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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

 [GeV]HM
120 121 122 123 124 125 126 127 128 129 130

Br
an

ch
in

g 
R

at
io

-410

-310

-210

-110

1

LH
C

 H
IG

G
S 

XS
 W

G
 2

01
6

bb

ττ

µµ

cc

gg

γγ

ZZ

WW

γZ

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 ! 

• Expand the analysis at 

s = 240 GeV
Z →

s = 365 GeV

Higgsstrahlung

VBFHandbook of LHC Higgs cross sections 
arXiv:1610.07922 

H BR (%)

mH = 125.0GeV

bb̄ 58.24

cc̄ 2.891
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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
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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 energy correction <30 

• On the jet pairs 
• 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

χ2

(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
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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
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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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Jet pairs reconstruction flow chart

Four same flavour jets

bbH, H->bb

Highest Score
Per Jet

j=b,c,s,g,τ,u,d
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exclusive, njets=4

Two pairs found
Different flavour per pair

One pair found

Three same flavour jets Keep pair with highest
sum or score

pair
finding

Recover pair
Find pair of same
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x2
combinatorics

for all jets

Z, H assignment
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ZH

bbH, H->cc

bbH, H->ss

bbH, H->gg

Monte Carlo
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ZZ
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No pair found
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Jet energies 
• Technique of Jet 

energy “correction” 
by Patrick 
implemented  

• Added the inversion 
of the directions 
matrix to 
FCCAnalysis 

• In case of wrong 
calculation, use 
nominal values (small 
percentage of events)

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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• 100% of the events (after cuts) now reconstructed 
• eg  pair found (no  or  assignment yet)B = bb̄ H Z
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5.054 5.357 1.007 2.171 22.644 33.537 30.230
13.070 14.048 1.265 2.365 24.559 10.404 34.288
2.460 2.686 0.505 64.308 8.820 5.339 15.882
2.644 2.801 0.570 15.587 54.841 6.010 17.547
4.660 5.367 0.888 19.343 14.310 30.719 24.713
11.813 13.121 0.981 20.021 14.931 10.784 28.349
9.459 4.054 14.189 31.419 19.257 5.743 15.878
14.904 15.886 0.714 0.699 26.327 32.370 9.101
12.637 12.547 2.364 21.372 19.346 18.944 12.790
19.794 8.654 21.579 9.041 16.944 12.069 11.919
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1.609 1.621 0.028 1.629 48.992 3.152 42.969
1.949 2.293 0.077 0.524 49.217 36.371 9.569
0.280 0.227 0.044 0.821 89.210 1.251 8.167
0.099 0.079 0.015 49.250 46.210 0.417 3.931
13.861 15.529 0.099 1.593 2.586 8.292 58.041
16.181 18.609 0.209 0.160 0.929 41.730 22.181
13.238 14.614 0.191 0.429 49.524 5.813 16.191
12.852 14.413 0.164 50.169 1.786 4.988 15.627
1.537 1.532 0.016 50.392 2.660 2.587 41.277
1.878 2.236 0.080 50.383 1.597 35.320 8.505
0.095 0.071 0.021 49.239 46.577 0.384 3.614
0.034 0.020 0.011 91.673 1.178 0.107 6.977
3.690 4.167 0.071 1.465 2.592 35.046 52.969
4.889 5.980 0.172 0.145 1.202 66.413 21.198
1.832 2.124 0.127 0.355 49.158 35.256 11.148
1.708 2.030 0.106 49.831 1.646 34.277 10.402
0.321 0.181 43.524 49.745 4.892 0.153 1.184
0.491 0.334 44.373 0.978 51.653 0.561 1.609
2.126 2.361 44.666 0.860 8.560 38.340 3.087
15.367 17.393 46.533 1.124 9.724 4.714 5.145
9.852 3.562 5.884 55.896 9.385 7.984 7.437
10.144 3.651 5.465 10.937 53.432 8.556 7.816
14.792 5.919 6.745 11.400 10.472 37.753 12.918
29.849 13.442 7.325 11.809 10.358 12.503 14.715
3.637 3.754 1.101 50.680 18.486 5.087 17.255
4.165 4.231 1.217 2.537 57.891 7.209 22.749
5.908 6.384 1.498 2.326 23.216 32.273 28.396
13.274 14.529 1.670 2.501 24.567 11.773 31.685
3.382 3.777 0.848 56.735 10.310 7.142 17.806
3.466 3.778 0.899 14.384 51.082 7.671 18.721
5.216 6.038 1.142 16.229 13.046 33.276 25.053
13.109 14.726 1.235 16.847 13.418 11.933 28.732
11.655 3.885 20.270 24.493 18.581 6.250 14.865
12.926 13.157 0.812 1.238 34.131 25.205 12.531
12.071 12.405 2.364 19.911 18.025 18.833 16.392
15.406 9.343 14.321 11.097 15.048 14.101 20.684

U D TAU B C S G
 gg→ cc, H→Z
 ss→ cc, H→Z
 cc→ cc, H→Z
 bb→ cc, H→Z
 gg→ qq, H→Z
 ss→ qq, H→Z
 cc→ qq, H→Z
 bb→ qq, H→Z
 gg→ bb, H→Z
 ss→ bb, H→Z
 cc→ bb, H→Z
 bb→ bb, H→Z
 gg→ ss, H→Z
 ss→ ss, H→Z
 cc→ ss, H→Z
 bb→ ss, H→Z
ττ → bb, H→Z
ττ → cc, H→Z
ττ → ss H→Z
ττ → qq H→Z

 Za→ bb, H→Z
 Za→ cc, H→Z
 Za→ ss, H→Z
 Za→ qq, HZ→Z

 WW→ bb, H→Z
 WW→ cc, H→Z
 WW→ ss, H→Z
 WW→ qq, HZ→Z

 ZZ→ bb, H→Z
 ZZ→ cc, H→Z
 ZZ→ ss, H→Z
 ZZ→ qq, HZ→Z
 qq→ Hνν →Z

WW
ZZ

Zqq
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ScoreMap All pairs

1.609 1.621 0.028 1.629 48.992 3.152 42.969
1.949 2.293 0.077 0.524 49.217 36.371 9.569
0.280 0.227 0.044 0.821 89.210 1.251 8.167
0.099 0.079 0.015 49.250 46.210 0.417 3.931
13.861 15.529 0.099 1.593 2.586 8.292 58.041
16.181 18.609 0.209 0.160 0.929 41.730 22.181
13.238 14.614 0.191 0.429 49.524 5.813 16.191
12.852 14.413 0.164 50.169 1.786 4.988 15.627
1.537 1.532 0.016 50.392 2.660 2.587 41.277
1.878 2.236 0.080 50.383 1.597 35.320 8.505
0.095 0.071 0.021 49.239 46.577 0.384 3.614
0.034 0.020 0.011 91.673 1.178 0.107 6.977
3.690 4.167 0.071 1.465 2.592 35.046 52.969
4.889 5.980 0.172 0.145 1.202 66.413 21.198
1.832 2.124 0.127 0.355 49.158 35.256 11.148
1.708 2.030 0.106 49.831 1.646 34.277 10.402
0.321 0.181 43.524 49.745 4.892 0.153 1.184
0.491 0.334 44.373 0.978 51.653 0.561 1.609
2.126 2.361 44.666 0.860 8.560 38.340 3.087
15.367 17.393 46.533 1.124 9.724 4.714 5.145
9.852 3.562 5.884 55.896 9.385 7.984 7.437
10.144 3.651 5.465 10.937 53.432 8.556 7.816
14.792 5.919 6.745 11.400 10.472 37.753 12.918
29.849 13.442 7.325 11.809 10.358 12.503 14.715
3.637 3.754 1.101 50.680 18.486 5.087 17.255
4.165 4.231 1.217 2.537 57.891 7.209 22.749
5.908 6.384 1.498 2.326 23.216 32.273 28.396
13.274 14.529 1.670 2.501 24.567 11.773 31.685
3.382 3.777 0.848 56.735 10.310 7.142 17.806
3.466 3.778 0.899 14.384 51.082 7.671 18.721
5.216 6.038 1.142 16.229 13.046 33.276 25.053
13.109 14.726 1.235 16.847 13.418 11.933 28.732
11.655 3.885 20.270 24.493 18.581 6.250 14.865
12.926 13.157 0.812 1.238 34.131 25.205 12.531
12.071 12.405 2.364 19.911 18.025 18.833 16.392
15.406 9.343 14.321 11.097 15.048 14.101 20.684
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1.764 1.745 0.008 1.457 39.152 3.254 52.620
2.753 3.322 0.064 0.234 25.228 58.423 9.976
0.229 0.167 0.026 0.515 89.881 1.014 8.168
0.026 0.015 0.004 83.264 13.426 0.104 3.161
9.909 10.869 0.028 1.656 2.528 6.760 68.250
9.589 11.167 0.089 0.117 0.711 61.448 16.880
2.898 2.922 0.030 0.228 84.564 1.869 7.489
2.202 2.449 0.016 87.019 0.952 1.018 6.343
1.692 1.637 0.005 41.832 2.477 2.828 49.529
2.799 3.360 0.080 26.049 1.672 56.704 9.335
0.090 0.063 0.014 21.445 74.468 0.435 3.485
0.033 0.015 0.009 91.164 0.838 0.119 7.821
3.431 3.792 0.026 1.539 2.562 23.930 64.720
4.770 5.967 0.082 0.118 0.988 69.696 18.378
0.517 0.552 0.024 0.233 83.684 9.132 5.857
0.367 0.367 0.011 86.756 0.896 7.110 4.493
0.513 0.276 79.282 10.624 8.019 0.223 1.063
0.594 0.324 76.205 0.978 20.197 0.371 1.331
1.154 0.944 77.333 0.864 11.682 7.308 0.715
4.177 3.719 77.222 0.977 11.972 1.067 0.865
6.983 1.508 2.087 72.113 6.867 4.941 5.500
7.614 1.746 1.794 12.482 64.049 6.041 6.275
13.807 4.851 2.496 14.742 12.485 39.131 12.489
31.150 11.558 2.603 15.303 12.660 12.425 14.302
1.617 1.603 0.441 68.853 11.812 2.442 13.231
2.369 2.301 0.551 2.055 66.696 5.147 20.881
5.054 5.357 1.007 2.171 22.644 33.537 30.230
13.070 14.048 1.265 2.365 24.559 10.404 34.288
2.460 2.686 0.505 64.308 8.820 5.339 15.882
2.644 2.801 0.570 15.587 54.841 6.010 17.547
4.660 5.367 0.888 19.343 14.310 30.719 24.713
11.813 13.121 0.981 20.021 14.931 10.784 28.349
9.459 4.054 14.189 31.419 19.257 5.743 15.878
14.904 15.886 0.714 0.699 26.327 32.370 9.101
12.637 12.547 2.364 21.372 19.346 18.944 12.790
19.794 8.654 21.579 9.041 16.944 12.069 11.919
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1.764 1.745 0.008 1.457 39.152 3.254 52.620
2.753 3.322 0.064 0.234 25.228 58.423 9.976
0.229 0.167 0.026 0.515 89.881 1.014 8.168
0.026 0.015 0.004 83.264 13.426 0.104 3.161
9.909 10.869 0.028 1.656 2.528 6.760 68.250
9.589 11.167 0.089 0.117 0.711 61.448 16.880
2.898 2.922 0.030 0.228 84.564 1.869 7.489
2.202 2.449 0.016 87.019 0.952 1.018 6.343
1.692 1.637 0.005 41.832 2.477 2.828 49.529
2.799 3.360 0.080 26.049 1.672 56.704 9.335
0.090 0.063 0.014 21.445 74.468 0.435 3.485
0.033 0.015 0.009 91.164 0.838 0.119 7.821
3.431 3.792 0.026 1.539 2.562 23.930 64.720
4.770 5.967 0.082 0.118 0.988 69.696 18.378
0.517 0.552 0.024 0.233 83.684 9.132 5.857
0.367 0.367 0.011 86.756 0.896 7.110 4.493
0.513 0.276 79.282 10.624 8.019 0.223 1.063
0.594 0.324 76.205 0.978 20.197 0.371 1.331
1.154 0.944 77.333 0.864 11.682 7.308 0.715
4.177 3.719 77.222 0.977 11.972 1.067 0.865
6.983 1.508 2.087 72.113 6.867 4.941 5.500
7.614 1.746 1.794 12.482 64.049 6.041 6.275
13.807 4.851 2.496 14.742 12.485 39.131 12.489
31.150 11.558 2.603 15.303 12.660 12.425 14.302
1.617 1.603 0.441 68.853 11.812 2.442 13.231
2.369 2.301 0.551 2.055 66.696 5.147 20.881
5.054 5.357 1.007 2.171 22.644 33.537 30.230
13.070 14.048 1.265 2.365 24.559 10.404 34.288
2.460 2.686 0.505 64.308 8.820 5.339 15.882
2.644 2.801 0.570 15.587 54.841 6.010 17.547
4.660 5.367 0.888 19.343 14.310 30.719 24.713
11.813 13.121 0.981 20.021 14.931 10.784 28.349
9.459 4.054 14.189 31.419 19.257 5.743 15.878
14.904 15.886 0.714 0.699 26.327 32.370 9.101
12.637 12.547 2.364 21.372 19.346 18.944 12.790
19.794 8.654 21.579 9.041 16.944 12.069 11.919
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1.453 1.497 0.048 1.802 58.832 3.049 33.318
1.144 1.265 0.090 0.813 73.206 14.319 9.161
0.332 0.288 0.062 1.126 88.538 1.488 8.166
0.172 0.142 0.025 15.235 78.993 0.730 4.702
17.813 20.189 0.170 1.529 2.644 9.824 47.832
22.774 26.052 0.329 0.203 1.147 22.013 27.481
23.577 26.307 0.351 0.630 14.485 9.757 24.893
23.503 26.378 0.313 13.320 2.619 8.958 24.911
1.381 1.426 0.026 58.953 2.842 2.347 33.025
0.958 1.112 0.081 74.716 1.521 13.936 7.675
0.100 0.078 0.027 77.033 18.685 0.334 3.743
0.036 0.025 0.012 92.182 1.519 0.094 6.132
3.949 4.542 0.116 1.391 2.621 46.163 41.218
5.009 5.993 0.263 0.172 1.416 63.130 24.017
3.146 3.695 0.230 0.476 14.632 61.381 16.440
3.048 3.693 0.201 12.905 2.397 61.445 16.311
0.128 0.087 7.766 88.866 1.765 0.083 1.304
0.388 0.345 12.541 0.978 83.109 0.752 1.888
3.097 3.778 12.000 0.856 5.438 69.372 5.459
26.557 31.067 15.843 1.270 7.477 8.362 9.425
12.720 5.616 9.680 39.679 11.904 11.028 9.373
12.673 5.556 9.136 9.393 42.815 11.070 9.357
15.777 6.987 10.995 8.058 8.460 36.376 13.348
28.548 15.325 12.047 8.315 8.057 12.582 15.127
5.656 5.905 1.761 32.508 25.161 7.732 21.278
5.961 6.162 1.883 3.019 49.086 9.270 24.618
6.762 7.410 1.988 2.481 23.788 31.010 26.562
13.478 15.010 2.076 2.637 24.575 13.143 29.082
4.305 4.869 1.190 49.161 11.800 8.945 19.730
4.288 4.755 1.227 13.180 47.323 9.332 19.895
5.772 6.709 1.396 13.115 11.782 35.833 25.392
14.405 16.330 1.489 13.673 11.905 13.082 29.116
13.851 3.716 26.351 17.568 17.905 6.757 13.851
10.948 10.428 0.910 1.778 41.935 18.040 15.961
11.505 12.263 2.363 18.450 16.703 18.723 19.994
11.018 10.032 7.063 13.153 13.152 16.134 29.448
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  distributions for 7.2ab-1mHjj mZjj
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Z(cc) H(WW) Z(qq) H(WW) Z(ss) H(WW) Z(bb) H(WW)
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) H(jj)ννZ( WW ZZ Zqq
Z(cc) H(gg) Z(cc) H(ss) Z(cc) H(cc) Z(cc) H(bb)
Z(qq) H(ss) Z(qq) H(gg) Z(qq) H(cc) Z(qq) H(bb)
Z(bb) H(ss) Z(bb) H(gg) Z(bb) H(bb) Z(bb) H(cc)

Z(ss) H(bb) Z(ss) H(gg) Z(ss) H(ss) Z(ss) H(cc)

FCCAnalyses: FCC-ee Simulation (Delphes)

 = 240.0 GeVs
-1L = 7.2 ab

 Z(jj) H(jj)→ -e+e
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) H(jj)ννZ( WW ZZ Zqq
Z(cc) H(gg) Z(cc) H(ss) Z(cc) H(cc) Z(cc) H(bb)
Z(qq) H(ss) Z(qq) H(gg) Z(qq) H(cc) Z(qq) H(bb)
Z(bb) H(ss) Z(bb) H(gg) Z(bb) H(bb) Z(bb) H(cc)
Z(ss) H(bb) Z(ss) H(gg) Z(ss) H(ss) Z(ss) H(cc)

FCCAnalyses: FCC-ee Simulation (Delphes)

 = 240.0 GeVs
-1L = 7.2 ab

 Z(jj) H(jj)→ -e+e
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FCCAnalyses: FCC-ee Simulation (Delphes)

 = 240.0 GeVs
-1L = 7.2 ab

 Z(jj) H(jj)→ -e+e
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s = 365 GeV
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Datasets

additional  in 
backgrounds

tt̄

• 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 (365) Cross-section Events
[pb�1]

Signal e
+
e
� ! Z(cc)H(gg) 0.001182 1200000

e
+
e
� ! Z(cc)H(ss) 2.887e-06 1100000

e
+
e
� ! Z(cc)H(cc) 0.0004173 1100000

e
+
e
� ! Z(cc)H(bb) 0.008407 900000

e
+
e
� ! Z(qq)H(gg) 0.002701 1100000

e
+
e
� ! Z(qq)H(ss) 6.599e-06 1100000

e
+
e
� ! Z(qq)H(cc) 0.000954 1100000

e
+
e
� ! Z(qq)H(bb) 0.01922 1200000

e
+
e
� ! Z(bb)H(gg) 0.001506 1200000

e
+
e
� ! Z(bb)H(ss) 3.678e-06 1200000

e
+
e
� ! Z(bb)H(cc) 0.0005316 1200000

e
+
e
� ! Z(bb)H(bb) 0.01071 1200000

e
+
e
� ! Z(ss)H(gg) 0.001518 1200000

e
+
e
� ! Z(ss)H(ss) 3.708e-06 1200000

e
+
e
� ! Z(ss)H(cc) 0.0005359 900000

e
+
e
� ! Z(ss)H(bb) 0.0108 1200000

Process Cross-section Events
[pb�1]

Background e
+
e
� ! Z(bb)H(⌧⌧) 0.001153 1000000

e
+
e
� ! Z(cc)H(⌧⌧) 0.0009054 1200000

e
+
e
� ! Z(ss)H(⌧⌧) 0.001163 1100000

e
+
e
� ! Z(qq)H(⌧⌧) 0.00207 1200000

e
+
e
� ! Z(bb)H(Z�) 2.819e-05 1100000

e
+
e
� ! Z(cc)H(Z�) 2.213e-05 1100000

e
+
e
� ! Z(ss)H(Z�) 2.842e-05 1200000

e
+
e
� ! Z(qq)H(Z�) 5.058e-05 1100000

e
+
e
� ! Z(bb)H(WW ) 0.003957 1200000

e
+
e
� ! Z(cc)H(WW ) 0.003107 1200000

e
+
e
� ! Z(qq)H(WW ) 0.003989 1000000

e
+
e
� ! Z(ss)H(WW ) 0.007101 1100000

e
+
e
� ! Z(bb)H(ZZ) 0.0004857 1000000

e
+
e
� ! Z(cc)H(ZZ) 0.0003813 1000000

e
+
e
� ! Z(ss)H(ZZ) 0.0004896 1100000

e
+
e
� ! Z(qq)H(ZZ) 0.0008715 1200000

e
+
e
� ! Z(⌫⌫)H(jj) 0.05394 2200000

e
+
e
� ! W

+
W

� 10.7165 11754213
e
+
e
� ! ZZ 0.6428 11470944

e
+
e
� ! Z/�

⇤(qq̄) 21.4149 6000000
e
+
e
� ! tt̄ 0.8 2700000
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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 energy correction <100 

• On the jet pairs 
• 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 Evis > 190 GeV
0.15 < θvis < 3

d12, d23, d34

χ2

(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
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Cut efficiencies
Lepton cut Mvis, Evis, ✓vis dij �

2

e
+
e
� ! Z(cc)H(gg) 95.1 75.3 74.7 72.2

e
+
e
� ! Z(cc)H(ss) 95.6 76.0 75.3 73.0

e
+
e
� ! Z(cc)H(cc) 90.4 74.0 73.5 70.2

e
+
e
� ! Z(cc)H(bb) 80.9 68.6 68.2 63.3

e
+
e
� ! Z(qq)H(gg) 99.3 75.0 74.1 72.9

e
+
e
� ! Z(qq)H(ss) 99.8 75.7 74.8 73.7

e
+
e
� ! Z(qq)H(cc) 94.5 74.8 74.1 71.7

e
+
e
� ! Z(qq)H(bb) 85.0 70.5 70.0 65.6

e
+
e
� ! Z(bb)H(gg) 86.6 71.8 71.3 67.0

e
+
e
� ! Z(bb)H(ss) 87.2 72.4 71.9 67.6

e
+
e
� ! Z(bb)H(cc) 81.9 69.3 68.9 64.1

e
+
e
� ! Z(bb)H(bb) 72.5 63.0 62.7 56.8

e
+
e
� ! Z(ss)H(gg) 99.3 75.8 74.9 73.6

e
+
e
� ! Z(ss)H(ss) 99.8 76.5 75.5 74.4

e
+
e
� ! Z(ss)H(cc) 94.6 75.4 74.6 72.2

e
+
e
� ! Z(ss)H(bb) 85.1 70.9 70.3 66.0

Lepton cut Mvis, ✓vis dij �
2

e
+
e
� ! Z(bb)H(⌧⌧) 55.2 49.5 42.5 19.6

e
+
e
� ! Z(ss)H(⌧⌧) 61.1 55.6 47.4 22.4

e
+
e
� ! Z(cc)H(⌧⌧) 63.8 58.5 49.9 23.6

e
+
e
� ! Z(qq)H(⌧⌧) 63.8 58.5 49.9 23.6

e
+
e
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e
+
e
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e
+
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� ! W

+
W

� 63.8 41.8 31.2 27.9
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� ! ZZ 76.8 37.7 32.7 29.9

e
+
e
� ! Z/�

⇤(qq̄) 99.6 31.2 15.9 15.4
e
+
e
� ! tt̄ 53.6 50.5 49.5 37.9
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2
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Lepton cut Mvis, ✓vis dij �
2

e
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e
+
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� ! Z(ss)H(⌧⌧) 61.1 55.6 47.4 22.4

e
+
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� ! Z(cc)H(⌧⌧) 63.8 58.5 49.9 23.6
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e
+
e
� ! Z(qq)H(Z�) 90.1 68.6 58.9 51.6
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Lepton distributions
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Distributions on ,  and Mvis Evis θvis
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  distributionsmHjj mZjj
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Fitting strategy
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BBevent
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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

Fit now moved to combineTF

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 240 240 & MCStat 365 365 & MCStat
H ! bb̄ 0.25% 0.32% 0.50% 0.52%

Z ! jj (j = b, s, c, q) H ! cc̄ 2.52% 3.38% 3.65% 4.68%
H ! gg 1.92% 3.01% 3.08% 4.15%
H ! ss̄ 352% 477% 554% 664%

https://cms-ml.github.io/documentation/inference/tensorflow2.html
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Likelihood scans
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Reminder  analysis now at  
7.2ab-1 at   
2.32ab-1  

ZH(ννjj)
s = 240 GeV

s = 365 GeV

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

4
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BL_Hbb

mreco (vs) mjj

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 240 240 & MCStat 365 365 & MCStat
H ! bb̄ 0.31% 0.36% 0.81% 0.84%

Z ! ⌫⌫ H ! cc̄ 2.23% 2.68% 4.69% 5.01%
H ! gg 0.95% 0.98% 3.02% 3.21%
H ! ss̄ 128% 145% 358% 395%

https://indico.cern.ch/event/1244371/contributions/5318807/attachments/2634898/4558226/2023_04_25_FCC_Iakovidis.pdf
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Combine Z(νν)H( jj) & Z( jj)H( jj)
• First attempt to fit the inv. and full hadronic channels with combineTF for 

both  and s = 240 GeV s = 365 GeV

Prel
im

inary

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 Combined Combined & MCStat
H ! bb̄ 0.19% 0.22%

Z ! jj (j = b, s, c, q) H ! cc̄ 1.45% 1.77%

Z ! ⌫⌫
H ! gg 0.86% 0.88%
H ! ss̄ 112% 125%


