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Introduction to HZZ channel

・ Since the state has 3 Z bosons, there are multiple 
combinations of final products.   

・ Final states having (m+m- , jj, nn) are promising channels, 
owing to its clear signature. On the other hand,  its low 
statistics could limit the final precision. 

Z / ZZ*

e+e- nnjj jjnn

m+m- nnjj jjnn jjjj

nn e+e- jj jje+e- m+m- jj jjm+m-

jj e+e- nn nne+e- m+m- nn nn m+m-

Table : Promising decay product combinations ・This presentation 
summarizes the updated 
results from channels with the 
decay product combination of 
(mm, jj, nn).
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Monte Carlo Simulation 

・CEPC_v4 (240GeV, 3T) 
configuration
・Generator: Whizard 1.95 

(with ISR, L=5.6 ab-1, Mhiggs=125 GeV)

・Simulation : 
Geant4 and Mokka with ISR and 

bremsstrahlung effects

・Reconstruction:
Marlin and ArborPFA 4
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Signature of Z(->m+m-)H(->ZZ*)
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Identify two muons from initial Z 
boson using invariant & recoil mass 
as usual  

signal 
sample
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Z*(->jj) Z(->jj)

ZZ*->jjjj

ZZ*->nnnn

# Distribution of invariant mass except two muons clearly shows each 
decay mode. 

Signature of Z(->m+m-)H(->ZZ*)

# Jet clustering 
N(jet)=2 7



mmHZZ

nnHZZ qqHZZ

Phase space overwrap
-- mmHnnqq , nnHmmqq

-- nnHqqmm , qqHnnmm

-- qqHmmnn , mmHqqnn

ee→ZH→ZH(ZZ*)
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Obtained precision 

Figs. Recoil mass distribution from two best categories

Obtained uncertainty from each 
category. both of cut-based and 
BDT-based results are shown 
together.
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Submission
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・ Submitted to EPJC (last month)

・ Uploaded on the arXiv

-- https://arxiv.org/abs/2103.09633

-- have received reply when we are 
traveling to Yangzhou  ...

・ Start to consider necessary steps 
and action items.
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Signal yield and remaining background 

・ Related with the difference of the signal yield in the white paper and 
current analysis,  would need explanation as well as the other information 
such as background reduction rate and component. 

from the white paper
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Some action items

・ B-tagging 
Current analysis does not utilize the vertex tagging information. 
This is asked specifically how much improvement could be 
achieved if it is utilized.   

(・ Systematics associated with 
-- signal cross-talk

-- BDT cut position   )

・ Investigate background components whether further effective 
reduction can be achieved or not. 
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Beyond current analysis

・ Current analysis only looking at the HZZ final states having 
di-muon, di-jets, and di-neutrino (missing) , which is less than 
3% of total HZZ decay

・ Final states having “4q”, such as  Z(→qq)H(Z→ll, Z*→qq),
Z(→ll)H(Z→qq, Z*→qq) ... which has larger statistics.

・ What  about “6q” status ?
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Summary

・ Any recommendations are highly appreciated !

・ We have analyzed 3 combinations of Z boson decays for HZZ
measurement.  ( mmHnnqq/qqnn,  nnHmmqq/qqmm, qqHmmnn/nnmm )
The obtained combined final precision is ~7.9%.

・It is submitted to EPJC.  We will perform actions triggered 
by the inquiry.  

Thank you very much !
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Backup 



・A rough estimation about how much improvement could be achieved 

-- Z(→mm)H(→bb) event is completely cut by using the b-tagging information 

-- Since, the signal and the dominant channels in remaining  four-fermion bg. ( “zz_sl0mu_up/down) 
include a decay of Z->bb,  it is assumed that their yield becomes 80% by b-tagging.   

21

-- Z(→qq)H(Z→nn, Z*→mm)
-- Z(→mm)H(Z→nn, Z*→qq)   

・ H->bb background, namely “e2e2h_bb” ( Z(→mm)H(→bb) ),  is a 
dominant background in following channels

Assuming following scenario for a comparison

Ref: From a past discussion on introducing b-tagging  



method Nevent(signal) Nevent(zh) Nevent(4F) √(S+B)/S

Original 35 206 305 0.667

w B-tagging 28 86 245 0.677

method Nevent(signal) Nevent(zh) Nevent(4F) √(S+B)/S

Original 48 774 659 0.802

w B-tagging 38 355 530 0.799

Case for the channel 
Z(→qq)H(Z→nn, Z*→mm)

Case for the channel
Z(→mm)H(Z→nn, Z*→qq) 
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・ Comparison of the numbers between the original & w. b-tagging 

-- From this “coarse” comparison,  the improvement might not be so huge.

-- But of course, estimation is very rough. ( not consider b-tagging eff. , as well as the 
reduction on HWW bg. events) 

Ref: From a past discussion on introducing b-tagging  


