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

2nd generation fermion
couplings first results available

First and second generation
quark Yukawa couplings?

Electron Yukawa coupling?
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Charm quark: pp = V(h — c6): ATLAS: |k | <42@95% cL [arxiv:241019611]
can be tagged CMS: k.| <5.5@95% cL Iarxiv: 2205.05550]

Further proposals for light quark Yukawa couplings:

[Blshara, Halsch, Monnl, Re 16,

* Hggs pr spectrum Soreq, Zhu, Zupan ‘161

W=h charge asymmetry  [yu'ie]

k.| < 1.2

Global fits to Hhggs data  [Pe Blas et al 9] |k, | < 13

| ;| < 156
|x,| <260

* H'LQQS 'PQLV ‘PYOdleOtLOV\, [Alasfar, Corral Lopez, RG 19, Alasfar,
RG, Grojean, Paul, @Rian '22]

H’L@@S + PhOtDW [Aquitar—saavedra, cawno, No '20]

@ HL-LHC |

Tri-bosown prod wetlon [Falkowski et al ‘201

tHiggs off-shell production [Balzant, =a, Vit 2=] e o——
P |k, <120

Electron Yukawa coupling: | eHLLHe ]
* Higgs olecags to electrons ATLAS: |k,| <260 C——

Cepeda et al. "1
[PLB 201 (2020) 123514¢] [cep 9]



Light fermion Yukawa couplings in Standard Model Effective Field Theory modified by

Oup = QL durd’ ¢ Oip = Tr.0dr ¢' ¢ Opp = Crperd’

Ihgia, = %5@' 1+ v°Coein)

rescales all Higgs couplings
(hence constrained by Higgs couplings to vector bosons)

dominant modification
(mass etgenbasis)



Single mediator - extra scalar
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[studied in Egana-ugrinovic, Homiller, Meade "19,

, , , Giannakopoulow, Meade, valll '24]
Single mediator - extra vector-Like quark
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Two mediators
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Model VLQs Model VLQs Model VLQs

1 (3,1)2/3+(3,2)1/6 4 (3, 1)_1/3+(3,2)_5/6 7 (3,2)1/6 1+ (3,3)2/3
2 (3,1)_1/3+(3,2)1/6 S (3;2)176 +(3,3)1/3 8 (3,2)7/6 1 (3,3)2/3
3 (3,1)2/3+(3,2)7/6 6 (3,2)_s/6+(3,3)_13

* Elght models

+ they generate further operators for instance operators that modify the Z couplings to
the Light quarks

* are constrained bg Higgs ph gsios, flavowr ph Hsios, direct searches and electrowenle
observables




Constraints

The models generate at tree-Level

Higos phgslos: additional production channels, enhanced BR(h — qq)

electroweak precision: modifies couplings of Z and W bosons to quarks
88 — h h =y

electroweak precis'wm,: “S” and “T” parameters

and at one-loop Level

OswB
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Flavowr:  flavour transitions constrain models up to very high scales

|

solution: couple new phystes to one generation at a time

nevertheless bounos from CKM unita ri’cg

Dlrect searches: Pa'w product’ww with subsequent deca Ys to W/Z/h and q

HL-LHC: M > 2.4 Tev [rFreitas et al. 201 |

ATLAS: [2405.19862] M > 1.6 Tev

Electroweak precision observables: I, Af, Ohads - - -

including one-loop matching, sensitivity to all couplings

Higgs ph gjs'wst new production channels at the HL-LHC,

enhanced decays to light quarks, ...
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FCcc-ee can directly measure the electron Yukawa coupling by dedicated run at
Higgs pole mass

probes k, < 1.6

i [d’Enterria, Poldarw, WoJ'cLIQ ‘217

requ'wcs monocromatised e e beam,

precise Rnowledge of Higgs boson mass,
extenoled timeline

And whieh models are probed?



Electron Yukawa coupling
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study all models that generate C, g at tree-level

difference with quark case: new states not easily produced at LHC
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Flavowr:  flavour transitions constrain models up to very high scales ‘11/
! solution: couple new physies to one generation at a time %.
i direct correlation with i
(g —2), for models :
¢ with viLs

Dlrect searches:

pair prooluc’ciow with subsequent deca Yys to W/Z/h and Ule ¢

HL-LHC:  depending on model between 600 Gev and 2.1 Tev

} Higos physics:

; for models with ong scalars also /lhhh |




vector-Like Lepton. models
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vector-Like Lepton + scalar models
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* —Lg; = —[,90 — Lg+ (KS(PSQOT¢ -+ hC) :

Scalar models

| |

Particle content | ¢ | o+ S5 | p+ =
Ke 780 | 1460 585

in scalar models huge values posstble, K, probes scalar potential
couplings

in models with vits (g — 2), projections might probe K, better
thawn FCC-ee

VLL E Ay As > 2 Scalars S © 8 =1
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* Light fermion couplings Little constrained from current measurements

» we showed how stmple models can be constructed that allow for Large
enhancements

* quark Yukawa couplings: the FCC-ee can tmprove on the HL-LHC by
around 1-2 orders of magnitude

* electron Yukawa coupling: in models where the enhanced electron Yukawa
coupling s achieved by scalars large enhancements can only be
constrained itn a dedicated Higgs pole run

» electron Yukawa coupling: for models with vits (g — 2), and the other
FCC-ee runs might already constrain below the Higgs pole run sensttivity



* Light fermion couplings Little constrained from current measurements

» we showed how stmple models can be constructed that allow for Large
enhancements

* quark Yukawa couplings: the FCC-ee can tmprove on the HL-LHC by
around 1-2 orders of magnitude
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Thawnks for Your attention!



[Snowwmwass '22] [De Blas et al. '19]

(10_3) LEP/SLD | FCC-ee [101] (10_3) LEP/SLD | FCC-ee [102]
T, (GeV) 2.3 0.03 R, 50 6
%, (GeV) | 20.1 1 R, 33 1
mt, (GeV) 7.1 0.4 R. 45 2
Thad (11D) 37.0 4 A, 15 0.022
A, 4.9 0.02 A 15 0.04
Ab. 1.55 0.1 R, 3.0 0.26
Ry 0.66 0.06 Ay 20 3
A, 27 5
(1
¢ ------ S 3
box contribution to C¢ p probes
coupling of two heavy states with ¢ U4 YU
P 0
1

! MMy, —LY = AUr@lqr + 24, Q1 10 ur + v, Ud' Q1+ he.



Cownsidered as probe of Higgs width

[Kawer, Passarino 12, Carla, Melnikov 1.3,
campbell, Ellis, willtams 1= ]

2 2
U Kggh(mh)KhZZ(mh) 1
X
Hofr Cp/ oM K (MK (M)
worlks for [Englert, (Soreq), Spannowsky 14 1
Kogh(My) = Kgopp(Myz) Knzz(My,) = Kyz7(Myp)
CMS: 3224 Mev ATLAS: 4.6 Mev
[CMS in Nature 18 (2022) 1392] [ATLAS-CONF-2022-065]
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For enhanced light quark Yukawa couplings it does not work:

use instead kinematic properties of off-shell production
[works cheLg also for other BSM scenarios see
Hailsch, Koole ‘21 ‘22, Haisch, Ruhrdorfer,
Schmid, Wetler '23]
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HL-LHC Light Yukawa couplings

[Balzantl, RG, VittL, '23]
HL-LHC 6 ab"" @ 95% Cl

I L e e e o
This analysis A, = 0.04 @4.95 (|| =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) D2.89 (570)
@2.87 (270)
| | P B | | |
0 1 2 3 4 5 6
A/ |éq¢>| [TeV]

caveat: these probes do not allow to distinguish well between up and down Yukawa probes

for this hy could be helpful LAugilar-saavedra, cano, No ‘201

combination of all the proposals might be good
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