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Definition of Jet Origin Identification

Quarks and gluons carry color charge, and they can not travel freely.
Once generated in high-energy collisions, quarks, and gluon would fragment

into numerous particles, which are called jet.
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"""""""""""""""" viH,H — gg at4/s = 240 GeV

Jet Origin Identification: categorizes jets into 5 quarks (b, ¢, s, u, d), 5 anti-quark
(1_9, C,S, I, J), and gluon.
It comprises the concepts of jet flavor tagging, jet charge measurement, s-quark

tagging, and gluon finding.
2



Contents

samples and ParticleNet

the stability of ParticleNet at the CEPC

the performance of JOI

Benchmark physics analyses

the dependent factors of JOI performance

Performance comparison of ParticleNet, Particle Transformer, and LLM



Samples and ParticleNet

samples: Based on the CEPC baseline detector, full simulation of
ete™ — voH,H — bb/cé/ssluiildd/gg at \/E = 240 GeV generated with
Whizard1.95 and Pythia-6.4.
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validate the stability of ParticleNet, b/c/light tagging

(dependence of performance on jet polar angle and vertex detector configuration)
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the performance of jet origin identification

True

ParticleNet algorithm attaches each jet with 11 likelihoods corresponding to 11 types of jets.
Then the jet type is determined according to the maximum likelihood.

o 0.745 0.033 0.025 0.004 0.003 0.002 0.003 0.002 0.002 0.017 je‘r flC(VOI" ‘ragging efficiency
is defined as
0.033 0.003 0.004 0.003 0.002 0.002 0.003 0.018 max(b+b, c+¢, s+5, u+i, d+d, g

0.036 0.031 0.025 0.009 0.009 0.018 0.043 JeT Char‘ge fl'p r'aTe

is assigned by comparing the quark and anti-quark

o
1

c 410.015

¢ 40.016 0.015 0.032 0.037 0.009 0.026 0.017 0.010 0.043 likelihoods of the corresponding flavor
1.0
'
s 10.003 0.002 0.020 0.102 0.030 0.080 0.063 0.045 0.092 flavor tagging efficiency
R
08 charge flip rate
< 40.003 0.003 0.018 0.020 0.084 0.028 0.045 0.062 0.094 |
U 40.002 0.003 0.020 0.011 0.044 0.055 0.080 0.174 0.111 .
T 40.003 0.003 0.011 0.019 0.132 0.043 0.178
0.4 1
d 40.003 0.003 0.012 0.019 0.112 0.092
g 40.003 0.003 0.020 0.012 0.092 0.112 s
G 40.015 0.014 0.024 0.024 0.052 0.052
T T T T T T T T 0.0 T T T T T
b b C C S S u u d d G b c s u d

Predicted



4.34% 4.34%

me- u- mK- "r- mp+ mp- o+ m K+ SJve: me+

Figure 5. The percentages of species of final state leading charged particles within the b jet (left)
and the b jet (right) by WHIZARD 1.95.
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Benchmark physics analyses

Begin with the existing analyses of viH, H — bb/cé/gg, (arXivi2203.01469) and combining the jet origin identification, we
obtain the upper limits on branching ratios of seven Higgs rare and FCNC hadronic decay modes.
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dependence on
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With vvH, H — jj at \/E = 240 GeV, the jet tagging efficiencies and charge flip rates are flat in
the barrel region of the detector and exhibit slight degrading in the endcap region.
* The jet tagging efficiencies and charge flip rates are rather stable with various jet energy.




dependence on different physics processes
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The jet origin identification performance agrees with each other, especially in the fiducial barrel
region of the detector for the flavor tagging performance of b, ¢, and s.
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dependence on different hadronization models
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- We found that the jet origin identification performance, especially those concerning the heavy and strange
quarks, is rather stable versus the jet energy, jet polar angle, different physics processes, and even different
hadronization models. The observed stability is vital for applying jet origin identification in real experiments.
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| V., | measurement from W boson decays

https://arxiv.org/pdf/2406.01675

Advantages:

Measuring the decay width in W — c¢b transitions provides an alternative approach to
determine [Vcbl at an energy scale » AQCD, minimizing non-perturbative corrections.

Furthermore, by extracting [V¢bl values from the ratio of I' (W — cb)/I' (W — qq),

many theoretical and experimental uncertainties will cancel out, such as the leading
perturbative QCD corrections.

Such a measurement also provides independent consistency checks since its systematic
uncertainties differ from those in b-hadron decays.

Status:

The only CKM element measurements via W boson decay are the Vsl measurements at
LEP, while the |V¢bl measurement at LEP 1s impractical due to the small Br(W — ¢b)

value (6x10—4 in the SM) and the limited statistics of W.

Recent studies have explored IV ¢cbl measurement through on-shell W bosons at the LHC
[25-27]. However, the projected relative sensitivity of IVc¢bl at the LHC 1s only O(10%),
which 1s too weak to resolve the current tension.
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Figure 3: The average tensor products of the two jets’ 10 dimensional scores for WW —
uvcb (left), other WW background events (middle), and the rest of backgrounds (right).
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compare ParticleNet, Particle Transformer, and LLM
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the details will be shown in the upcoming manuscript in Arxiv
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Scaling law on the volume of the dataset
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Summary

* We proposed and realized the JOT and achieved significant improvement in the
measurement of Higgs rare and FCNC decay.

* The performance of JOT is stable versus various kinematic variables, physics
processes, and hadronization models.

* The performance of JOTI obtained with ParticleNet, Particle Transformer, and LLM
is comparable to each other.

17



Many thanks !
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application of JOI on Higgs rare and exotic decay
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the performance dependence of JOT on input PID information
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To understand the impact of PID, three
scenarios are compared.

£* : perfect identification of charged
leptons (£7)

K™ : perfect identification of the charged
hadrons (K™)

KB/S : perfect identification of K; and K.
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