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Personal rank the difficultness of Higgs analysis at ee colliders

4 x 9 modes in this study, [ 5 production and 13 (9) decays modes in SM ]
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According to production rate, signal signature, backgrounds,
complication of analysis, ...



CEPC: 2205.08553

Current estimation of Higgs precision

240 GeV, 20 ab™! 360 GeV, 1 ab™"

ZH vvH ZH vvH eeH
any 0.26% 1.40% \ \
H—bb 0.14% | 1.59% | 0.90% | 1.10% | 4.30%
H—cc 2.02% 880% | 16% | 20%
H—-gg 0.81% 3.40% | 4.50% | 12%
H-WW 0.53% 2.80% | 4.40% | 6.50%

H-ZZ 4.17% 20% | 21%
H- 17 0.42% 2.10% | 4.20% | 7.50%
H - yy 3.02% 11% 16%
H— pp 6.36% 41% 57%
Brypper(H = inv.) | 0.07% \ \
H- Zy 8.50% 35% \
Width 1.65% 1.10%

* Comparable precision

* Results of CEPC and FCC-ee based individual analysis
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https://arxiv.org/abs/2205.08553

Machine learning era

Individual data analysis ML data analysis paradigm



Individual data analysis

« Many types of events produced (N, N,=N,;+N,,+ ...

+ B,to be measured N

« N, : signal and B = N, + Nz

* N,: backgrounds, could be different types

« Event selection:

(ns) o Cess 6sb]) v (Ns>
np €bs  €bb Ny

What if we measure all branching ratios simultaneously, ...
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It could be done like ...
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Inverting matrix to calculate N,

B; =
Ni{+ Ny + Ng+ ...

N;

“on-stop” analysis: measuring all quantities simultaneously

more efficient and better precision




Some mathematics

Efficiency modulate N > n n = EN.

. . _ N4T
Their covariances connected by =" = (¢j;) =EZ"E",

The covariance of N is well known Bi(1-B)) -BiBy .. -—BiBy,
2N ~ multinomial SN _ e —B3B1  By(1—Bs) ... —B2Bp
so =N is easy ! : I . :
—BmB1  —BmBs ... Bn(1— Bp)
2 N — n;)? N, — N§)?
Solve all N; by minimizing =Y Qg €inlNe —mi)” | (O k £) |

P Cii onN,

or maximizing the likelihood



Key ingredient, also challenge

--- determining E with machine learning

A multiple classification problem

Try machine learning?



The-state-of-the-art ML algorithms developed in

recent years

* ParticleNet and ParticleTransformer, see Huilin’s talk for more information

* Energy flow networks

* All can achieve excellent performance, ParticleNet used in this study

(b) Particle Attention Block

ParticleTransformer: 2022

ParticleNet architecture
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Fully Connected
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Fully Connected
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Softmax

Global Average Pooling

256, ReLU, Dropout = 0.1

ParticleNet: 2019

Particles Observable

Per—Particle Representation Event Representation
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Energy/Particle Flow Network

Energyflow networks: 2018


https://indico.cern.ch/event/1215937/contributions/5262943/attachments/2592103/4473513/GNN4HEP_H_Qu.pdf
https://energyflow.network/

Datasets:ete”™ —» ZH,Z - 1717, qq

®* 400 k events for each Higgs decays :
cc,bb, uu,tt,99,vY, ZZ, WW,yZ
® Train: validation: test = 8:1:1

®* Simple smearing fast simulation



Try eeH firstly|  probability distributions of each class
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Try eeH firstly
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Taking the one of the largest probability (ArgMax)



40 A

Dimension reduction tells
us more

o
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v up, vy, vt well classified as
expected

v bb and yZ also good

v cc, g9, WW, and ZZ fake each _,|

other, but under control

t-SNE Feature 2
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Dimensional reduction ( t-SNE )
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. . . . 2
minimizing y* = y2, + )(Em + xér + Xqq

to extract 9 branching ratios



Feasibility study results
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This is only a comparison to see relative improvement
without backgrounds taken into account



Feasibility study results

Improved roughly by a factor of 2

Decay Mode Ind.Ana. Glo.Ana. | IP | CEPC CDR
H — cc 1.8% 0.65% 2.7 3.3%
H — bb 0.19% 0.09% 2.1 0.56%
H — ptp~ 12% 7.2% 1.7 17%
H— 777~ 0.61% 0.41% 1.4 1.0%
H — gg 0.7% 0.35% 2.0 1.4%
H — vy 3.3% 2.3% 1.4 6.9%
H—ZZ 2.0% 0.65% 3.0 5.1%
H— WTW~— 0.37% 0.21% 1.7 1.1%
H —~Z 11% 2.8% 3.9 15%
Ee—
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 it possible to classify all events into even more
categories ...

Yes!
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t-SNE Feature 2
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ParticleNet features: t-SNE

Only signals

-60

t-SNE Feature 1

Will add more backgrounds, more statistics, ...



Summary

» Higgs physics is the first prior in future Higgs factories

» Feasibility study shows that the ParticleNet could support ‘one-stop’ analysis
of many physics processes and improve the precision

» A new analysis paradigm
v Multi-classification: accurate enough and fast enough

v Only particle level information as input, no dependence on jet algorithm, ...
less software work

v’ Systematics will be very challenging, need more study






Extras



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(oyp,08,PID,JID,JER,...)
A - | . -

2 5|?

= |E|*



® Look at Higgs decays

® 13 decays in Standard Model
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non-Higgs background

— subtracted with fitting for other method
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