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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, ¢, 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.
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motivation

* A successful jet origin identification is critical for experimental particle physics

at the energy frontier, especially for studying Higgs properties and
understanding the QCD.
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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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the performance of jet origin identification

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

b 0.163 10.033 0.025 0.004 0.003 0.002 0.003 0.002 0.002 0.017
E 0.003 0.004 0.003 0.002 0.002 0.003 0.018
C 0.036 0.031 0.025 0.009 0.009 0.018 0.043
Cc 40.016 0.015 0.032 0.037 0.009 0.026 0.017 0.010 0.043
m—r = =Jdu
g 7000 A I oS d
s 0. : e . = q
O 6000 -
o S 40.003 0.003
= 5000 -
u 40.002 0.003 . .
4000 - . K
u 40.003 0.003 3000 - , e o :
d 40.003 0.003 2000 - .
d H0.003 0.003 10007 —I
0 T r : T T T M_
G H40.015 0.014 0.024 0.024 0.052 0.052 0.043 0.041 0.034 0.034 -6 -4 -2 0 2 4 6
the charge of the jet

(o)
ol -
0
0Ol -
0
0
<
cl A
Q
Q-
)

Predicted



the performance of jet origin identification

je‘r flavor is defined as max(b+ b, c+¢, s+ 5, u+ i, d+d, 2)
jet charge is assigned by comparing the quark and anti-quark likelihoods of the corresponding flavor
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To understand the impact of PID, three scenarios are
compared.

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

hadrons (K7)
3, on top of the second scenario, assumes perfect

identification of K; and K.
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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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TABLE 1. Summary of background yields from H — bb/c¢/gg,
Z, and W prior to the flavor-based event selection, along with the
expected upper limits on Higgs decay branching ratios at 95% CL
under the background-only hypothesis.
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FIG. 5. Expected upper limits on the branching ratios of rare
Higgs boson decays from this Letter (green) and the relative
uncertainties of Higgs couplings anticipated at CEPC [19] (blue)
and HL-LHC [43] (orange) under the kappa-0 fit scenario [54]
and scenario S2 of systematics [55], as cited in Ref. [19]. The
limit on B,; corresponds to an upper limit of 1.7 on the Higgs-
strange coupling modifier «; (not shown).
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the dependent factors of JOI performance



Dependence on the jet energy, and jet polar angle
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* The jet tagging efficiencies and charge flip rates are better 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.



Comparison between different physics processes

Z = qgaty/s =91.2 GeV
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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.

10



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

b, c,s,u,d, 1_9, C,S, U, c?, and gluon-jet.

- Using jet origin identification, we estimate the upper limits on the branching ratios
of seven Higgs rare and FCNC hadronic decay modes and achieve significant
improvement compared to previous studies.

* We found that the jet origin identification performance, especially for b/c/s-jet,
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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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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Dependence on the particle multiplicity of the jet
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The JOT performance will degrade with increasing particle multiplicity of the jet.
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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.

17



full simulation
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Delphes
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