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Motivations

Yukawa coupling

\
Yf . .
vV —— Coupling-mass relation for

Me =
f / fermions in the SM

« Precise measurements of Higgs couplings might
yield to deviation from SM — Possible BSM physics

o FCC-ee allows precise, model-independent
measurement of numerous couplings including some
unobservable at the LHC

o H—-Hadrons = 80% of H decays and LHC only
measures bottom Yukawa
o H—gg is very sensitive to BSM

4 interactions points

v/s (GeV) Luminosity (ab=!) ZH Events WW Fusion Events
3years 240 10.8 2.2M 65k
Syears 365 3.12 0.3TM 92k
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Analysis Strategy

Z decay channels

Z—ll, 1=e,u
BRZ—ll) ~ 6.7 %
Z—qq

BR(Z—qq) ~ 67%
Limited by jet clustering
Z—vv

BR(Z—wv) ~ 20%

Requires a separation of ZH and Ana|

VBF productions processes

et Z
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Sa m ples IDEA (Delphes fast sim)

signals ZH(+VBF)@2408&365 - H—bb/cc/gg/ss/WW/ZZ/tt

o S/B optimization with kinematic

N = 2 exclusive KT clustering for Z(ll/vv)**, N = 4 for Z(qq)
backgrounds WW, ZZ, Z/V*, Zqq, ee, U\, tt, vvZ, qqH

** We also force reconstruction of HWW/ZZ) to be 2 jets (rather than the expected 4)

ysis strategy

selection

o Categorization using ParticleNet

tagger output

(7 outputs

for each jets)
e Simultaneous fit on all categories
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ZH—>1ljj

« 1D Study of the mass recoiling from the Z

Selection:

« m, around Z mass (81-101 GeV), m
(120-140 GeV), no additional leptons with p > 25 GeV
« Elimination of non fully hadronic decays using veto on jet

components kinematics

365 GeV:

- @round Higgs mass

« Additional tt bkg component and tuning of the selection

criteria. Same strategy afterwards.
« Wider BES and high lepton momenta:
o Wider signal distribution and longer tail
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FCC-ee IDEA Simulation (Delphes)
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ZH—>1ljj categorization

We train a Neural Network to categorize the events in one of the 7 signal channels (7 Higgs
decays) or one of the 3 background channels Categorisation confusion matrix (240 GeV)

Training variables 100

H-bb 0.1 1.0 0.0 0.1 2.2 0.0 0.8 0.0 0.0

HocE 06 28 13 00 09 00 0.0
80
H-gg 54 38 26 00 09 00 0.0

H-s5+ 0.0 0.3 7.6 88.0 1.2 1.7 0.0 1.3 0.0 0.0

60
H-Wwwt 0.2 4.0 9.7 1.9 n 8.7 2.2 3.0 0.2 0.1

Q
3
c
H-ZZ |+ 10.0 5.9 9.1 5.1 12.0 | 47.0 1.5 9.4 0.3 0.0
Training variables: ParticleNet jet tagger score, 140
kinematic variables, Angular variables (from Z decay) H-t*t"| 0.0 0.0 00 00 08 0.2 m 01 04 04
=== Hbb 500000 === Hbb 5
60000 - :Hco o ZZ+ 12.0 7.8 3.4 8.4 4.3 7.3 4.5 52.0 0.4 0.6
== Hgg == Hgg
50000 1 : :xw 400000 = :\S;w 120
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200000 Z/y*+ 0.0 0.0 0.0 0.0 0.1 0.0 1.3 0.1 1.8
20000 n i 4 ‘ ¥ A 7 i 5 o
10000 | 100000 \)\,0‘0 x\’d‘ \)\)Q’Q Y\’Cﬁ Y\}§$ \)\;ﬂ/ )&x £ 1:1/ $$ 'L\*
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log(1+event_d34)/5. (higgs_hadronic_m-100.)/35.

5th FCC / DRD France Workshop - MALOIZEL - 26/11/25

Percent



Purity categorization

Goal : increase analysis sensitivity by including purity categories in the
samples (ie. include more events in the fit)

before after
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We considered a maximum of 3 purity categories (high, mid, low)
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FCg:AnaIyses: FCC-ee Simulation (Delphes) F%g:Analyses: FCC-ee Simulation (Delphes)
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« 2D Study of the mass recoiling from the H + visible

mass from H decay
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« Separate templates and signal strengths for é [ {53850 Gev Efﬂ?}@ Hbb Ho.120.9a).oom.029 4 0 36018053 1 0.11
§20°°°:- e'e » ZH » vo + X =

ZH and VBF

— VH(gg) ]
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Qyo& 6.6 4.2 7.8 1.3 15 41 0.52 10 3.7 2.5 6.3 0.56

Categorisation: o ——

« We perform the same categorization than for ZH—IIjj

True label

Htautau RO O0.00BEDOSO.66 1.90.021000920
yo4e 1.5 1.1 0.430.450.511.4 1.4
WA .065 1 0.510.123.2 1.1 6.6 6 m 1 0.240.54

Same anaIySIS for 365Gev Wlth some tunlng pAolelg0.610.29.060.0370.280.6@.0051.5 1.3m1.30.03

VN I=V40.710.34.050.0990.3 0.49 1.6 2.2 3.6 §888.005

LI 3.7 2.4 25 04 41 22 0 9.6 16 0.711.3[37

Hbb  Hcc  Hgg Hss HWW HZZ Htautau ZZ WW  Zgq nuenueZ qqH

Predicted label
5th FCC / DRD France Workshop - MALOIZEL - 26/11/25 7



ZH —)qq_u Performed by George lakovidis

Signals: Z(qq)H(bb/cc/gg/ss/WW/ZZ/tT)
Backgrounds: WW, ZZ, Z/y*, Zqq, vwZ

2D Study of the both hadronic masses from the H and Z
my=m*, m,= m?,

Events selection orthogonal to Z(ll)/Z(vv) analysis

Jet Pairing based on tagger scores & combinatorics e nex
Categorization of jets using the same ParticleNet jet tagger
scores as previous analysis (different method)

Monte Carlo
samples
(36 categories)
bbH, H->bb Two pairs found ]
Different flavour per pair )l

bbH, H->cc Durham ky Z, H assignment

3 =4
Mets One pair found /- \
x2 per pair fo
ZH
Highest Score it ]
Per Jet T No pair found Recover pair
J=b,¢c,s,g,T,u,d inding J Find pair of same
avor with highe:
sum of scores
Three same flavour jets eepsﬂ?rl\rglzo':‘egheﬁ .

L o1 1

combinatorics
N for all jets
Four same flavour jets J' N

Events /1 GeV

Events /1 GeV

FCC-ee IDEA Simulation (Delphes)
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Final results

. Simultaneous fit on all categories templates to extract 6.BR

. All signal and background parameters are let free. Monte Carlo stats uncertainties

included
. Full combination of all channels, with ZH/VBF separation

Expected sensitivity (%) of c.BR(H—>jj) at 68% CL

H—bb H—cc H—gg H—ss
Combined ZH 0.21 1.75 0.85 110
VBF 1.89 19.4 5.50 990

H—bb H—cc H—gg H—ss
Combined ZH 0.39 3.01 213 340

VBF 0.64 3.36 2.56 280
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Conclusion
. %-level and better precision achieved for several
couplings

. Very promising in comparison to other proposed future
experiments

. Summary presentation of other Higgs decay study
available: [FCC-Week25] / [EPS-HEP]

Thanks for your attention
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https://indico.cern.ch/event/1408515/contributions/6521252/attachments/3072025/5434977/2025_FCCWeek_HiggsCouplings_maloizel.pdf
https://indico.in2p3.fr/event/33627/contributions/154115/attachments/93958/144033/EPS_HiggsCouplingsDecays_Maloizel_070725.pdf

Backup



ZH—>qqjj Categorization

B C S G
L ] w2l () < 1.1 2= 1.2
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ZH & VBF separation

o ZH : e'e —wpv *3
> VBF : e'e —V V- e'e —>vu1) (w/ interference)

—~ 25 FCC-ee simulation \/g =240 GeV
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Comparison with ILC

« Results rescaled to reach similar luminosity
« Additional scalings to remove impact of beam polarization
« Results for ILC would correspond to a ~4x longer data taking period compared to FCC

Collider FCC CDR | FCC ESPPU | LCF ESPPU LCF LCF x\/-l._T
Integrated luminosity | 10.8 ab™" 10.8 ab™ - DT ah 10.8 ab™* 10.8 ab— "

H — any +0.36 081 +0.62

H — bb +0.20 3=0).21 +0.41

H— cc +1.5 1.8 +2.5 +1.25 +1.9%

H — gg +1.9 +0.8 +2.1
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