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Towards four scalar scattering in the Asymptotic Safety scenario
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Asymptotically Safe QG in a nutshell

Existence of UV fixed point for metric QG
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Asymptotically Safe QG in a nutshell

Existence of UV fixed point for metric QG

Failure of perturbative RG: Loss of predictivity

1-loop div. /8> \/8R. \/8R?, \/gR, R"
2-loops div. VEC ...

[Weinberg ’79]

* Non-Perturbative: Gravity Fixed Point

[Reuter ’98]
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Asymptotically Safe QG in a nutshell

Existence of UV fixed point for metric QG

Failure of perturbative RG: Loss of predictivity
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Asymptotically Safe QG in a nutshe

Existence of UV fixed point for metric QG e

Failure of perturbative RG: Loss of predictivity

1-loop div. /8> \/8R. \/8R?, \/gR, R"

2-loops div. VEC ..

[Weinberg ’79]

* Non-Perturbative: Gravity Fixed Point

P(8*,4%) =0
for (g%, 4%) # 0

ﬁﬂ(g*a /1*) — O

[Reuter ’98]
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Existence of UV fixed point for metric QG

Failure of perturbative RG: Loss of predictivity

1-loop div. /8> \/8R. \/8R?, \/gR, R"
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[Weinberg ’79]
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Existence of UV fixed point for metric QG

Failure of perturbative RG: Loss of predictivity

1-loop div. /8> \/8R. \/8R?, \/gR, R"
2-loops div. VEC ...

[Weinberg ’79]

* Non-Perturbative: Gravity Fixed Point
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Asymptotically Safe QG in a nutshell

Hot Topics

e Unitarity
 Observables
 Lorentzian Computations

« Standard Model

« Cosmology, BH physics, ...
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Asymptotically Safe QG in a nutshell

Hot Topics

e Unitarity

e Observables »

 Lorentzian Computations

This Work: physical
momentum computation

See also [Pastor-Gutiérrez, Pawlowski, Reichert, Ruisi ‘24]

« Standard Model

« Cosmology, BH physics, ...
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Scattering in QG

The cartoon
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Scattering in QG
The cartoon
t b b

Graviton mediated process h

PP — PP

Classical of ~
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Scattering in QG
The cartoon
t b b

Graviton mediated process

PP — PP

Classical o ~ X
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Scattering in QG

The cartoon gb

Graviton mediated process

PP — PP

Classical of ~ Gys X
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Scattering in QG
The cartoon
t b b

Graviton mediated process h
PP — PP
. Gos % l v \/G_ ¢~ Gys & Unitarity at
Classical A ~ N : N N stakell!
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Scattering in QG
The cartoon
t b b

Graviton mediated process

PP — PP

Unitarity at

' ~ A
Classical o Gy X stakell

GNS NGNSf

1
“The cure” G, = Gy(k) ~ B for k > M, » ﬂ has a chance to be finite!
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Scattering in QG

N Ot the fu II Sto ry See also [Donoghue '19] [Bonanno et al. ’20]
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Scattering in QG

N Ot the fu II Sto ry See also [Donoghue '19] [Bonanno et al. ’20]

 In AS mostly RG improvement k* ~ s

» Not suitable for multiscale problems s & 7 - channels

 Need genuine momentum computations

Fluctuation Approach

Pawlowski, Reichert '21]

Pawlowski, Reichert 23
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Scattering in QG

N Ot the fu I I Sto ry See also [Donoghue '19] [Bonanno et al. ’20]

 In AS mostly RG improvement k* ~ s

» Not suitable for multiscale problems s & 7 - channels

 Need genuine momentum computations

Fluctuation Approach Form Factor Approach
Pawlowski, Reichert '21] Knorr, Saueressig ’18]
Pawlowski, Reichert '23 Draper, Knorr, Ripken, Saueressig ‘20]
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Scattering in QG

N Ot the fu II Sto ry See also [Donoghue '19] [Bonanno et al. ’20]

 In AS mostly RG improvement k* ~ s

» Not suitable for multiscale problems s & 7 - channels

 Need genuine momentum computations

Fluctuation Approach Form Factor Approach
This Work Pawlowski, Reichert ’21] Knorr, Saueressig ’18]
Pawlowski, Reichert '23 Draper, Knorr, Ripken, Saueressig ‘20]
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Scattering in QG

The cartoon upgraded
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Scattering in QG
The cartoon upgradeﬁ

Graviton mediated process

PP — PP

1Pl version of ~
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Scattering in QG
The cartoon upgradeﬁ

Graviton mediated process

PP — PP

1Pl version of ~ X ghh X
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Scattering in QG
The cartoon upgradeﬁ

Graviton mediated process

PP — PP

1Pl version of ~
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Scattering in QG
The cartoon upgradeﬁ

h

¢ J ¢

1Pl version gf ~ [ x € X [hod

Graviton mediated process

PP — PP

= GN(S)l (1* — 4tu + u* — 5°)
S
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Scalar-Graviton vertex in AS

How to
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Scalar-Graviton vertex in AS

How to

P1
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Scalar-Graviton vertex in AS

How to

P1
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§ |
Scalar-Graviton vertex in AS '

How to

Tensor structure: min. coupled scalars
P1 i
h
~ Fk¢¢(plap29 ph)
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§ |
Scalar-Graviton vertex in AS '

How to

Tensor structure: min. coupled scalars

P1
1
p Fk — SEH+ng+Sgh+5jd4x gaﬂqbaﬂqb
h
~ FZM(pl, Dos Pp) Wetterich Equation
1 6tRk ;
—— P Kr P
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§ |
Scalar-Graviton vertex in AS '

How to

Tensor structure: min. coupled scalars

P1
1
_ 4
ph h Fk — SEH+ng+Sgh+5Jd X gaﬂqbaﬂqb
~ FkM(pl, P2, Dp) Wetterich Equation
Momentum variables 1 0.R
0l , = —1Tr Kk :>8Fh¢¢(p Dy D)

P2 2 9 t k [ (2) ] Ay 1> 2> Fh

p==1p "= |p, . L7+ Ry

P1-Py=D"Z
p, |7 =2p%( +2)

/A\ Euclidean

Angelo Portas Chiesa - “Asymptotic Safety meets Particle Physics & friends” @DESY, Hamburg - 16/12/2025



Scalar-Graviton vertex in AS

Flow Equation
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Scalar-Graviton vertex in AS

Flow Equation

Diagrams generated in 0,1 ZW

atrh¢¢=%@+ —OX 2= +2=CX -2 d _ =Q . =<é 9 é
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Scalar-Graviton vertex in AS

Flow Equation

Diagrams generated in 0 I ZW

atrhq*b:%@+ —OX 2= +2=CX -2 d _ =Q . =<é 9 é

Flow Equation See Also [Eichhorn, Labus, Pawlowski, Reichert ’18]

08hpp k(P 2) = 2 + M) 81pp k(P> 2) + iy 11> 2) Diag, (p, 2)
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Scalar-Graviton vertex in AS

Flow Equation

Diagrams generated in 0 I ZM

Q1 -+ - -

Flow Equation See Also [Eichhorn, Labus, Pawlowski, Reichert ’18]

08hpp k(P 2) = 2+ M, )81 k(P> 2) + iy 11> 2) DiAG, (P 2)

Resolve the (p, 7) dependence
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Scalar-Graviton vertex in AS

Flow Equation

Diagrams generated in 0,1 ZM

|
|

Flow Equation See Also [Eichhorn, Labus, Pawlowski, Reichert ’18]

10

08hpp k(P 2) = 2+ M, )81 k(P> 2) + iy 11> 2) DiAG, (P 2)

Resolve the (p, 7) dependence
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Scalar-Graviton vertex in AS

Flow Equation

Diagrams generated in 0 I ZW

Q1 -+ - -

Flow Equation See Also [Eichhorn, Labus, Pawlowski, Reichert ’18]

08hpp k(P> 2) = 2 + 1, )81pp k(P> 2) + Gy 1P 2) Diag(p, 2)

Resolve the (p, 7) dependence — integrate to k = 0 (physics)
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Finite Amplitude
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RESULT

Finite Amplitude
0 0
h
e s—channel
. ¢ $100¢
e Lorentzian (reconstructed)
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RESULT

Finite Amplitude

e s—channel

. o $100F
e Lorentzian (reconstructed)
, 10
« On-Shell my = 0
1
_— AS|
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RESULT

Finite Amplitude

e s—channel

. ; »100F
e Lorentzian (reconstructed)
, 10
. On-Shell my = 0
1
—_ AS|
 GR recovered - |
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RESULT

Finite Amplitude

e s—channel

. ¢ »100F
e Lorentzian (reconstructed)
10
« On-Shell mq% =0 ,
1
— A
e GR recovered - |
1() x Data
+ Fixed point &/ FINITE A R
0.1 05 |1 5 10 50 100
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RESULT

Finite Amplitude

e s—channel

. 6 »100¢

e Lorentzian (reconstructed)

, 10
e On-Shellms =0

¢ i 5

) Al
* GR recovered |
0.10 x Data
0.1 05 |1 5 10 50 100

» Graviball resonance? v S[My]
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RESULT

Finite Amplitude
6 6
h
e §—channel °
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RESULTS

Newton Coupling
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RESULTS

Newton Coupling

+ Gpyyconst.inthe IRp < 1
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RESULTS

Newton Coupling

+ Gpyyconst.inthe IRp < 1

2

- Non-perturbative corrections: Gy, ~ P~

Asymptotic Safety hallmark

Angelo Portas Chiesa - “Asymptotic Safety meets Particle Physics & friends” @DESY, Hamburg - 16/12/2025



RESULTS

Newton Coupling

+ Gpyyconst.inthe IRp < 1

- Non-perturbative corrections: Gy, ~ p*

Asymptotic Safety hallmark

e 7 Influences the transition

— lm gpee(p, 2)

P— OO

""" Jim Ghee (P =0, 2)

~05

0.5 1

<

A
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Po, P pos |

Interlude

Momentum Variables

cos b,

* (p,z) Euclidean = Wick rotation?

-

+ Relate to p,, p, [ + angles ¢, , ¢, .in CoM frame PoP Pos |

S \/ Gy (Pos Pl ¢m)\/ Ghpp(Pos | 7‘ s Pou) XT.C.=Vi(p)) XT.C.

» Reconstruct only p, Multivariable reconstruction

. On-shell: p; = 15 |°
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RESULTS

Euclidean Vertex
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RESULTS

Euclidean Vertex
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&l
RESULTS

Euclidean Vertex

ad = VE(pO) XT.C. \: l(t2—4tu+u2—sz)
S
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RESULTS

Euclidean Vertex _ _
uantum corrections, Physical AS

N
A = VE(pO) XT.C. \: l(lcz—él-l‘lxt-|-l/tz—Sz)
\)
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&l
RESULTS

Euclidean Vertex _ _
uantum corrections, Physical AS

N
A = VE(pO) XT.C. \: l(lcz—él-l‘lxt-|-l/tz—Sz)
\)

p| = || = 0.1M, p| = |l] = 1My p| = [l| = 10M;

1 1 I
0.100

E o E 0.100 /g 0.100

U -~ 0.010 — 0.010

= 0.001 = 0001 =

: 0.001

C\‘E 10~ ”Z? 1074 C\E’ 1074
107
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IM[A4bd Zkﬂﬂ4bﬂ Ikdﬂ4bﬂ
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RESULTS

Amplitude & Cross Section
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RESULTS

Amplitude & Cross Section

» Reconstruct and py — — ip()
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&l
RESULTS

Amplitude & Cross Section

i

Numerical Nightmare

» Reconstruct and py — — iP()
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RESULTS

Amplitude & Cross Section

» Reconstruct and py — — ipo

 On-shell — s, t, u dependence

|
A =V (s)— (t2 — Atu + u® — 52)
S
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&l
RESULTS

Amplitude & Cross Section

 Reconstruct and p, — — 1p, 100
 On-shell — s, t, u dependence 10
1 1 r 1
A= Vi(s)— (t2 — dtu + u’ — 52) — |A]
S 0.10 x Data
001 . L L TR T [ ! e
0.1 05 1 5 10 50 100
\/E[Mpl
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&l
RESULTS

Amplitude & Cross Section

» Reconstruct and py — — ipo

 On-shell — s, t, u dependence
|
A =V (s)— (t2 — Atu + u® — 52)
S

e (Cross Section

do, 1 2
— | A ]
dQQ  64xis
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RESULTS

Amplitude & Cross Section

10p

 Reconstruct and p, — — ip, |

 On-shell — s,1, u dependence 0.100}

1 o.o1o;-
A =V (s)— (t2 — Aty + u? — 52) 0001l
S 5

104k

* Cross Section _5; _do/dQr/3) M) |
d 10 x Data
GS 2 % _ ] _ R _ )
= > | A | 0.1 05 | 510 50 100
dQ 6474 Vs[ M)
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R G I co m pa rl So n SﬁtiaSia‘I;Z][Pastor—Gutierrez, Pawlowski, Reichert,
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RESULTS o, = Vo)~ ~ dtu + 1 = 5

R G I co m pa rl So n gﬁciaSia‘I;Z][Pastor—Gutierrez, Pawlowski, Reichert,
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RESULTS o, = V)~ ~ 41+ = 57

R G I co m pa rl So n gﬁciaSia‘I;Z][Pastor—Gutierrez, Pawlowski, Reichert,
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RESULTS o, = V)~ ~ 41+ = 57

R G I co m pa rl SO n gﬁciaSia‘I;Z][Pastor—Gutierrez, Pawlowski, Reichert,

|  Standard RGip =0,k = \/E
Vi(s) — G(4/s.,0)
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RESULTS o, = V)~ ~ 41+ = 57

R G I co m pa rl SO n gﬁciaSia‘I;Z][Pastor—Gutierrez, Pawlowski, Reichert,

|  Standard RGip =0,k = \/E
Vi(s) — G(4/s.,0)

| Euclidean RGik — 0,p* = s
Vi(s) — G(0.4/5)
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| A
RESULTS A = Vi(s)—(t* — 4tu + u* — 5%
)
R G i com pa ri SON gﬁciaSia‘I;Z][Pastor—Gutiérrez, Pawlowski, Reichert,
|  Standard RGip =0,k = \/E
V,(s) — G(3/5.0)

| Euclidean RGik — 0,p* = s
Vi(s) — G(0.4/5)

| Adapted RGi: use fix point of V;

V>I<
VRa(s) = ————
RG S + ‘/>I< M|23|
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ad
RESULTS o, = V)~ ~ 41+ = 57

R G I co m pa rl SO n gﬁciaSia‘I;Z][Pastor—Gutierrez, Pawlowski, Reichert,

#l L
! Standard RGip = 0,k = \/E "
V,(s) — GH/5.0)
# /.\
| Euclidean RGik = 0,p* = s i / Buclidean RGH |
"] i —— Adapted RGi [
VL(S) — G(Oa\/g) // ..... - Standard RGi [
W S ——
"H 'S # $ #l $1 #1
| Adapted RGi: use fix point of V;
V% \/E[Mpl]
Veoa(s) = ———
RG S + ‘/>I< M|23|

Angelo Portas Chiesa - “Asymptotic Safety meets Particle Physics & friends” @DESY, Hamburg - 16/12/2025



ad
RESULTS o, = V)~ ~ 41+ = 57

R G I co m pa rl SO n gﬁciaSia‘I;Z][Pastor—Gutierrez, Pawlowski, Reichert,

#I1 L
! Standard RGip = 0, k = \/E "
Vi(s) — G(/s.0)
# /
| Euclidean RGik — 0,p” = s i S/ Euclidean RCi |
"] Ve —— Adapted RGi [
VL(S) — G((),\/E) ,./ ----- - Standard RGi [
I T S—
| _ _ "1t I"$ # $ #I $! #l
| Adapted RGi: use fix point of V;
V& \/E[Mpl]
Vha(s) = ——— Qualitative agreement
RG S + ‘/>I< MIZDI J

Miss peak structure!
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Conclusions

Angelo Portas Chiesa - “Asymptotic Safety meets Particle Physics & friends” @DESY, Hamburg - 16/12/2025



Conclusions

| Full momentum dependence Gh¢¢(l?,z)
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Conclusions

| Full momentum dependence GhM(P,Z)
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Conclusions

| Full momentum dependence GhM(P,Z)
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| s—channel amplitude FINITE . -~
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Conclusions

| Full momentum dependence GhM(P,Z)
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Outlook

O |Include all the channels
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Outlook

O |Include all the channels

O t—channel: for s = oo, &, x V(1) 57 f
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Outlook

O |nclude all the channels
O t—channel: for s = oo, &, x V(1) 57 f

o Full Amplitude -
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Outlook

O |nclude all the channels
O t—channel: for s = oo, &, x V(1) 57 f
o Full Amplitude -

O Contact term I'*?
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Conclusions & Outlook

| Full momentum dependence Gh¢¢(P, 2)

100k

| s—channel amplitude FINITE

10

| Indications for Unitarity 1

0.10

| Graviball?

0.01

510 o 50100
My]

pl |

0.1 05 1
VS|
© t—channel: for s = o0, A, x V,(1) 57 f

0.100

gV RCRNE Thanks for your attention!
105
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BACKUP
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AN

2+ Z My (P; )] 8k hpp(D1> P2)+
J

Approximations

Massage the Flow eq.

atgk,h¢¢(p19 Py) =

» Ny, =0atLOina =0,/ = 1 gauge
12

5 b G hipep v

A

» Neglect matter self-interactions 281 hp(P1> P2) e
N

» Couplings g, ,, loop independen \
o Identity all g, ,,, = 8np0 \

° NegleCt //t ﬂ — O tgh¢¢ k(p, Z) (2 + nh k)gh¢¢ k(p9 Z) T gh¢¢ k(pa Z) Dlagk(pa Z)

» “1-loop approx” 17,(g) = 0 /
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Momentum Variables

Full glory
<= L2 pi =pt+1pI° Zin = 1 + Il cos(gb- )—1
JZaNvZy in *Y In ‘ﬁ‘zﬂjg( in) = 1
; 2 L1712 1]
pOut:lo‘l'lll Zout=1+ - (COS (¢Out)—1)
| L7+ I3
2=t 22+ 511 n) — 11170
0 =5 (2P0 + 1517 (1+cosdjn) = 11171 + cos doup)y
p- [ = 1P| ] 7\ cos Ogc § = 2pi2n(1 + Zjn) = Zpéut(l + Zout)

t=pi2n +péut + 2(poly + [P || 1] cos Ogc)
— Y2 2 ¢
u—2pin+2p0ut s—1
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Reconstruction
Technical details - Pipeline - Vi
N = 1 ay(x — xq)
» Assume a continued fraction for V(| p|; po) " I+ ar(x — X,)
o Get the coefficient q Hard Part P AN (X~ XN )

» Derive the spectral function p(|p|;4) =2 SV(|p]|; — 1(A +10%))

R > dAd p(Ipl;d)
Compute V . — -_— .

= dAA p|;A
) ComputeVL(\ﬁ\)zj — pUPLA)

B E—— On-shell Lorentzian Vertex
o N A2 — ‘]—5‘ + 10T
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Reconstruction

Technical details - Algorithm

1. Select N < M points from data & sample (p*, V(| P | ; P, (Dy)

2. COmpUte CN(pO)’ ,OM(/I) and rec(p())

3. Compute ——Z( VIP1pgy = View( 1P1:py ))
=1

4. Reject if )(2 > )(% and select other /N random points.
5. Accept otherwise and compute V,(|p|)

6. Repeat 1-5 for each |p |

7. Repeat 1-6 L = 80 times = average 6 error bars!
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A

. Vew(Po) = Y N, 5 ( : 2)\\
COmpanSOn ,p. Z | H (P0+sz) + M3,

Other reconstructions [ preac) |

—1+4 L+ X, apg 51 — Prait (M) E‘l

2=(1+)|pl° z= Via(po) =
pE ( )‘p‘ 1+l LANQ 1+2N

2 —
bn+2p8+ =

Breit-Wigner /

—
200 A /\ | . i
.\ . \ -==- p tail
\ \'\\ — ptail + ppeak
100 Ao / )
. /,//— = . N

i
-
-

| A=.01-075—-1-.3 efull result | “ " N\ < "’t\/ RN \ :
1 S = ./ Gaussian Process
"7 Bx i ] ] \ /]

Regression
p|[Mp]

—200 g
v
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