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Fig. 7: The Higgs boson production cross section as a function of the centre-of-mass energy in unpolarized e+e�

collisions, as predicted by the HZHA program [38]. The thick red curve shows the cross section expected from the
Higgs-strahlung process e+e� ! HZ, and the thin red curve shows the fraction corresponding to the Z ! ⌫⌫̄

decays. The blue and pink curves stand for the WW and ZZ fusion processes (hence leading to the H⌫e⌫̄e and
He+e� final states), including their interference with the Higgs-strahlung process. The green curve displays the
total production cross section. The dashed vertical lines indicate the centre-of-mass energies at which TLEP is
expected to run for five years each,

p
s = 240 GeV and

p
s ⇠ 2mtop.

Table 3: Integrated luminosity and number of Higgs bosons produced with TLEP at
p
s = 240 GeV (summed

over four IPs), for the Higgs-strahlung process and the WW fusion. For illustration, the corresponding numbers
are also shown for the baseline ILC programme [39] at

p
s = 250 GeV, with beams polarized at a level of 80% for

electrons and 30% for positrons.

TLEP 240 ILC 250
Total Integrated Luminosity (ab�1) 10 0.25

Number of Higgs bosons from e+e� ! HZ 2,000,000 70,000
Number of Higgs bosons from boson fusion 50,000 3,000

with the scan of the tt̄ threshold, at
p
s around 350 GeV, where the background from the Higgs-strahlung

process is smallest and most separated from the WW fusion signal.

3.1 Measurements at
p
s = 240 GeV

At
p
s = 240 GeV, the TLEP luminosity is expected to be 5 ⇥ 1034 cm�2s�1 at each interaction point,

in a configuration with four IPs. The total integrated luminosity accumulated in five years, assuming
running for 107 seconds per year, is shown in Table 3, together with the corresponding numbers of Higgs
bosons produced.

From the sole reading of this table, it becomes clear that TLEP is in a position to produce enough
Higgs bosons in a reasonable amount of time to aim at the desired sub-per-cent precision for Higgs boson
coupling measurements. Detailed simulations and simple analyses have been carried out in Ref. [35] to
ascertain the claim, with an integrated luminosity of 500 fb�1 (representing only one year of data taking
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Motivation
First Look at the 

Physics Case of TLEP 
arXiv:1308.6176

24 I.3.1. Update of branching ratios and decay width for the Standard Model Higgs boson
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Figure 9: Higgs boson branching ratios and their uncertainties for the mass range around 125 GeV.

While about half of this shift is due to the change in ↵s, the remaining part comes from improvements
in HDECAY, in particular from the inclusion of charm-quark-loop contributions and NLO quark-mass
effects. The partial widths for the other bosonic decay modes change at the level of one per mille or
below. The total width increases by approximately 0.5%. Correspondingly, the relative increase for the
central value of the H ! bb BR is approximately 1%. The relative decrease in the other fermionic
modes is below 1%. For H ! gg, the relative decrease of the BR is approximately 4%. The relative
decrease of the other bosonic BRs is below 1%, only.

The error estimates on the BRs also change as discussed in the following: The total error on
the H ! bb BR decreases to below 2% due to the reduced errors on ↵s and the bottom quark mass
and the reduced THU. Since the error on H ! bb is a major source of uncertainty for all the other
BRs, their error is reduced by more than 2% due to this improvement alone. In addition, the other
fermionic modes benefit from the reduced THU after the inclusion of the full EW corrections, such that
the corresponding errors are reduced roughly by a factor of 2 to below 2.5% for the leptonic final states
and to below 7% for H ! cc. Also the error estimates for the bosonic decay modes are decreased,
mainly due to the improvements in H ! bb. In particular, the error for the decay into massive vector
bosons is approximately 2%, i.e. half as big as before. The errors on the partial widths are discussed in
Section I.3.1.c.

The BRs for the fermionic decay modes are shown in Tables 174–175. The BRs for the bosonic
decay modes together with the total width are given in Tables 176–178. Besides the BRs, the tables list
also the corresponding theoretical uncertainties (THU) and parametric uncertainties resulting from the
quark masses (PU(mq)) and the strong coupling (PU(↵s)). The PUs from the different quark masses
have been added in quadrature. The BRs (including the full uncertainty) are also presented graphically
in Figure 9 for the mass region around the Higgs boson resonance.

Finally, Tables 179–181 list the BRs for the most relevant Higgs boson decays into four-fermion
final states. The right-most column in the tables shows the total relative uncertainty of these BRs in
per cent, obtained by adding the PUs in quadrature and combining them linearly with the THU. The
uncertainty is practically equal for all H ! 4f BRs and the same for those for H ! WW/ZZ. Note that
the charge-conjugate final state is not included for H ! `+nlqq.

• At  the Higgs boson is produced in 
association with a  boson measure couplings ! 

• Use the analysis to study and optimise the detector 
performance 

s = 240 GeV
Z →

Higgsstrahlung

VBFHandbook of LHC Higgs cross sections 
arXiv:1610.07922 

H BR (%)

mH = 125.0GeV

bb̄ 58.24

cc̄ 2.891

ss̄ (th.) 0.024

gg 8.187
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• Analysis of full hadronic final state 
• ( ) and  

( ) channels have been already 
addressed 

•  provides significantly higher statistics
 

• Greater challenge though  since it depends on jet 
clustering 

• Jet energy resolution is worse than measuring a track 
momentum and electromagnetic energy resolution 

• Ambiguity on finding which jets are originated from 
 and 

Z(ll) BR(Z → ll) ∼ 6.7 % Z(νν)
BR(Z → νν) ∼ 20 %

Z(qq̄)
BR(Z → qq̄) ∼ 70 %

Z H

https://arxiv.org/abs/1308.6176
https://arxiv.org/abs/1610.07922
https://indico.cern.ch/event/1176398/contributions/5208222/attachments/2582981/4456976/2023_01_27%20-%20Higgs%20hadronic%20branching%20ratios%20with%20ZH%20at%20FCCee.pdf
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Analysis overview
• Signal 
‣  

• Backgrounds: 
‣   

• Jets reconstruction 
‣ N = 4 Durham   exclusive algorithm 
‣ ParticleNet jet tagger (7 categories: ) 

• Analysis 
‣ Cuts & Events selection (orthogonal to  and  analysis) 
‣ Jet pairs based on tagger scores & combinatorics 
‣ Fit and sensitivity extraction

Z → jj, H → jj ( j = b, c, s, g)

WW, ZZ, Zqq, HWW, HZZ, HZγ, ννH

ee kT

b, c, s, g, τ, u, d

Z(ll)H Z(νν)H

https://cds.cern.ch/record/236610/files/th-6473-92.pdf


4

Datasets

Samples for  not there yetH → qq(u, d)

Process Cross-section Events

[pb
�1

]

Background e
+
e
� ! Z(bb)H(⌧⌧) 0.00188 400000

e
+
e
� ! Z(ss)H(⌧⌧) 0.001879 400000

e
+
e
� ! Z(cc)H(⌧⌧) 0.001464 400000

e
+
e
� ! Z(qq)H(⌧⌧) 0.003346 200000

e
+
e
� ! Z(bb)H(Z�) 4.594e-05 400000

e
+
e
� ! Z(cc)H(Z�) 3.578e-05 400000

e
+
e
� ! Z(qq)H(Z�) 8.177e-05 393135

e
+
e
� ! Z(ss)H(Z�) 4.593e-05 300000

e
+
e
� ! Z(cc)H(WW ) 0.005023 1200000

e
+
e
� ! Z(qq)H(WW ) 0.01148 1100000

e
+
e
� ! Z(ss)H(WW ) 0.006447 1200000

e
+
e
� ! Z(bb)H(WW ) 0.00645 1000000

e
+
e
� ! Z(bb)H(ZZ) 0.0007915 1000000

e
+
e
� ! Z(cc)H(ZZ) 0.0006164 1200000

e
+
e
� ! Z(qq)H(ZZ) 0.001409 1200000

e
+
e
� ! Z(ss)H(ZZ) 0.0007912 600000

e
+
e
� ! Z(⌫⌫)H(jj) 0.046191 3500000

e
+
e
� ! W

+
W

�
16.4385 373375386

e
+
e
� ! ZZ 1.35899 56162093

e
+
e
� ! Z/�

⇤
(qq̄) 52.6539 100559248

2

• FCCAnalysis framework used to produce ntuples, then analysis with standalone scripts 
• IDEA Detector (delphes fast sim)  (winter2023 samples) 
• Training model for ParticleTransformer “wc_pt_7classes_12_04_2023”, tagger scores: b, c, s, g, τ, u, d

Process Cross-section Events
[pb�1]

Signal e
+
e
� ! Z(cc)H(gg) 0.001911 400000

e
+
e
� ! Z(cc)H(ss) 0.000006 300000

e
+
e
� ! Z(cc)H(cc) 0.000675 400000

e
+
e
� ! Z(cc)H(bb) 0.013590 200000

e
+
e
� ! Z(qq)H(gg) 0.004367 400000

e
+
e
� ! Z(qq)H(ss) 0.000013 400000

e
+
e
� ! Z(qq)H(cc) 0.001542 200000

e
+
e
� ! Z(qq)H(bb) 0.031070 500000

e
+
e
� ! Z(bb)H(gg) 0.002454 200000

e
+
e
� ! Z(bb)H(ss) 0.000007 400000

e
+
e
� ! Z(bb)H(cc) 0.000866 400000

e
+
e
� ! Z(bb)H(bb) 0.017450 100000

e
+
e
� ! Z(ss)H(gg) 0.002453 400000

e
+
e
� ! Z(ss)H(ss) 0.000007 300000

e
+
e
� ! Z(ss)H(cc) 0.000866 300000

e
+
e
� ! Z(ss)H(bb) 0.017450 200000
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Cuts
• Events (orthogonal to  analysis) 

•  per event 
• Cuts on leptons 

• lepton (both )    &   per event 

• Cuts on   
• ,  
•  

• Clustering merging parameter cut ( )  
• On the jet pairs 

• Not same flavour pairs: Resolve  from the minimum  for both pairs, remaining  as  

• Same flavour pairs: Find minimum  for all jet combination
, ,   rejection 

•

ll, νν
nj = 4

e, μ pl < 20 GeV ne,μ ≤ 2
mvis, θvis

mvis > 150 GeV
0.15 < θvis < 3

d12, d23, d34

Z (mjj − mZ)2 jj H
(mj1j2 − mZ)2 + (mj3 j4 − mH)2

(mzjj
− mW)2 + (mHjj

− mW)2 > 10 (mzjj
− mZ)2 + (mHjj

− mZ)2 > 10 ZZ, WW

50 < mZjj
< 125 GeV, mHjj

> 91 GeV



6

Cut efficiencies
Lepton cut Mvis, ✓vis dij

e
+
e
� ! Z(cc)H(gg) 98.7 88.3 87.2

e
+
e
� ! Z(cc)H(ss) 99.0 88.4 86.3

e
+
e
� ! Z(cc)H(cc) 96.6 88.1 86.1

e
+
e
� ! Z(cc)H(bb) 89.7 83.5 81.2

e
+
e
� ! Z(qq)H(gg) 99.8 86.2 85.2

e
+
e
� ! Z(qq)H(ss) 99.9 86.6 84.6

e
+
e
� ! Z(qq)H(cc) 97.8 87.1 85.2

e
+
e
� ! Z(qq)H(bb) 91.4 83.8 81.7

e
+
e
� ! Z(bb)H(gg) 94.6 87.0 85.9

e
+
e
� ! Z(bb)H(ss) 95.0 87.3 85.1

e
+
e
� ! Z(bb)H(cc) 92.1 85.7 83.4

e
+
e
� ! Z(bb)H(bb) 84.4 79.8 77.3

e
+
e
� ! Z(ss)H(gg) 99.8 87.0 85.9

e
+
e
� ! Z(ss)H(ss) 99.9 87.2 85.2

e
+
e
� ! Z(ss)H(cc) 97.8 87.7 85.7

e
+
e
� ! Z(ss)H(bb) 91.3 84.1 82.0

Lepton cut Mvis, ✓vis dij

e
+
e
� ! Z(bb)H(⌧⌧) 63.7 43.9 32.8

e
+
e
� ! Z(ss)H(⌧⌧) 67.1 48.3 36.4

e
+
e
� ! Z(cc)H(⌧⌧) 68.0 50.2 38.1

e
+
e
� ! Z(qq)H(⌧⌧) 67.9 50.1 38.1

e
+
e
� ! Z(bb)H(Z�) 86.5 62.4 61.3

e
+
e
� ! Z(ss)H(Z�) 90.5 64.0 62.9

e
+
e
� ! Z(cc)H(Z�) 91.7 63.7 62.5

e
+
e
� ! Z(qq)H(Z�) 91.6 63.1 61.9

e
+
e
� ! Z(bb)H(WW ) 64.7 57.4 54.6

e
+
e
� ! Z(ss)H(WW ) 68.0 59.8 57.0

e
+
e
� ! Z(cc)H(WW ) 68.7 59.9 57.0

e
+
e
� ! Z(qq)H(WW ) 68.6 59.4 56.6

e
+
e
� ! Z(bb)H(ZZ) 81.8 60.6 57.8

e
+
e
� ! Z(ss)H(ZZ) 86.1 63.3 60.5

e
+
e
� ! Z(cc)H(ZZ) 87.5 63.9 61.1

e
+
e
� ! Z(qq)H(ZZ) 87.5 63.6 60.8

e
+
e
� ! Z(⌫⌫)H(jj) 87.5 00.1 00.0

e
+
e
� ! W

+
W

� 64.1 45.1 37.9
e
+
e
� ! ZZ 79.8 43.4 38.1

e
+
e
� ! Z/�

⇤(qq̄) 96.5 31.8 07.6

Lepton cut Mvis, ✓vis dij

e
+
e
� ! Z(cc)H(gg) 98.7 88.3 87.2

e
+
e
� ! Z(cc)H(ss) 99.0 88.4 86.3

e
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e
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e
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e
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e
+
e
� ! Z(qq)H(ss) 99.9 86.6 84.6

e
+
e
� ! Z(qq)H(cc) 97.8 87.1 85.2

e
+
e
� ! Z(qq)H(bb) 91.4 83.8 81.7

e
+
e
� ! Z(bb)H(gg) 94.6 87.0 85.9

e
+
e
� ! Z(bb)H(ss) 95.0 87.3 85.1

e
+
e
� ! Z(bb)H(cc) 92.1 85.7 83.4

e
+
e
� ! Z(bb)H(bb) 84.4 79.8 77.3

e
+
e
� ! Z(ss)H(gg) 99.8 87.0 85.9

e
+
e
� ! Z(ss)H(ss) 99.9 87.2 85.2

e
+
e
� ! Z(ss)H(cc) 97.8 87.7 85.7

e
+
e
� ! Z(ss)H(bb) 91.3 84.1 82.0

Lepton cut Mvis, ✓vis dij

e
+
e
� ! Z(bb)H(⌧⌧) 63.7 43.9 32.8

e
+
e
� ! Z(ss)H(⌧⌧) 67.1 48.3 36.4

e
+
e
� ! Z(cc)H(⌧⌧) 68.0 50.2 38.1

e
+
e
� ! Z(qq)H(⌧⌧) 67.9 50.1 38.1

e
+
e
� ! Z(bb)H(Z�) 86.5 62.4 61.3

e
+
e
� ! Z(ss)H(Z�) 90.5 64.0 62.9

e
+
e
� ! Z(cc)H(Z�) 91.7 63.7 62.5

e
+
e
� ! Z(qq)H(Z�) 91.6 63.1 61.9

e
+
e
� ! Z(bb)H(WW ) 64.7 57.4 54.6

e
+
e
� ! Z(ss)H(WW ) 68.0 59.8 57.0

e
+
e
� ! Z(cc)H(WW ) 68.7 59.9 57.0

e
+
e
� ! Z(qq)H(WW ) 68.6 59.4 56.6

e
+
e
� ! Z(bb)H(ZZ) 81.8 60.6 57.8

e
+
e
� ! Z(ss)H(ZZ) 86.1 63.3 60.5

e
+
e
� ! Z(cc)H(ZZ) 87.5 63.9 61.1

e
+
e
� ! Z(qq)H(ZZ) 87.5 63.6 60.8

e
+
e
� ! Z(⌫⌫)H(jj) 87.5 00.1 00.0

e
+
e
� ! W

+
W

� 64.1 45.1 37.9
e
+
e
� ! ZZ 79.8 43.4 38.1

e
+
e
� ! Z/�

⇤(qq̄) 96.5 31.8 07.6
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Before Cuts

Distributions on dij



10

Jet pairs construction flow
No same flavour pair foundZ(bb)H(bb)

Z(bb)H(cc)

Z(bb)H(ss)

Z(bb)H(gg)

Ignore for now

Three same 
flavour jets

Two pairs of same flavour jets per pair

One pair found

Find  and  jet pair 
based on 
Z H

χ2

Four same 
flavour jets

“recover” missing pair based 
on highest sum score

find highest 
probability per jet

Keep pair of 
highest score

find  and  based 
on  for all  
combinations

Z H
χ2 jjjj

Same flavour pairs

(1)

(2)

(3)

(4)

(5)
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Tr
ue

11eg  pair found (no  or  assignment yet)B = bb̄ H Z
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Jet energies 
• Technique of Jet 

energy “correction” by 
Patrick implemented  

• Added the inversion 
of the directions 
matrix to 
FCCAnalysis 

• Observe of small 
percentage of events 
with abnormal values 
after matrix inversion 
• Investigating this 

Patrick Janot 

Precision	with	e+e�	colliders	(4)	
q  Why	are	e+e�	colliders	the	tool	of	choice	for	precision	anyway	?	(cont’d)	

◆  Electrons	are	leptons,	i.e.,	elementary	particles:	no	underlying	event		
●  Corollary:	Final	state	has	known	energy	and	momentum:	(√s,	0,	0,	0)		

28-29 July 2016 
Physics at Future Colliders 7 

◆  Example:	an	e+e�	�	W+W�		�	qqqq	candidate	
●  Four	jets	in	the	event	and	nothing	else	
●  Total	energy	and	momentum	are	conserved	

➨  E1	+	E2	+	E3	+	E4	=	√s	
➨  P1

x,y,z	+	p2
x,y,z	+	p3

x,y,z	+	p4
x,y,z	=	0		

●  Jet	directions	(βi	=	pi/Ei)	are	very	well	measured	
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●  Jet	energies	(or	di-jet	masses:	mW)	determined	analytically	by	inverting	the	matrix	
➨  No	systematic	uncertainty	related	to	jet	energy	calibration		

A	lot	of	Z	are	available	anyway	to	calibrate	and	align	everything	

https://indico.cern.ch/event/520958/attachments/1317890/1975079/FutureColliders_2_2016.pdf
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Example of  distribution after energy correctionmjj

• Example histograms on the MC 
sample where both  decay to a 
pair of   

• Distributions shown are after the 
analysis where  are found and 
assigned to   

• The energy correction seems 
improve the distributions  

• The corrected  was used to 
perform the fit 

• Plotted as well the 

Z, H
b

bb̄bb̄
H, Z

mjj

mHjj + mZjj − mZ
50 60 70 80 90 100 110 120 130 140 150

bb→, H,Zjjm
0

1000

2000

3000

4000

5000

ev
en

ts
 / 

G
eV

mzcorrplusmhcorrminus92__3

Entries  56025
Mean    123.9
Std Dev     10.36

mjj_z_corr+mjj_h_corr-91.2 {mjj_z_flavour==3 && mjj_h_flavour==3}

 (corr.)Z-mbb→Z+mbb→Hm
bb→Zm
bb→Hm

 (corr.)bb→Hm
 (corr.)bb→Zm
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 distributionsmZjj
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FCCAnalyses: FCC-ee Simulation (Delphes)

 = 240.0 GeVs
-1L = 5 ab
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FCCAnalyses: FCC-ee Simulation (Delphes)
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-1L = 5 ab
 Z(jj) H(jj)→ -e+e

energy 
correction
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Yields & fit efficiencies s = 240 GeV, ℒ = 5 ab−1

• final efficiency < than cut efficiency 
• events without 2 jet pair findings  
• Requesting fitting categories discriminate further against background

Initial Lepton cut Mvis, ✓vis dij fit cat. Fit

e
+
e
� ! Z(cc)H(gg)

Yield 9555
98.7 88.3 87.2 69.3

4479
Sig. 0.508 1.329

e
+
e
� ! Z(cc)H(ss)

Yield 28
99.0 88.4 86.3 67.9

17
Sig. 0.001 0.005

e
+
e
� ! Z(cc)H(cc)

Yield 3374
96.6 88.1 86.1 70.1

2231
Sig. 0.180 0.662

e
+
e
� ! Z(cc)H(bb)

Yield 67950
89.7 83.5 81.2 68.0

44379
Sig. 3.616 13.166

e
+
e
� ! Z(qq)H(gg)

Yield 21835
99.8 86.2 85.2 60.3

6394
Sig. 1.162 1.897

e
+
e
� ! Z(qq)H(ss)

Yield 64
99.9 86.6 84.6 56.2

26
Sig. 0.003 0.008

e
+
e
� ! Z(qq)H(cc)

Yield 7710
97.8 87.1 85.2 67.8

3918
Sig. 0.410 1.162

e
+
e
� ! Z(qq)H(bb)

Yield 155350
91.4 83.8 81.7 68.0

79138
Sig. 8.266 23.477

e
+
e
� ! Z(bb)H(gg)

Yield 12270
94.6 87.0 85.9 70.3

5881
Sig. 0.653 1.745

e
+
e
� ! Z(bb)H(ss)

Yield 36
95.0 87.3 85.1 72.2

22
Sig. 0.002 0.007

e
+
e
� ! Z(bb)H(cc)

Yield 4332
92.1 85.7 83.4 69.6

2927
Sig. 0.231 0.868

e
+
e
� ! Z(bb)H(bb)

Yield 87250
84.4 79.8 77.3 62.8

52595
Sig. 4.643 15.603

e
+
e
� ! Z(ss)H(gg)

Yield 12265
99.8 87.0 85.9 62.3

4345
Sig. 0.653 1.289

e
+
e
� ! Z(ss)H(ss)

Yield 36
99.9 87.2 85.2 58.3

17
Sig. 0.002 0.005

e
+
e
� ! Z(ss)H(cc)

Yield 4330
97.8 87.7 85.7 70.1

2551
Sig. 0.230 0.757

e
+
e
� ! Z(ss)H(bb)

Yield 87250
91.3 84.1 82.0 69.0

50559
Sig. 4.643 14.999

Yields Lepton cut Mvis, ✓vis dij fit cat. Yield for Fit

e
+
e
� ! Z(bb)H(⌧⌧) 9400 63.7 43.9 32.8 26.5 268

e
+
e
� ! Z(ss)H(⌧⌧) 7320 67.1 48.3 36.4 26.8 196

e
+
e
� ! Z(cc)H(⌧⌧) 9395 68.0 50.2 38.1 24.8 213

e
+
e
� ! Z(qq)H(⌧⌧) 16730 67.9 50.1 38.1 22.1 286

e
+
e
� ! Z(bb)H(Z�) 230 86.5 62.4 61.3 43.5 79

e
+
e
� ! Z(ss)H(Z�) 179 90.5 64.0 62.9 43.6 63

e
+
e
� ! Z(cc)H(Z�) 230 91.7 63.7 62.5 39.6 70

e
+
e
� ! Z(qq)H(Z�) 409 91.6 63.1 61.9 38.1 113

e
+
e
� ! Z(bb)H(WW ) 32250 64.7 57.4 54.6 35.0 8672

e
+
e
� ! Z(ss)H(WW ) 25115 68.0 59.8 57.0 35.3 6622

e
+
e
� ! Z(cc)H(WW ) 32235 68.7 59.9 57.0 27.4 6077

e
+
e
� ! Z(qq)H(WW ) 57400 68.6 59.4 56.6 24.7 9133

e
+
e
� ! Z(bb)H(ZZ) 3958 81.8 60.6 57.8 39.3 1247

e
+
e
� ! Z(ss)H(ZZ) 3082 86.1 63.3 60.5 39.3 969

e
+
e
� ! Z(cc)H(ZZ) 3956 87.5 63.9 61.1 36.3 1050

e
+
e
� ! Z(qq)H(ZZ) 7045 87.5 63.6 60.8 34.8 1679

e
+
e
� ! Z(⌫⌫)H(jj) 230955 87.5 00.1 00.0 00.0 3

e
+
e
� ! W

+
W

� 82192500 64.1 45.1 37.9 12.0 8130416
e
+
e
� ! ZZ 6794950 79.8 43.4 38.1 12.2 640629

e
+
e
� ! Z/�

⇤(qq̄) 263269500 96.5 31.8 07.6 02.0 2295362
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Fitting strategy For the fit the HiggsAnalysis-CombinedLimit was 
used (within CMSSW - http://cms-
analysis.github.io/HiggsAnalysis-CombinedLimit/ 
(open access)) along with CombineHarvester (http://
cms-analysis.github.io/CombineHarvester/)

90 100 110 120 130 140 150 160 170 18050

60

70

80

90

100

110

120 mjj_vs_mz_2D_corr
Entries  46747
Mean x   124.7
Mean y   90.91
Std Dev x   8.325
Std Dev y   9.125

mjj_vs_mz_2D_corr
Entries  46747
Mean x   124.7
Mean y   90.91
Std Dev x   8.325
Std Dev y   9.125

BSevent
like

BCevent
like

BGevent
like

BBevent
like H

M

L

bbH_Hbb

bbH_Hcc

bbH_Hss

bbH_Hgg

mZjj (vs) mHjj

 bin on   

(  bin ) 
(14 total bins)

5 GeV mZjj

mHjj
1 GeV

Four signal strength 
 

Shape-Combined fit 
for all S+B in the 

categories (25k bins)

rHbb, rHcc, rHgg, rHss

Purity  
Categories 

(3 total)

MC Sample 
36 total

ccH_Hbb

ccH_Hcc

WW

Zqq

ZH categories (16 total) 
Z(b, c, s, q)H(b, c, s, g)

CBevent
like

Purity categories for H ! jj

B, C, G S

L < 1.1 < 0.8
M 2 [1.1, 1.8] 2 [0.8, 1.4]
H > 1.8 > 1.4

7

B, C, S S

L < 1.1 < 0.8
M 2 [1.1, 1.8] 2 [0.8, 1.4]
H > 1.8 > 1.4

Expected Precision for the
�(ZH)⇥ BR(H ! jj) at 68% CL

ZH final state Precision

Z ! jj (j = b, s, c, q)

H ! bb̄ 0.3%
H ! cc̄ 3.5%
H ! gg 2.4%
H ! ss̄ 436%

7

Independent fit with combineTF gives compatible results

http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/
http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/
http://cms-analysis.github.io/CombineHarvester/
http://cms-analysis.github.io/CombineHarvester/
http://cms-analysis.github.io/CombineHarvester/
http://cms-analysis.github.io/CombineHarvester/
https://cms-ml.github.io/documentation/inference/tensorflow2.html
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Reminder  analysisZH(ννjj)
• For the fit the HiggsAnalysis-CombinedLimit was used (within CMSSW - http://cms-analysis.github.io/HiggsAnalysis-

CombinedLimit/ (open access)) along with CombineHarvester (http://cms-analysis.github.io/CombineHarvester/)

Projection with  
 bin  

on 
5 GeV

mrecoil

Shape-Combined 
fit for all S+B in 

the 12 categories

B C S G

L < 1.1 < 1.0 < 1.1 < 1.2
M 2 [1.1, 1.9] 2 [1.0, 1.8] 2 [1.1, 1.7] 2 [1.2, 1.5]
H > 1.9 > 1.8 > 1.7 > 1.5

Precision
at 68% CL

r(Hgg) 1.1%
r(Hss̄) 137%
r(Hcc̄) 2.6%
r(Hbb̄) 0.36%

4

B C S G

L < 1.1 < 1.0 < 1.1 < 1.2

M 2 [1.1, 1.9] 2 [1.0, 1.8] 2 [1.1, 1.7] 2 [1.2, 1.5]

H > 1.9 > 1.8 > 1.7 > 1.5

4

Sevent
like

Cevent
like

Gevent
like

Bevent
like

H

M

L

Hbb

Hcc

Hss

Hgg
0 50 100 150 200 250

jjm
0

50

100

150

200

250

re
co

m

BL_Hbb
Entries  42172
Mean x   115.9

Mean y   102.1
Std Dev x   13.27

Std Dev y   18.18

1

10

210

BL_Hbb
Entries  42172
Mean x   115.9

Mean y   102.1
Std Dev x   13.27

Std Dev y   18.18

BL_Hbb

mreco (vs) mjj

https://indico.cern.ch/event/1244371/contributions/5318807/attachments/2634898/4558226/2023_04_25_FCC_Iakovidis.pdf
http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/
http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/
http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/
http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/
http://cms-analysis.github.io/CombineHarvester/
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Combine Z(νν)H & Z(qq)H
• First attempt to fit the inv. and full hadronic channels with combine 
• For the fit the HiggsAnalysis-CombinedLimit was used (within CMSSW - http://

cms-analysis.github.io/HiggsAnalysis-CombinedLimit/ (open access)) along 
with CombineHarvester (http://cms-analysis.github.io/CombineHarvester/)

Purity categories for H ! jj

B, C, G S

L < 1.1 < 0.8
M 2 [1.1, 1.8] 2 [0.8, 1.4]
H > 1.8 > 1.4

Expected Precision for the
�(ZH)⇥ BR(H ! jj) at 68% CL

ZH final state Precision
H ! bb̄ 0.2%

Z ! jj (j = b, s, c, q) H ! cc̄ 2.1%

Z ! ⌫⌫
H ! gg 1.0%
H ! ss̄ 130%

7

Pr
eli
mi
na
ry

http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/
http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/
http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/
http://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/
http://cms-analysis.github.io/CombineHarvester/
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Summary
• Analysis performed on the ZH full hadronic final state using the winter2023 

datasets, IDEA detector, ParticleNet tagger 
• Analysis strategy on jet scores gives encouraging preliminary results 

• Work is ongoing to improve the jet pairs and “recover” events where no pairs are 
found (if possible) 

• Analysis suffers (compared to leptonic channel) from the jet energy resolution and 
the ambiguities of jets originated to Z,H but benefits from high BR  
• Work towards to optimise method, clustering techniques to see if the result can 

improve 
• Fit on 4 signal strength shows encouraging results (validated with other techniques) 

• First attempt to combine  and  
• We will now be looking into the tracker layout(s) for additional improvements

ZH(ννjj) ZH( jjjj)
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Backup
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Jet energy 
• We flag events that show 

abnormal values after 
the matrix inversion 

• The percentage of events 
with this flag is shown 
on the tables after the 
above cuts 

• Signal events are 
0.1-0.2% of events 

• Background events vary 
from 0.1-0.6% 

• Not significant fraction

flag

e
+
e
� ! Z(cc)H(gg) 0.012

e
+
e
� ! Z(cc)H(ss) 0.012

e
+
e
� ! Z(cc)H(cc) 0.015

e
+
e
� ! Z(cc)H(bb) 0.019

e
+
e
� ! Z(qq)H(ss) 0.008

e
+
e
� ! Z(qq)H(gg) 0.008

e
+
e
� ! Z(qq)H(cc) 0.012

e
+
e
� ! Z(qq)H(bb) 0.017

e
+
e
� ! Z(bb)H(ss) 0.018

e
+
e
� ! Z(bb)H(gg) 0.018

e
+
e
� ! Z(bb)H(bb) 0.022

e
+
e
� ! Z(bb)H(cc) 0.020

e
+
e
� ! Z(ss)H(bb) 0.017

e
+
e
� ! Z(ss)H(gg) 0.009

e
+
e
� ! Z(ss)H(ss) 0.009

e
+
e
� ! Z(ss)H(cc) 0.012

flag

e
+
e
� ! Z(bb)H(⌧⌧) 0.032

e
+
e
� ! Z(ss)H(⌧⌧) 0.040

e
+
e
� ! Z(cc)H(⌧⌧) 0.037

e
+
e
� ! Z(qq)H(⌧⌧) 0.040

e
+
e
� ! Z(bb)H(Za) 0.017

e
+
e
� ! Z(cc)H(Za) 0.014

e
+
e
� ! Z(qq)H(Za) 0.012

e
+
e
� ! Z(ss)H(Za) 0.012

e
+
e
� ! Z(cc)H(WW ) 0.060

e
+
e
� ! Z(qq)H(WW ) 0.061

e
+
e
� ! Z(ss)H(WW ) 0.061

e
+
e
� ! Z(bb)H(WW ) 0.057

e
+
e
� ! Z(bb)H(ZZ) 0.053

e
+
e
� ! Z(cc)H(ZZ) 0.055

e
+
e
� ! Z(qq)H(ZZ) 0.056

e
+
e
� ! Z(ss)H(ZZ) 0.056

e
+
e
� ! Z(⌫⌫)H(jj) 0.000

e
+
e
� ! W

+
W

� 0.032
e
+
e
� ! ZZ 0.012

e
+
e
� ! Z/�

⇤(qq̄) 0.009

8

flag

e
+
e
� ! Z(cc)H(gg) 0.012

e
+
e
� ! Z(cc)H(ss) 0.012

e
+
e
� ! Z(cc)H(cc) 0.015

e
+
e
� ! Z(cc)H(bb) 0.019

e
+
e
� ! Z(qq)H(ss) 0.008

e
+
e
� ! Z(qq)H(gg) 0.008

e
+
e
� ! Z(qq)H(cc) 0.012

e
+
e
� ! Z(qq)H(bb) 0.017

e
+
e
� ! Z(bb)H(ss) 0.018

e
+
e
� ! Z(bb)H(gg) 0.018

e
+
e
� ! Z(bb)H(bb) 0.022

e
+
e
� ! Z(bb)H(cc) 0.020

e
+
e
� ! Z(ss)H(bb) 0.017

e
+
e
� ! Z(ss)H(gg) 0.009

e
+
e
� ! Z(ss)H(ss) 0.009

e
+
e
� ! Z(ss)H(cc) 0.012

flag

e
+
e
� ! Z(bb)H(⌧⌧) 0.032

e
+
e
� ! Z(ss)H(⌧⌧) 0.040

e
+
e
� ! Z(cc)H(⌧⌧) 0.037

e
+
e
� ! Z(qq)H(⌧⌧) 0.040

e
+
e
� ! Z(bb)H(Za) 0.017

e
+
e
� ! Z(cc)H(Za) 0.014

e
+
e
� ! Z(qq)H(Za) 0.012

e
+
e
� ! Z(ss)H(Za) 0.012

e
+
e
� ! Z(cc)H(WW ) 0.060

e
+
e
� ! Z(qq)H(WW ) 0.061

e
+
e
� ! Z(ss)H(WW ) 0.061

e
+
e
� ! Z(bb)H(WW ) 0.057

e
+
e
� ! Z(bb)H(ZZ) 0.053

e
+
e
� ! Z(cc)H(ZZ) 0.055

e
+
e
� ! Z(qq)H(ZZ) 0.056

e
+
e
� ! Z(ss)H(ZZ) 0.056

e
+
e
� ! Z(⌫⌫)H(jj) 0.000

e
+
e
� ! W

+
W

� 0.032
e
+
e
� ! ZZ 0.012

e
+
e
� ! Z/�

⇤(qq̄) 0.009

8

total events normalised to 1


