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Status

❖ Application of JOI

⚫ 𝑍𝐻 → 𝜇𝜇𝑞𝑞

❖ Measurements of decay branching fractions of the 

Higgs boson to hadronic final states at the CEPC

⚫ The results of tight H-mass window

⚫ Use lepton cut and missing energy cut to separate hadronic 

Hzz and Hww events
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Application of JOI in 𝒁𝑯 → 𝝁𝝁𝒒𝒒
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Use bb/cc/ss/gg samples 

after muon pair cut > 33w events

➢ The sum of each row equals 1

➢ Reconstructed category refers to 

one with maximum q+qbar 

score

➢ As shown in the matrix

https://code.ihep.ac.cn/zhan

gkl/PrimeTagSvc



Comparison of H-mass windows

➢ At least two muons with opposite charge. (muon ID @ BEST WP and 𝐸 > 10 GeV) 

➢ Choose the muon pair closest to the 𝑍 boson mass.

➢ cos𝜃𝜇+𝜇− < 0.996: to further reduce the two-fermion backgrounds.

➢ 𝑁charged > 7: to reduce the backgrounds.

➢ 𝑀𝜇𝜇 in 𝑍-mass window [75 GeV, 105 GeV].

➢ 𝑀𝜇𝜇
recoil in 𝐻-mass window [110 GeV, 150 GeV].

The cutflow selection efficiency

4

➢ With [120, 140] GeV H-mass window



Comparison of model performance
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➢ The sum of each row equals 1

➢ Reconstructed category refers to 

one with maximum score

➢ Average accuracy: 82.1% 

The migration matrix with full sim bkg

➢ With [120, 140] GeV H-mass 

window

➢ Average accuracy: 82.1% 

The migtation matrix with full sim bkg



Comparison of results

❖ Results of the measured Higgs branching fractions with relative 

statistical and systematic uncertainties:
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Sig 𝑯 → 𝒃ഥ𝒃 𝑯 → 𝒄ത𝒄 𝑯 → 𝒈𝒈 𝑯 → 𝒁𝒁∗ 𝑯 → 𝑾𝑾∗ 𝑯 → 𝒔ത𝒔

Branching fraction 57.7% 2.91% 8.57% 2.64% 21.5% 4.4 × 10−4

Rel. Stat. Un. 0.3% 2.2% 1.3% 7.8% 1.1% 97.2%

Rel. Syst. Un. 0.1% 3.7% 1.8% 4.2% 0.4% 211.7%

Sig 𝑯 → 𝒃ഥ𝒃 𝑯 → 𝒄ത𝒄 𝑯 → 𝒈𝒈 𝑯 → 𝒁𝒁∗ 𝑯 → 𝑾𝑾∗ 𝑯 → 𝒔ത𝒔

Branching fraction 57.7% 2.91% 8.57% 2.64% 21.5% 4.4 × 10−4

Rel. Stat. Un. 0.3% 2.2% 1.3% 7.9% 1.1% 96.9%

Rel. Syst. Un. 0.1% 0.1% 0.3% 2.5% 0.1% 8.7%

➢ With [120, 140] GeV H-mass window



Separate hadronic decays from inclusive Hzz and Hww
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For 𝐻 → 𝑍𝑍: 

Hadronic 48.9%

Semi-leptonic 42.0%

Leptonic 9.1%

For 𝐻 → 𝑊𝑊: 

Hadronic 45.4%

Semi-leptonic 44.0%

Leptonic 10.6%

For 𝜏
~35% Leptonic

pdgLive

https://pdglive.lbl.gov/Viewer.action
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Process 𝑯 → 𝑾𝑾∗ 𝑯 → 𝒁𝒁∗

Final states Hadronic Semi-leptonic Leptonic Hadronic Semi-leptonic Leptonic

Theoretical 𝑁 176766 170918 41316 186411 160459 34530

Simulated 𝑁 178264 169905 40831 185120 161172 35108

Muon pair & 𝑍-mass 161636 154675 37437 167775 147049 32247

𝐸𝑙 < 9.5GeV∗ 155453 46695 3491 155273 104557 17782

𝐸𝑚𝑖𝑠 < 15GeV∗∗ 143410 1789 3 138790 3850 11

Total efficiency 80.4% 1.1% 0.01% 75.0% 2.4% 0.03%

∗: 𝑙𝑒𝑝𝑡𝑜𝑛 𝑤𝑖𝑡ℎ 𝑡ℎ𝑒 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑒𝑛𝑒𝑟𝑔𝑦 (𝑣𝑒𝑡𝑜 𝑚𝑢𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝑍)
∗∗: 𝐸𝑚𝑖𝑠 = 240GeV − Σ𝐸𝑣𝑖𝑠

Separate hadronic decays from inclusive Hzz and Hww

The cutflow



Back up
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Cut optimization
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𝑯 → 𝑾𝑾∗ 𝑯 → 𝒁𝒁∗



Distributions of El and Emis
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Simulation samples

❖ Using Whizard 1.95 and Pythia6 for the fragmentation and hadronization

❖ Signal process: 𝑍 decays to a pair of muons and 𝐻 decays in pairs of 𝑏ത𝑏/𝑐 ҧ𝑐/𝑔𝑔/𝑊𝑊∗/𝑍𝑍∗/

𝑠 ҧ𝑠, full simulation generated under Ref-TDR CEPCSW

❖ Backgrounds: processes with two-fermion and four-fermion final states, full simulation 

generated under Ref-TDR CEPCSW

122025/7/22

Signal process
Two-fermion background process

𝑍 → 𝜇+𝜇−

➢ leptons (l), neutrinos (ν), and quarks (q)
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➢ names refer to final states 

with leptons (l), hadrons (h), and semil

eptons (sl).

Process Simu. 𝑁 Seleced 𝑁 Eff/%

zz_h0cc_nots 393200 1 0.0003

zz_h0dtdt 394200 1 0.0003

zz_h0utut 395600 0

zz_h0uu_notd 150400 0

4mu 378911 7 0.0018

zz_l04tau 398394 38 0.0095

zz_l0mumu 802297 0

zz_l0taumu 398550 857 0.2150

zz_l0tautau 397879 0

mumudown 395000 15979 4.0453

mumuup 396600 14553 3.6694

zz_sl0nu_down 245800 0

zz_sl0nu_up 240000 0

zz_sl0tau_down 243000 59 0.0243

zz_sl0tau_up 253200 32 0.0126

ww_h0ccbs 395600 0

ww_h0ccds 395800 0

ww_h0cuxx 395400 0

ww_h0uubd 395000 1 0.0003

ww_h0uusd 396000 1 0.0003

Four-fermion background process
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➢ names refer to final states 

with leptons (l), hadrons (h), and semil

eptons (sl).

Process Simu. 𝑁 Seleced 𝑁 Eff/%

ww_l0ll 399590 1 0.0003

ww_sl0muq 397600 227 0.0571

ww_sl0tauq 397200 22 0.0055

sw_l0mu 399193 0

sw_l0tau 397596 0

sw_sl0qq 396400 0

sze_l0e 397799 0

sze_l0mu 388340 1 0.0003

sze_l0nunu 399756 0

sze_l0tau 397588 0

sze_sl0dd 391000 0

sze_sl0uu 398800 2 0.0005

sznu_l0mumu 328834 0

sznu_l0tautau 398383 0

sznu_sl0nu_down 396400 0

zzorww_h0cscs 227600 0

zzorww_h0udud 239800 0

zzorww_l0mumu 243647 0

zzorww_l0tautau 399180 0

szeorsw_l 398788 0

Four-fermion background process
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