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• Competition from both HL-LHC  and FCC-ee

• FCC-ee

• ATLAS-CMS extrapolation 
range from 2 − 4%, with the 
exception of that on Bμμ at 8% 
and on BZγ at 19%. 

cc, gg missing  



We possess what the LHC lacks（⼈人⽆无我有）
• Tagging method, absolute/model-independent


• All Higgs decays accessible except e and uds 


• Multinomial distribution: statistical constraint


• Two types of backgrounds 


• Higgs background (crosstalk) 


• non-Higgs background ( enlarge the stat. unc. of ni )

+ … … 

N

ni ni ni ni

Bi   = 
non-Higgs background  

— subtracted with fitting  
— but enlarges �σni

https://cn.bing.com/dict/search?q=possess&FORM=BDVSP6&mkt=zh-cn
https://cn.bing.com/dict/search?q=what&FORM=BDVSP6&mkt=zh-cn
https://cn.bing.com/dict/search?q=lack&FORM=BDVSP6&mkt=zh-cn


Efficiency matrix 
Based on MC, no dependence on Br’s  

 A produced final state j reconstructed as final state i

Take the simplest case as an example 
—2 decay modes  

= X

Measurement: DEMODULATION 
All knowns on the right 

Solve N and minimize its uncertainty

MODULATION Matrix

ProductionObservation

DEMODULATION



2 decays 
 p+q=1 — binomial distribution 

Individual measurements Global measurement 

Based on text book,  please read   
https://en.wikipedia.org/wiki/Binomial_distribution 

https://en.wikipedia.org/wiki/Multinomial_distribution

binomial / multinomial distributions  

https://en.wikipedia.org/wiki/Binomial_distribution
https://en.wikipedia.org/wiki/Multinomial_distribution


More on the full covariance 

100%  anti-correlated between the two decays! 
This can be used in data analysis to improve precisions. 

Successful examples 
• Precision measurement of the D*0 decay branching fractions by BESIII, 

Phys. Rev. D91 (2015) no.3, 031101  
• Branching ratios of tau ︎decays by ALEPH,  Physics Reports 421 (2005) 

191–284



Let’s see how it happens 

Matrix: compact and easy to expand to higher dimension 



Space transformation  
n(observable)! N(production)→



Space transformation  
N(production)! B(branching ratios)→

• Features


Variance of B proportional to 1/(N4|E|2)


N4 : statistical power


|E|2  proportional to  the performance of 
Detector x Reconstruction x Analysis 


Same uncertainties for both Br’s 



More than 2 decay modes 

=

Similar features as N=2 



Numerical results with toy MC 



On backgrounds 

• Two type of backgrounds 


Non-uuH backgrounds: 
subtracted by fitting, 
enlarging statistical 
uncertainty of ni 


uuH backgrounds(cross 
talk): the efficiency matrix 
dealing with them


N and ni 

N



• 9 Higgs decays accessible 


• Di-muon, di-photon, and gamma Z are tiny: 
only  0.02%, 0.23%, and 0.15%, respectively 


• cc contaminated by bb due to large bb Br


• ZZ important for Higgs Width   



Solve Ni by minimizing the  with constraintχ2

Higgs -> cc, bb, mm, tt, gg, aa, aZ, ZZ, WW

                 1    2      3    4    5     6    7     8      9

Neglect e and uds decays —  constraint feasible 



Statistical limit 
➡99% efficiency,  
➡no cross talk,  
➡no other backgrounds  
➡eeH and qqH as good as mumuH 



Ideal case: 
eeH, qqh as good as uuH  
No background, no cross talk, multinomial uncertainties,  and constraint

MLT POS



More realistic: 
eeH, qqh as good as uuH  
100% background, no cross talk, multinomial uncertainties,  and constraint

MLT POS



Short discussion 
• This approach can improve Higgs branching ratio 

measurement and set a statistical limit 


• qqH and eeH not good as uuH, but much more statistics 


• Degrading in real analysis and lots of compromises  


• No full cross talk information in current analyses 



Detector design & Optimization 
Multi-purpose optimization: a bunch of benchmarks —  


A single parameter is favored, which means single-purpose optimization  

Detector design 

Simulation Reconstruction 

Physics 
performance 

(one) parameter to 
quantify performance 

Good design:  
 From top level  
 Break-down 



Physics performance parameterized  
as a function of several parameters, 

or precision of a set of benchmark processes  
 or determinant of efficiency matrix |E| 

Now problem successfully becomes  
how to Maximize |E|2

Difficult 

Easy to minimize



• Not necessary to know the branching ratios of Higgs decays  
• Quantifies the detector/software/analysis performance with a single 

parameter det|E|

• It could be useful for detector optimization  

Again on efficiency matrix

A single purpose optimization instead of  that of a bunch of benchmarks 



Geometrical interpretation of the 
efficiency matrix

• For a matrix                      ， det(E) is the area of a quadrilateral


• � 


• For n=3, det(E) is  volume of a parallelepiped


• For N>3, det(E) is  hyper volume … 

S = det(E) = ad − bc



Maximize |E|2

• N=2, the maximum |E| �  area of a square 


• N=3, the maximum |E| � volume of a cube 


• N>3,  …                       � volume of a HyperCube


• Hypercube efficiency matrix has the ideal/best 
performance, this is the dream of experimentalists  

→

→

→

Detector: HC 
HyperCube or HiggsCube



Summary
• CEPC dedicated for Higgs study,  the Br’s important  


• Global analysis with constraint improves the precision


• Global analysis of  e+e—>u+u-H, H—> all 9 decay modes serves as a 
“benchmark” to optimize detector, software, and analysis, 


• Advantage : single parameter, easy to optimize, easily to realize in ML


• Using fast simulation + global analysis + machine learning  to maximize |E| — 
fast iteration 


• Including eeH and qqH much better but difficult, possible to do …, not very 
necessary at present  


