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How to improve precision of the couplings?
Let’s start form a simple game ...

Assume P,=p, P;=q,
so p+g =1 always holds: binomial dist., if we
want to measure p and q ...
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Assuming p = 0.625 and fixing N = 1000

ﬂ Mean 625

Std Dev 15.29

Sqrt(0.625*0.375/1000)= 0.0153
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A binomial: 8N, = sqrt(Npq)=15

Instead of a Poisson: 6N, = sqrt(N,) = sqrt(Np)=25
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Assuming p = 0.625 and N ~ Poisson (1000)
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Assuming p = 0.625 and N ~ Poisson (1000)
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op ~ 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 (N;,N,,N,, ...)

 B,=N,/N to be measured

* N, : signal and others: bkg
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We want to measure all B; simultaneously




Aided with modern techniques, we can do
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Inverse of matrix




Mathematical basis

Efficiency modulate N = n

Similar for their covariances

We know the covariance of N
~ multinomial
SO X" is easy

Solve all Ni by minimizing
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Key ingredient
--- Efficiency matrix, E with machine

learning



Jet or event as point cloud
particle cloud

Point cloud Particle cloud
points are intrinsically unordered particles are intrinsically unordered
primary information: primary information:
3D coordinates in the xyz space 2D coordinates in the n- space

but also additional “features”:

] energy/momenta
Features not depend on the order of points

--- Permutation symmetry charge/particle type

track quality/impact parameters/etc.



Inputs: ete”™ —» ZH,Z — 1717, qq
®* 400 k events for each Higgs decays :
cc,bb,uu,tt,99,yvy, LZ, WW ,yZ
®* Train: validation: test = 8:1:1
® Fast simulation

®* momenta of tracks and energies of neutrals smeared according
to CEPC_v4

® |deal PID and Impact parameters



_ Confusion Matrix of Higgs decays

CC0.05 0.00 0.00 0.02 0.00 0.02 0.05 0.01

bb 4 0-04 gussten 0.00 0.00 0.02 0.00 0.05 0.01

0.00 0.00

HH T

-7 10.00 0.00

gg - 0.03 0.02 0.00

True

0.00 0.00 0.00 0.00 0.00

YY -

77 10.05 0.07 0.00 0.01 0.09

0.00 0.00 0.00 0.00

0.00 0.00 0.01

0.00 0.06 0.08

0.00

0.00 [ULN 0.14

ww 40.03 0.00 0.00 0.01 0.07 0.00 0.09 geA:lY

VZ_O.Ol 0.01 0.01 0.02 0.01 0.01 0.02 0.01

0.01

0.00

0.01

0.01

0.00

0.02

0.01

K¢ O A ,{Q QQ {*
Good performance!
Average Accuracy = 87% Predicted
(11.1% for random guess)

- 0.4

- 0.2

0.0



Score of each class
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t-SNE Feature 2

Dimensional reduction ( t-SNE )
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All 4 tagging modes
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The y* = x5, + )(,Zm + x4 + Xczzﬁ IS minimized to
extract 9 branching ratios



Results
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Results: better precision

Y \
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Improvements

- Multinomial law: larger Br, smaller stat. uncertainties
 Global: the ones with more cross talk benefit from the global constraint of

the efficiency matrix




Is possible to classify all events into
even more categories ...

Yes!
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t-SNE Feature 2
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Summary

® Feasibility study shows that global analysis could improve the Higgs precision
v" ML method make a multi-classification feasible
v Only particle level information as input, no dependence on jet algorithm, ...
® Plan
» Take (more) SM backgrounds into account
» Maximum likelihood method to extract all Higgs branching fractions
» To include some exotic decays of Higgs, such as invisible, ...

> Full simulation ...



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

* itis 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

P = f(op,0r,PID,JID,JER,...)




®* Look at Higgs decays

® 13 decays in Standard Model
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Global analysis of

"all" Branching fractions
Higgs -> cc, bb, mm, 77, 99, vy, ZZ, WW, yZ
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