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Higgs width and its LHC/FCC-ee measurement methods
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Model-dependent 
measurement 

(theoretical assumptions)

(HL-)LHC
proton-proton 

FCC-ee
electron-positron

For a 125 GeV Higgs 
boson : 

Model-independent 
measurement 

Standard Model 
prediction

Essential property of the 
Higgs boson

=> directly linked to its 
decays so potentially to 

new physics!

In e+e-, energy 
involved in the 

collision (initial state) 
is known!

Width of the order of MeV => impossible via direct 
measurement through lineshape



Higgs factory (ZH) at     s = 240 GeV

for a luminosity of 5 ab-1 for the ZH 
run in these studies

=> direct measurement of ZH 
cross section in electron-positron 
collider (initial energy known so 
access to recoil mass) 
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Specific decay of the Higgs : H(ZZ*) 

●  

●  

Link between Higgs’ width 
and ZH,ZZZ cross section
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Higgs’ width measurement and its uncertainty

 

the uncertainty on the width 
is the one on the ZH(ZZ*) 

cross section in first 
approximation
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ZH(ZZ*) - Different final states

studied so far?What has been 

● 4 leptons final states (all combinations with either vv or jj)
● Mixed final states (3 combinations of ll+jj+vv) 
● One 4 jets final state (challenging)
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Notation: 
Z(xx)Z(xx)Z*(xx)



Outline

Cut-based analysis, and 
combination

Background normalisation and 
neutral hadron energy resolution

Cut based analysis and BDT-based 
analysis, and combination
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Encountered challenges for 
some 4l and 4j channels
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4l + X final states

Impact of systematics

ll+jj+vv final states

Challenging channels
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Object reconstruction, samples, 
backgrounds

01

Common features



Common 
features in 

analyses

01
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- Pair of (high momentum) leptons coming from on-shell or off-shell Z(s) 

=> For on-shell Z(s), pair(s) of same flavor and opposite sign leptons both passing the selection 
25<p<80GeV reconstructed by taking the lepton pair with the dilepton mass closest to the Z 
mass. In the 4l case, if the other Z is off-shell, remaining same flavor and opposite sign leptons 
with p>5GeV. 

 => Preselection to select the right number of leptonic Z depending on the considered channel

- Jets (coming from either the on shell or off shell Z of the Higgs) 

 => Jet reconstruction with Durham-kt algorithm in the FCC Analysis framework, njets mode with 
njets = 2 (or 4 in 4j case). Hadronic Zs reconstructed picking the pair of jets with the dijet mass 
closest to the Z mass (and building its 4-vector) , and building the off-shell Z from the leftover jets.

- Neutrinos 

=> extraction of missing energy, missing transverse energy, missing z-momentum

Common object reconstruction
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● ZZ 
● WW
● ZH with all other Higgs’ decays :

 
                            

Expected number of signal and background (in this study for 5ab-1):

Most 
abundant

Backgrounds for ZH(ZZ*) and samples

10

Samples:
FCC-ee winter2023 production with IDEA Delphes datacard
ZH: Whizard+Pythia6
ZZ/WW: Pythia8



4 leptons (4l + X) 
final states
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Work done by Hind Taibi (with Marco 
Delmastro and Olivier Arnaez, LAPP, Annecy) 
Note: every figure in this part is taken from her work

Hind’s internship presentation  
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+ Few points on a similar new studies done in the Bari group!

https://github.com/hindtaibi/FCCAnalyses_Hind/blob/main/Presentation.pdf


Analysis/results: 
=> cut-based 
using recoil mass, dilepton mass, 
missing energy, …

Final states and analysis strategy

Consider every (6) possible combinations 
of 4 leptons + either vv or jj

Uncertainties obtained with 
individual fits and combination of 

4 out the 6 channels
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Main selections

● First selections for each 
channel based on 
essential features of 
their signature

● Ensuring orthogonality 
between channels for 
the combined fit
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with



Main selections

● First selections for each 
channel based on 
essential features of 
their signature

● Ensuring orthogonality 
between channels for 
the combined fit
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with

‘Clear’ channels



4 clear channels - variables used for their fit

Z(ll)Z(ll)Z*(jj)Z(ll)Z(jj)Z*(ll)

Z(vv)Z(ll)Z*(ll)
Z(jj)Z(ll)Z*(ll)

Mass of the jet pair 
and the off-shell Z 

lepton pair
(cutflow)

Mass of the 2 
lepton pairs

(cutflow)

Recoil mass of the 
first Z lepton pair

(cutflow)

Mass of the 2 lepton 
pairs

(cutflow)

Note: these distributions are smoothed,  distributions 
before smoothing are shown in backup
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4 clear channels - variables used for their fit

Z(ll)Z(ll)Z*(jj)Z(ll)Z(jj)Z*(ll)

Z(vv)Z(ll)Z*(ll)
Z(jj)Z(ll)Z*(ll)

Mass of the jet pair 
and the off-shell Z 

lepton pair
(cutflow)

Mass of the 2 
lepton pairs

(cutflow)

Recoil mass of the 
first Z lepton pair

(cutflow)

Mass of the 2 lepton 
pairs

(cutflow)

Note: these distributions are smoothed,  distributions 
before smoothing are shown in backup

Reach a good S/B 
with kinematic 

selection analyses!
(Without using BDT!)
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Fits and combination

Z(ll)Z(ll)Z*(jj)

Z(ll)Z(jj)Z*(ll)

Z(vv)Z(ll)Z*(ll)

Z(jj)Z(ll)Z*(ll)

Fit results (uncertainty on H(ZZ*) 
cross section) 

COMBINEFinal result for the width 
uncertainty using 
kinematic selections: 

Included systematics : 
● For jjllll and lljjll only: H(qq) 

normalisation : 10% 
● ZZ normalisation : 10%
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Alternative 4l studies

18

Z(jj)Z(ll)Z*(ll)
Z(vv)Z(ll)Z*(ll)

In yellow, differences 
with Hind’s work

Hind=>5ab-1

Hind=> no Zqq, all ZH,H(xx)



Alternative 4l studies
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Z(jj)Z(ll)Z*(ll)
Z(vv)Z(ll)Z*(ll)

In yellow, differences 
with Hind’s work

S/B combining 
all types of 
leptons 
together:

~4 

~2.44 

Hind’s 
S/B:

WARNING: 
analyses involve 
some differences 
in the lumi and 
backgrounds

~0.75 

~3.1 

Work ongoing in Bari, interesting results upcoming!



Mixed (vv+ll+jj) 
final states

03

Work done in IJCLab (Paris) with Nicolas Morange

Presentation at Higgs/Top performance 
meeting (24.07.2023, Paris)
FCC Note written in 09.23
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https://indico.cern.ch/event/1304164/contributions/5508364/attachments/2689382/4666642/Higgs%20presentation%20v2.pdf
https://repository.cern/records/ysabc-wm427


Mixed channels signature and analysis strategy

2 types of analyses/results: 
● Cut-based (backup, from this slide)
● BDT

Study of 3 combinations of 
ll+vv+jj 

Uncertainties obtained with 
individual fits and combination
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3 mixed channels

Z(ll)Z(vv)Z*(jj) Z(ll)Z(jj)Z*(vv) Z(vv)Z(ll)Z*(jj)

Boosted decision tree classification: 
● Trained on 6 classes (signal, ZZ, WW, ZH(WW), ZH(bb), 

ZH(tautau))
● Variables shown on the diagram on the right
● Output: optimal variables for S and B separation 

(likelihood ratio)
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#


Fits and combination

Fit results (uncertainty on H(ZZ*) cross 
section) 

COMBINE

Z(ll)Z(jj)Z*(vv)
Z(ll)Z(vv)Z*(jj) Z(vv)Z(ll)Z*(jj)

Final result for the 
width uncertainty 
using BDT: 

Included systematics : 
● H(WW*) normalisation : 5% 
● ZZ normalisation : 10%

Cut-based analysis

30% better 
with BDT!
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Impact of 
systematics

04
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Influence of background normalisation
Mixed channels

Included systematics : 
● For jjllll and lljjll only: 

H(qq) normalisation 10% 
● ZZ normalisation : 10%

Leptonic (4l) channels

In both studies, uncertainties 
dominated by statistics
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IDEA concept detector 

Small influence of 
degradation on Higgs’ 

width uncertainty ! 
(combination, red dots)

Neutral hadron 
energy 
resolution : 

Influence of neutral hadron energy resolution
Study on mixed channels containing one pair of jets -> expecting similar behavior 

for 4-leptons channels since at most one jet pair too
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Influence of neutral hadron energy resolution

Loss of 5% in 
precision for the 

combination for a 
scale factor of 2.5 

Neutral hadron 
energy resolution 

does not have a 
big effect on 
Higgs’ width 

measurement !  
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Encountered 
challenges

05

28



Encountered difficulties in 4l channels

● Tau tagging would help reduce the H->tautau background 
● Use of a BDT could give a good separation as it is seen in the 4j channel

(next slides)

Z(ll)Z(ll)Z*(vv) Z(ll)Z(vv)Z*(ll)

S/B not as good as 
the 4 other 4l 

channels 

=> Contamination 
mostly coming from 

ZZ and 
ZH,H->tautau
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Encountered difficulties in a 4j channel: Z(ll)Z(jj)Z*(jj)
Difficult to reach a good S/B with 
kinematic selections for this channel Confusion 

between 
components 
during jet 
reconstruction 
for signal 

H(bb) events 
with 4-jets 
topology, 
irreducible 
background
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Fit results (uncertainty on 
H(ZZ*) cross section) 

COMBINE

uncertainty

With a BDT analysis:

=> Even if there is confusion, still a good channel 
that could give a contribution of the same order of 
the 4-leptons one to a full combination! 

Would still benefit from flavour tagging for 
reducing H->bb and tau tagging for H->tautau
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Encountered difficulties in a 4j channel: Z(ll)Z(jj)Z*(jj)



Fit results (uncertainty on 
H(ZZ*) cross section) 

COMBINE

uncertainty

With a BDT analysis:

An interesting other 4j channel could be 
Z(jj)Z(jj)Z*(ll) where the 4 jets come from 
on-shell Z => more collimated so less confusion 
would be expected between the components! 
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Encountered difficulties in a 4j channel: Z(ll)Z(jj)Z*(jj)



Conclusion

33

What could be coming next ? 

● Combining them all
● Adding other mixed channel, 4j, or others! 
● Implementing BDT for 4l channels, especially for the ones not used yet 

in the combination
● Flavour tagging implementation to reduce H->qq backgrounds
● Tau tagging implementation to reduce H->tautau background

- Higgs width uncertainty estimation : 10.1 % for 4-leptons channels.
- Higgs width uncertainty estimation : 4.6 % for mixed channels using BDT.
- Overall, 4% is easily reachable (naive combination)!
- Low impact of neutral hadron energy resolution on Higgs’ width measurement 

(analysis without BDT)
- Low impact of background normalisation systematics on Higgs’ width measurement
- Ongoing: 4-leptons channels in the group in Bari! 



Conclusion

34

A sensitivity of around 1-2% 
seems at reach combining 

these efforts and new ideas!

What could be coming next ? 

● Combining them all
● Adding other mixed channel, 4j, or others! 
● Implementing BDT for 4l channels, especially for the ones not used yet 

in the combination
● Flavour tagging implementation to reduce H->qq backgrounds
● Tau tagging implementation to reduce H->tautau background

- Higgs width uncertainty estimation : 10.1 % for 4-leptons channels.
- Higgs width uncertainty estimation : 4.6 % for mixed channels using BDT.
- Overall, 4% is easily reachable (naive combination)!
- Low impact of neutral hadron energy resolution on Higgs’ width measurement 

(analysis without BDT)
- Low impact of background normalisation systematics on Higgs’ width measurement
- Ongoing: 4-leptons channels in the group in Bari! 



Backup

35
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Measurement method of the width at the LHC

From Nicolas Morange’s slides 

https://indico.cern.ch/event/1307378/contributions/5721488/attachments/2791032/4867325/2024-02-01_HiggsWidth_PEDWorkshop.pdf


Backup for 4l channels
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Common selections for Z(ll)Z(ll)Z*(xx) (2 on-shell Zs)
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Cutflow for Z(ll)Z(ll)Z*(jj)
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Cutflow for Z(ll)Z(ll)Z*(vv)
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Common selections for Z(ll)Z(xx)Z*(ll) or  Z(xx)Z(ll)Z*(ll) (1 on-shell Z, 1 off-shell Z)
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Cutflow for Z(ll)Z(jj)Z*(ll)
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Cutflow for Z(jj)Z(ll)Z*(ll)
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Cutflow for Z(ll)Z(vv)Z*(ll)
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Cutflow for Z(vv)Z(ll)Z*(ll)
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4 clear channels - variables used for their fit
BEFORE SMOOTHING

Z(ll)Z(ll)Z*(jj)Z(ll)Z(jj)Z*(ll)

Z(vv)Z(ll)Z*(ll)

Z(jj)Z(ll)Z*(ll)

Mass of the jet pair 
and the off-shell Z 

lepton pair

Mass of the 2 
lepton pairs

Recoil mass of the 
first Z lepton pair

Mass of the 2 lepton 
pairs
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Smoothing is used to reduce statistical fluctuations of some 
backgrounds



Backup for mixed 
channels
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3 mixed channels - BDT Preselections

Z(ll)Z(vv)Z*(jj) Z(ll)Z(jj)Z*(vv) Z(vv)Z(ll)Z*(jj)
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Preselections before BDT:

Boosted decision tree classification: 
● Trained on 6 classes (signal, ZZ, WW, ZH(WW), ZH(bb), 

ZH(tautau))
● Variables shown on the diagram on the right
● Output: optimal variables for S and B separation 

(likelihood ratio)

#


Z(ll)Z(vv)Z*( jj) 

Z(ll)Z( jj)Z*(vv)

Z(vv)Z(ll)Z*( jj)

Leptonic 
recoil mass

Dijet 
mass

Dijet 
mass

[123 - 130] GeV

> 130 GeV

[10 - 45] GeV

[10 - 60] GeV

[60 - 100] GeV

Orthogonality of selections for mixed channels 
(for both cut-based and BDT analyses)
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BDT Final output
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Optimal variable to separate 
signal and background

Combination of the BDT 
evaluated scores to obtain 

the optimal variable 

BDT Final output



ZH, Z(ll)Z(vv)Z*(jj) - Fit on dijet mass

Fit results (uncertainty on 
H(ZZ*) cross section) 

 

COMBINE

uncertainty

Included systematics : 
● H(WW*) normalisation : 5% 
● ZZ normalisation : 10%
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ZH, Z(ll)Z(vv)Z*(jj) - Selections for cut-based

Most reduced background(s)
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Fit results (uncertainty on 
H(ZZ*) cross section) 

 

COMBINE

uncertainty

Included systematics : 
● H(WW*) normalisation : 5% 
● ZZ normalisation : 10%

ZH, Z(ll)Z(vv)Z*(jj) - Fit on BDT output 

Cut-based
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ZH, Z(vv)Z(ll)Z*(jj) - Fit on visible mass

Fit results (uncertainty on 
H(ZZ*) cross section) 

COMBINE

uncertainty

Included systematics : 
● H(WW*) normalisation : 5% 
● ZZ normalisation : 10%
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ZH, Z(vv)Z(ll)Z*(jj)  - Selections for cut-based
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ZH, Z(vv)Z(ll)Z*(jj) Fit on BDT output 

Fit results (uncertainty on 
H(ZZ*) cross section) 

 

COMBINE

uncertainty

Included systematics : 
● H(WW*) normalisation : 5% 
● ZZ normalisation : 10%

Cut-based
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ZH, Z(ll)Z(jj)Z*(vv) - Fit on dijet mass in 2 regions
Fit results (uncertainty on H(ZZ*) cross 

section) 
COMBINE

uncertainty

Included systematics : 
● H(WW*) normalisation : 5% 
● ZZ normalisation : 10%
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ZH, Z(ll)Z(jj)Z*(vv) - Selections for cut-based
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ZH, Z(ll)Z(jj)Z*(vv) - Selections for cut-based

Region 1 (signal-enriched) Region 2 
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ZH, Z(ll)Z(jj)Z*(vv) Fit on BDT output 

Fit results (uncertainty on 
H(ZZ*) cross section) 

 

COMBINE

uncertainty

Included systematics : 
● H(WW*) normalisation : 5% 
● ZZ normalisation : 10%

Cut-based
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CREDITS: This presentation template was created by 
Slidesgo, and includes icons by Flaticon, and 

infographics & images by Freepik 

Thanks!
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https://bit.ly/3A1uf1Q
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr

