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Motivations
Measurement of Higgs couplings to 
quarks and gluons at FCC-ee
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Coupling-mass relation for 
fermions in the SM

Yukawa coupling

2022 (LHC) ~2040 (HL-LHC)

Deviation from SM → Possible BSM physics

Fully hadronic represents 80% of the Higgs decays 
Higgs decay H→bb H→WW/ZZ H→gg H→cc H→ss (H→ττ)

BR 57.7% 11% 8.6% 2.9% 0.024% (6.2%)

only one
observed to 

this day

Observable at FCC-ee

Also possible future observation of Flavour-violating 
decays
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Overview
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ZH (Higgstrahlung) Z decay channels
   Z→ll,   l = e,μ 
   Z→qq 
   Z→𝜈𝜈

√S & Luminosities (full program)

   240 GeV → 10.8ab-1
   365 GeV → 3.0ab-1

Samples IDEA (Delphes fast sim)

   signals       .    ZH@240 - H→bb/cc/gg/ss/WW/ZZ/ττ
 ZH(+VBF)@365

    N = 2 exclusive kT clustering for Z(ll/𝜈𝜈)**, N = 4 for Z(qq)
   backgrounds  WW, ZZ, Z/γ*, Zqq, ee, μμ, tt, 𝜈𝜈Z, qqH 
   
   

● Orthogonal selection to separate all Z decay channels (ll, qq, 𝜈𝜈)
● S/B optimization with cuts on H dijets and Z decay pairs

○ cuts on Ejets, Emiss, pleptons, |cos(thetall/qq)|, mll/qq, …

● Categorization of events in relation to their tagged Higgs decay (b,c,g,s,W,Z,τ) 
○ categorization using Jet Tagger scores + jet properties

● Simultaneous fit on all categories assuming tagging efficiencies

** We also force reconstruction of H(WW/ZZ) to be 2 jets (rather than the expected 4)
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Outline
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Analysis I

ZH→lljj/𝜈𝜈jj at 240 & 365 GeV (APC)  jj = bb,cc,gg,ss,WW,ZZ,ττ

Analysis II

ZH→qqjj/𝜈𝜈jj at 240 & 365 GeV (BNL)

Combination of the studies
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ZH→lljj/𝜈𝜈jj at 240 GeV
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Z(ll)

Z(𝜈𝜈)

Signals: Z(ll)H(bb/cc/gg/ss/WW/ZZ/ττ)
Backgrounds: WW, ZZ, Z/γ*, Zqq, ee, mumu
1D Study of the mass recoiling from the Z

Signals: Z(𝜈𝜈)H(bb/cc/gg/ss/WW/ZZ/ττ)
Backgrounds: WW, ZZ, 𝜈𝜈Z, Zqq, qqH
2D Study of the mass recoiling from the H + 
visible mass from H decay
mmiss( = m𝜈𝜈 ) = mrecoil
mvisible= mjj

mvisiblemmiss
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Events categorization - 240 GeV

6

We train a Neural Network to categorize the events in each signal channels 

Training variablesZ(ll) Confusion MatrixZ(𝜈𝜈) Confusion Matrix

Training variables consist of output scores of a 
ParticleNet jet tagger which runs after reconstruction 
+ some additional kinematic variables improving 
sensitivity in some channels 

mvisible (normalized)log(d23 ) (normalized)
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ZH→lljj at 365 GeV
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Signals: Z(ll)H(bb/cc/gg/ss/WW/ZZ/𝝉𝝉)
Backgrounds: WW, ZZ, Z/γ*, Zqq, ee, mumu, tt
1D Study of the mass recoiling from the Z

Z(ll)

changes compared to 240 GeV

 

Z(ll) Confusion Matrix

Same training variables and 
strategy as for 240GeV
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𝜈𝜈jj at 365 GeV - Separate ZH and VBF
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𝜈𝜈jj
Backgrounds: WW, ZZ, 𝜈𝜈Z, Zqq, qqH, tt
2D Study of the mass recoiling from the H + 
visible mass from H decay
Contribution from VBF non-negligible at 
365 GeV
mmiss( = m𝜈𝜈 ) = mrecoil mvisible= mjj

mvisiblemmiss

ZH/VBF separation

Signals:   ZH - numunumuH * 3
       VBF - nuenueH - numunumuH

ZH VBF

mmiss
mmiss

The number of POIs in the fit is now 14 = 7*(vbf+zh) 7 = len(bb/cc/gg/ss/WW/ZZ/𝝉𝝉)

We then categorize events as before for both ZH and VBF

Same could also be considered for 240GeV in later 
studies

here in reality there are 
negative events 
symmetrically
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Purity categorization - 240 & 365 GeV
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Goal : increase analysis sensitivity by including purity categories in the 
samples

H
I
G
H

L
O
W

afterbefore

We considered a maximum of 3 purity categories (high, mid, low)
9

NN score NN score
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𝜈𝜈jj at 240 & 365 GeV (BNL)
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240
Signals: Z(𝜈𝜈)H(bb/cc/gg/ss/WW/ZZ/ττ)
365
Signals:   ZH - numunumuH * 3

       VBF - nuenueH - numunumuH
(same strategy as in page 8)

Backgrounds: WW, ZZ, Z/γ*, Zqq, 𝜈𝜈Z
2D Study of the mass recoiling from the H + visible mass 
from H decay
mmiss( = m𝜈𝜈 ) = mrecoil mvisible= mjj

Categorization of jets using the same ParticleNet jet 
tagger scores as previous analysis (different method)

Events selection orthogonal to Zll analysis

mvisible

mmiss
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ZH→qqjj at 240 & 365 GeV
Signals: Z(qq)H(bb/cc/gg/ss/WW/ZZ/ττ)
Backgrounds: WW, ZZ, Z/γ*, Zqq, 𝜈𝜈Z
2D Study of the both hadronic masses from the H and Z
mH= mH

jj mZ= mZ
jj

Categorization of jets using the same ParticleNet jet 
tagger scores as previous analysis (different method)

Events selection orthogonal to Z(ll)/Z(𝜈𝜈) analysis
Jet Pairing based on tagger scores & combinatorics

mZ
jj

mH
jj 11
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Jet pairs reconstruction for Z(qq)H( jj)
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Categorization for Z(qq) and Z(𝜈𝜈) - Score Map
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Events are categorised from the 
sum of the two jets score

Events are further divided in 3 
categories based on their Score 
Like  value
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Categorization for Z(qq) and Z(𝜈𝜈)  - Purity categories
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mmiss(vs) mvisible
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Results - Combination at 240 GeV
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Expected sensitivity (%) of σ(ZH).BR(H→jj) at 68% CL             L = 10.8ab-1

240 GeV H→bb H→cc H→gg H→ss H→ZZ H→WW H→ττ

Z→ll 0.68 4.02 2.18 234 13.66 1.78 4.08

Z→qq 0.32 3.52 3.07 408.55 52.08 8.74 110.73

Z→𝜈𝜈 (BNL) 0.33 2.27 0.94 137 19.84 1.89 21.76

Z→𝜈𝜈 (APC) 0.36 2.18 1.10 151 15.29 1.51 11

Combined (BNL) 0.21 1.66 0.8 104.99 10.07 1.16 3.97

Combined (APC) 0.22 1.65 0.93 121 9.56 1.11 3.79

Fitting using CMS tool CombineTF to extract σ.BR in each category

Monte Carlo stats uncertainties

Backgrounds are let fully floating 
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Results - Combination at 365 GeV
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Expected sensitivity (%) of σ.BR(H→jj) at 68% CL             L = 3.0ab-1

365 GeV H→bb H→cc H→gg H→ss H→ZZ H→WW H→ττ

ZH→llH 1.74 11.29 5.74 1169 44 5.61 13.15

𝜈𝜈H ZH 0.69 4.24 2.82 413.5 36.8 3.60 13.1

VBF 0.68 3.99 2.64 295.2 43.4 5.43 30.6

ZH→qqH 0.51 3.87 3.05 564 55.7 5.73 259

Combined ZH 0.41 3.13 2.21 356.12 26.01 3.18 10.97

VBF 0.67 3.49 2.66 290 37.12 5.36 24.2

Fitting using CMS tool CombineTF to extract σ.BR in each category

Monte Carlo stats uncertainties

Backgrounds are let fully floating
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Expected sensitivity (%) of σ.BR(H→jj) at 68% CL             L = 10.8ab-1

240 GeV H→bb H→cc H→gg H→ss H→ZZ H→WW H→ττ

Combined (BNL) 0.21 1.66 0.8 104.99 10.07 1.16 3.97

Combined (APC) 0.22 1.65 0.93 121 9.56 1.11 3.79

365 GeV H→bb H→cc H→gg H→ss H→ZZ H→WW H→ττ

Combined ZH 0.41 3.13 2.21 356.12 26.01 3.18 10.97

VBF 0.67 3.49 2.66 290 37.12 5.36 24.2

Conclusion & prospects
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Promising results at % level in some categories
Achieved full combination at 240 GeV and 365 GeV.



Thank you
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Big thanks to : George Iakovidis 
and Giovanni Marchiori, Jan Eysermans and Michele Selvaggi

Backup
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(ZH) Higgstrahlung process - Recoil Mass

Recoil Mass :

• Allows model independent measurement of the 
total Higgs Cross-section

• Unusable in the LHC due to the composite 
nature of protons

•  
 

19
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Cutflows - 240 GeV
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S/B optimized with selections on 
leptons and jets kinematic properties 

Zll

Z𝜈𝜈



8th FCC Physics Workshop  -  Alexis Maloizel  -  Higgs hadronic couplings at FCC-ee  

Cutflows Zqq - 240 GeV
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Cutflows - 365 GeV
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Zll
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Cutflows Zqq - 365 GeV
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Selection - 240 GeV
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Backup - Purity categories

H
I
G
H

H
I
G
H

L
O
W
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H
I
G
H

L
O
W

M
I
D

For Z𝜈𝜈, all categories yield the best precision with 3 purity categories

NN score NN score NN score
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Yields for Z(ll) at 240 GeV
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Yields for Z(𝜈𝜈) at 240 GeV
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Yields for Z(ll) at 365 GeV
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Yields for Z(𝜈𝜈) at 365 GeV
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Yields for VBF at 365 GeV
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VBF 365 GeV - after selection

31



8th FCC Physics Workshop  -  Alexis Maloizel  -  Higgs hadronic couplings at FCC-ee  

The FCC experiment  -  FCC-ee
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● FCC (Future Circular Collider)
○ ~90km circular collider project
○ Two periods on functioning : FCC-ee & FCC-hh

FCC-ee functioning schedule

○ Great improvement on EW studies wrt LEP
○ Higgs factory

○ Great prospects for new physics (hh)
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Fitting strategy for all channels
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Fitting using CMS tool CombineTF to extract σ.BR in each category

7 POIs, Hbb, Hcc, Hss, Hgg, Hττ, HWW, HZZ (floating parameters)

Binning :

BNL : 1 GeV bin width (projected in 5 GeV for the recoil mass)

APC : custom binning by-eye (negligible/little improvement compared to 1 GeV width)

Empty categories removed from the fit

Rebinned such that :

There is at least one expected (sum of sig+bkg) event in each bin  

Add 10-6 events in empty bins to help fit convergence, without implementing a bias

Monte Carlo stats uncertainties

No systematics on the backgrounds


