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Motivation

➢The Higgs decay invisible in SM is via four neutrino, with BR=0.106%.

➢Many new physics models predict a significant branching ratio of Higgs to invisible.

➢ATLAS upper limit ~26%,CMS upper limit~ 19% for BR(Higgs->inv) at 95% C.L.

➢The upper limit of BR(Higgs->inv) will be two orders of magnitude smaller on CEPC

➢Higgs invisible decay is a sensitive probe for new physics. 
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Monte Carlo Simulation
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➢CEPC_V4( 𝑠~240GeV, Solenoidal field~3T)

➢Run about 7 years and produce a total of 1 million Higgs bosons 

➢Generator: Whizard 1.95 (with ISR, Lumi 5.6 𝑎𝑏−1, 𝑀𝐻=125GeV)

➢All Higgs boson signal samples and part of the leading background samples are 
processed with  Geant4. The rest of backgrounds are simulated with fast 
simulation. 

➢Reconstruction: Marlin and ArborPFA
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Data sample
➢The signal channels: 

ZH(Z->𝜇+𝜇−,H->invisible),ZH(Z->𝑒+𝑒−,H->invisible), ZH(Z->qq,H>invisible)

➢The background channels:

⚫ Two fermion

⚫ Four fermion

Cross section of major SM processes

⚫ Sample details:
https://gitlab.com/cepc/memo/sample-c4
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Event selection of ZH(Z->𝜇+𝜇−,H->invisible) : Suppose BR(H->inv)= 50% 

➢𝑁𝜇+ = 1,𝑁𝜇− = 1

➢85GeV<𝑀𝜇+𝜇−<97GeV

⚫ 𝑀𝜇+𝜇− is the mass of Z boson about 91.2GeV
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➢120GeV<𝑀𝑟𝑒𝑐𝑜𝑖𝑙
𝜇+𝜇−

<150GeV

⚫ 𝑀𝑟𝑒𝑐𝑜𝑖𝑙
𝜇+𝜇−

is  the mass of Higgs about 125GeV   
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Event selection of ZH(Z->𝜇+𝜇−,H->invisible): Suppose BR(H->inv)= 50% 

➢∆ϕ𝜇+𝜇−<175°,12GeV< 𝑃𝑡
𝜇+𝜇−

⚫ In order to suppress 2 fermion background

➢102GeV< 𝐸𝑣𝑖𝑠𝑖𝑏𝑙𝑒/𝜇+𝜇−<107GeV

⚫ 𝑀𝐻𝑖𝑔𝑔𝑠
2 =( 𝑠 − 𝐸𝜇+𝜇−) 2−𝑃𝜇+𝜇−

2

⚫ From the formula, 𝐸𝑣𝑖𝑠𝑖𝑏𝑙𝑒/𝜇+𝜇− is around 

[91GeV,115GeV]
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The cut flow of 𝜇𝜇H_inv 

The main remain backgrounds:

⚫sznu_l0mumu(υ𝑒 , തυ𝑒 , 𝜇
+, 𝜇−)    1338(70%)

⚫ZZ_l0mumu(υ𝜏 ഥ, υ𝜏, 𝜇
+, 𝜇−)         434(23%)

The remain backgrounds  are similar to signal(υ𝑒 , തυ𝑒 , 𝜇
+, 𝜇−).

The accuracy under BR=50%
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Event selection of ZH(Z->𝑒+𝑒−,H->invisible) : Suppose BR(H->inv)= 50%

➢120GeV<𝑀𝑟𝑒𝑐𝑜𝑖𝑙
𝑒+𝑒− <170GeV

⚫ 𝑀𝑟𝑒𝑐𝑜𝑖𝑙
𝜇+𝜇−

is  the mass of Higgs about 125GeV   

➢71GeV<𝑀𝑒+𝑒−<99GeV

⚫ 𝑀𝜇+𝜇− is the mass of Z boson about 

91.2GeV

CEPC WS 2020@HKUST 



2020/1/18

Event selection of ZH(Z->𝑒+𝑒−,H->invisible) : Suppose BR(H->inv)= 50%

➢∆ϕ𝑒+𝑒−<176°, 12GeV<𝑃𝑡
𝜇+𝜇−

<55GeV

⚫ In order to suppress 2 fermion background

➢103GeV<𝐸𝑣𝑖𝑠𝑖𝑏𝑙𝑒<120GeV

➢ Impact_Tau< 0.0011

⚫ Impact_Tau is related with secondary vertex

⚫ This can parameter distinguish between tau and e,μ
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Explain the two peaks

➢ When electron generate a nearby photon.

➢ The electron and photon will reconstruct into one cluster.

➢ The track energy of the cluster is the electron - the photon.

➢ The energy of cluster energy subtract track energy (photon) will 

become a neutral particle, will appear in the reconstruction 

algorithm

➢ Due to the large energy of the cluster, the energy of these 

neutral particles will be zero or large value, which corresponds 

to the neutral particle is identified and unidentified.

➢ This will lead to two peaks at the distribution.
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The cut flow of eeH_inv

The main remain backgrounds:

⚫szeorsw_l0l(𝑒+, 𝑒− , υ𝑒 , തυ𝑒) 10244(76%)

⚫sze_l0nunu(𝑒+, 𝑒− , υ𝜇,𝜏, തυ𝜇,𝜏) 1276(10%)
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Event selection of ZH(Z->qq,H->invisible) :  Suppose BR(H->inv)= 50%

➢100GeV<𝑀𝑟𝑒𝑐𝑜𝑖𝑙
𝑣𝑖𝑠𝑖𝑏𝑙𝑒<150GeV

⚫ 𝑀𝑟𝑒𝑐𝑜𝑖𝑙
𝑣𝑖𝑠𝑖𝑏𝑙𝑒 is  the mass of Higgs about 125GeV   

➢85GeV<𝑀𝑣𝑖𝑠𝑖𝑏𝑙𝑒<102GeV

⚫ 𝑀𝑣𝑖𝑠𝑖𝑏𝑙𝑒 is the mass of Z boson about 91.2GeV
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Event selection of ZH(Z->qq,H->invisible) : Suppose BR(H->inv)= 50% 

➢∆ϕ𝑑𝑖𝑗𝑒𝑡<175°, 18GeV<𝑃𝑡
𝑣𝑖𝑠𝑖𝑏𝑙𝑒<60GeV

⚫ In order to suppress 2 fermion background

➢90GeV< visible energy <117GeV

➢NIsoMuon = 0,NIsoElectron = 0

⚫ Isolate package only record isolated particles
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The cut flow of qqH_inv

Before version： N_neutral>15, N_electron<7.
Due to the version of background and signal data are different and the number of electrons is 
affected by the reconstruction version, I change the signal version and remove the cut of 
N_electron<7.
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Old version:

𝑆+𝐵

𝐵
:  0.25% -> 0.29%
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The main remain backgrounds in qqH_inv:

⚫𝑛𝑢𝑙 , 𝑛𝑢𝑙 ,q,q: 65151 (43%)

⚫tau,nu,up,down: 46126 (31%)

The distribution of recoil mass after cut flow:
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ZH(Z->𝜇+𝜇−,H->invisible) ZH(Z->𝑒+𝑒−,H->invisible) ZH(Z->qq,H->invisible)
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The upper limit ─ Likelihood Scan

➢Method: 𝜇𝑆 + 𝐵

➢ Fitting data: get the value and error of 𝜇

➢This picture is the likelihood scan result for the 

combination of three channels, where the 

green dash line label out the location of 

68%/95% confidence level (-log(∆L)=0.5/2).
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The upper limit under different BR(H->inv.)

➢ The precision of the cross section of Higgs decay to 

invisible final states 
𝛿𝜎𝑍𝐻,𝐻→𝑖𝑛𝑣.

𝜎𝑍𝐻,𝐻→𝑖𝑛𝑣.
versus BR(H->inv.)

➢ The BR(H->inv.) is larger, and the precision is higher.

➢ When BR(H->inv.) = 50%, 
𝛿𝜎𝑍𝐻,𝐻→𝑖𝑛𝑣.

𝜎𝑍𝐻,𝐻→𝑖𝑛𝑣.
=0.26%

➢ When BR(H->inv.)=0.106%, 
𝛿𝜎𝑍𝐻,𝐻→𝑖𝑛𝑣.

𝜎𝑍𝐻,𝐻→𝑖𝑛𝑣.
=63%

Statistical error of fitting
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The result of fitting (Set BR(H->inv)=0.106%(SM)) 

ZH(Z->𝜇+𝜇−,H->invisible)
error: 𝜎𝐻→𝑖𝑛𝑣=0.10%

ZH(Z->𝑒+𝑒−,H->invisible)
error: 𝜎𝐻→𝑖𝑛𝑣=0.43%

ZH(Z->qq,H->invisible)
error: 𝜎𝐻→𝑖𝑛𝑣=0.09%
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➢The statistical error of the branching ratio can be obtained by fitting
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Combine result

➢ The combined branching ratio is measure as 0.106%±0.067% and the upper limit 

at 95% confidence level is estimated to be 0.24%.

➢ This table is 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
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The BMR of Higgs->invisible 

➢BMR(Boson mass resolution) of Higss-

>invisible under BR(H->inv.)=50%

➢qqH dominants the precision & rely on 

recoil mass to separate the ZZ(Z->qq,Z-

>inv.) bkg

➢Essential for qqH analysis, especially H-

>non jet final state

➢ If the BMR improves/degrades from 4% to 2%/6%: the Higgs invisible 

measurement improves/degrades by 2%/11%
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Summary
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Status：

➢ Further optimized the event flow and increased its reliability

➢ Add the precision of cross section of Higgs decay invisible part at 

different branching ratio

➢ Add the dependence of accuracy versus BMR

➢ Update the new result 95%UL. Br(H->inv.)=0.24%

Next Plan:

➢ Complete the paper of Higgs invisible decay

➢ May consider the affect of some system uncertainties 
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