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Review of CEPC CDR
CEPC CDR release: Nov 2018, IHEP

Higgs→ 𝛾𝛾 physics analysis:
◦ Design point at CEPC_v4, 𝑠 = 240𝐺𝑒𝑉, ℒ =
5.6𝑎𝑏−1

◦ Whizard 1.95 + MoccaC generator, dedicated 
fast simulation based on parametrized detector 
response. 

◦ Considered 𝐻 → 𝛾𝛾 signal and 2 fermion 
dominant background

◦ Result: 𝛿(𝐵𝑟(𝐻 → 𝛾𝛾) × 𝜎(𝑍𝐻))=6.84% in 3 
combined channel, and 9.84% in 𝑞 𝑞𝛾𝛾 channel.

◦ Could be improved by applying MVA method
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Arxiv: 1810.09037
Report in 2018 CEPC WS

https://arxiv.org/abs/1810.09037
https://indico.ihep.ac.cn/event/7875/session/3/contribution/6/material/slides/0.pdf


MC sample and simulation 
In order to keep consistent with CDR: 

MC sample: 
◦ Signal: 𝑒𝑒 → 𝑍𝐻 → 𝑞 𝑞𝛾𝛾,  100k events.

◦ Background: 𝑒𝑒 → 𝑞𝑞+radiation photons,  20M events.

Simulation and event reconstruction
◦ Fast simulation: smear the objects with the resolution and efficiency with parametrized 

detector response, 
Δ𝐸

𝐸
~

16%

𝐸
⊕ 1%

◦ Event reconstruction: FSClasser FastJetClustering processer.

reconstructed 2 on-shell photon with 𝑚𝛾𝛾~125GeV and 2 jets

define: 𝛾1/𝑗1 as photon/jet with lower energy, and 𝛾2/𝑗2 as higher energy one.
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Event selection adjustment
Release the event selection criteria for the further MVA method

Selection in CDR: 
𝐸𝛾1 > 35𝐺𝑒𝑉

35𝐺𝑒𝑉 < 𝐸𝛾2 < 96𝐺𝑒𝑉

𝑐𝑜𝑠𝜃𝛾𝛾 > -0.95, 𝑐𝑜𝑠𝜃𝑗𝑗>-0.95

𝑝𝑇𝛾1 > 20𝐺𝑒𝑉, 𝑝𝑇𝛾1 > 30𝐺𝑒𝑉

110𝐺𝑒𝑉 < 𝑚𝛾𝛾 < 140𝐺𝑒𝑉

125𝐺𝑒𝑉 < 𝐸𝛾𝛾 < 145𝐺𝑒𝑉

𝑚𝑖𝑛 𝑐𝑜𝑠𝜃𝛾𝑗 <0.9

Present: 
𝐸𝛾1 > 25𝐺𝑒𝑉

35𝐺𝑒𝑉 < 𝐸𝛾2 < 96𝐺𝑒𝑉

𝑐𝑜𝑠𝜃𝛾𝛾 > -0.95, 𝑐𝑜𝑠𝜃𝑗𝑗>-0.95

𝑝𝑇𝛾1 > 20𝐺𝑒𝑉, 𝑝𝑇𝛾1 > 30𝐺𝑒𝑉

110𝐺𝑒𝑉 < 𝑚𝛾𝛾 < 140𝐺𝑒𝑉

𝐸𝛾𝛾 > 120𝐺𝑒𝑉

min 𝑐𝑜𝑠𝜃𝛾𝑗 <0.9

Old signal background

Total efficiency 53.08% 0.010%

Scaled to 5.6 𝑎𝑏−1 923.13 29875.6

New signal background

Total efficiency 53.34% 0.010%

Scaled to 5.6 𝑎𝑏−1 927.65 31587.6
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MVA method
Considered variables: 
◦ P, E, pT, 𝑐𝑜𝑠𝜃 of two photon and 2 jets

◦ P, E, pT, 𝑐𝑜𝑠𝜃, recoil mass, pTt, Pt* of di-photon system

◦ P, E, mass, recoil mass, 𝑐𝑜𝑠𝜃 of jj system

◦ Δ𝑃, Δ𝐸, Δ𝜙 between two photon, 𝛾𝛾-qq

◦ Cosine angle between 2 photon, 2 jets, 1 photon and 1 jet, 𝛾𝛾 and jj system.

◦ Minimum Δ𝑅 between any photon and jet

Totally 42 variables

Separation power: 

Pt*: Di-photon P projected perpendicular to the di-
photon thrust axis.(similar as pTt but replace pT with P)

pTt = |(𝑃1 + 𝑃2) ×
𝑃1−𝑃2

|𝑃1−𝑃2|
|

𝑦: discriminating variable
 𝑦𝑠 𝑦 and  𝑦𝐵 𝑦 :  the distributions of the 
variable for signal and background samples
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MVA method
Variable correlation matrix

First step: remove high 𝑚𝛾𝛾-related variable        |𝐶𝑜𝑟𝑟𝑣−𝑚𝛾𝛾
|<30% 

Second step: remove high co-related variables     |𝐶𝑜𝑟𝑟𝑣1−𝑣2
|<40%
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MVA method
Remaining variables: 

Variable Definition 𝑆2

𝑝𝑇𝛾1 / 𝑝𝑇𝛾2 pT of 𝛾1 or 𝛾2 0.39 / 0.30

𝑐𝑜𝑠𝜃𝛾2 Cosine polar angle of 𝛾2 0.39

|ΔΦ𝛾𝛾| |ΔΦ| between 2 photon 0.30

𝑚𝑖𝑛Δ𝑅𝛾,𝑗 Minimum Δ𝑅 between photon and jet 0.09

𝑐𝑜𝑠𝜃𝑗1 Cosine polar angle of 𝑗1 0.08

𝑝𝑇𝑗2 pT of 𝑗2 0.08

𝐸𝑗1 Energy of 𝑗1 0.03

𝑐𝑜𝑠𝜃𝛾2−𝑗2 Cosine value of the angle between 𝛾2 and 𝑗2 0.03

𝑐𝑜𝑠𝜃𝛾1−𝑗1 Cosine value of the angle between 𝛾1 and 𝑗1 0.02

|ΔΦ𝛾𝛾−𝑗𝑗| |ΔΦ| between 𝛾𝛾 and 𝑗𝑗 system 0.01

𝑐𝑜𝑠𝜃𝛾𝛾−𝑗𝑗 Cosine value of the angle between 𝛾𝛾 and 𝑗𝑗 system 0.01

BDT training parameter: 
“BDTG”,“NTrees=900:nEventsMin=50:BoostType=Grad:Shrinkage=0.06:UseBaggedGrad:GradBaggingFracti
on=0.6:nCuts=20:MaxDepth=3”
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MVA method
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MVA variables distribution for signal(blue) and background(red)



MVA method

2019/7/3 Fangyi Guo, guofangyi18@mails.ucas.ac.cn 10

MVA variables distribution(left) and BDT response(right) for signal(blue) and background(red)

|𝐶𝑜𝑟𝑟𝑚𝛾𝛾−𝐵𝐷𝑇𝑜𝑢𝑡| is 5.4% in signal and 17% in background



2-D signal and background fit
Fit the sample in 2 dimension
◦ Di-photon invariant mass 𝑚𝛾𝛾

Signal: Gaussian PDF

Background: 2nd polynomial exponential PDF

𝑃𝐷𝐹𝑚𝛾𝛾
= 𝜇 × 𝑁𝑠𝑖𝑔

𝑆𝑀 × 𝑃𝐷𝐹𝑠𝑖𝑔 + 𝑁𝑏𝑘𝑔 × 𝑃𝐷𝐹𝑏𝑘𝑔

◦ BDT response ( 𝐶𝑜𝑟𝑟𝑚𝛾𝛾−𝐵𝐷𝑇 <20%)

Binned PDF for signal and background

𝑃𝐷𝐹𝐵𝐷𝑇 = 𝜇 × 𝑁𝑠𝑖𝑔
𝑆𝑀 × 𝑃𝐷𝐹𝑠𝑖𝑔 + 𝑁𝑏𝑘𝑔 × 𝑃𝐷𝐹𝑏𝑘𝑔

◦ 𝑃𝐷𝐹2𝐷 = 𝑃𝐷𝐹𝑚𝛾𝛾
× 𝑃𝐷𝐹𝐵𝐷𝑇
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Results
Fit result in 𝑒𝑒 → 𝑍𝐻 → 𝑞𝑞𝛾𝛾 channel 

𝜇 = 1.000 ± 0.066
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𝒒𝒒𝜸𝜸 channel 3 Combined channel

Pre MVA (CDR result) 9.84% 6.80%

After MVA 6.56% 5.39%

Improvement 33% 21%

*combined results are based on MVA 𝑞𝑞𝛾𝛾 + no MVA (𝑙𝑙𝛾𝛾 + 𝜈𝜈𝛾𝛾)

FCC-ee case:
• 3% @240GeV, 10𝑎𝑏−1, based on CMS 

ECal resolution, TLEP physics, 2013
• 9% @240GeV, 5𝑎𝑏−1, FCC-ee CDR, 

2018

https://arxiv.org/abs/1308.6176
https://cds.cern.ch/record/2651299


Future work
MVA method in 𝑍𝐻 → 𝑙𝑙𝛾𝛾, 𝑍𝐻 → 𝜈𝜈𝛾𝛾 channel
◦ Estimation: if the same improvement(30%) could be reached in these two channel

𝑙𝑙𝛾𝛾 channel:   23.7%            16.6%

𝜈𝜈𝛾𝛾 channel:  10.5%            7.4%

combined results after MVA: ~4.7%

Simulation sample
◦ Update the fast simulation sample to full simulation

Signal: broaden the 𝑚𝛾𝛾 distribution, lose ~7.5% events

Background: include more high energy photon, might be excluded by reconstruction algorithm.
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Conclusion
MVA method improvement in CEPC 𝐻 → 𝛾𝛾 analysis
◦ 𝑞𝑞𝛾𝛾 channel has been tested: 33% improvement in one sub-channel, reaching the result 𝛿 𝐵𝑟 × 𝜎 =
6.56%

◦ Prospect:  4.7% combined precision could be reached after MVA in 3 channels

Next step towards TDR
◦ Full simulation samples are ready, but a accurate reconstruction algorithm is necessary

◦ Based on previous study, a ~20% decrease would appear after converting to full simulation
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Back up
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Correlation matrix  (after removing 𝑚𝛾𝛾-related variables)
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