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Scalar Higgs Potential in the Standard Model

After the electroweak symmetry breaking (EWSB) the
Higgs potential in the SM becomes:
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Our framework

® Gaugeless limit — presence of the Goldstone bosons

a Massive top and bottom quarks, light quarks massless
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Higher-Order Corrections

Matrix element split into tensor structures
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The cross section can be written as
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Since only virtual corrections are involved, the corrections can be added by shifting the LO terms
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a |dentify all the Feynman diagrams that contribute to the process for the considered correction
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a |dentify all the Feynman diagrams that contribute to the process for the considered correction
@ Apply Feynman parametrization to all the diagrams
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® [dentify all the Feynman diagrams that contribute to the process for the considered correction
® Apply Feynman parametrization to all the diagrams
® Small mass regulator for the internal particles 4+ endpoint subtraction — isolate the UV singularities
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a |dentify all the Feynman diagrams that contribute to the process for the considered correction

@ Apply Feynman parametrization to all the diagrams

® Small mass regulator for the internal particles + endpoint subtraction — isolate the UV singularities
® Instability? — Integration by parts
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/o dX(a+bx)3 ~2a%b 2p(a+ b)’ +/o 2b (a+ bx)?
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a |dentify all the Feynman diagrams that contribute to the process for the considered correction

@ Apply Feynman parametrization to all the diagrams

® Small mass regulator for the internal particles + endpoint subtraction — isolate the UV singularities
a Instability? — Integration by parts

® |arger mass regulator — Richardson extrapolation to achieve the narrow-width limit (€ — 0)
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Workflow A“(IT

Karlsruhe Institute of Technology

Identify all the Feynman diagrams that contribute to the process for the considered correction

Apply Feynman parametrization to all the diagrams

a

a

® Small mass regulator for the internal particles + endpoint subtraction — isolate the UV singularities
® Instability? — Integration by parts

® Larger mass regulator — Richardson extrapolation to achieve|the narrow-width limit (¢ — 0)

. and if is it not enough? — choice of a new parametrization
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Triangle Counterterms

_om
me

=
1

CTy = 52//-/ (Qz) =3x; [(4”7? - Q2) B(/) (Q27 my, mt) - By (QZ, my, mt)]
sv. 1émd, 1Tw(0) T

CT2 = —7 = —5 m‘2/:/ = 5 m‘2/v = mez-, —+ Xt [B() (0, me, mb) + 280 (O, mg, mt) + meé (07 mg, mb)}
6mt mta (n) > 1

CTy= 2T F

> my (amt 4,0 FA,LO
where x; = 8?};52, and T = —12x;vAo(m;)
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Triangle-like Corrections

CAFA = CAFA(L+ 61 + Aypy)
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Box-like Corrections
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Box-like Corrections

KIT

Karlsruhe Institute of Technology

Ao — Ao (1 + Alf) F00 = o (1 + Az!_\)

0.2 T T T T
. . alop—Yukawn

a - - - e

Top Yukav.va |nduced. corrections to o ois L t7 magnified ]

as a function of the invariant

Higgs-pair mass Muyy

0.1 F ~

® iop— Yukawa: COrrections proportional

to Ay, Ao, normalized to 0.0

_ 005 B

® | arge contributions below the tt

threshold

0

a Few percent corrections at the high

energy tail

0.05 1 1 1 1 1 L
280 300 320 340 360 380 400
M, [GeV]
gg — HH NLO Overview Calculational Strategy Results Summary and Conclusions
000000 0000000 [e]e] lele) [e]e)

15/18 21.10.2026 Corrections to gg — HH

Sauro Carlotti: Top-Yukawa- and Light-Quark-Induced Electroweak

Institute for Theoretical Physics, KIT



Full Top-Yukawa-Induced Corrections
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Full Top-Yukawa-Induced Corrections
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Light Quark Corrections

a Light quark loops corrections to ¢ as
a function of the invariant Higgs-pair
mass My, normalized to 0,0

m Sizeable contributions below
MHH = 400 GeV

u Negligible contributions at high
energies
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Light Quark Corrections

a Light quark loops corrections to ¢ as
a function of the invariant Higgs-pair

mass My, normalized to 0,0

m Sizeable contributions below
MHH = 400 GeV

u Negligible contributions at high

energies

a Agreement with Bonetti et al.
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a We calculated the next-to-leading order top-Yukawa-induced corrections and the light quark loop

induced corrections to gg — HH production
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Summary and Conclusions

a We calculated the next-to-leading order top-Yukawa-induced corrections and the light quark loop
induced corrections to gg — HH production

a Full symbolic dependencies on kinematical variables and masses kept
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Summary and Conclusions

a We calculated the next-to-leading order top-Yukawa-induced corrections and the light quark loop
induced corrections to gg — HH production

a Full symbolic dependencies on kinematical variables and masses kept

® The results are:
no sizeable corrections at the high-energy tail from the light quark loops
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induced corrections to gg — HH production
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® The results are:
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~ 2—4 % contribution from top-Yukawa-induced corrections in the high-energy tail
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a We calculated the next-to-leading order top-Yukawa-induced corrections and the light quark loop
induced corrections to gg — HH production

a Full symbolic dependencies on kinematical variables and masses kept

® The results are:
no sizeable corrections at the high-energy tail from the light quark loops
~ 2—4 % contribution from top-Yukawa-induced corrections in the high-energy tail
~ -1.9 % top-Yukawa-induced correction at the level of the hadronic cross section
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induced corrections to gg — HH production
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~ -1.5 % light-quark correction at the level of the hadronic cross section

What's next?
® Full EW corrections to double Higgs production (work in progress!)
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Summary and Conclusions

a We calculated the next-to-leading order top-Yukawa-induced corrections and the light quark loop
induced corrections to gg — HH production

a Full symbolic dependencies on kinematical variables and masses kept

® The results are:
no sizeable corrections at the high-energy tail from the light quark loops
~ 2—4 % contribution from top-Yukawa-induced corrections in the high-energy tail
~ -1.9 % top-Yukawa-induced correction at the level of the hadronic cross section
~ -1.5 % light-quark correction at the level of the hadronic cross section

What's next?
® Full EW corrections to double Higgs production (work in progress!)
® |nvestigate the residual theoretical uncertainties
Thank You for your Attention!
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Projectors
Matrix element can be written as:
M = [T + F T3

The Form factors can be obtained via the projectors

KIT
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PMY T, 0 =8;
v M
THY =g, — P1 P>
' " P1- P2
T =g, + m{yPYPy  2pL-pspspy  2p2 - papips | 2pspY
1 " prpLp2 PFp1 - P2 p%p1 - p2 p*
tu—m;‘_,

with pr = .
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Integration by parts
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Richardson Extrapolation

Improve accuracy by combining approximations with different step sizes.
© Compute the approximation S, for step size h.
@ Compute the approximation Sy, for step size 2h.

© Extrapolated solution:
25p — Sop

Sextr = 1

@ First four polynomials of Richardson extrapolation:
Sh=po+ pih+ pah® + psh® + - --
Son = po + p1(2h) + pa(2h)* + p3(2h)® 4 - --
@ Applying Richardson’'s method, we obtain:

2(po + pih + pah® + p3h®) — (po + p1(2h) + p2(2h)* + p3(2h)?)

Sextr - 1
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Useful relations for loop integrals

KIT

Karlsruhe Institute of Technology

d°k ! DV T(V-8) 1
/(27T)D (k* = M2+ ie)N ( )& T(N) (M2 —ie)(N=2)

d°k K2 _ )MV -1-3) 1
/(QW)D (k* — M2 + ie)N ~ 27 (47)(2) r(N) (M2 — je)(N-1-%)

ok ek LCDVITN-1-8) g,
/(27F)D (k2 — M2+ je)N ~ 2 (47)(2) r(N) (M2 — je)(N-1-3)
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Light quark diagrams
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Cross section

The cross section can be decomposed as follows

do = CIO'LO + deirt
dovire ~ Re |(CaFR + FIS)™ (CaFia + Fin) + FiS* Far
6top-yukawa—A ~ RE| (CA FILAO)* CAFILX

5top—Yukawa ~ R€| {(CAFlLAO + F1L|:|O)* (CA Fin + Fl[l) + FQLé)*F2D:| | - 5top—yukawafA
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Heavy Top-Quark Limit (HTL)

In the HTL, the top-Yukawa-induced electroweak corrections to the effective Hgg and HHgg couplings can
be obtained as
Ler =

G"’“’ G, log (1 + C2H>
v

2, denotes the gluonic field—strenght tensor, C; =1 —3x + O(x2), and G = 1+ 2x. + O(x?).
C; and G, yield the explicit effective Hgg and HHgg couplings,

where G?

2
Lerr = G“’WG;‘jy/og {(1 + &)? +(1+ m)QH? + O(H3)]
where
b1 =5 + O0(<)
m = 4xc + O(x7)
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Counterterms Corrections
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Box-like Corrections

ho =~ Ao (Hﬂm) F0 = R0 (1+A:T)
F T T T T T T

04 F 8o Yukuwa 1
a Pure two loops Top-Yukawa-induced

corrections to ¢ as a function of the 03
invariant Higgs-pair mass Myy
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