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3rd generation fermion and
gauge boson couplings to Higgs
bosow fairly good measured

2nd generation fermion
couplings first results available

Higgs self-couplings?

FLrst generation Yukawa
couplings?



Light quark Yukawa coupo,wgs

HL-LHC prospects for measurement of 1st and 2nd generation gquark Yukawa couplings
k =y, lyM
979 [de Blas, Cepeda, d'Hondt et al '19]

K| <570, Kl €270, || <13, |k | <12

global fit, not completely model-independent

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



HL-LHC prospects for measurement of 1st and 2nd generation gquark Yukawa couplings
[de Blas, Cepeda, d’Howdt et al '19]

K =yq/y5M
k.| < 1.2

|KM|S5709 |Kd|S270, |K5|Sl3’

global fit, not completely moch-LwdepewdeWc

Alternative ways:
* Higgs kinematics: Higgs+jet transverse momentum distribution
[Blshara Halsch, Monwnl, Re "16;
Soreq, Zhu, Zupan 16]

[Bodwin, PLetrello, Stoynev, Velasco '13; Kagawn,
Perez, Pietrello, Soveq, Stoynev, Zupan 14;

Alte, Kintg, Neubert 16
ATLAS 1712.02#58, CMS 2007#.051222]

* charm tagging (strange tagging at lepton wLLLgitesz) Soreq, Stamou, Tobioka 15;

BriVio, Goertz, Istdortl 1.5;
ATLAS 1802.04229, CMS 1912.01662;
puarte-Campderros, Perez, Schlaffer, Soffer '1£]1

* Higgs decays to photon and vector mesons

* vartous other ‘PYD‘PDSD(LS [Yw L7, Aguilar-Saavedra, Cano, No 18, Falkowskl et al. ‘20, Vignaroli ‘22]



HL-LHC prospects for measurement of 1st and 2nd generation gquark Yukawa couplings
[de Blas, Cepeda, d’Howdt et al '19]

K =yq/y5M
k.| < 1.2

|KM|S5709 |Kd|S270, |K5|Sl3’

global fit, not completely modeL—LwdepewdeWc

Alternative ways:
* Higgs kinematics: Higgs+jet transverse momentum distribution
[Blshara Halsch, Monwnl, Re "16;
Soreq, Zhu, Zupan 16]

[Bodwin, PLetrello, Stoynev, Velasco '13; Kagawn,
Perez, Pietrello, Soveq, Stoynev, Zupan 14;

Alte, Kintg, Neubert 16
ATLAS 1712.02#58, CMS 2007#.051222]

e charm taggiwg (strange taggiwg at Lepton coLLLfLeJesz) Sorea, Stawow, Tobioka “15;

BriVio, Goertz, Istdortl 1.5;
ATLAS 1802.04229, CMS 1912.01662;
puarte-Campderros, Perez, Schlaffer, Soffer '1£]1

* Higgs decays to photon and vector mesons

n this talk: explore the potential of Higgs pair production and off-shell Higgs production for
constraining first generation quarks
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At dim-6 Level the Higgs couplings to fermions are modified by the operator
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In the following consider only flavour diagonal case.

Notatlon:

s 31—k, S
Ehgq = %48hgq Ehhgg = — a 8hqq
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At dim-6 Level the Higgs couplings to fermions are modified by the operator
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coupling to longitudinal Z

bosons via Goldstone boson
equivalence theorem

AT

In the following consider only flavour diagonal case.

Notatlon:

gy = gSM _ 31- Kq SM
hgq — “q5hgq 8hhgg = — X 7




Large light quark Yukawas

P vectorlike quark + heava scalar

deuy """"""" ¢

, , , Eoana- Lnovie,
2HDPM with spontaneous flavour violation Legana-ugrunovie

Homiller, Meade 18, '19]
concrete models:

vector-Like quarks + flavour sy mwmetries  [Bar-shalom, Soni 18]
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Higgs pair production



Higgs pair production in SM, gluow fusion dominated by heavy quark Loops
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contribution most tmportant for 1st generation (given the coupling Limits)



Higgs pair production

pp — hh(qqA) /s =14TeV
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decrease of BR for typical di-
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Higgs final state

(also modified distributions)

cut and count awatasis: K, < 1251, K; < 610
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Higgs pair production results

fa= [—392.84, 394.73]

using BDTS to learn the shapes
[Alasfar, RG, Grojean,
Paul, Rlan '22]

HL-LHC we performed several one-/two-
Best Fit Point: 3
ke 1.0 and three-parameter fits
R)\=— 1.0
x, = [0.53,1.73]
/ 1 paraweter fit
kiy= [0.64, 2.20

4_ -

R\
Do

T
L)

here we can see that the
sews'bti\/itg ow the trilinear Higgs
self-coupling is diluted in two-
parameter fit
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This analysis
Falkowski et al. 20 (VV'V
Alasfar, Corral Lopez, Grober '19 (hh

Aguilar-Saavedra, Cano, No "18 (A~

Soreq, Zhu, Zupan ‘16 (hj

)
)
)
Yu'17 (W=h)
)
Kagan et al. 14 (h — M~)

)

de Blas et al. 19 (Global fit
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[Alasfar, RG, Grojeawn,

Paul, Lan '22]

@2.98 (537)

@2.39 (570)
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3.0 35

huge tmprovement over cut-and count analysis



Off-shell Higgs production



Cownstoered as probe of H'ngs width [Kawer, Passarino 12, Carla, Melnikov 13,

campbell, Ellis, Williams 13 ]

2 2
Hon Kggh(mh)KhZZ(mh) 1
X
Hoff I, /M Ko (Mg K777 (My)
worlks for [Englert, (Soreq), Spa vwwwsleg 14 ]
Koon(1Mp) = Koop(MMy ) Knzz(My,) = Kyz7(Myp)
CMS: 3,2{-;‘7 MeV ATLAS: 4.63-3 . Mev
[CMS in Nature 18 (2022) 1392] [ATLAS-CONF-2022-068]
9 = 4 9. 9000 4
H
t A \ 4 A .
‘ 4 I o505 Z

For enhanced light quark Yukawa couplings it does not work:

new production chanwnel to be added, spoils the “wmodel-independence” of width
measurement



Cowstdered as probe 0'{" H’LQQS width [Kawer, Passarino ‘12, Carla, Melnikov 13,

campbell, Ellis, Williams 13 ]

2 2
Hon Kggh(mh)KhZZ(mh) 1
X
Hoff /M Kaon(Mag)Kiiz7(Myz)
worRks ‘{:OY [Bnglert, (Soreq), Spannowsky 14 ]
Kogh(My) = Kgop(My ) Knzz(My,) = Kpz7(My )
CMS: 3‘23-117 MeV ATLAS: 4.63-3 . Mev
[CMS in Nature 18 (2022) 1392] [ATLAS-CONF-2022-068]
9 = 4 9. 9000 4
H
t A Y A - —
‘ z I o050 Z

For enhanced light quark Yukawa couplings it does not work:

use insteao kinematic properties of off-shell production
[works nicely also for other BSM scenarios see
Halsch, Koole '21 ‘22, Haisch, Ruhrdorfer,
Schwmtd, wetler ‘221
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Kinematie diseriminants
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EFT valid Ltg
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[Balzanl, RqG, Vittt, ‘23]
HL-LHC 6 ab™! @ 95% Ci

—
This analysis A, = 0.04 ®4.95 (|x| =194)
@4.36 (117)
This analysis Ay, = 0.3 ®3.63 (363)
@3.12 (229)
Alasfar, Grober, Grojean, Paul, Qian 22 (hh) ®3.00 (530)
@2.28 (428)
Soreq, Zhu, Zupan ‘16 (hj) @2.98 (537)
@2.54 (346)
de Blas et al."19 (Global fit) ®2.89 (570)
@2.87 (270)
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Higgs patr production: ML helps to Limprove on the sensitivity, possible to
measure both trilinear and light quark Yukawa couplings at the HL-
LHC

Off-shell Higgs: Kinematic discriminants extremely helpful to
distinguish stgnal from backgrouno

Thanks for Your attention!
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nvartant mass distribution

pp — hh /s = 14 TeV
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SMEFT trilunear bounds
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lnvartant mass distribution Z.Z.
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Up Yukawa couq:u',m,g
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BR to ZZ and single Higgs
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