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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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Jet Origin Identification: categorizes jets into 5 quarks (b, c, s, u, d),

5 anti-quark (b, ¢, 5, i, d), and gluon



motivation

* A successful jet origin identification is critical for experimental particle physics
at the energy frontier.

* The jet flavor tagging is essential for the Higgs property measurements.

* The determination of jet charge is essential for weak mixing angle
measurement, is critical for the time-dependent CP measurements, and could
have a significant impact on Higgs property measurements.
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Samples and ParticleNet

samples: Based on the CEPC baseline detector, full simulation of
ete™ — vuvH,H — bb/cé/ss/uiildd/gg at \/E = 240 GeV generated with Pythia-6.4
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the performance of jet origin identification

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.
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the performance of jet origin identification

jeT flavor is defined as max(b+ b, c +¢, s+ 5, u+ i, d+d, g)
jet charge is assigned by comparing the quark and anti-quark likelihoods of the corresponding flavor

1.0

0.8

0.6 1

0.4 1

0.2 -

0.0

__.___‘_....*....
effﬂavor tagg|ng Wlth li, Ki, KLO/S Id

»
.
ol

.
...
L )
"a

s®
-
a®
-
a®
-

To understand the impact of particle identification,
three scenarios are compared.

1, assumes perfect identification of charged leptons (£7)
2, further assumes perfect identification of the charged

hadrons (K¥)
3, on top of the second scenario, assumes perfect

identification of K; and Kj.

default scenario: 2 scenario, based on:
Eur. Phys. J. C 80, 7 (2020)

Journal of Instrumentation 16, P06013 (2021)
Eur. Phys. J. C 78, 464 (2018)

Eur. Phys. J. C 83, 93 (2023)
Nucl. Instrum. Meth. A 1047, 167835 (2023)



Benchmark physics analyses

Begin with the existing analyses of viH, H — bb/c¢/gg, (arXiv:2203.01469) 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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Many uncertainties are relevant to the performance of jet
origin identification, including the detector performance,
the jet kinematics, the jet clustering algorithms, the physics
processes, and the hadronization models.




Dependence on the jet energy, and jet polar angle
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« WithvvH,H — jj at \/_ = 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 the particle multiplicity of the jet
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The jet origin identification performance will degrade with increasing particle multiplicity of the jet.
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Comparison between 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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Comparison between different hadronization models
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Pythia-6.4
Herwig-7.2.2

vvH, H — jjaty/s = 240 GeV

(A, B) means: training on A, test on B

The jet origin identificaion performanc
agrees with each other, especially for
b, ¢, and s jets, while exhibits small but
visible differences for u and d jets.



Summary

* We propose and realize the concept of jet origin identification that distinguishes
jets generated from b, ¢, s, u, d, b,C,5,i,d and gluon.
- Based on the CEPC baseline detector and the full simulation vvH, H — jj samples

\/_ = 240 GeV, the jet flavor tagging efficiencies range from 67% to 92% for
heavy and strange quarks, and a jet charge flip rate of 7% to 18% for all species of
quarks is achieved.

» Using jet origin identification, we estimate the upper limits on the branching ratios
of seven Higgs rare and FCNC decay modes. The upper limit for H->ss decay can be
improved by more than a factor of two compared to previous studies. The upper
limits for H->uu/dd can be improved by roughly one order of magnitude compared
to existing analyses.

+ 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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Comparison between full simulation and Delphes
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The Delphes fast simulation performance agrees with the full simulation one.
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full simulation
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Delphes
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