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Introduction

Quantum anomalies: classical symmetries may break upon quantization

▶ Chiral anomaly ⇒ π0 → γγ, gauge-anomaly cancellation, index theorem
Adler ’69; Bell, Jackiw ’69; Bouchiat, Iliopoulos, Meyer ’72; Gross, Jackiw ’72; Atiyah, Singer ’68

▶ Weyl anomaly ⇒ Hawking radiation, Casimir effect, holography
Capper, Duff ’74; Christensen, Fulling ’77; Setare, Rezaeian ’00; Polyakov ’81; Henningson, Skenderis ’98

▶ constrained by Wess–Zumino consistency conditions / cohomology
Wess, Zumino ’71; Becchi, Rouet, Stora ’75; Bonora, Cotta-Ramusino, Reina ’83, Dubois-Violette, Talon, Viallet ’85

▶ gauge anomaly indirectly via 4pt and 5pt amplitudes:
tension between locality & unitarity/collinear factorization

Huang, McGady ’13,+Chen ’14; Accettulli Huber, De Angelis ’21; Alviani, Falkowski ’25

▶ no direct on-shell characterization

This talk: bootstrap anomalies directly on shell at 3 pts,
derive chiral/gauge, diffeomorphism, Lorentz, & Weyl/trace anomalies
(no explicit Lagrangian, cohomological complex, or regularization)
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Anomalies “from almost nothing”
cf Grant Remmen’s talk

Assumptions:

(SYM) bootstrap only anomalies of already-classical symmetries

(EA) effective action Γ fully encodes quantum dynamics

(CPT) CPT and (global) Lorentz invariance of Γ

(CP) C, P invariance unless classically broken

(COV) anomalies expressible in covariant form (vs “consistent anomalies”)

(POL) nontrivial on-shell anomalies are polynomial in helicity spinors

Results: chiral/gauge, diffeomorphism, Lorentz, Weyl/trace anomalies
(up to real prefactors such as 1

16π2 )
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Outline

0. Introduction

1. Chiral/gauge anomaly

2. Diffeomorphism anomaly

3. Lorentz anomaly

4. Weyl/trace anomaly

5. Summary & outlook
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Chiral/gauge anomaly
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3-point on-shell bootstrap

2 complex branches:

MHV : |1] ∝ |2] ∝ |3] MHV : |1⟩ ∝ |2⟩ ∝ |3⟩

2 possible expressions for fixed helicities: Benincasa, Cachazo ’07

MHV : ⟨12⟩h3−h1−h2⟨23⟩h1−h2−h3⟨31⟩h2−h3−h1

MHV : [12]h1+h2−h3 [23]h2+h3−h1 [31]h3+h1−h2

Finiteness on real MHV∩MHV kin. + (POL)
⇒ pick polynomial branch, h1 + h2 + h3 = 0 ruled out McGady, Rodina ’13
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Gauge-anomaly definitions
Linearized gauge transformation+ variation:

δgξA
a
µ = ∂µξ

a − gfabcξbAc
µ =: Dadj

µ ξa, δgξφ = igξatarφ

δgξΓ[A,φ] =

∫
d4x

[
δΓ

δAa
µ

Dadj
µ ξa+igξa

δΓ

δφ
tarφ

]

Gauge-anomaly functional:

Ac(z)[A,φ] := −
δ(δgξΓ[A,φ])

δξc(z)
= Dadj

µ

δΓ

δAc
µ

−ig
δΓ

δφ
tcrφ

Aabc
λµ (x, y, z) :=

δ2Ac(z)[A,φ]

δAaλ(x)δAbµ(y)

∣∣∣∣
A=φ=0

=
∂

∂zν
δ3Γ[A, 0]

δAaλ(x)δAbµ(y)δAc
ν(z)

∣∣∣∣
A=0

3pt gauge-anomaly amplitude:

δ−4(p1+p2+p3)Aabc(1h1, 2h2, 3) := −iελ1ε
µ
2p

ν
3

δ3Γ[A, 0]

δAaλ(p1)δAbµ(p2)δAcν(p3)

∣∣∣∣
A=0, p2i=0

mass dimension 2, spins (1, 1, 0)
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Bootstrapping color+ kinematics

Polynomials only for (∓1,∓1, 0): unique ⟨12⟩2 & [12]2

Aabc(1h1, 2h2, 3) = g3dabcr ×





C−⟨12⟩2, h1 = h2 = −1,
C+[12]2, h1 = h2 = +1,
0, otherwise

▶ Bose symmetry 1 ↔ 2 ⇒ color factor ∝ dabcr (symmetric), not fabc

▶ dabcr ̸= 0 ⇐ complex representation r
⇒ matter (not gauge bosons) in the loop

1h1a 2h2b

3c

r
+

1h1a 2h2b

3c

r

▶ C invariance: purely vectorial case is forbidden (generalized Furry’s theorem)
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Chiral fermions & L/R gauging
▶ spin-0, spin-1 matter cannot produce this anomaly; need fermions for C invariance
▶ vector + axial gauging via γ5 ⇒ independent “left” & “right” currents

DµΨ = [∂µ− igV µ− ig′Aµγ5]
(
χα

η̃α̇

)
⇔

{
Dµχ = [∂µ− igLL

aµtar ]χ

Dµη̃ = [∂µ− igRR
aµtar ]η̃

▶ mass term obstructs double gauging ⇒ only massless chiral fermions contribute
▶ mixed-chirality anomalies vanish e.g. Aabc

LLR = 0
▶ vectorlike Dirac case: 0 = C±

VVV = C±
LLL + C±

RRR

3

the squared spinor brackets implies that the color factor
must be a linear combination of dabc

r only. For dabc
r to

be nonzero, however, the representation r cannot be real
(i.e. with all antisymmetric generators). In particular,
it cannot be adjoint, so we are naturally led to consider
matter particles (i.e. not gauge bosons) in a complex
representation r propagating in a loop! Therefore, only
such matter particles contribute to the on-shell anomaly
Aabc(1h1, 2h2, 3), their contributions have the form5

g3dabc
r ×





C−⟨12⟩2, h1 = h2 = −1,
C+[12]2, h1 = h2 = +1,
0, otherwise.

(7)

where C± are dimensionless constant parameters.6

To proceed to various concrete versions of the gauge
anomaly, we need to consider different C, P, and T prop-
erties of the (so far generic) gauge field Aµ. First, we
assume it to be a proper vector field, which is odd under
charge conjugation C, see the first column of table I, as
is also its gauge parameter ξ. We use a representation
of C at the on-shell level, which follows from its unitary
action on the Fock space at the quantum-field level [55]:

UCAµ
iȷ̄U

−1
C = −Aµ

jı̄ ⇒ CAa
µ = −Aa

µ, C taiȷ̄ = tajı̄. (8)

This action of C implies Cdabc
r = dabc

r . Since C does not
affect the spinors in any way, the anomaly amplitude (7)
is invariant under C. On the other hand, the C-invariance
assumption CΓ = Γ along with the vector-field transfor-
mation given in table I implies CAabc = −Aabc, as follows
from the definition (5). This contradiction means that
the anomaly is forbidden in the purely vectorial case.7

To consider other gauge-field configurations, we intro-
duce additional labels to encode parity of each leg into
the dimensionless coefficients C±

π1π2π3
in eq. (7). To avoid

confusion with other signs, we choose these labels to take
values in {V, A} ∋ πj for “vector” and “axial vector”,
respectively; e.g. we have just shown that C±

VVV = 0.
No matter how exactly the matter fields φ couple to the
gauge field A, gauge invariance requires the minimal cou-
pling terms to complement the kinetic terms of φ via the
covariant derivative usually defined vectorially

Dµ
Vφ := ∂µφ− igAaµ

V tarφ, Dµ
V eφ := ∂µ eφ+ ig eφ tarAaµ

V , (9)

where eφ is the appropriate dual field with the opposite
charge. But in order for these derivatives to transform

5 The gauge coupling g in eq. (7) could be rescaled into a coupling
specific to the particle in the loop, see the final answer (18).

6 Note that in principle one could include EFT corrections involv-
ing an intrinsic scale Λ. However, the only dimensionless polyno-
mial invariants that one may write without spoiling the helicity
weights are ⟨ij⟩[ji]/Λ2, which vanish on shell.

7 This argument based on C invariance may be regarded as a gen-
eralized version of Furry’s theorem.

V µ
iȷ̄ Aµ

iȷ̄ Lµ
iȷ̄ Rµ

iȷ̄ ∂µ γ5

C −V µ
jı̄ +Aµ

jı̄ − gR
gL

Rµ
jı̄ − gL

gR
Lµ

jı̄ +∂µ −γ⊤
5

P +Vµiȷ̄ −Aµiȷ̄ + gR
gL

Rµiȷ̄ + gL
gR

Lµiȷ̄ +∂µ −γ5

T +Vµiȷ̄ +Aµiȷ̄ +Lµiȷ̄ +Rµiȷ̄ −∂µ +γ5

CPT −V µ
jı̄ −Aµ

jı̄ −Lµ
jı̄ −Rµ

jı̄ −∂µ +γ⊤
5

TABLE I. Charge conjugation C, parity P, and time rever-
sal T for different gauge fields. For legibility, we use a con-
densed notation for Aµ

V = V µ, Aµ
A = Aµ, Aµ

L = Lµ, Aµ
R = Rµ.

into each other under C in the same way as the corre-
sponding fields φ and eφ, the gauge field must be a vector.
This immediately prevents gauge anomalies to arise from
spin-0 and spin-1 matter.

Let us now focus on the fermionic case, in which we
can actually preserve C (and P) by combining an axial
gauge field with γ5. Indeed, let us adopt the standard
conjugation rule for a Dirac-spinor field:

UCΨjU
−1
C = κ Ψ̄ȷ̄ CD, CD := −iγ0γ2 =

�
ϵαβ 0
0 ϵα̇β̇

�
(10)

(where κ is an arbitrary constant phase factor), which in
terms of the Weyl-field constituents translates to

Ψj =
�
χαj

η̃α̇
j

�
⇒

(
UC χαj U−1

C = κ ηαȷ̄,

UC η̃α̇j U−1
C = κ χ̃α̇

ȷ̄ .
(11)

It is then easy to derive from table I that the conjugation
rule UC DµΨU−1

C = κDµΨ̄CD, or in components

UC(Dµχα)jU
−1
C = κ (Dµηα)ȷ̄, (12a)

UC(Dµη̃
α̇)jU

−1
C = κ (Dµχ̃

α̇)ȷ̄, (12b)

holds for a covariant derivative that may include any lin-
ear combination of vector and axial gauge fields:

DµΨ = [∂µ − igAµ
V − ig′Aµ

Aγ5]Ψ. (13)

Such double gauging, however, is obstructed by mass.
Indeed, the covariant derivative (13) may be rewritten as

Dµχ = [∂µ− igAµ
V + ig′Aµ

A]χ =: [∂µ− igLAaµ
L tar ]χ, (14a)

Dµη̃ = [∂µ− igAµ
V − ig′Aµ

A]η̃ =: [∂µ− igRAaµ
R tar ]η̃, (14b)

in terms of the “left” and “right” gauge fields.
They gauge two independent transformations UL(x) =
eigLξ

a
L(x)ta

r and UR(x) = eigRξa
R(x)ta

r . The mass term, how-
ever, which we choose to be Ψ̄Ψ = ηαχα+χ̃α̇η̃

α̇, is not in-
variant under such transformations (unless gLξL = gRξR,
which corresponds to the already excluded purely vecto-
rial case). This means that massive Dirac fermions do not
produce gauge anomalies.8 Moreover, since the constant

8 We only consider a bare mass in our discussion. Massive chiral
fermions can be achieved using a spontaneous symmetry break-
ing [56] and hence produce an anomaly (see e.g. [57, 58]).

4

prefactors in eq. (7) are dimensionless, massless (vector-
like) Dirac fermions do not either. So we have determined
that such anomalies require chiral massless fermions that
are independently gauged at the classical level.

We may now regard the left and right gauged matter
fields as completely separate, so their representations in
eq. (14) and UL/R(x) do not have to match up and should
be distinguished as rL/R. Assuming one-loop exactness of
the anomaly, we can use its additivity in the matter con-
tent and still focus on the case of one left- and one right-
handed fermion. Since the left and right currents going
through the loop are completely independent,9 all mixed
anomaly contributions like Aabc

LLR vanish. This leaves only
two contributions Aabc

LLL and Aabc
RRR of the form (7) but

involving g3
Ldabc

rL
C±

LLL and g3
Rdabc

rR
C±

RRR, respectively. The
freedom to choose representations, however, still lets us
pick the same representation rL = rR = r. Then us-
ing the one-loop additivity, we can project back to the
vanishing purely vectorial Dirac-fermion anomaly Aabc

VVV:

0 =
g3

g3
L

Aabc
LLL +

g3

g3
R

Aabc
RRR

����
rL=rR

= g3dabc
r ×

n
(C−

LLL+C−
RRR)⟨12⟩2, h1=h2=−1,

(C+
LLL+C+

RRR)[12]2, h1=h2=+1,

(15)

which implies −C±
LLL = C±

RRR =: C±.
We can go even further and relate the two coeffi-

cients C± to each other via parity in this P-invariant
setup. On shell, it acts on the kinematic building blocks
as shown in table II.10 In particular, these rules imply
Pεµ

p,± = ε∓pµ for polarization vectors.11 Then if we use
the parity assumption (CP) inside the definition (4) of
Aabc

LLL and Aabc
RRR, according to table I we obtain

PAabc
LLL(1−, 2−, 3) =

g3
L

g3
R

Aabc
RRR(1+, 2+, 3) = g3

Ldabc
r C+[12]2.

(16)
On the other hand, the purely on-shell action of P onto
the same anomaly amplitude gives

P
�
−g3

Ldabc
r C−⟨12⟩2

	
= −g3

Ldabc
r C−[12]2. (17)

Comparing eqs. (16) and (17), we conclude that −C− =
C+ =: iC. The reality of C may be seen in a similar way
from CPT symmetry, which maps between the MHV and

9 Such mixed L/R anomaly contributions could be generated by
nonminimal couplings. However, as emphasized in footnote 6,
the on-shell 3-point bootstrap is oblivious to such corrections.

10 Objects involving external matter, not considered here, may also
be sensitive to constant phase factors under C, P, and T .

11 We use the standard spinor-helicity construction for the massless
polarization vectors (see e.g. [27])

εµ
p,+ =

1√
2

⟨q|σµ|p]

⟨qp⟩ , εµ
p,− = − 1√

2

[q|σ̄µ|p⟩
[qp]

.

C (unitary) P (unitary) T (antiunitary) CPT
ta
iȷ̄ ta

jı̄ ta
iȷ̄ (inv.) ta

iȷ̄ (inv.) ta
jı̄

|p⟩α |p⟩α (inv.) |p]α̇ ⟨p|α −[p|α̇
|p]α̇ |p]α̇ (inv.) −|p⟩α −[p|α̇ −⟨p|α
pµ pµ

(inv.) pµ pµ pµ
(inv.)

εµ
p,± εµ

p,± (inv.) ε∓pµ ε±
pµ εµ

p,∓
i i (inv.) i (inv.) −i −i

TABLE II. Action of C, P, and T on on-shell building blocks.
The conjugation rules shown for generators ta

rV
are consistent

with vector, axial, left, and right gauge fields.

MHV sectors without changing handedness. So we have
arrived at the following nonzero on-shell anomalies:

Aabc
LLL(1h1, 2h2, 3) = iC

X

left Weyl
fermions χ

g3
χdabc

rχ
×
� ⟨12⟩2, h1=h2=−1,

−[12]2, h1=h2=+1,
0, otherwise,

Aabc
RRR(1h1, 2h2, 3) = iC

X

right Weyl
fermions η̃

g3
η̃d

abc
rη̃

×
�−⟨12⟩2, h1=h2=−1,

[12]2, h1=h2=+1,
0, otherwise.

(18)

Here we have again allowed the matter particles to have
their own representations and rescaled versions of the
gauge coupling g, such as different charges Qj in the
abelian case (in which t1 = 1 and d111 = 2). This on-shell
answer may be uplifted to the off-shell covariant gauge
anomaly (2) of the form

δg
ξΓ = −C

2

Z
d4x

p
|g|

h X

χ∈ left

g3
χ trrχ

(ξLFL
µν

eFµν
L )

−
X

η̃ ∈ right

g3
η̃ trrη̃

(ξRFR
µν

eFµν
R )

i
,

(19)

where the dual field strengths are eFµν := ϵµνστF
στ/2.

Indeed, it is easy to check that the corresponding gauge-

invariant building blocks fµν
p,± := −2ip[µε

ν]
p,± give12

ηλνηµρf
λµ
p1,∓fνρ

p2,∓ =
n
−⟨12⟩2 for (−,−),

−[12]2 for (+,+),
(20a)

1

2
ϵλµνρf

λµ
p1,∓fνρ

p2,∓ =
n

i⟨12⟩2 for (−,−),

−i[12]2 for (+,+),
(20b)

as well as zeros for the mixed-helicity configurations. So
the relative sign between the helicity configurations dis-
cerns between ξF ·F and ξF · eF and determines the chiral
character of the anomaly (19). The overall minus sign in
eq. (19) is due to our original sign convention in eq. (3).
Comparing with the literature [2, 3, 59], we can of course
set C = (8π2)−1, which is the only numerical factor that
seems to elude the on-shell constraints.

12 Round (square) brackets denote index (anti)symmetrization and
include normalization by factorial denominators, such as 1/2!.

▶ CPT Aabc
LLL(1

±, 2±, 3) = Aabc
LLL(1

∓, 2∓, 3) ⇒ (C±
LLL)

∗ = C∓
LLL, (C

±
RRR)

∗ = C∓
RRR

▶ PAabc
LLL(1

±, 2±, 3) = g3L
g3R
Aabc

RRR(1
∓, 2∓, 3) ⇒ C±

LLL = C∓
RRR =: ±iC, C ∈ R
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respectively; e.g. we have just shown that C±

VVV = 0.
No matter how exactly the matter fields φ couple to the
gauge field A, gauge invariance requires the minimal cou-
pling terms to complement the kinetic terms of φ via the
covariant derivative usually defined vectorially

Dµ
Vφ := ∂µφ− igAaµ

V tarφ, Dµ
V eφ := ∂µ eφ+ ig eφ tarAaµ

V , (9)

where eφ is the appropriate dual field with the opposite
charge. But in order for these derivatives to transform

5 The gauge coupling g in eq. (7) could be rescaled into a coupling
specific to the particle in the loop, see the final answer (18).

6 Note that in principle one could include EFT corrections involv-
ing an intrinsic scale Λ. However, the only dimensionless polyno-
mial invariants that one may write without spoiling the helicity
weights are ⟨ij⟩[ji]/Λ2, which vanish on shell.

7 This argument based on C invariance may be regarded as a gen-
eralized version of Furry’s theorem.

V µ
iȷ̄ Aµ

iȷ̄ Lµ
iȷ̄ Rµ

iȷ̄ ∂µ γ5

C −V µ
jı̄ +Aµ

jı̄ − gR
gL

Rµ
jı̄ − gL

gR
Lµ

jı̄ +∂µ −γ⊤
5

P +Vµiȷ̄ −Aµiȷ̄ + gR
gL

Rµiȷ̄ + gL
gR

Lµiȷ̄ +∂µ −γ5

T +Vµiȷ̄ +Aµiȷ̄ +Lµiȷ̄ +Rµiȷ̄ −∂µ +γ5

CPT −V µ
jı̄ −Aµ

jı̄ −Lµ
jı̄ −Rµ

jı̄ −∂µ +γ⊤
5

TABLE I. Charge conjugation C, parity P, and time rever-
sal T for different gauge fields. For legibility, we use a con-
densed notation for Aµ

V = V µ, Aµ
A = Aµ, Aµ

L = Lµ, Aµ
R = Rµ.

into each other under C in the same way as the corre-
sponding fields φ and eφ, the gauge field must be a vector.
This immediately prevents gauge anomalies to arise from
spin-0 and spin-1 matter.

Let us now focus on the fermionic case, in which we
can actually preserve C (and P) by combining an axial
gauge field with γ5. Indeed, let us adopt the standard
conjugation rule for a Dirac-spinor field:

UCΨjU
−1
C = κ Ψ̄ȷ̄ CD, CD := −iγ0γ2 =

�
ϵαβ 0
0 ϵα̇β̇

�
(10)

(where κ is an arbitrary constant phase factor), which in
terms of the Weyl-field constituents translates to

Ψj =
�
χαj

η̃α̇
j

�
⇒

(
UC χαj U−1

C = κ ηαȷ̄,

UC η̃α̇j U−1
C = κ χ̃α̇

ȷ̄ .
(11)

It is then easy to derive from table I that the conjugation
rule UC DµΨU−1

C = κDµΨ̄CD, or in components

UC(Dµχα)jU
−1
C = κ (Dµηα)ȷ̄, (12a)

UC(Dµη̃
α̇)jU

−1
C = κ (Dµχ̃

α̇)ȷ̄, (12b)

holds for a covariant derivative that may include any lin-
ear combination of vector and axial gauge fields:

DµΨ = [∂µ − igAµ
V − ig′Aµ

Aγ5]Ψ. (13)

Such double gauging, however, is obstructed by mass.
Indeed, the covariant derivative (13) may be rewritten as

Dµχ = [∂µ− igAµ
V + ig′Aµ

A]χ =: [∂µ− igLAaµ
L tar ]χ, (14a)

Dµη̃ = [∂µ− igAµ
V − ig′Aµ

A]η̃ =: [∂µ− igRAaµ
R tar ]η̃, (14b)

in terms of the “left” and “right” gauge fields.
They gauge two independent transformations UL(x) =
eigLξ

a
L(x)ta

r and UR(x) = eigRξa
R(x)ta

r . The mass term, how-
ever, which we choose to be Ψ̄Ψ = ηαχα+χ̃α̇η̃

α̇, is not in-
variant under such transformations (unless gLξL = gRξR,
which corresponds to the already excluded purely vecto-
rial case). This means that massive Dirac fermions do not
produce gauge anomalies.8 Moreover, since the constant

8 We only consider a bare mass in our discussion. Massive chiral
fermions can be achieved using a spontaneous symmetry break-
ing [56] and hence produce an anomaly (see e.g. [57, 58]).

4

prefactors in eq. (7) are dimensionless, massless (vector-
like) Dirac fermions do not either. So we have determined
that such anomalies require chiral massless fermions that
are independently gauged at the classical level.

We may now regard the left and right gauged matter
fields as completely separate, so their representations in
eq. (14) and UL/R(x) do not have to match up and should
be distinguished as rL/R. Assuming one-loop exactness of
the anomaly, we can use its additivity in the matter con-
tent and still focus on the case of one left- and one right-
handed fermion. Since the left and right currents going
through the loop are completely independent,9 all mixed
anomaly contributions like Aabc

LLR vanish. This leaves only
two contributions Aabc

LLL and Aabc
RRR of the form (7) but

involving g3
Ldabc

rL
C±

LLL and g3
Rdabc

rR
C±

RRR, respectively. The
freedom to choose representations, however, still lets us
pick the same representation rL = rR = r. Then us-
ing the one-loop additivity, we can project back to the
vanishing purely vectorial Dirac-fermion anomaly Aabc

VVV:

0 =
g3

g3
L

Aabc
LLL +

g3

g3
R

Aabc
RRR

����
rL=rR

= g3dabc
r ×

n
(C−

LLL+C−
RRR)⟨12⟩2, h1=h2=−1,

(C+
LLL+C+

RRR)[12]2, h1=h2=+1,

(15)

which implies −C±
LLL = C±

RRR =: C±.
We can go even further and relate the two coeffi-

cients C± to each other via parity in this P-invariant
setup. On shell, it acts on the kinematic building blocks
as shown in table II.10 In particular, these rules imply
Pεµ

p,± = ε∓pµ for polarization vectors.11 Then if we use
the parity assumption (CP) inside the definition (4) of
Aabc

LLL and Aabc
RRR, according to table I we obtain

PAabc
LLL(1−, 2−, 3) =

g3
L

g3
R

Aabc
RRR(1+, 2+, 3) = g3

Ldabc
r C+[12]2.

(16)
On the other hand, the purely on-shell action of P onto
the same anomaly amplitude gives

P
�
−g3

Ldabc
r C−⟨12⟩2

	
= −g3

Ldabc
r C−[12]2. (17)

Comparing eqs. (16) and (17), we conclude that −C− =
C+ =: iC. The reality of C may be seen in a similar way
from CPT symmetry, which maps between the MHV and

9 Such mixed L/R anomaly contributions could be generated by
nonminimal couplings. However, as emphasized in footnote 6,
the on-shell 3-point bootstrap is oblivious to such corrections.

10 Objects involving external matter, not considered here, may also
be sensitive to constant phase factors under C, P, and T .

11 We use the standard spinor-helicity construction for the massless
polarization vectors (see e.g. [27])

εµ
p,+ =

1√
2

⟨q|σµ|p]

⟨qp⟩ , εµ
p,− = − 1√

2

[q|σ̄µ|p⟩
[qp]

.

C (unitary) P (unitary) T (antiunitary) CPT
ta
iȷ̄ ta

jı̄ ta
iȷ̄ (inv.) ta

iȷ̄ (inv.) ta
jı̄

|p⟩α |p⟩α (inv.) |p]α̇ ⟨p|α −[p|α̇
|p]α̇ |p]α̇ (inv.) −|p⟩α −[p|α̇ −⟨p|α
pµ pµ

(inv.) pµ pµ pµ
(inv.)

εµ
p,± εµ

p,± (inv.) ε∓pµ ε±
pµ εµ

p,∓
i i (inv.) i (inv.) −i −i

TABLE II. Action of C, P, and T on on-shell building blocks.
The conjugation rules shown for generators ta

rV
are consistent

with vector, axial, left, and right gauge fields.

MHV sectors without changing handedness. So we have
arrived at the following nonzero on-shell anomalies:

Aabc
LLL(1h1, 2h2, 3) = iC

X

left Weyl
fermions χ

g3
χdabc

rχ
×
� ⟨12⟩2, h1=h2=−1,

−[12]2, h1=h2=+1,
0, otherwise,

Aabc
RRR(1h1, 2h2, 3) = iC

X

right Weyl
fermions η̃

g3
η̃d

abc
rη̃

×
�−⟨12⟩2, h1=h2=−1,

[12]2, h1=h2=+1,
0, otherwise.

(18)

Here we have again allowed the matter particles to have
their own representations and rescaled versions of the
gauge coupling g, such as different charges Qj in the
abelian case (in which t1 = 1 and d111 = 2). This on-shell
answer may be uplifted to the off-shell covariant gauge
anomaly (2) of the form

δg
ξΓ = −C

2

Z
d4x

p
|g|

h X

χ∈ left

g3
χ trrχ

(ξLFL
µν

eFµν
L )

−
X

η̃ ∈ right

g3
η̃ trrη̃

(ξRFR
µν

eFµν
R )

i
,

(19)

where the dual field strengths are eFµν := ϵµνστF
στ/2.

Indeed, it is easy to check that the corresponding gauge-

invariant building blocks fµν
p,± := −2ip[µε

ν]
p,± give12

ηλνηµρf
λµ
p1,∓fνρ

p2,∓ =
n
−⟨12⟩2 for (−,−),

−[12]2 for (+,+),
(20a)

1

2
ϵλµνρf

λµ
p1,∓fνρ

p2,∓ =
n

i⟨12⟩2 for (−,−),

−i[12]2 for (+,+),
(20b)

as well as zeros for the mixed-helicity configurations. So
the relative sign between the helicity configurations dis-
cerns between ξF ·F and ξF · eF and determines the chiral
character of the anomaly (19). The overall minus sign in
eq. (19) is due to our original sign convention in eq. (3).
Comparing with the literature [2, 3, 59], we can of course
set C = (8π2)−1, which is the only numerical factor that
seems to elude the on-shell constraints.

12 Round (square) brackets denote index (anti)symmetrization and
include normalization by factorial denominators, such as 1/2!.

▶ CPT Aabc
LLL(1

±, 2±, 3) = Aabc
LLL(1

∓, 2∓, 3) ⇒ (C±
LLL)

∗ = C∓
LLL, (C

±
RRR)

∗ = C∓
RRR

▶ PAabc
LLL(1

±, 2±, 3) = g3L
g3R
Aabc

RRR(1
∓, 2∓, 3) ⇒ C±

LLL = C∓
RRR =: ±iC, C ∈ R
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Final gauge anomaly

Aabc
LLL(1

h1, 2h2, 3) = iC
∑

left Weyl
fermions χ

g3χd
abc
rχ ×

{ ⟨12⟩2, h1=h2=−1,

−[12]2, h1=h2=+1,
0, otherwise

Aabc
RRR(1

h1, 2h2, 3) = iC
∑

right Weyl
fermions η̃

g3η̃d
abc
rη̃

×
{−⟨12⟩2, h1=h2=−1,

[12]2, h1=h2=+1,
0, otherwise

Uplifts to the familiar covariant form

δgξΓ = −C

2

∫
d4x

√
|g|

[ ∑

χ∈ left

g3χ trrχ(ξLF
L
µνF̃

µν
L )−

∑

η̃ ∈ right

g3η̃ trrη̃(ξRF
R
µνF̃

µν
R )

]

▶ relative sign between helicities encodes F ·F vs F ·F̃ ; matches C =
1

8π2

Fujikawa, Suzuki ’04
▶ make ξL/R constant ⇒ global/singlet/abelian chiral anomaly

10 / 27



Mixed gauge-gravitational anomaly

δ−4(p1+p2+p3)Abc
gA(1

h1, 2h2, 3) :=−iκ εµν1 ερ2 p
λ
3

δ3Γ[g,A, 0]

δgµν(p1)δAbρ(p2)δAcλ(p3)

∣∣∣∣
g=η,A=0, p2

i=0

δ−4(p1+p2+p3)Ac
gg(1

h1, 2h2, 3) :=−iκ2εµν1 ερσ2 pλ3
δ3Γ[g,A, 0]

δgµν(p1)δgρσ(p2)δAcλ(p3)

∣∣∣∣
g=η,A=0, p2

i=0

mass dimension 2, spins (2, 1 or 2, 0)

Pure-gravity sector: double copy of pure-gauge ⇒ Ac
gg ∝ ⟨12⟩4 & [12]4

Single colored leg ⇒ abelian only; same C, P, CPT logic gives

AggL(1
h1, 2h2, 3) = iCκ2

∑

χ∈ left

Qχ×
{ ⟨12⟩4, h1=h2=−2,

−[12]4, h1=h2=+2,
0, otherwise

AggR(1
h1, 2h2, 3) = iCκ2

∑

η̃ ∈ right

Qη̃×
{−⟨12⟩4, h1=h2=−2,

[12]4, h1=h2=+2,
0, otherwise

Covariantly: δ′gξ Γ = C

∫
d4x

√
|g|RλµνρR̃

λµνρ
[
ξL
∑

χ∈ left

Qχ − ξR
∑

η̃ ∈ right

Qη̃

]

Delbourgo, Salam ’72; Eguchi, Freund ’76 11 / 27



Diffeomorphism anomaly
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Diffeo-anomaly setup
Linearized diffeomorphism+variation:

δdξgµν = ∇µξν +∇νξµ, δdξA
a
µ = ξν∇νA

a
µ +Aa

ν∇µξ
ν

√
|g|⟨Tµν⟩ := 2

δΓ

δgµν

δdξΓ =

∫
d4x

{
ξµ

[√
|g|∇λ⟨Tλµ⟩−

√
|g|Ac

µAc + F c
µν

δΓ

δAc
ν

]
+

[
δdξφ− (ξ ·Ac)igtcrφ

] δΓ
δφ

}

Diffeo-anomaly functional:

Aµ(z)[g,A, φ] := −
δ(δdξΓ[g,A, φ])

δξµ(z)
= 2∇λ

δΓ

δgλµ(z)
+ · · · =: −

√
|g|∇λ⟨Tλµ⟩(z) + . . .

3pt diffeo-anomaly on-shell currents:

δ−4(p1+p2+p3)Aabµ
AA (1h1, 2h2, 3) := −2iε1νε2ρp3λ

δΓ[g,A, 0]

δAa
ν(p1)δA

b
ρ(p2)δgλµ(p3)

∣∣∣∣
g=η,A=0, p2

i=0

δ−4(p1+p2+p3)Abµ
gA(1

h1, 2h2, 3) := −2iκ ε1νρε2σp3λ
δΓ[g,A, 0]

δgνρ(p1)δAb
σ(p2)δgλµ(p3)

∣∣∣∣
g=η,A=0, p2

i=0

δ−4(p1+p2+p3)Aµ
gg(1

h1, 2h2, 3) := −2iκ2ε1νρε2στp3λ
δΓ[g, 0, 0]

δgνρ(p1)δgστ (p2)δgλµ(p3)

∣∣∣∣
g=η, p2

i=0

mass dimension 3, spins (1 or 2, 1 or 2, 0), vector
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Diffeo-anomaly setup
Linearized diffeomorphism+variation:

δdξgµν = ∇µξν +∇νξµ, δdξA
a
µ = ξν∇νA

a
µ +Aa

ν∇µξ
ν

√
|g|⟨Tµν⟩ := 2

δΓ

δgµν

δdξΓ =

∫
d4x

{
ξµ

[√
|g|∇λ⟨Tλµ⟩−

√
|g|Ac

µAc + F c
µν

δΓ

δAc
ν

]
+

[
δdξφ− (ξ ·Ac)igtcrφ

] δΓ
δφ

}

Diffeo-anomaly functional:

Aµ(z)[g,A, φ] := −
δ(δdξΓ[g,A, φ])

δξµ(z)
= 2∇λ

δΓ

δgλµ(z)
+ · · · =: −

√
|g|∇λ⟨Tλµ⟩(z) + . . .

3pt diffeo-anomaly on-shell currents:

δ−4(p1+p2+p3)Aabµ
AA (1h1, 2h2, 3) := −2iε1νε2ρp3λ

δΓ[g,A, 0]

δAa
ν(p1)δA

b
ρ(p2)δgλµ(p3)

∣∣∣∣
g=η,A=0, p2

i=0

δ−4(p1+p2+p3)Abµ
gA(1

h1, 2h2, 3) := −2iκ ε1νρε2σp3λ
δΓ[g,A, 0]

δgνρ(p1)δAb
σ(p2)δgλµ(p3)

∣∣∣∣
g=η,A=0, p2

i=0

δ−4(p1+p2+p3)Aµ
gg(1

h1, 2h2, 3) := −2iκ2ε1νρε2στp3λ
δΓ[g, 0, 0]

δgνρ(p1)δgστ (p2)δgλµ(p3)

∣∣∣∣
g=η, p2

i=0

mass dimension 3, spins (1 or 2, 1 or 2, 0), vector
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Pure-gauge & -gravity sectors vanish

Vector ansatz in terms of available vectors:

Aabµ
AA(1

−, 2−, 3) = δab(C1p
µ
1 + C2p

µ
2 )⟨12⟩2

...

Aµ
gg(1

+, 2+, 3) = κ2(C1p
µ
1 + C2p

µ
2 )[12]

4

▶ Bose symmetry ⇒ C1 = C2 ⇒ Aabµ
AA ∝ pµ1 + pµ2 = −pµ3

▶ graviton transversality hµν → hµν +2∂(µξν)/κ forces p3 · ξ(p3) = 0 on shell, so

ξµAabµ
AA = ξµAµ

gg = 0

No nontrivial pure-gauge or pure-gravity diffeomorphism anomaly
Alvarez-Gaume, Witten ’83
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Mixed sector: nontrivial result

May bootstrap Aµ as bispinor Aγ̇γ := Aµσ̄γ̇γ = M1|1]γ̇⟨1|γ +M2|2]γ̇⟨2|γ

= M12|1]γ̇⟨2|γ +M21|2]γ̇⟨1|γ

Abµ
gA(1

−2, 2−1, 3) = κ tr tbr C− ⟨1|σµ|2] ⟨12⟩3

Abµ
gA(1

+2, 2+1, 3) = κ tr tbr C+ [1|σ̄µ|2⟩ [12]3 easy to miss!

▶ tr tbr ̸= 0 + (CP) ⇒ abelian axial gauge field

▶ CPT Aµ
gA = Aµ

gA ⇒ C+ = −C∗
− =: iQ′C

▶ on-shell parity PAµ
gA = −A(gA)µ (for Dirac case) forces C ∈ R

Uplifts to
δdξΓ = −4

√
2C

∫
d4x

√
|g| (∇λξµ)RλµνρF̃

νρ
A

∑

matter φ

Q′
φ

Nieh ’84; Larue, Quevillon, Zwicky ’23

15 / 27



Lorentz anomaly
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Lorentz-anomaly setup
Linearized (local) Lorentz transformation+ variation:

δLξe
ı̂
µ = ξ ı̂ ȷ̂e

ȷ̂
µ, ξı̂ȷ̂ = −ξȷ̂ı̂

√
|g|⟨T ı̂ȷ̂⟩ := eı̂µ

δΓ

δeµȷ̂

δLξΓ[e,A, φ] =

∫
d4x

[
−
√
|g| ξı̂ȷ̂⟨T ı̂ȷ̂⟩+ δΓ

δφ
δLξφ

]

Lorentz-anomaly functional:

A[̂ıȷ̂](z) := −
δ(δLξΓ[e,A, φ])

δξı̂ȷ̂(z)
= eλ[̂ı

δΓ

δeλȷ̂](z)
+ · · · =: −

√
|g|⟨T [̂ıȷ̂]⟩(z) + . . .

3pt on-shell Lorentz anomalies:

δ−4(p1+p2+p3)Aab[̂ıȷ̂]
AA (1h1, 2h2, 3) := ε1µε2νe

λ[̂ı
0 (p3)

δΓ[e,A, 0]

δAa
µ(p1)δA

b
ν(p2)δe

λ
ȷ̂](p3)

∣∣∣∣
e=e0, A=0, p2

i=0

δ−4(p1+p2+p3)Ab[̂ıȷ̂]
gA (1h1, 2h2, 3) := κ ε1µνε2ρe

λ[̂ı
0 (p3)

δΓ[e,A, 0]

δgµν(p1)δAb
ρ(p2)δe

λ
ȷ̂](p3)

∣∣∣∣
e=e0, A=0, p2

i=0

δ−4(p1+p2+p3)A[̂ıȷ̂]
gg (1

h1, 2h2, 3) := κ2ε1µνε2ρσe
λ[̂ı
0 (p3)

δΓ[e, 0, 0]

δgµν(p1)δgρσ(p2)δeλȷ̂](p3)

∣∣∣∣
e=e0, p2

i=0

mass dimension 2, spins (1 or 2, 1 or 2, 0), 2-form
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Lorentz-anomaly setup
Linearized (local) Lorentz transformation+ variation:

δLξe
ı̂
µ = ξ ı̂ ȷ̂e

ȷ̂
µ, ξı̂ȷ̂ = −ξȷ̂ı̂

√
|g|⟨T ı̂ȷ̂⟩ := eı̂µ

δΓ

δeµȷ̂

δLξΓ[e,A, φ] =

∫
d4x

[
−
√
|g| ξı̂ȷ̂⟨T ı̂ȷ̂⟩+ δΓ

δφ
δLξφ

]

Lorentz-anomaly functional:

A[̂ıȷ̂](z) := −
δ(δLξΓ[e,A, φ])

δξı̂ȷ̂(z)
= eλ[̂ı

δΓ

δeλȷ̂](z)
+ · · · =: −

√
|g|⟨T [̂ıȷ̂]⟩(z) + . . .

3pt on-shell Lorentz anomalies:

δ−4(p1+p2+p3)Aab[̂ıȷ̂]
AA (1h1, 2h2, 3) := ε1µε2νe

λ[̂ı
0 (p3)

δΓ[e,A, 0]

δAa
µ(p1)δA

b
ν(p2)δe

λ
ȷ̂](p3)

∣∣∣∣
e=e0, A=0, p2

i=0

δ−4(p1+p2+p3)Ab[̂ıȷ̂]
gA (1h1, 2h2, 3) := κ ε1µνε2ρe

λ[̂ı
0 (p3)

δΓ[e,A, 0]

δgµν(p1)δAb
ρ(p2)δe

λ
ȷ̂](p3)

∣∣∣∣
e=e0, A=0, p2

i=0

δ−4(p1+p2+p3)A[̂ıȷ̂]
gg (1

h1, 2h2, 3) := κ2ε1µνε2ρσe
λ[̂ı
0 (p3)

δΓ[e, 0, 0]

δgµν(p1)δgρσ(p2)δeλȷ̂](p3)

∣∣∣∣
e=e0, p2

i=0

mass dimension 2, spins (1 or 2, 1 or 2, 0), 2-form
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Bispinor decomposition & pure sectors
Note: unlike diffeo, ξı̂ȷ̂ need not be transverse on shell ⇒ no free cancellation
Antisymmetry in flat Minkowski indices ı̂, ȷ̂ ⇒ decompose into left/right bispinors:

σ̄γ̇γ
ı̂ σ̄δ̇δ

ȷ̂ A[̂ıȷ̂] = A(γδ)ϵγ̇δ̇ +A(γ̇δ̇)ϵγδ

MHV basis: ⟨1|γ⟨1|δ, ⟨2|γ⟨2|δ, ⟨1|(γ⟨2|δ); pure-gauge sector gives

Aab(γδ)
AA (1−, 2−, 3) = δab

{
C1

⟨12⟩⟨23⟩
⟨13⟩ ⟨1|γ⟨1|δ + C2

⟨21⟩⟨13⟩
⟨23⟩ ⟨2|γ⟨2|δ + C3⟨12⟩⟨1|(γ⟨2|δ)

}

Aab(γ̇δ̇)
AA (1−, 2−, 3) = C4 δ

ab ⟨12⟩3|1](γ̇ |2]δ̇)

▶ all other helicity conf. ∋ denominators on all basis bispinors ⇒ (POL) kills them
▶ (POL) also kills C1 = C2 = 0 (denominators on ⟨1|⟨1| & ⟨2|⟨2| terms)
▶ Bose symmetry 1 ↔ 2 forces C3 = C4 = 0

Pure-gauge & pure-gravity Lorentz anomalies are trivial (may be renormalized away)
Bertlmann ’96
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Mixed sector: what survives
Full MHV ansatz in the cross-sector (spins (−2,−1, 0) with [ξı̂ȷ̂] = 0):

Ab(γδ)
gA (1−2, 2−1, 3) = κ tr tbr

{
C1⟨12⟩2⟨1|γ⟨1|δ + C2

⟨12⟩2⟨31⟩2
⟨23⟩2 ⟨2|γ⟨2|δ + C3

⟨12⟩2⟨31⟩
⟨23⟩ ⟨1|(γ⟨2|δ)

}

Ab(γ̇δ̇)
gA (1−2, 2−1, 3) = κC4 tr tbr ⟨12⟩4|2]γ̇ |2]δ̇

▶ (POL) kills C2 = C3 = 0; MHV branch is analogous
▶ tr tbr ̸= 0 + (CP) ⇒ abelian axial gauge field (as for diffeo)
▶ C4 term: requires [C4] = −2 ⇒ higher-dim.; explicit local counterterm∫

d4xωλ
µνR

µ
λρσ

(
c3∇ρF νσ+ c̃3∇ρF̃ νσ

)
⇒ trivial anomaly Bertlmann ’96

Only dim.-2 terms survive, one per branch:

Ab(γδ)
gA (1−2, 2−1, 3) = κQ′C− ⟨12⟩2⟨1|γ⟨1|δ

Ab(γ̇δ̇)
gA (1+2, 2+1, 3) = κQ′C+ [12]2|1]γ̇ |1]δ̇
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Final Lorentz anomaly
CPT & P act on the bispinor anomaly as (using spinor parity rules from CPT table):

CPT A(γδ)
gA = −A(γ̇δ̇)

gA , PA(γδ)
gA = −ϵγ̇ε̇ϵδ̇φ̇A(ε̇φ̇)

gA

▶ CPT : κQ′C−⟨12⟩2⟨1|⟨1| CPT−−−→ κQ′C∗
−[12]

2|1]|1] ⇒ C∗
− = −C+

▶ P: κQ′C−⟨12⟩2⟨1|⟨1| P−−−→ κQ′C−[12]2[1|[1| ⇒ C− = −C+

▶ together: ±C± =: C ∈ R

By one-loop additivity & covariant uplift:

δLξΓ = −
√
2C

∫
d4x

√
|g| ξı̂ȷ̂Rı̂ȷ̂

µν F̃
µν
A

∑

matter φ

Q′
φ

Companion to the diffeomorphism result: same abelian axial coupling

δdξΓ = −4
√
2C

∫
d4x

√
|g| (∇λξµ)Rλµνρ F̃

νρ
A

∑

matter φ

Q′
φ

Leutwyler ’84, ’85; Nieh ’84; Caneschi, Valtancoli ’85; Yajima, Kimura ’86; Larue, Quevillon, Zwicky

’23
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Weyl/trace anomaly
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Weyl-anomaly setup

Linearized Weyl transformation+ variation:

δWξ gµν = 2ξgµν , δWξ A
a
µ = 0, δWξ φ = ξ∆φφ

δWξ Γ[g,A, φ] =

∫
d4x ξ

[
−
√

|g|⟨Tµ
µ⟩+∆φφ

δΓ

δφ

]

Weyl-anomaly functional: (make Weyl local for Noether currents)

A(z)[g,A, φ] := −
δ(δWξ Γ[g,A, φ])

δξ(z)
= −2gλµ

δΓ

δgλµ(z)
+ · · · =:

√
|g|⟨Tµ

µ⟩(z) + . . .

3pt Weyl-anomaly amplitudes:

δ−4(p1+p2+p3)Aab
AA(1

h1, 2h2, 3) := −2ε1νε2ρηλµ
δΓ[g,A, 0]

δAa
ν(p1)δA

b
ρ(p2)δgλµ(p3)

∣∣∣∣
g=η,A=0, p2

i=0

δ−4(p1+p2+p3)Ab
gA(1

h1, 2h2, 3) := −2κ ε1νρε2σηλµ
δΓ[g,A, 0]

δgνρ(p1)δAb
σ(p2)δgλµ(p3)

∣∣∣∣
g=η,A=0, p2

i=0

δ−4(p1+p2+p3)Agg(1
h1, 2h2, 3) := −2κ2ε1νρε2στηλµ

δΓ[g, 0, 0]

δgνρ(p1)δgστ (p2)δgλµ(p3)

∣∣∣∣
g=η, p2

i=0

mass dimension 2, spins (1 or 2, 1 or 2, 0)
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Weyl anomaly: kinematic bootstrap
Aab

AA, Ab
gA, Agg are Lorentz scalars of dimension 2

⇒ identical kinematic bootstrap to gauge anomaly

▶ mixed sector Ab
gA = 0 ruled out by (POL), e.g. Ab

gA(1
−2, 2−1, 3) ∝ κ ⟨12⟩3⟨31⟩

⟨23⟩
▶ pure-gauge sector:

Aab
AA(1

∓, 2∓, 3) = g2δab ×
{
C−⟨12⟩2 (−,−)

C+[12]2 (+,+)

▶ pure-gravity sector:

Agg(1
∓, 2∓, 3) = κ2 ×

{
C−

2 ⟨12⟩4 (−,−)

C+
2 [12]4 (+,+)

▶ CPT symmetry implies (C±)∗ = C∓, (C±
2 )∗ = C∓

2

▶ P symmetry implies C− = C+ =: C1, C
−
2 = C+

2 =: C2 ∈ R
▶ key difference from gauge anomaly:

any massless particle may contribute; no chirality required
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Parity fixes C+ = C− (contrast with gauge anomaly)

Consider Dirac fermion with vector & axial gauging:

▶ C invariance: CAab
LL =

g2L
g2R
Aab

RR ⇒ C±
LL = C±

RR (vs C±
LLL = −C±

RRR for gauge)

▶ P relation:

PAab
LL(1

±, 2±, 3) =
g2L
g2R

Aab
RR(1

∓, 2∓, 3) ⇒ C±
LL = C∓

RR = C1 ∈ R

Significance: on-shell field strengths fµν
p,± := −2ip[µε

ν]
p,± give

F ·F ⇝ ηλνηµρf
λµ
p1,∓f

νρ
p2,∓ =

{
−⟨12⟩2 (−,−)

−[12]2 (+,+)

F ·F̃ ⇝ 1
2ϵλµνρf

λµ
p1,∓f

νρ
p2,∓ =

{
+i⟨12⟩2 (−,−)

−i[12]2 (+,+)

same signs C+ = C− ⇒ F ·F vs opp. signs C+ = −C− (gauge anomaly) ⇒ F ·F̃
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Final Weyl anomaly: no Pontryagin density
By one-loop additivity and covariant uplift:

δWξ Γ = ξ

∫
d4x

√
|g|

{
C1

2

[∑

χ

g2χ trrχ
(F L

µνF
µν
L ) +

∑

η̃

g2η̃ trrη̃
(FR

µνF
µν
R ) +

∑

ϕ

g2ϕ trrϕ
(FµνF

µν)

]

− C̃2RλµνρR
λµνρ

}

where C̃2 =
∑

φ′ C2 sums over all massless particles

3pt bootstrap is insensitive to R2, RµνR
µν , D2R (vanish on shell)

▶ Equal-sign constraint C+ = C− rules out both Pontryagin densities:

FµνF̃
µν absent and RλµνρR̃

λµνρ absent

▶ New model- and regularization-independent proof,
resting only on P invariance not broken unless classically

▶ Note: C+ = C− derived even before invoking CPT , so P alone is sufficient
Bonora, Giaccari, Lima de Souza ’14; Bonora, Duarte Pereira, Lima de Souza’15; Bastianelli, Martelli ’16;

Bonora, Cvitan, Dominis Prester, Duarte Pereira, Giaccari, Paulǐsić, Štemberga ’17–’18, Bastianelli, Broccoli ’19; Fröb, Zahn ’19; Bonora ’22;

Abdallah, Franchino-Viñas, Fröb ’21,’23; Larue, Quevillon, Zwicky ’23,’24; Alvarez, Alvarez-Gaume, Anero, Martin ’26 25 / 27



Summary

▶ 3pt on-shell bootstrap, using only Lorentz invariance, discrete symmetries, residual
gauge freedom, and polynomial ansatz

▶ reproduces gauge-anomaly cancellation conditions, mixed gauge-gravitational,
diffeomorphism, and Lorentz anomalies, each up real constants

▶ no nontrivial pure-gauge or pure-gravity diffeomorphism/Lorentz anomalies in 4d

▶ new model- and regularization-independent proof:
Weyl anomaly contains no Pontryagin densities

Anomalies as consequences of on-shell consistency rather than explicit loop calculations
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Outlook

▶ Understand (POL) ↔ triviality relationship better

▶ Derive one-loop exactness directly within bootstrap, w/o regularization

▶ Systematics of trivial anomalies and their nonpolynomial on-shell realization

▶ Consider matter on external legs

▶ 3pt global-anomaly amplitudes as seeds for on-shell recursion to higher pts

▶ Combine with on-shell methods for Goldstone-boson amplitudes coupling to
anomalous current (e.g. axion coupling to Lorentz)

Thank you!
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