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How to improve precision of the couplings?
Let’s start form a simple game …
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Assume Ph=p, Pt=q,
so p+q =1 always holds: binomial dist., if we

want to measure p and q …



Assuming p = 0.625 and fixing N = 1000
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<Nh> = 625, dN = 15, not 25 dp ~ 0.015

A binomial: dNh = sqrt(Npq)=15

Instead of a Poisson: dNh = sqrt(Nh) = sqrt(Np)=25

Sqrt(0.625*0.375/1000)= 0.0153



Assuming p = 0.625 and N ~ Poisson (1000)
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<Nh> = 625, dN = 25 in this case dp ~ 0.025 if using
1000 as the denominator



Assuming p = 0.625 and N ~ Poisson (1000)

7

<Nh> = 625, dN = 25 in this case dp ~ 0.015 if using the actual
N of Poisson as denominator

Conclusion：
stat. uncertainty could be improved if the binomial used



Conventional data analysis
• N types of events produced in collision (N1,N2,N3, … )

• B1=N1/N to be measured

• N1 : signal and others: bkg

We want to measure all Bi simultaneously
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Aided with modern techniques, we can do

“on-shop” measurement: all quantities simultaneously

means more efficient and better precision
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Inverse of matrix
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Mathematical basis
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Efficiency modulate N à n

Similar for their covariances

We know the covariance of N
~ multinomial
so Sn is easy

Solve all Ni by minimizing



Key ingredient

--- Efficiency matrix, E with machine 

learning 
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particle cloud

Features not depend on the order of points
--- Permutation symmetry

Jet or event as point cloud



Inputs: 𝑒!𝑒" → 𝑍𝐻, 𝑍 → 𝑙!𝑙", 𝑞𝑞

•400 k events for each Higgs decays :
𝑐𝑐, 𝑏𝑏, 𝜇𝜇, 𝜏𝜏, 𝑔𝑔, 𝛾𝛾, 𝑍𝑍,𝑊𝑊, 𝛾𝑍

•Train: validation: test  = 8:1:1

•Fast simulation

•momenta of tracks  and energies of neutrals smeared according 
to  CEPC_v4

•Ideal PID and Impact parameters
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Good performance!  
Average Accuracy  = 87% 
(11.1% for random guess) 15

eeH as example



Score of each class
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Dimensional reduction ( t-SNE )
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All 4 tagging modes
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eeH 𝜇𝜇H

𝜏𝜏H qqH



With the efficiency matrix and 𝑛!

The 𝜒! = 𝜒""! + 𝜒##! + 𝜒$$! + 𝜒%%
! is minimized to 

extract 9 branching ratios 
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Results
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Results: better precision

Improvements
• Multinomial law: larger Br, smaller stat. uncertainties

• Global: the ones with more cross talk benefit from the global constraint of

the efficiency matrix
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Is possible to classify all events into
even more categories …
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Yes!
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Signals



Summary
l Feasibility study shows that global analysis could improve the Higgs precision

ü ML method make a multi-classification feasible

ü Only particle level information as input, no dependence on jet algorithm, …

l Plan

Ø Take (more) SM backgrounds into account 

Ø Maximum likelihood method to extract all Higgs branching fractions

Ø To include some exotic decays of Higgs, such as invisible, …

Ø Full simulation …
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Termnologies 
• Tagging efficiency: accuracy in ML 

• ROC : Receiver Operating Characteristics Curve, mainly for binary classification, 

• In HEP it is  Rejection rate vs. Tagging efficiency  (FN rate vs. TP rate )

• AUC : Area under the ROC

• Confusion matrix 

• it is the efficiency matrix  when neglecting SM backgrounds 
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From the point view of detector optimization, a 
parameterization of performance as simple as 

possible is desired 

Obvious,
the determinant, |E|, is a good one

Problem successfully becomes 
---- a single purpose optimization
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Global analysis approach

• Look at Higgs decays

• 13 decays in Standard Model

+ … … 

N

ni ni ni ni

Bi   = 
non-Higgs background 
— subtracted with fitting for other method 

𝜎! = 𝑁×𝑝 for Poisson

𝜎! = 𝑁×𝑝×(1 − 𝑝) for multinomial

28



Global analysis of
"all" Branching fractions

Higgs -> cc, bb, mm, 𝜏𝜏, gg, 𝛾𝛾, ZZ, WW, 𝛾Z
1 2 3 4 5 6 7 8 9

By minimizing the 𝜒!

• SM backgrounds not shown here
• uds decays combined into gg
• ee decay neglected
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