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Measurement of 

𝑯 → 𝒁𝜸 decay at the 250 GeV ILC 

 



CEPC accuracy of H→ Zg decay measurement using Z→ nn and Z→ j j modes 

Combining 2 channels accuracy 

of 13% is obtained for 5.6 ab-1. 
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Decay H→ Zg go through loop diagram with charged particles inside loop. 

It is sensitive to heavy charged BSM particles contributions. 

The expected significance of this signal for the Standard model (SM) Higgs 

boson was evaluated by the ATLAS and CMS collaborations for the full Run 
2 dataset and the value 1.2σ was obtained by both experiments. 
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~10-15 % Dominant contribution 

High sensitivity to loop contributions of heavy charged BSM particles.  

The relative probability depends weakly on the W boson mass, this effect 

is well inside uncertainties obtained in this analysis 
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The basic information for the MC samples for the signal and the 
backgrounds with significant contributions. The given cross sections 
are corrected for the decay branching fractions indicated in the first 
column. 



List of studied background samples 

2f_hadronic (eLpR, eRpL) 

2f_leptonic (eLpR, eRpL) 

2f_eehiq (eLpR, eRpL, eLpL, eRpR) 

4f_singleW_leptonic (eLpR, eRpL, eLpL, eRpR) 

4f_singleW_semileptonic (eLpR, eRpL, eLpL, eRpR) 

4f_singleZee_leptonic (eLpR, eRpL, eLpL, eRpR) 

4f_singleZee_semileptonic (eLpR, eRpL, eLpL, eRpR) 

4f_singleZnunu_leptonic (eLpR, eRpL) 

4f_singleZnunu_semileptonic (eLpR, eRpL) 

4f_singleZsingleWMix_leptonic (eLpR, eRpL, eLpL, eRpR) 

4f_WW_hadronic (eLpR, eRpL) 

4f_WW_leptonic (eLpR, eRpL) 

4f_WW_semileptonic (eLpR, eRpL) 

4f_ZZ_hadronic (eLpR, eRpL) 

4f_ZZ_leptonic (eLpR, eRpL) 

4f_ZZ_semileptonic (eLpR, eRpL) 

4f_Znunu_leptonic (eLpR, eRpL) 

4f_Znunu_semileptonic (eLpR, eRpL) 

4f_ZZWWMix_hadronic (eLpR, eRpL) 

4f_ZZWWMix_leptonic (eLpR, eRpL) 

6f_eexxxx (eLpR, eRpL, eLpL, eRpR) 

6f_eexyyx (eLpR, eRpL, eLpL, eRpR) 

6f_eeyyyy (eLpR, eRpL, eLpL, eRpR) 

6f_llxxxx (eLpR, eRpL) 

6f_llxyyx (eLpR, eRpL) 

6f_llyyyy (eLpR, eRpL) 

6f_vvxxxx (eLpR, eRpL) 

6f_vvxyyx (eLpR, eRpL) 

6f_vvyyyy (eLpR, eRpL) 

 

 

e1e1H (eLpR, eRpL, eLpL, eRpR) 

e2e2H (eLpR, eRpL) 

e3e3H (eLpR, eRpL) 

n1n1H (eLpR, eRpL) 

n23n23H (eLpR, eRpL) 

qqh_aa (eLpR, eRpL) 

qqh_bb (eLpR, eRpL) 

qqh_cc (eLpR, eRpL) 

qqh_e2e2 (eLpR, eRpL) 

qqh_e3e3 (eLpR, eRpL) 

qqh_gg (eLpR, eRpL) 

qqh_ww (eLpR, eRpL) 

qqh_zz (eLpR, eRpL) 
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Jet reconstruction procedure 

We identify isolated leptons and photons using IsolatedLeptonTagging and 

IsolatedPhotonTagging processors with standard parameters and separate it 

from all PFO’s before jet reconstruction. 

 

For jet reconstruction and b-tagging we use FastJet processor with the Valencia 

algorithm. 

 

The Algorithm contains 3 parameters: R - generalized jet radius, 𝜸 and β -

special  capture parameters in beam distance.  

We use β = 1, R = 1.5 and 𝜸 = 0.5. 

 

Process 𝑒+𝑒− → 𝑊+𝑊−𝛾 gives a strong background contribution. To suppress 

this background we select only events with one of Z bosons decaying to b-jets. 

 

The selection criteria for event tagging with b-jets: at least one jet with  

more than 90% probability is identified as b-jet. The efficiency of the b-tagging is 

87% for the signal process. Number of misstagging events less then 1%. 
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Studied backgrounds 

We study many background sources: 2-, 4-, 6-fermion processes, 𝐻 𝑗𝑗  where  

𝐻 → 𝑎𝑙𝑙 and other Higgs boson processes. 

Dangerous backgrounds come from 2f_hadronic, 4f_ZZ and e3e3H samples. 

Small background comes from 4f_WW and qqH_e3e3 samples. 
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To suppress backgrounds we applied several cuts: 

 
1) 𝑬𝜸 𝒊𝒏 [𝟏𝟖, 𝟓𝟎] 𝑮𝒆𝑽 

Signal Sum of backgrounds 



Studied backgrounds 

We study many background sources: 2-, 4-, 6-fermion processes, 𝐻 𝑗𝑗  where  

𝐻 → 𝑎𝑙𝑙 and other Higgs boson processes. 

Dangerous backgrounds come from 2f_hadronic, 4f_ZZ and e3e3H samples. 

Small background comes from 4f_WW and qqH_e3e3 samples. 
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To suppress backgrounds we applied several cuts: 

 
2) 𝒄𝒐𝒔 𝜽γ−𝒃𝒆𝒂𝒎 < |𝟎. 𝟗𝟓| 

Signal Sum of backgrounds 



Studied backgrounds 

We study many background sources: 2-, 4-, 6-fermion processes, 𝐻 𝑗𝑗  where  

𝐻 → 𝑎𝑙𝑙 and other Higgs boson processes. 

Dangerous backgrounds come from 2f_hadronic, 4f_ZZ and e3e3H samples. 

Small background comes from 4f_WW and qqH_e3e3 samples. 
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To suppress backgrounds we applied several cuts: 

 
3)|𝑬𝜸 − 𝟕𝟎 ∙ 𝒄𝒐𝒔𝟐 (𝜽𝜸−𝒃𝒆𝒂𝒎) > -10 GeV/c| :  

Signal Sum of backgrounds 



Studied backgrounds 

We study many background sources: 2-, 4-, 6-fermion processes, 𝐻 𝑗𝑗  where  

𝐻 → 𝑎𝑙𝑙 and other Higgs boson processes. 

Dangerous backgrounds come from 2f_hadronic, 4f_ZZ and e3e3H samples. 

Small background comes from 4f_WW and qqH_e3e3 samples. 
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To suppress backgrounds we applied several cuts: 

 
4) 𝑷𝒕 𝒐𝒇 𝒋𝒋𝒋𝒋𝜸 𝒔𝒚𝒔𝒕𝒆𝒎 < 𝟏𝟎 𝑮𝒆𝑽/𝒄 

Signal Sum of backgrounds 



Studied backgrounds 

We study many background sources: 2-, 4-, 6-fermion processes, 𝐻 𝑗𝑗  where  

𝐻 → 𝑎𝑙𝑙 and other Higgs boson processes. 

Dangerous backgrounds come from 2f_hadronic, 4f_ZZ and e3e3H samples. 

Small background comes from 4f_WW and qqH_e3e3 samples. 
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To suppress backgrounds we applied several cuts: 

 
5) Helicity angle between Higgs and jet from Z boson 𝒄𝒐𝒔 𝜽𝒉 𝒊𝒏 [−𝟎. 𝟗𝟓, 𝟎. 𝟗] :  

Signal Sum of backgrounds 



Studied backgrounds 

We study many background sources: 2-, 4-, 6-fermion processes, 𝑯 𝒋𝒋  𝐰𝐡𝐞𝐫𝐞  

𝑯 → 𝒂𝒍𝒍 and other Higgs boson processes. 

Dangerous backgrounds come from 2f_hadronic, 4f_ZZ and e3e3H samples. 

Small background comes from 4f_WW and qqH_e3e3 samples. 
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To suppress backgrounds we applied several cuts: 

 
6) 𝒄𝒐𝒔 (𝜽𝒁𝟏𝒁) > −𝟎. 𝟗𝟓 : 7) 𝑵𝑷𝑭𝑶′𝒔 > 𝟔𝟎 – to suppress leptonic backgrounds. 

Signal Sum of backgrounds 



The final state of the first studied channel includes four jets. To form the 𝑍1and 𝑍 bosons 

from these four jets we calculate χ𝟐    for six possible two-jet combinations: 

is the mean 𝑍1    momentum 

All σ parameters are the mean widths of corresponding mass or momentum distributions 

on the reconstruction level: σ𝑀𝑍1
= 14.2  GeV, σ𝑀𝑍

= 14.3  GeV, σ𝑃𝑍1
= 7.1  GeV,  

σ𝑃𝑍+𝛾
= 7.7 GeV 

Technical issues 

𝑴∆ = 𝑴 𝒋𝒋𝜸 − 𝑴 𝒋𝒋 + 𝑴(𝒁𝒏𝒐𝒎) 

Mass difference is used to get a better mass resolution: 

To get expected number of signal or background events we apply weight factors to each  

event: 

χ2 =
𝑀 𝑍1 − 𝑀 𝑍𝑛𝑜𝑚

2

σ𝑀𝑍1

2 +
𝑀 𝑍 − 𝑀 𝑍𝑛𝑜𝑚

2

σ𝑀𝑍

2  

+
𝑃 𝑍1 − 𝑃 𝑍1

2

σ𝑃𝑍1

2 +
𝑃 𝑍 + 𝛾 − 𝑃 𝑍1

2

σ𝑃𝑍+𝛾

2  
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We take only events with 𝝌𝟐 < 15 
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The numbers of signal events before and after cuts. The integrated luminosity  
2 𝒂𝒃−𝟏 and polarization 𝑷𝒆−𝒆+ = (−0.8, +0.3) is assumed. The percentage of the 
number of events from the previous step is indicated in brackets. 



Results with 𝟐 𝒂𝒃−𝟏 

Separately 

SUM 

After weighting and applying all cuts 

the 𝑴∆ distributions is obtained for  

Ƥ𝑒−𝑒+ = (−0.8,+0.3) with 2 𝑎𝑏−1 

integrated luminosity. 

                   
The signal distribution was described by 

the convolution of Breit-Wigner and 

Gaussian functions + additional wide 

Gaussians to describe both tails: 

 

 

The background distribution is described 

by: 

 

 

The fit yields 𝟔𝟎 ± 𝟏𝟑 signal events 

for 𝟐 𝒂𝒃−𝟏 with single polarization.  
 

This corresponds to uncertainty of 

22%. 
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Results with 𝟐 𝒂𝒃−𝟏 

Separately 

SUM 
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The parameters obtained from the 

separate signal and background fits 



Toy MC results with 𝟐 𝒂𝒃−𝟏 
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The 10000 𝑴∆  mass distributions are generated using the shapes and 

normalizations for the sum of the signal and background distributions obtained 

separately. 

 

Toy MC also yields 22% of uncertainty. 



The ILC strawman running scenario: 

 
0.9 𝒂𝒃−𝟏 with  𝑷𝒆−𝒆+ = (−0.8, +0.3) and 𝑷𝒆−𝒆+ = (+0.8, −0.3) each,  

plus 0.1 𝒂𝒃−𝟏 with 𝑷𝒆−𝒆+ = (−0.8, −0.3) and 𝑷𝒆−𝒆+ = (+0.8, +0.3) each.  

 

 

We therefore also reweighted the events passing our analysis to the 
 combination of 0.9  𝒂𝒃−𝟏  with  𝑷𝒆−𝒆+ = (−0.8, +0.3)  and 0.9  𝒂𝒃−𝟏 
with  𝑷𝒆−𝒆+ = (+0.8, −0.3) , obtaining a statistical uncertainty of 24%. 

  

 

This result takes into account the increase in effective luminosity 
compared to an unpolarized dataset of 1.8  𝒂𝒃−𝟏 , but not the full 
advantage of polarized beams. For optimal results, the selection should 
be tuned separately for each of the datasets, in order to exploit their 
different intrinsic signal-to-background ratios. We leave this part for 
future work. 

18 



Conclusions 

We studied the 𝑒+𝑒− → 𝐻𝑍 process with the subsequent 𝐻 → 𝑍γ decay. 

 
The analysis is performed assuming the integrated luminosity 2 ab−1 collected 

at the 𝑒+𝑒− collisions with center-of-mass energy   250 GeV and  the beam 

polarizations Ƥ𝑒−𝑒+ = (−0.8, +0.3). We also repeat the  analysis assuming two 

data samples with integrated luminosities 0.9 ab−1 each and two beam 

polarizations Ƥ𝑒−𝑒+ = (∓0.8, ±0.3). 

 
The corresponding signal and background contributions are estimated using 

full MC simulated samples. 

 
We obtain the statistical uncertainty of 22% with 2 ab−1 at 250 GeV.  

We repeat this analysis for two samples of 0.9 ab−1 and obtained the statistical 

uncertainty of 24%.  

 

The accuracy of this method is about the same as one obtained at CEPC and can 

be combined to further improve the accuracy. 
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