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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. ( i.e., full-hadronic decay mode)

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 results from channels with the 
decay product combination of 
(mm, jj, nn) . Comparison of the 
cut-based analysis and the BDT-
applied result will be presented.   



Monte Carlo Simulation 
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・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



Analysis flow chart

Reco. PFO

(isolated)leptons

Jet clustering Fastjet, “ee-kt”

N(jet) =2

N(lepton plus )==1, N(lepton minu)==1

“Final event selection” 

“Pre-selection”

Additional cuts BDT selection
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Lepton Isolation

“HZZ processor”

Common selection on : Mdilepton, Mdijet, N(pfo) . . .

“Cut-based” result “BDT” result
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Minvariant(𝜇
+𝜇−)

Mrecoil(𝜇
+𝜇−)

signal 
sample

Identify two muons from initial Z boson 
using invariant & recoil mass as usual  

signal 
sample



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 8



Example. Z(->mm)H(->WW*) 
after pre-selection

Missing Mass (Z->nn) = Dijet Mass (Z->jj)

①

②

Region ① : H→ZZ*(Z→nn, Z*→qq) 

Region ② : H→ZZ*(Z→qq, Z*→nn) 

Two regions are defined and 
separately analyzed
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BDT result
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Pall visible Eleading-jet Cos(q)

Ptall visible Esub-leading-jet ( RecoilMdimuon )

Mdijet N(pfo) ( Mall visible )

Mdimuon Angle(dijet-dimuon)

Variables used in the BDT

cut pos.

Z(→mm)H(Z→nn, Z*→qq) Z(→mm)H(Z→qq, Z*→nn) 
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Cut Flow:

BDT

Cut-based

Same cut 
procedures

BDT 

further cuts

𝑆 + 𝐵

𝑆
= 0.21

At the end 

𝑆 + 𝐵

𝑆
= 0.18

Z(→mm)H(Z→nn, Z*→qq) 
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BDT

Cut-based
𝑆 + 𝐵

𝑆
= 0.76

𝑆 + 𝐵

𝑆
= 0.66

Cut Flow: Z(→mm)H(Z→qq, Z*→nn) 
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Recoil Mass(mm) distribution:

 Cut based results  BDT results

Major backgrounds (Cut based)

Major backgrounds (BDT)

Z(→mm)H(Z→nn, Z*→qq) 
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Channel Precision

① Z(→mm)H(Z→nn, Z*→qq) 17.8 %

② Z(→mm)H(Z→qq, Z*→nn) 71.5 %

③ Z(→nn)H(ZZ*→mm, qq) 15.4 %

④ Z(→qq)H(Z→nn, Z*→mm) 66.5 %

⑤ Z(→qq)H(Z→mm, Z*→nn) 54.3 %

All combined 9.44 %

① ②

③ ④ ⑤

Preliminary results of signal fitting 

Fitting procedure is performed on 
the distributions  from “cut-based” results. 

## Note that the 
number is obtained 
from the fitting and 
different from those in 
previous tables.
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An investigation about probing 
anomalous coupling of HZZ 
vertex along with the HZZ 
analysis



Motivation

-- To probe the anomalous couplings on HZZ vertex, 
differential observables are used and compared with EFT models.

Question is, can we explore it through the framework shown in 
previous pages ?  
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-- Reaction of ee/pp->Z(l+l-)H(bb) is the process discussed in many places, 
not only its simple picture but also the statistics and S/N. 



17

Z

Z

Z

Z

H

n

n

m

m

j

j

e

e

Case1:  Z(m+m-)H(ZZ*->nn, jj)
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Case2: Z(nn)H(ZZ*->mm, jj)

・ Much lower statistics than H->bb 

Case 1 has been chosen (because of rather simple kinematics) as a 
first trial and shown here. 

・ One of motivation to use HZZ 
channel, √s is also different
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Differential observables

φcos(Q)

# Variables are defined as usual and is shown in left figure. 

・ Analysis process of Z(m+m-)H(ZZ*->nn, jj) is applied on the signal 
Z(m+m-)H(ZZ*) sample. 

・ Background is not considered this time

Diagram showing the angles used here. 
(from the ref. shown in next page)

(h->)ZZ for this case 
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EFT model

-- We have referred : 
“Resolving the tensor structure of the higgs coupling to Z-bosons via Higgs-strahlung”, Shankha
Banerjee, Rick S. Gupta, Joey Y. Reiness and Michael Spannowsky, arXiv:1905.02728 

-- Amplitude is given in analytical form at first order (√s/Mz),

and we have tried to reproduce the differential observables 
based on the formula.

-- Application to our analysis with this approximation would be an issue. 
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EFT model

-- Normalization factor is obtinned from 
the fitting of the analysis result with the 
modelSM

( ) ( )h

ZZ Zf ZZ ZZĝ ,g , , 0,0,0,0   

( ) ( )h

ZZ Zf ZZ ZZĝ ,g , , 0,0,0, 0.2     ( ) ( )h

ZZ Zf ZZ ZZĝ ,g , , 0,0,0, 0.2    -

model

CEPC MC
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Comment

・ The lower statistics might lead poorer 
limitation on the anomalous couplings 

・ Need to include background.

・ Try to open the HZZ side.  (Case2)

・ Further Argument/consideration about the 
applicability (of this method) is necessary

ǁ𝜅𝑍𝑍

Further steps would be . . . 
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Status of Higgs invisible analysis

https://indico.ihep.ac.cn/event/9832/session/9/contribution/17/material
/slides/0.pdf

Yuhang Tan 

Please refer following link for the details :

“The study of Higgs invisible decay” , Y. Tan, CEPC Physics WS@PKU (2019) 

Institute of High Energy Physics
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Higgs->invisible State:

 Get the expected precision on the measurement of 

𝜎(ZH)/BR(H->inv) and the 95% confidence-level (CL) upper 

limit on BR(H->inv) from a CEPC dataset of 5.6 𝑎𝑏−1

The combined branching ratio is measure as 0.106%±0.045% and 

the upper limit at 95% confidence level is estimated to be 0.194%
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Higgs->invisible State:

Add the BMR part of Higss->invisible 

qqH dominants the precision and rely on 

recoil mass to separate the ZZ bkg

Essential for qqH analysis, especially H-

>non jet final state

 If the BMR degrades from 4% to 6%/8%: the higgs invisible measurement 

degrades by 11%/17%.( Under assuming BR(H->inv)=50%)
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Summary
 Progress Status on HZZ analysis

• We have analyzed 3 combinations of Z boson decays 
• Comparison of BDT-based/Cut-based analysis has been performed on 

each channel, for the first time. 
• An exploration has been done on the application of the EFT model 

 Next step
• Further optimization on event selection 

 Progress Status on Higgs invisible decay analysis
• U.L. on B.R. of the invisible decay of Higgs boson is obtained as 0.194%

• Dependence on the BMR has been studied

27Thank you very much !
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Backup 
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Data samples

http://cepcsoft.ihep.ac.cn/guides/Generation/docs/ExistingSamples/

・ Signal 

/cefs/data/DstData/CEPC240/CEPC_v4/higgs/E240.Pe2e2h_zz.e0.p0.whizard195/

・ Background

- “2 fermions” ( bhabha, e2e2, e3e3, qq, nn)

- “4 fermions” ( zz_h0, zz_sl0, zz_l04, ww_h0,,,,)

- “ZH” ( ==other Higgs decays ) ( qqh_**, e1e1h_**, e2e2h_**, e3e3h_**, nnh_** )  

# Please refer the details at

/cefs/data/DstData/CEPC240/CEPC_v4/higgs/E240.Pnnh_zz.e0.p0.whizard195/

/cefs/data/DstData/CEPC240/CEPC_v4/higgs/E240.Pqqh_zz.e0.p0.whizard195/

Z(→mm)H(ZZ*→nn, qq) :

Z(→nn)H(ZZ*→mm, qq) :

Z(→qq)H(ZZ*→mm, nn) :

( stored under /cefs/data/DstData/CEPC240/CEPC_V4/ )
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Distributions - I.

Minvariant(mm) Mrecoil(mm) N(pfo) 

Z(→mm)H(Z→nn, Z*→qq) 
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Distributions - II.

# only signal is 
drawn here for 
visibility

Pt(visible all) Min. angle (lepton⇔jet) Missing Mass vs Di-jet Mass

Z(→mm)H(Z→nn, Z*→qq) 
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 Cut based results  BDT results

Major backgrounds (Cut based)

Major backgrounds (BDT)

Recoil Mass(mm) distribution: Z(→mm)H(Z→qq, Z*→nn) 
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BDT

Cut-based

Same cut 
procedures

BDT 

further cuts

𝑆 + 𝐵

𝑆
= 0.17

At the end 

𝑆 + 𝐵

𝑆
= 0.15

Cut Flow: Z(→nn)H(ZZ*→mm, qq) 
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 Cut based results  BDT results
Major backgrounds (Cut based)

Major backgrounds (BDT)

Higgs Invariant mass distribution: Z(→nn)H(ZZ*→mm, qq) 
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BDT

Cut-based
𝑆 + 𝐵

𝑆
= 0.73

At the end 

𝑆 + 𝐵

𝑆
= 0.55

Cut Flow: Z(→qq)H(Z→nn, Z*→mm) 
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BDT

Cut-based
𝑆 + 𝐵

𝑆
= 0.60

At the end 

𝑆 + 𝐵

𝑆
= 0.49

Cut Flow: Z(→qq)H(Z→mm, Z*→nn) 
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 Cut based results  BDT results Major backgrounds (Cut based)

Major backgrounds (BDT)

Recoil Mass(qq) distribution: Z(→qq)H(Z→nn, Z*→mm) 
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 Cut based results  BDT results
Major backgrounds (Cut based)

Major backgrounds (BDT)

Recoil Mass(qq) distribution: Z(→qq)H(Z→mm, Z*→nn) 


