4g2
16⇡GE

<latexit sha1_base64="RHJfEMpDq9f5oG5cU4V7rJoYv5M=">AAACGnicbVDJSgNBEO1xjXGLevTSGJSESJiJol4El4tHBWOELENPp4yNPQtd1UII/oGf4Fd41ZM38erFg//iJOagxgcFj/eqqKoXJFohue6HMzY+MTk1nZnJzs7NLyzmlpYvMLZGQlXGOjaXgUDQKoIqKdJwmRgQYaChFtwc9/3aLRhUcXRO3QSaoehE6kpJQank5zYOC7hJxf2OXylgq1KitGyrUix1/C2OZEsN2Y4J/VzeLbsD8FHiDUmeDXHq5z4b7VjaECKSWiDWPTehZk8YUlLDXbZhERIhb0QH6imNRAjY7A3+uePrFgXFPAHDleYDEX5O9ESI2A2DtDMUdI1/vb74n1e3dLXX7KkosQSR7C8ipWGwCKVRaVDA28oAkehfDlxFXAojiMAoLqRMRZsml03z8P5+P0ouKmVvp7xztp0/OBomk2GrbI0VmMd22QE7YaesyiS7Z4/siT07D86L8+q8fbeOOcOZFfYLzvsX3r2eiA==</latexit>

A(s, t) = g2(s
2 + t2 + u2) + g3stu+ · · ·

<latexit sha1_base64="v890FtvWKw1i73IPqGTbrdeHe50=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKCAioUBHlIiRWdL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIGGq0cyudna8SElDtv1pLSwuLa+sFtaK6xubW9ulnd2mCWMtsCFCFeq2xw0qGWCDJClsRxq57ylseaOLzG89oDYyDO5oHKHr82EgB1JwSqXby951r1S2K3YONk+cKSnDFPVe6avbD0XsY0BCcWM6jh2Rm3BNUiicFLuxwYiLER9iJ6UB99G4SR51wg5jwylkEWomFctF/L2RcN+Yse+lkz6nezPrZeJ/XiemwZmbyCCKCQORHSKpMD9khJZpB8j6UiMRz5IjkwETXHMi1JJxIVIxTksppn04s9/Pk+ZxxalWqjcn5dr5tJkC7MMBHIEDp1CDK6hDAwQM4Qme4cV6tF6tN+v9Z3TBmu7swR9YH9+WO5Ic</latexit>

GN
<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+
<latexit sha1_base64="3PY69E6TDqldtDogFsu00f7/2Ng=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0WoICURqW6EqhuXFewD2lAm09s6dDIJMzdCCf0It7pyJ279Ghf+i0nMQlvP6nDOvdxzjxdKYdC2P63C0vLK6lpxvbSxubW9U97da5sg0hxaPJCB7nrMgBQKWihQQjfUwHxPQseb3KR+5xG0EYG6x2kIrs/GSowEZ5hInauqOcHjy0G5YtfsDHSRODmpkBzNQfmrPwx45INCLpkxPccO0Y2ZRsElzEr9yEDI+ISNoZdQxXwwbpzFndGjyDAMaAiaCkkzEX5vxMw3Zup7yaTP8MHMe6n4n9eLcHThxkKFEYLi6SEUErJDhmuR9AB0KDQgsjQ5UKEoZ5ohghaUcZ6IUVJMKenDmf9+kbRPa069Vr87qzSu82aK5IAckipxyDlpkFvSJC3CyYQ8kWfyYsXWq/Vmvf+MFqx8Z5/8gfXxDaHlkzI=</latexit>

A(s, t) =

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

Tree Amplitude:
<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0
<latexit sha1_base64="Lnutr5yuBs8yRIvJwkjpQn3HhSk=">AAAB+XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjJI5CElUXS+bMIp57N1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnR0/UtKS6346K6tr6xubpa3y9s7u3n7l4LBtw9gIbIlQhabrc4tKamyRJIXdyCAPfIUdf3qT+Z1HNFaG+p5mEQ4CPtFyLAWnVOpMhrpPoTusVN2am4MtE68gVSjQHFa++qNQxAFqEopb2/PciAYJNySFwnm5H1uMuJjyCfZSqnmAdpDkcefsNLacQhahYVKxXMTfGwkPrJ0FfjoZcHqwi14m/uf1YhpfDRKpo5hQi+wQSYX5ISuMTHtANpIGiXiWHJnUTHDDidBIxoVIxTgtppz24S1+v0za5zWvXqvfXVQb10UzJTiGEzgDDy6hAbfQhBYImMITPMOLkzivzpvz/jO64hQ7R/AHzsc30XyT8w==</latexit>

gn ! 0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+ <latexit sha1_base64="MZtIAwgL1RluCkPvbP9f18mYckY=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEYwTwgWcLspBOHzD6Y6RXCko/wqidv4tWv8eC/uLvuQRPrVFR109XlRUoasu1Pq7Syura+Ud6sbG3v7O5V9w86Joy1wLYIVah7HjeoZIBtkqSwF2nkvqew601vMr/7iNrIMLinWYSuzyeBHEvBKZW6ZwMxCskMqzW7budgy8QpSA0KtIbVr8EoFLGPAQnFjek7dkRuwjVJoXBeGcQGIy6mfIL9lAbcR+Mmedw5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwezKKXif95/ZjGV24igygmDER2iKTC/JARWqY9IBtJjUQ8S45MBkxwzYlQS8aFSMU4LaaS9uEsfr9MOud1p1Fv3F3UmtdFM2U4gmM4BQcuoQm30II2CJjCEzzDi5VYr9ab9f4zWrKKnUP4A+vjG9F7k/Q=</latexit>

+ · · ·

Stripped Amplitude:
<latexit sha1_base64="CGDRrzGNgIgGh1Lw6olG3zf68E8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRFFChIJGHlETR+bIJp5zP1t0aKTL5CVqo6BAtP0PBv3A2LiBhqtHMrmZ3/EgKg6776RSWlldW14rrpY3Nre2d8u5ey4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v7kMvXbD6CNCNUdTiPoB2ysxEhwhlbqXA1uehhSd1CuuFU3A10kXk4qJEdjUP7qDUMeB6CQS2ZM13Mj7CdMo+ASZqVebCBifMLG0LVUsQBMP8nundGj2DCbGoGmQtJMhN8bCQuMmQa+nQwY3pt5LxX/87oxjs77iVBRjKB4GoRCQhZkuBa2CKBDoQGRpZcDFYpyphkiaEEZ51aMbTMl24c3//0iaZ1UvVq1dntaqV/kzRTJATkkx8QjZ6ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3xaqT3Q==</latexit>

GN ! 0

<latexit sha1_base64="OYjUhkANjKYppoi+Ov+kqT4Jrg4=">AAAB83icbVDLSsNAFJ34rPVVdelmsAiCUBKR6rLoxmUL9gFtKJPpbR06mYSZO0IJ/QK3unInbv0gF/6LScxCW8/qcM693HNPEEth0HU/nZXVtfWNzdJWeXtnd2+/cnDYMZHVHNo8kpHuBcyAFAraKFBCL9bAwkBCN5jeZn73EbQRkbrHWQx+yCZKjAVnmEqt82Gl6tbcHHSZeAWpkgLNYeVrMIq4DUEhl8yYvufG6CdMo+AS5uWBNRAzPmUT6KdUsRCMn+RB5/TUGoYRjUFTIWkuwu+NhIXGzMIgnQwZPphFLxP/8/oWx9d+IlRsERTPDqGQkB8yXIu0AaAjoQGRZcmBCkU50wwRtKCM81S0aSXltA9v8ftl0rmoefVavXVZbdwUzZTIMTkhZ8QjV6RB7kiTtAknQJ7IM3lxrPPqvDnvP6MrTrFzRP7A+fgGEhiRPw==</latexit>

+

<latexit sha1_base64="HLauqaiiPWSfwFzvIj6Zj8bOtZ4=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRoMhGKFBG0FAGiTykxIrOl0045Xy27vaQIpOfoIWKDtHyMxT8C7ZxAQlTjWZ2NbsTxFIYdN1PZ2l5ZXVtvbRR3tza3tmt7O23TWQ1hxaPZKS7ATMghYIWCpTQjTWwMJDQCSbXmd95AG1EpO5wGoMfsrESI8EZplLX9DGieGoHlapbc3PQReIVpEoKNAeVr/4w4jYEhVwyY3qeG6OfMI2CS5iV+9ZAzPiEjaGXUsVCMH6S3zujx9awNDcGTYWkuQi/NxIWGjMNg3QyZHhv5r1M/M/rWRxd+olQsUVQPAtCISEPMlyLtAigQ6EBkWWXAxWKcqYZImhBGeepaNNmymkf3vz3i6R9VvPqtfrtebVxVTRTIofkiJwQj1yQBrkhTdIinEjyRJ7Ji/PovDpvzvvP6JJT7ByQP3A+vgFi25RB</latexit>

s ! t, u

<latexit sha1_base64="h17r+DNPiPjOm+G4D6KBib2j0es="></latexit>

AE =
A

WGR

����
✏!0

<latexit sha1_base64="mYoKH0XgCnR7ROcn1x6fr9geV1g=">AAACC3icdVC7TgJBFJ3FF+ILtbCwmUhMrDa7sAIl0cYSE3kkgGR2uOCE2Udm7pqQDZ/gV9hqZWds/QgL/8VlwfiInmJy7jn35s49biiFRst6MzJLyyura9n13Mbm1vZOfnevqYNIcWjwQAaq7TINUvjQQIES2qEC5rkSWu74fOa3bkFpEfhXOAmh57GRL4aCM0ykfv6gG4pra/5g8FX08wXLtO1K2alQy3SqxdJpKSHVStUp2dQ2rRQFskC9n3/vDgIeeeAjl0zrjm2F2IuZQsElTHPdSEPI+JiNoJNQn3mge3F6wJQeR5phQENQVEiaivB9Imae1hPPTTo9hjf6tzcT//I6EQ6rvVj4YYTg89kiFBLSRZorkSQDdCAUILLZz4EKn3KmGCIoQRnniRglUeWSPD6Ppv+TZtG0y2b50inUzhbJZMkhOSInxCYVUiMXpE4ahJMpuScP5NG4M56MZ+Nl3poxFjP75AeM1w88Mpq+</latexit>

⇡0⇡0 ! ⇡0⇡0

<latexit sha1_base64="kkohUHRPaX8/YoDCqAwB6zs1Aqk=">AAACBnicbVDLSgNBEJyNrxhfMR69DAbBU9hViV6EoIgeI5gHJCH0TjpxyOyDmV4xLLn7FV715E28+hse/Bd3Yw6aWKeiqpuuLjdU0pBtf1qZhcWl5ZXsam5tfWNzK79dqJsg0gJrIlCBbrpgUEkfayRJYTPUCJ6rsOEOL1K/cY/ayMC/pVGIHQ8GvuxLAZRI3Xzhqhu3PaA7AYpfjs/s0lE3X7RL9gR8njhTUmRTVLv5r3YvEJGHPgkFxrQcO6RODJqkUDjOtSODIYghDLCVUB88NJ14kn3M9yMDFPAQNZeKT0T8vRGDZ8zIc5PJNKaZ9VLxP68VUf+0E0s/jAh9kR4iqXByyAgtk1KQ96RGIkiTI5c+F6CBCLXkIEQiRklLuaQPZ/b7eVI/LDnlUvnmuFg5nzaTZbtsjx0wh52wCrtmVVZjgj2wJ/bMXqxH69V6s95/RjPWdGeH/YH18Q1b1Jf2</latexit>

GE = 0.3
<latexit sha1_base64="EmuGg15CxEIxboz5Xyoc8imfH/Q=">AAACBnicbVDLSgNBEJz1GeNrjUcvg0HwFHZFohchKKLHCOYBSQi9k04cMvtgplcMS+5+hVc9eROv/oYH/8XdmIMm1qmo6qary4uUNOQ4n9bC4tLyympuLb++sbm1be8U6iaMtcCaCFWomx4YVDLAGklS2Iw0gu8pbHjDi8xv3KM2MgxuaRRhx4dBIPtSAKVS1y5cdZO2D3QnQPHL8ZlTcrt20Sk5E/B54k5JkU1R7dpf7V4oYh8DEgqMablORJ0ENEmhcJxvxwYjEEMYYCulAfhoOskk+5gfxAYo5BFqLhWfiPh7IwHfmJHvpZNZTDPrZeJ/Xium/mknkUEUEwYiO0RS4eSQEVqmpSDvSY1EkCVHLgMuQAMRaslBiFSM05byaR/u7PfzpH5Ucsul8s1xsXI+bSbH9tg+O2QuO2EVds2qrMYEe2BP7Jm9WI/Wq/Vmvf+MLljTnV32B9bHN1i2l/Q=</latexit>

GE = 0.1
<latexit sha1_base64="TDzIdpUV+iUQrtzhhIk0W0RfTbg=">AAAB9nicbVC7TsNAEFyHVwivACXNiQiJKrIRCpQRNJRByktKrOh82SSnnB+6WyOiKL9ACxUdouV3KPgXbOMCEqYazexqZ8eLlDRk259WYW19Y3OruF3a2d3bPygfHrVNGGuBLRGqUHc9blDJAFskSWE30sh9T2HHm96mfucBtZFh0KRZhK7Px4EcScEplZoacVCu2FU7A1slTk4qkKMxKH/1h6GIfQxIKG5Mz7EjcudckxQKF6V+bDDiYsrH2EtowH007jzLumBnseEUsgg1k4plIv7emHPfmJnvJZM+p4lZ9lLxP68X0+jancsgigkDkR4iqTA7ZISWSQnIhlIjEU+TI5MBE1xzItSScSESMU5aKSV9OMvfr5L2RdWpVWv3l5X6Td5MEU7gFM7BgSuowx00oAUCJvAEz/BiPVqv1pv1/jNasPKdY/gD6+Mbr7mSwg==</latexit>

Tree
<latexit sha1_base64="PTvCHUYhxiCVoDEsylXV6Cj+ZXc=">AAACB3icbVDLTgJBEJzFF+IL5ehlIjHxRHbRoEeiFy8mmMgjAdz0Ds06YfaRmV4TsuED/AqvevJmvPoZHvwXF+SgaJ0qVd3p6vJiJQ3Z9oeVW1peWV3Lrxc2Nre2d4q7ey0TJVpgU0Qq0h0PDCoZYpMkKezEGiHwFLa90cXUb9+jNjIKb2gcYz8AP5RDKYAyyS2WekMNIr26rXLfPZ6kvluduMWyXbFn4H+JMydlNkfDLX72BpFIAgxJKDCm69gx9VPQJIXCSaGXGIxBjMDHbkZDCND001n4CT9MDFDEY9RcKj4T8edGCoEx48DLJgOgO7PoTcX/vG5Cw7N+KsM4IQzF9BBJhbNDRmiZtYJ8IDUSwTQ5chlyARqIUEsOQmRiktVUyPpwFr//S1rVilOr1K5PyvXzeTN5ts8O2BFz2Cmrs0vWYE0m2Jg9sif2bD1YL9ar9fY9mrPmOyX2C9b7F8jbmM8=</latexit>

M2g3
g2

<latexit sha1_base64="U6OgTWsKmn4sGHC/XmJqCoiCh1g="></latexit>✓
M4g2
16⇡GE

◆�1

No gravity

Smoothly connects to G=0
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Summary/Outlook

1m
10-15

10-35

107
1021

11027

10-8

IR
UV

Physical experiment size enters; bounds on very irrelevant operators 
washed away

Positivity <-> UV completable EFTs 

Even with D=4 long-Range interactions bounds smoothly connected 
to tree level ones: leading IR captured by stripped amplitude

Finite coupling: progress beyond scaling limit               ? 
<latexit sha1_base64="E73oveJs/hqlfJPYWG1i54qwR0Y="></latexit>

↵, G, E ! 0

Zero coupling: (analytic) understanding of infinite spectra amplitudes?


