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[Baglio, Djouadi, Rq, Mithlleitner, Ruevillon, Spira 12]
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Gluon fuston known up to N=LO in the tnfinite top mass Limit
[L.-B. Chew, H. T. LL, H.-S. Shao and ). wang “19]

Higher order corrections extremely important (NLO/LO ~1.6)

Infinite top mass Limit valid only in very small part of phase space

Full top mass olepewalewce at NLO RCD oompwceol

[Borowka et al 16, Baglio et al '1£]
NUMAErLCa Ly ny

Large uwoertaiwtg from top mass renormalisation scheme choice [Baglio et al €]

, [Bi, Huangx2, Ma, Yu '23;
HBIORLL GOV LIRS & (_4%) Hetnrich, Jones, Kerner, Stone, Vestner ‘24 1
Mowte Carlo tmplementations:

[Heinrich, Jones, Kerner, Lulsont,
, , Vryonidow ‘ 137, Heinrich, Jones,
POWHEG @ NLO RCD tncluding also HEFT/SMEFT |, © Seijboz "20,Helnrich, Lang,
Scyboz '22]

Geneva @ NNLO RCP LWﬁV\,Lte top mass Limit LAlioli et al. 227



Computation of virtuals nuwmerical (i.e. twput parameters fixed at early stage)
ln Mownte Carlo tmplemented as a grid

Disadvantages:
Lnput parameters cannot be changed — missing flextbility
with BSM: better numerics when sSM-Like
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DiHggs: a new POWHEG
meLemewtatiow



ldea:

Keep full s dependence Reduces to one-scale problem

(Taylor) Expand the prand m; dependence

[Bonciant, Degrasst, Glardino, RG 18]

0'2 L L L L L s

) )
my << 4m;

0.15 | aLwags true

OJ_-
pi < 4m?

do© /dpr [fb/GeV]

0.05 |
| wot always true, but for

Largest part of phase space

0 100 200 300 400 500 600 700
pr [GeV]

Ramona Grober — Universita di Padova and INFN, Sezlowne di Padova



For a Mowte Carlo we need to cover the full phase space...

Strategy: to combine with a high-energy expansion

2

8§, 1,04 > m? > m?,

Results available up to high orders (16) in m?

’ ’ ’ 7/ ’ n
CombLne the two expansions with Padé approxtmants Ayt ax+...+a,x

[n/m] =
l+bix+...5,x™
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New POWHEG tmplementation

virtuwals with expa nsion technigue ana Latﬁoa Ly

[Hirschi et al. 11]

reals with Mad Loop
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New POWHEG tmplementation

[Bagnaschi, Degrasst, RG ‘23]
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flexibility of analytic approach allows to vary top mass renormalisation scheme
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Higgs patr production
beyond the standard Model



Effective Theory for Ht
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Effective Theory for Ht

e two Higgs couplings only to be probed in HH
el " 2
ok e« h N m
Z = —mit ¢ —+ Gy — +— ¢, —+ ngﬁ) G””GW + Chhhz_vh

( V v2) 87 ( Sy

Ramona Grober — Universita di Padova and INFN, Sezilone di Padova



Nown-resonant HH prod uwetlon

SMEFT:
Z = CH,D(HTH) (H'H) + CHDDﬂ(HTH)Dﬂ(HTH)* n CH!H!6 o

CHG!H!ZGWGW + CMHQLﬁtR!H!Z-I_h‘C’ + CMGQLGWT“I:ItRG;’U+h.c.

warsaw basts
coefficients of O(1/A%)
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HH prooluotiow LN SMEFT

Wilsow coefficients depend on energy scale

ac; c
dlInu — i

L HH droduction we drobe wide rancie of scales sl  this effect should be tneluded
P P 9 ,
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Wilsow coefficients depend on energy scale

dC;

l

= v.C.
dIn u T

in HH production we probe wide range of scales  m—fs  this effect should be tnecluded

[Arzt, Etnhorn, Wudka '95;
Buchalla, Hetnwrieh, Micller-

Ls though generated at Loop-Level by weakly interacting models <alditt. Prandler 221

necessitates computation of two-loop RGE contribution of tree-Level generated operators

[>L Not, R4G, Hewnrich, La wo, VIittL '23;

L.e. fowr-top operators Helnrich, Lang ‘23]

Yuleawa—tgpe operators [DL Not, Rg, Mandal '24]
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Higgs pair production in SM, gluon fusion dominated by heavy quark Loops
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Light quark Yukawa couplings

Models that generate Light quark Yukawa deviations are
for instance two representations of Vector-like quarks
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g wmodels, constrained by Higgs physics and BWPTs

[Erdely L, RG, Selimovié; to appear]
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Higgs pair production

pp! hh(qgA) " s=14TeV
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Light quark Yukawas tn Ht

[Alasfar, RG, Grojeawn,
Paul, @ian '22]
| = [! 44162 41038]

we performed several one-/two-

HL-LHC and three-parameter fits
Best Fit Point:
1,=1.0
1.=1.0
x, = [0.53,1.73]

/ 1 parameter fit

6 = [0.64 2.06] here we can see that the
- sensitivity ow the trilinear Higgs
4 //: self-coupling is diluted in two-

parameter fit

~— .
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Higgs pair production can give us lots of tnformation on new physics
(beyond just trilinear Higgs self-coupling)

* Requirement of precise predictions: not so simple, it Ls a multi-scale problem, still
large wncertainties

for Monte carlo an analytic approach ts useful and can be sufficiently
precise

approach is flexible (can be applied to BSM) and allows to compute top
renormalisation scheme uwcer’caiw’ca

* Not in this talk: other Higgs pair production processes, new resonances,
alternative probes of the trilinear Higgs self-coupling

Thawks for Your attention!



Backup



We had a discrepancy with respect to the POWHEQG by [Helnrich et al ‘20 ‘221 when

varying the trilinear Higgs self-coupling

BP1' at NLO comparing old and new grid (13 TeV)
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Importance RGE running

[DL Not, RG, Mawndal '24]
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Ly D — }’ZQZLQ;MIJQ = ngZgde{e +h.c.

At dim-6 Level the Higgs couplings to fermions are modified by the operator

u d
Ci' - o~ . Ci' _. )
Liine O 5@ D0 i+ (@ $)Qj b} +h.c.

mass etgenbasts: ~q _ (yL\k ~qY/R
Ci = VoV

Couplings:
S \ direct coupling to
Higgs pair

ghéin =

direct aovqsL'ng to
longitudinal
modes of Z.’s

In the following consider only fla\/o digowaL case.

Notatlon:

31—«

. = SM _ q SM
8hgq = Kq8hgq 8hhgg = — 8hqq




Summary light quark Yukawas

[Balzanl, RG, Vittl ‘23]

_HL-LHC 6 ab"” @ 95% Cl

———
This analysis A, = 0.04 @4.95 (|| =194)
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Alasfar, Grober, Grojean, Paul, Qian 22 (hh) ®@3.00 (530)
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Soreq, Zhu, Zupan ‘16 (hj) ®2.98 (537)
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de Blas et al. 19 (Global fit) ®2.89 (570)
@2.387 (270)
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'ﬁasic ﬂes‘(‘w Iw\‘{gmis o PR

E @3) 8 (s, 35) @p
(229 .- - (4, 46 ) D * all of them knowwn, though we

needed to recompute some for the
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* O(50) master integrals

~

* everything fully analytic in
terms of HPLs and GPLs

* But: the two elliptic integrals™



0.00080 —
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JOLure [Hetnrich, Jones,
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Combination of EXPa WSLOWS

Next-to Leading order form factor for Higgs pair production:

Pt exp ]
Prexp [V1] — — -
HE ]

HE [6/6] — —

[Bellafronte, Degrassi, |
Glardino, RG, Vittt '22] 1

|F!NLO|

o3 . v .
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