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Recoil mass reconstruction: 
 
 

⇒ identify the Higgs boson without looking at the Higgs boson. 

Decay-Blinded Tagging of Higgs Boson  

( )2 22
recoil = − −



Z Zm s E p

Unique to lepton colliders, the energy and momentum of the Higgs
boson in  can be measured by looking at the Z kinematics 
only:       ,       H Z H Z

ee ZH
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→
= − = −
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( )Measure  independent of its decay !ee ZHσ →
( )LHC always measures BRσ ×
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Main differences with LHC 
• Production:  

LHC: dominated by the QCD process ⇒ large theoretical uncertainties 
CEPC: pure electroweak process ⇒ precise theory calculations 

 
 
 
 
 
• Trigger and identification: 

LHC: based on specific Higgs boson decay signatures ⇒ measure σ×BR 
CEPC: Higgs boson decay blinded ⇒ measure σ and BR 
 

• Environment: 
LHC: suffer from underlying event and pileup effects 
CEPC: clean 
 

• Statistics 
HL-LHC: ~ 300 million Higgs bosons, recording about ~2% 
CEPC: ~ 1 million Higgs bosons, every event is gold  
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Updated LHC Projections 

Assuming SM production cross sections Assuming SM decay branching ratios 

These are model-dependent projections ! 
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What We Have Done 
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Final States Studied 

Other final states:
   :  , , ,
   :  
   :  , , 
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H Z ZZ qq
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γγ µµ ττ νν
γ νν
µµ νν
νν νν

→ →
→ →
→ →
→ →
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/ /H bb cc gg→
*H WW→

*H ZZ→
H ττ→

InvisibleH →

A lot final states have been studied, many more remain unexplored…  
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European Strategy Update 

CEPC Higgs physics sensitivity projections were fairly presented 
at the open symposium: https://cafpe.ugr.es/eppsu2019/ 

FCC-ee at 240 GeV and CEPC have very similar projections 

https://cafpe.ugr.es/eppsu2019/
https://cafpe.ugr.es/eppsu2019/
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Recommendations from CDR review 
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Towards TDR 

 Maximum use of detector information 
 Improving electron energy measurement; 
 Estimate sensitivities of missing final states; 

 

 Improve (some) existing analyses 
 Fully exploit kinematic information of  both signal and  
      background events; 
 Use advanced analysis techniques for signal and background 
      separation; 
 Global (combined) analysis approaches; 

 

 Moving beyond 
 Spin/CP property studies; 
 Differential cross section measurements 
 BSM studies; 

Examples of possible improvements 

What performance requirements that may impact detector design 
changes from the baseline? Jet energy resolution? 
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Missing Channels ZH ZZ qqγ νν γ→ →

( ) ( ) ( ) ( ) or M M qq M qq M Mγ ννγ νν∆ = − −
*H WW→

*H ZZ→

*

Missing: 
Might be important (relatively) 

based on the  studies

Z qq

H WW

→

→

, ?
What about other decay final states
such as ZH ZZ qqqq qqγ γ γ→ → 
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Electron Energy Measurement 

Z µµ→ Z ee→

Much worse recoil mass resolution in the electron channel due to 
Bremstrahlung radiation, should be able to improve with radiation 
recovery. 
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Event Kinematics 
Can analyses be improved through the exploitation of kinematics 
of both signal and background events? 

Signal:   
Background:   

ZH qq inv
ZZ qq vv

→
→

Both signal and background events have the same dijet mass, but  
different recoil masses: MZ vs MH.  
 

Can the qq mass constraint improve the recoil mass resolution? 

Example: 

Another example,  is ideal final state for kinematic fittingZH qqµµ→
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Advanced Analysis Techniques 

Example: ATLAS  analysisH bb→

Many analyses have dozen of cuts  
on different observables 
 

Example: 
Hao Liang:  @ 360 GeVH bbνν νν→

Multivariate Analysis Techniques are  
ideal suited for this type of analyses. 

At LHC, complex analyses are  
done almost exclusively using  
MVA techniques (NN, BDT, …) 
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“Global” Analyses 
Instead of Higgs decay mode 
oriented analyses, we should 
perhaps focus more on final- 
state oriented analyses 
 
Hadronic final state is a good  
final state to exercise the  
global analysis  

( )( ), , , , ,

,

ZH qq bb cc gg WW ZZ
WW qqqq
ZZ qq qqqq

νν

νν

→

→
→

Majority of the events at CEPC ! 
Need good iterative jet algorithm to  
classify events into 2, 3, 4, 5, 6, … jets ! 

A LEP example 
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Potential of the 360 GeV Running 

 Solidify σ(ZH) precision estimate 
 Combined 240 and 360 coupling 
      analyses 
 Are other Higgs decay modes in 
      vvH useful? 
 Is eeH useful? 

Kaili Zhang 

Anything else? 
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Differential Distributions 

A few canonical Higgs differential  
distributions 
 Transverse momentum 
 Polar angle 
What are other important  
distributions? 
 
Likely need to combine multiple 
analyses or through the global 
analysis 



Jianming Qian (University of Michigan) 19 

Higgs Boson CP Studies 

2

3

:  fraction of high-order CP-even contribution due to SM or BSM physics
:  fraction of CP-odd contribution due to BSM physics

a

a

f
f

Extrapolated from phenomenological studies for Higgs white paper 

Anything else worth doing at this point? 
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Discussion 

Limited resources, cannot be too ambitious, need to choose 
a few well-defined topics which are either important or good  
benchmarks 
 What are things that are essential? 
 What are things that are nice to have? 
 
What should be the deliverable?  
An update paper? If so, what time scale? 
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