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• We are interested in the strong first-order electroweak phase transition in the
“SM Higgs + Light Real Singlet Scalar” model:
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• Mass eigenstates:

Physics Motivation

ℎ!

ℎ!

ℎ"

Extrema can evolve differently as T evolves 
→ Rich possibilities for symmetry breaking

ℎ# = ℎ cos 𝜃 + 𝑠 sin 𝜃 ( ℎ# : singlet-like )
ℎ! = −ℎ sin 𝜃 + 𝑠 cos 𝜃 ( ℎ! : SM-like Higgs )

J. Kozaczuk, M. J. Ramsey-Musolf, and J. 
Shelton Phys. Rev. D 101, 115035 (2020). 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.115035
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.101.115035&v=8de80cd2
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Theoretical Prospects

J. Kozaczuk, M. J. Ramsey-Musolf, and J. Shelton Phys. Rev. D 101, 115035 (2020). 
Z. Liu et al., Chinese Phys. C 41, 063102 (2017).

ℎ! → ℎ"ℎ" → 4𝑏

EWPT viable: 
numerical

Future 𝑒%𝑒&

EWPT viable: 
semi analytic

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.115035
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.101.115035&v=8de80cd2
https://iopscience.iop.org/article/10.1088/1674-1137/41/6/063102
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Sample Production 

• Signal: The samples are generated at 240 GeV. 50000 events per mass point from 5 to 60 GeV 
for electron and muon channel separately

• Generator: Madgraph5 and Pythia8
• Simulation and reconstruction: cepcsoft 0.1.1 , CEPC_v4

Table. Parameters and related BRs that satisfy a strong 1-st 
order electroweak phase transition. The orange shading 
represent parameter when BR is at its upper bound, and blue 
shading represent the lower bound. 

Fig. Mass distribution of ℎ! when
𝑚# = 60GeV

𝑍 → 𝑒!𝑒"
ℎ# → ℎ$ℎ$ → 𝑏&𝑏𝑏&𝑏
𝑚$ = 60 GeV
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Sample Production

• Background : 2-Fermion, 4-Fermion, eeH, mumuH as our background. Expect luminosity : 
5.6 ab&# .

http://cepcsoft.ihep.ac.cn/guides/Generation/docs/ExistingSamples/#240-gev
lxslc7 : /cefs/data/DstData/CEPC240/CEPC_v4_update

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

• Higgs decay mode

https://iopscience.iop.org/article/10.1088/1674-1137/43/4/043002/pdf

https://iopscience.iop.org/article/10.1088/1674-1137/43/4/043002/pdf
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Selections and Cutflow

Origin : Original Events from FSClasser

ll_costheta : Polar angle of the dilepton system

ll_cosphi : Separation angle between two Z-leptons

npfo4j : Number of particles in the 4 jets each with 

energy larger than 0.4 GeV

blikeness : #%&×#%'×#%(×#%)
#%&×#%'×#%(×#%)% !&#%& × !&#%' × !&#%( × !&#%)

amass_dif : Mass difference between the two 

reconstructed ℎ! singlet.

Open_angle : Opening angle between the two jets 

from each singlet

𝑍 → 𝑒%𝑒& , ℎ! → ℎ#ℎ# → 𝑏P𝑏𝑏P𝑏

Thanks to Yu Bai.
Y. Bai et al., Chinese Phys. C 44, 013001 (2020).

https://iopscience.iop.org/article/10.1088/1674-1137/44/1/013001
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Selections and Cutflow

Cut Set npfo4j ljpt Sljpt amass_dif Cos(angle) blikeness

Cut 1 >40 <80 <50 <20 <0.9 >0.9999

Cut Set |𝑪𝒐𝒔𝜽𝒍𝒍| 𝑪𝒐𝒔𝝍 mll mll_recoil

Cut Baseline <0.71 >-0.74 77.5~104.5 120~140

• Higgs to bb process is our 
dominant background

• Background process are strongly 
suppressed by the blikeness cut.

• 𝑀!! and 𝑀!!
"#$%&! distribution before the cut

𝑍 → 𝑒%𝑒& , ℎ! → ℎ#ℎ# → 𝑏P𝑏𝑏P𝑏
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Selections and Cutflow

Cut Set npfo4j ljpt Sljpt amass_dif Cos(angle) blikeness

Cut 1 >40 <80 <50 <20 <0.9 >0.9999

Cut Set |𝑪𝒐𝒔𝜽𝒍𝒍| 𝑪𝒐𝒔𝝍 mll mll_recoil

Cut Baseline <0.71 >-0.74 77.5~104.5 120~140

• Higgs to bb process is our 
dominant background

• Background process are strongly 
suppressed by the blikeness cut.

𝑍 → 𝑒%𝑒& , ℎ! → ℎ#ℎ# → 𝑏P𝑏𝑏P𝑏
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BDT Approach

• Trained the variables after some loose selections Cut Set npfo4j blikeness

Cut bdt >20 >0.01
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Limit Setting with TRExFitter

• Settings :
• Variable : m_recoil_ll
• Signal Sample : Exotic decay signal at different mass point after selection
• Bkg Sample : All the background event after selection
• Data : Asimov data with all bkg samples

• Sensitivity by cut based is better than BDT
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Summary

• Prepared 𝑍 → 𝑒'𝑒(/𝜇'𝜇(, ℎ) → ℎ*ℎ* → 𝑏+𝑏𝑏+𝑏 signal samples ( 5×10+ events for each 
channel and mass point) .

• Reconstructed signal samples. ( Background samples are from /cefs/data )
• Cut set preliminary determined and optimized.
• MVA approach.
• Preliminary limit setting by TRExfitter. 

Future Plans
• Optimization of cuts targeting electron and muon channel.
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Thanks!
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Backup

• Analysis code git repo : https://gitlab.com/ykrsama/fsclasser.git

https://gitlab.com/ykrsama/fsclasser.git
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Backup
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Backup



< 18 >

Backup
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Backup


