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Introduction

® The Standard Model (SM) must be extended.
@ Effective Field Theories (EFTs): search for NP with minimal UV assumptions.
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Introduction

® The Standard Model (SM) must be extended.
@ Effective Field Theories (EFTs): search for NP with minimal UV assumptions.

® This talk focuses on Standard Model Effective Field Theory (SMEFT)
® Parametrise heavy NP effects with a tower of gauge/Lorentz invariant operators:
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® ; A; :SMfields, gauge group: SU(3). SU(2),, U(1),:
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Introduction

® The Standard Model (SM) must be extended.
® Effective Field Theories (EFTs): search for NP with minimal UV assumptions.

® This talk focuses on Standard Model Effective Field Theory (SMEFT)

® Parametrise heavy NP effects with a tower of gauge/Lorentz invariant operators:
X G i nl Ani ol [ i i 3

L smerr= Lsm+ ——0i O @ " A" ; Di=ng+n +ny+ U
D;>4

® ;A; :SM elds, gauge group: SU(3). SU(2), U(1),:

® Dominant effect in collider physics at D = 6 (Warsaw basis

[Grzadkowski, Iskrzynski, Misiak Rosiek,10], 2499 operators assuming B; L conservation).
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SMEFT: how should we use it?

Figure: Courtesy of P. Azzi. Figure: courtesy of L. Alasfar
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Running effects

® Higher order corrections lead to scale dependent logarithms: running effects
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Running effects

® Higher order corrections lead to scale dependent logarithms: running effects

® Large separation of energy scales ! large logs, resummed solving the
Renormalization Group Equations  (RGESs):

dg()_ 1 COG0):
g 162 0)G0)
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Running effects

® Higher order corrections lead to scale dependent logarithms: running effects .

® Large separation of energy scales ! large logs, resummed solving the
Renormalization Group Equations  (RGESs):

dg()_ 1 COG0):
g 162 0)G0)
® SMEFT dim=6! linearsystem! (), Anomalous Dimension Matrix  (ADM).
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Running effects

® Higher order corrections lead to scale dependent logarithms: running effects

® Large separation of energy scales ! large logs, resummed solving the
Renormalization Group Equations  (RGESs):

aG() _ 1 .
L= =5 (G
® SMEFT dim=6! linearsystem! (), Anomalous Dimension Matrix  (ADM).

i ( ): known @ 1L [(Alonso),Jenkins,Manohar,Trott,13] and automatized [Fuentes-Martin et
al.,20], [Aebischer et al., 18], [SDN,Silvestrini,22].
@ Partial results @ 2L [Bern et al.;19], [Bern et al.,;20], [SDN et al., 23], [Jenkins et al., 23], [Born et
al.,;24],[Talk by U. Haisch @ EFT WG], [Duhr et al.,25],[Haisch,25] and this talk! .
® Partial results @ 1L dim8, e.g. [Grojean et al.,24].
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Running effects in the SMEFT

@ Several SMEFT studies show the importance of strong running effects: [Grazzini et
al.,18],[Battaglia et al.,21],[Aoude et al.,’22],[Maltoni et al.,’24],[Heinrich,Lang,24],[Haisch, 25].
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Running effects in the SMEFT

@ Several SMEFT studies show the importance of strong running effects: [Grazzini et
al.,18],[Battaglia et al.,21],[Aoude et al.,’22],[Maltoni et al.,’24],[Heinrich,Lang,24],[Haisch, 25].

® Top-Yukawa induced running can be important g et g t
(pp! tth in [SDN,Gréber,23]). 1t h éﬁi t
® SM Tree-level, SMEFT tree-level g et g h
SM SMEFT
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Running effects in the SMEFT

@ Several SMEFT studies show the importance of strong running effects: [Grazzini et
al.,;18],[Battaglia et al.,21],[Aoude et al.,”22],[Maltoni et al.,24],[Heinrich,Lang,24],[Haisch, 25].

® Top-Yukawa induced running can be important
(pp! tth in [SDN,Gréber,23]).

@ SM Tree-level, SMEFT tree-level

® hh=hj: SM One-loop , SMEFT tree-level
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Power counting in Higgs production

® Assumption on the UV completion: renormalizable and weakly coupled
[Arzt,Einhorn,Wudka,' 95],[Craig,Jiang,Li,Sutherland, 20 ],[Buchalla,Heinrich,Miller-Salditt,Pandler,22].
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Power counting in Higgs production
® Assumption on the UV completion: renormalizable and weakly coupled
[Arzt,Einhorn,Wudka,' 95],[Craig,Jiang,Li,Sutherland, 20 ],[Buchalla,Heinrich,Miller-Salditt,Pandler,22].
" A=0, (QLHtr) HYH : Tree-level generated but enters at one-loop level.

g oo ---h
Gy 1L, A LG 11
2 27 16 2 2 16 2 2
0 oo s ---h
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Power counting in Higgs production
® Assumption on the UV completion: renormalizable and weakly coupled
[Arzt,Einhorn,Wudka,' 95],[Craig,Jiang,Li,Sutherland, 20 ],[Buchalla,Heinrich,Miller-Salditt,Pandler,22].
" A=0, (QLHtr) HYH : Tree-level generated but enters at one-loop level.

g oo ---h
Gy 1L, ,‘ LG 11
2 27 16 2 2 16 2 2
0 oo s ---h
" A=0,; (G*)? HYH : but enters at tree-level
g h
Gic 1, 1 G 1
2 27 \ 2 2
g h
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Power counting in Higgs production
® Assumption on the UV completion: renormalizable and weakly coupled
[Arzt,Einhorn,Wudka,' 95],[Craig,Jiang,Li,Sutherland, 20 ],[Buchalla,Heinrich,Miller-Salditt,Pandler,22].
" A=0, (QLHtr) HYH : Tree-level generated but enters at one-loop level.

g oo ---h
G 1, \ LG 1
2 2 16 2 2 16 2 2
0 oo s ---h
" A=0,; (G*)? HYH : but enters at tree-level
g h
Gic 1, 1 G 1
2 2" S 2 2
g h
® O, ; Oy contribute at the same orderto hh=hj production!
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Running in Higgs production

N ---
w1l ing i : ’ ' C I oL : 2L eff
running in Gy - A 16 216 2 0g — —:2Leffect.
g o ---h
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Running in Higgs production

(SINTID? ---h 1 1 5
S , R =
® 1L running in Gy : A 16 216 2 log — — 2L effect.
0 00 4 -h
g h 1 2 2
® We need 2L running operators in Gy : ?A 16 2 log — —; from
g h
potentially tree-level generated operators.
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Running in Higgs production

St oh 1 1 2
® 1L running in G, : A 5216209 —3 2L effect
g e -h
g9 h 1 2 5
® We need 2L running operators in Gy : ?A 16 2 log —'; —, from

9  h
potentially tree-level generated operators.

. C4t!2(|3 ne computed in [SDN,Gréber,Heinrich,Lang, Vitti; 23], this work : Gy, 1 HG
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Two-loop running of Higgs-gluon coupling:
method

® Determining the ADM  computing divergent parts: G,  — new Gy -
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Two-loop running of Higgs-gluon coupling:
method

. . 1
® Determining the ADM  computing divergent parts: G,z -
® Computation in the unbroken phase: easier,

massless fermions.
® —»— =RH eld tR;bq, —— = | H eld QL-
® Two families, 4 Master Integrals (MIs) each. g
® The result does not depend on the 5 scheme. (a) Family 1
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Two-loop running of Higgs-gluon coupling:
method

® Determining the ADM  computing divergent parts: G,g

Computation in the unbroken phase: easier,

massless fermions.

® —»— =RH eld tR;bq, —— = | H eld QL-
® Two families, 4 Master Integrals (MIs) each. g
® The result does not depend on the 5 scheme. (a) Family 1

Differential egs for the Mlis via the Magnus method.
Solving the system, the MlIs can be expressed in terms of Harmonic PolyLogarithms.

® Result cross-checked numerically with AMFlow [Liu, Ma, '22].
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Two-loop running of Higgs-gluon coupling:

result
g
® RGE@2L for G, combining the result in this work with the --h
result in [SDN,Gréber,Heinrich,Lang, Vitti23] we have: g
d 1 2 (
gHG 3 16 2 GChYe+t CGuY, + GuYot GyuYy] _ 1 (NDR),
*T 0 (BMHV):

2
1 y 1y
4 —— @YY, = :
16 2 gsttXC(Qt GQ()t
® Oy ; Oy potentially tree-level generated if the UV completion is renormalizable and
weakly coupled
[Arzt,Einhorn,Wudka,' 95],[Craig,Jiang,Li,Sutherland,20],[Buchalla,Heinrich,Miller-Salditt,Pandler,22].

® The four-top contribution depends on the continuation scheme for !
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Running of G,5: 1L vs 2L
S1: Gi()=1:Ge()=1 =16 % Ge()= 1716 % Cuug() =

® Running computed with a private version of RGESolver [SDN,Silvestrini,22].
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Di-Higgs: 1L vs 2L (NDR)

® O (1= %) terms are relevant! ! higher order EFT may be larger than RG running!
® 1L-2L relative difference is larger in the linear case near the threshold!
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Di-Higgs: 1L vs 2L (NDR)

® O (1= %) terms are relevant! ! higher order EFT may be larger than RG running!
® 1L-2L absolute difference is similar to the linear case near the threshold!
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Di-Higgs: xed vs dynamical renormalization

scale
® Estimate the size of running effects by comparing

R = Mp=2 (dynamical) vs r=2m, (xed)

® Same result when mpp,=2 =2m, ! my, = 500 GeV.
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Summary

® We presented the two-loop running contribution to O, h=h* (G*)?/0 .

® O, ([SDN,Grober,Heinrich,Lang,Vitti,23]),0, : potentially tree-level generated (UV model
weakly coupled & renormalizable).
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Summary

® We presented the two-loop running contribution to O, h=h* (G*)?/0 .

® O, ([SDN,Grober,Heinrich,Lang,Vitti,23]),0, : potentially tree-level generated (UV model
weakly coupled & renormalizable).

® Phenomenological impact in di-Higgs production:

@ threshold: upto 70%difference 1L vs 2L, upto  40%difference xed vs dynamical
renormalization scale,
® peak: sizeable (few %) differences (1L vs 2L, xed vs dyn).

Introduction Higgs-gluon coupling @ 2L Phenomenology Summary Back-up
0000 0000 0000 [ le] 0000000000

14/15 16/07/2025 S. Di Noi: The Higgs meets the SMEFT at higher orders



Summary

® We presented the two-loop running contribution to O, h=h* (G*)?/0 .

® O, ([SDN,Grober,Heinrich,Lang,Vitti,23]),0, : potentially tree-level generated (UV model
weakly coupled & renormalizable).
® Phenomenological impact in di-Higgs production:

@ threshold: upto 70%difference 1L vs 2L, upto  40%difference xed vs dynamical
renormalization scale,
® peak: sizeable (few %) differences (1L vs 2L, xed vs dyn).

® Qutlook: full two-loop RGE for the Higgs-gluon coupling (WIP).

Introduction Higgs-gluon coupling @ 2L Phenomenology Summary Back-up
0000 0000 0000 [ le] 0000000000

14/15 16/07/2025 S. Di Noi: The Higgs meets the SMEFT at higher orders



Thanks for your attention!
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