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Introduction: Higgs width measurements

Higgs width in SM is small: ~4 MeV

● No direct measurement through lineshape in final state possible 
○ LHC: resolution ~2-3 GeV 
○ FCC: should be better, but not by 3 orders of magnitude ! 

 
● Indirect measurement at the LHC: off-shell Higgs production 

○ Assumptions ! No Q2 dependence of the Higgs couplings, as in the SM 
 
 
 
 
 
 
 
 

● FCC-ee: total width measurement through couplings 
~2.5 MeV precision ! 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Higgs recoil analysis

● Total ZH cross-section ⇒ absolute gZ coupling 
● Higgs mass measurement 
● Study of hadronic decays 

The basis for  many measurements at 240 Gev

Very clean peak to fit ! 
In interim report

gZ 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Higgs width measurement

● Through ZH → ZZZ* 
○ Most straightforward 
○ Recoil analysis gives σZH hence gZ 
○ Then ZZZ* gives BR(ZZ*) hence ΓH 
○ ~2-3% precision expected 

 
● Through VBF 

○ A bit more convoluted 
○ Combine ZH cross-section, BR(bb), BR(WW*) at 

240 GeV, and WW→H→bb at 365 GeV 
○ 1-2% precision expected 

Not been studied in details in the past few years

How do we get this ? 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Higgs width through H→ZZ*: channels

● Many decay channels to study ! 
○ ll, vv, qq decays for each Z 
○ Not always high statistics 

● The 3 Z are not interchangeable: 
○ “Recoil” Z vs “Higgs” Zs 
○ H → ZZ*: on-shell vs off-shell Z 

3 Z in the final state: lots of fun !

Reminder: 
BR(H→ZZ*) = 2.6% 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ZH→ZZZ*→llvvqq

● Fun final state: leptons, neutrinos, jets 
○ 6 possible sub-channels 

● Start by hand-crafting cuts to get used of the 
topology 

● Then move to simple BDT to gain in precision 

Study of 3 of the “mixed” channels (Inès Combes internship, 2023)
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ZH→ZZZ*→llvvqq: signals and backgrounds
● Signal: H→ZZ* 

○ Cuts optimised for each sub-channel independently 
(dis-regarding other HZZ events for optimisation) 

○ Then orthogonality between channels implemented by 
simple cuts 
 

● Backgrounds: 
○ WW and ZZ 
○ Other Higgs decays 
○ Low BR(H→ZZ*) makes the analysis a bit challenging ! 

 
 
 
 
 
 

● Technical remarks: 
○ Samples copied at IJCLab and processed on local server 

■ Only fraction of ZZ and WW 
○ Overall great experience with FCCAnalysis 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ZH→ZZZ*→llvvqq: Example channel llvvqq

● Simple cut-based analysis already providing quite 
good results ! 
 

● Main background remaining: H→WW* with W→τν 
○ Despite poor man’s hadronic tau veto 
○ Dedicated tau reconstruction algorithms would help a 

lot ! 
■ Would also allow to add Z→ττ channel ! 

Recoil Z→ll selection 

Target Z*→qq 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ZH→ZZZ*→llvvqq: going multivariate

● BDT architecture following example of H→hadrons 
classifier 
○ Multiclass BDT using XGBoost (one output per signal / 

background) 
○ Then combine outputs into an optimal discriminant for 

H→ZZ* 
 
 
 
 
 
 
 
 
 

● Significant gains over cut-based in all 3 sub-channels 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ZH→ZZZ*→llvvqq: results
● 4.6% precision achievable with only these 3 sub-channels ! 

 
 
 
 

 

δΓ/Γ (%) llvvqq llqqvv vvllqq combination

Cut-based 9.0 17 8.7 6.6

BDT 7.4 10.7 6.9 4.6

● Results robust wrt neutral hadron 
energy resolution 

● Fully dominated by stat. uncertainties 

30%/√E  60%/√E  10
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ZH→ZZZ*→llqqqq

● Started by looking at ZZ* → jets as larger BR 
● Was meant to be a test bed for hadronic energy resolution: 

○ Separation Z → jets from W → jets 
 
 
 
 
 
 
 
 
 
 
 

● First sets of cut reduces non-Higgs backgrounds a lot, but still small S/B 
○ Next natural cuts should be on mZ / mZ* … 

Surprises on the path
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ZH→ZZZ*→llqqqq

● Started by looking at ZZ* → jets as larger BR 
● Was meant to be a test bed for hadronic energy resolution: 

○ Separation Z → jets from W → jets  

Surprises on the path

Very poor HZZ*/HWW* separation ! 
● Even assuming 30%/√E 
● Why is the Z peak leaking so much ? 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ZH→ZZZ*→llqqqq

● Started by looking at ZZ* → jets as larger BR 
● Was meant to be a test bed for hadronic energy resolution: 

○ Separation Z → jets from W → jets  

Surprises on the path

● Issue is intrinsic: particles from 
the decay of (low energy) Z and Z* 
are mixed in the theta/phi plane 
○ seems very tough for any jet 

finding algorithm 
 

● Excellent boson mass resolution 
(4% at 45 GeV for jets) is actually 
irrelevant to separate 
H→ZZ*→jets from H→WW* 

13



FCC Physics Workshop, 01/02/2024N. Morange (IJCLab)

ZH→ZZZ*→llqqqq: further hiccups

● Still large backgrounds from H→bb/cc/gg 
● d-cuts indicate they are 4-jets like topologies 
● Checked on event displays that it’s indeed the case 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ZH→ZZZ*→llqqqq: hope for progress ?

● Implementation of BDT shows that there is still a lot 
to be gained in kinematics 
○ Precision 12.4% 

 
● Using flavour tagging to further classify the events 

should help 
○ Esp. H→WW* and H→bb backgrounds will be in 

different categories 
 

● Other sub-channels, esp. qqqqll, might be easier 
○ No very low E jet 
○ Low-mass lepton pair should be quite characteristic of 

Z*→ll 
○ To be studied… 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Prospects for H→ZZ* measurements 

● Study of llννqq channels well advanced already 
○ 3 sub-channels to add. Expected sensitivities similar to channels studied so far 

 
● Addition of 4-lepton channels 

○ Low stats, but should be basically background-free 
○ Sensitivity ~5% 

 
● Further investigation of the 4-jets channels 

○ Clear possibilities to make them relevant in the combination 
 

● Other channels ? 
○ 6-jets seems extremely difficult 
○ ννqqqq channels ? 

 
● 2-3% precision on ΓH from H→ZZ* measurement seems within reach ! 

We need to study (almost) ALL channels to get to the maximum precision 
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Higgs width: a great project for second part of feasibility study ? 

Higgs width measurement as a research project: 

● Many final states to explore 
○ Already with ZH → ZZZ* 
○ And even more with the measurement using VBF events 
○ The ultimate precision will come from the combination of all of them ! 

■ There is not a single channel that dominates the overall sensitivity 
 

● Work for everyone 
○ Many channels are easily accessible for newcomers: other “mixed” channels, 4 lepton 

channels… 
○ Will benefit a lot from recent developments in e.g flavour tagging 
○ Width measurement in VBF is a whole new project to explore 
○ Add tau-ID and tau reconstruction would add quite a bit of stats, help to reduce 

backgrounds 
■ and be beneficial to many other FCC analyses 

○ Hard problems for experts to solve: ZZ → 4 jets reconstruction 
○ Given the diversity of final states, a good match to help defining detector requirements 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● Precise measurement of the Higgs total 
width (without assumptions) is one of the 
main goals of FCC-ee 
○ Impossible to achieve at hadron colliders 

 
● End result will be a combination of H→ZZ* 

measurement and of VBF cross-section 
 

● Preliminary studies of H→ZZ* give 
confidence that expected precision can be 
met 
○ Documented in FCC note 
○ Would love to see new collaborators pickup 

from there and continue the study ! 

Conclusions
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https://new-cds.cern.ch/records/ysabc-wm427


Backup

19



FCC Physics Workshop, 01/02/2024N. Morange (IJCLab)

The FCC-ee Higgs dataset

● 1 million clean ZH 
events at 240 GeV 

● (2 experiments) 

Higgsstrahlung Vector boson scattering

● Decent statistics (50k 
events) at 365 GeV 

● Very complementary 
for many of the 
measurements 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