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Heavy-ion collision
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* The quark-gluon plasma (QGP) is our primary research focus.



Jet partons evolve in QGP
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Leading parton

Jet: spray of
collimated hadrons

* Highly virtual partons radiate like in vacuum until their virtuality scale is down to the energy
scale of QGP, Qy;.

* The jet partons maintain a certain virtuality scale Q,; through the medium.

» The jets and high energy hadrons are good probes for studying QGP.



Nuclear modification factor R, 4
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A challenge in simultaneously describing hadrons and jets
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A fixed a; = 0.15 is sufficient for jets

Running coupling is required for hadrons

FROFY

= D]

) as —
« al*xed =02

Different energy scale of jet partons.

Hadron spectrum is mostly related to the
high energy partons in the jet.

Partons of both high energy and low
energy contribute to jet spectrum.




Linear Boltzmann transport model
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« Jet partons and medium background cannot be cleanly separated in reality.
« Medium response is considered as energy deposition and depletion.

« Jet-medium interactions: medium modification of jets + medium response.



Flow chart

Qy : hadronization scale Qu : medium scale
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Color schemes in elastic and inelastic scatterings
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» Large N. color scheme in Pythia, (color, anticolor), e.g., g (101, 0), g(0, 102), g(103, 104).
« Same color scheme for parton splitting processes.

* Introduce color information for jet-medium scatterings.



Color schemes in elastic and inelastic scatterings
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» Large N. color scheme in Pythia, (color, anticolor), e.g., g (101, 0), g(0, 102), g(103, 104).
« Same color scheme for parton splitting processes.

* Introduce color information for jet-medium scatterings.



Effect of medium scale on jet vs. hadron R,
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Adjust «a, for the jet R4, and examine the hadron R, 4.
Setting @y = 2 GeV provides a simultaneous description of jet and hadron R, 4.
Start the parton—medium interaction at a higher virtuality scale — low-energy partons in jets

lose more energy — leading hadrons in jets lose relatively less energy — increased hadron Ry, .



Light flavor observation

m— inclusive jet @] ATLAS 2019 inclusive jet .
16 == = inclusive jet colorless @] CMS 2021 inclusive jet |ni°t|<2.0 H
=== charged jet §® ALICE charged jet ]
1.4 w==_charged hadron ® CMS charged hadron 0-5% "
== = charged hadron colorless ® CMS charged hadron 5-10% A
1.2 -

Pb+Pbat ysSyy =5.02 TeV I
Qm=2GeV as=0.55

10°
» We successfully describe the R, of inclusive jet (red line), charged jet (green line), charged hadron (blue line).
« We use another hadronization approach (dash line) as an estimate of systematic errors.
« Colorless hadronization: Strings are formed by connecting the particles that are closest in phase space, rather

than by their color connections. Zhao, Ko, Liu, Qin, Song, Phys. Rev. Lett.125, (2020) no.7, 072301.



Heavy flavor observation
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* Heavy flavor quarks have larger mass.
« The heavy flavor observation can be measured down to very low p;.



Summary and outlook

Summary

» We refined the model framework by incorporating a Q,; cutoff, aligning the model more
closely with the physics mechanisms.

» We incorporated color-tracking in LBT parton evolution for the first time, and enabled a
multiscale evolution of jet partons.

» We achieved a simultaneous description of Ry, of hadrons and jets for different flavors.

Outlook

» In future studies, we will utilize this model framework to systematically characterize jet
substructure with higher precision.

» The code for this framework will be open access on github.

Thank You!



Appendix

/< Formation time ~ 1/Q

« \Virtuality ~ energy, and Formation time ~ 1/Q.

» Splitting will lower the virtuality.

 Formation time decreases with the increasing virtrality.

« The short the formation time is the stronger the modification factor is.



Prior efforts

Casalderrey-Solana,Hulcher, Milhano, Pablos,

. JETSCAPE, Phys. Rev. C 107, no.3, 034911 (2023)
Rajagopal, Phys. Rev. C 99, 051901(R) (2019)

1.6 .
Jets R=0.4 0-10% [ ] 1.2 T T T — T T T T T T T T T T T T T L—
1.4 Hadrons 0-5% ® ATLAS [PLB 790, 108 (2019)] {1 L6[PbPb (0-10%), \/snN = 5.02 TeV ]
ATLAS Jets R=0.4 0-10% Vs = 2.76 ATeV 1.0 ™ CMS [JHEP 05, 284 (2021)], |njet|<2.0 _ 1akInl <10 \|/ ]
L2 b Corrected ATLAS Jets R=0.4 0-10% —e—  Lres =2/7T 1 T i f(Q%), =03 1 o[ '® CMS [JHEP 1704, 039 (2017)] JEVILAFE ]
CMS Hadrons 0-5% 0.8[ =~ difry, ¥ =025 == 1 |} T df(@).efr=03 .
Ly Corrected CMS Hadrons 0-5% e T e [ Ay 09 ¥ =0.25 s ] £<1‘0_' = G, 0l =0.25 ¢ ]
% os -%éﬂ(].ﬁ— ee®t ¢ + * . EE‘O.S_ """ G, af*=0.25 ¢ -
S 1 [ 6k ]
% ; 0.4 PbPb (0-10%), /3nn = 5.02 TeV'| e +,+rl—-|=+-:',‘..'..'::.‘-.‘....‘.? -
0.6 | ; % : ‘ f T i M anti-kr, R~ 0.4, |yt < 287 04 o KA S i
g 0.2 | X ’ Qsw = 2 GeV _-
0.4 F ' - JETSCAFE JS(MATTgi;LngE\;- 02 JS(MATTER + LBT) ]
0.2 k=" T, = 145 MeV — koo € {0.420,0.445) 05 | D ) e
= c — e Kse . , U 1 .
e T, = 170 MeV — K, € {0.470,0.495} it (GeV) pr (GeV)
0 . X . . P | . . . .
10 100
Hadron or Jet Pr (GeV)
» Selection bias: more energetic partons <« narrower jet.
« Multistage evolution of partons.
* Medium can’t resolve two hard partons extremely close,
the resolution length is L .. » The interaction strength (§) decreases with
increasing virtuality, leading to less energy loss of

« Correct the original data by considering the correlated high energy partons in jet.
error from other data in the total data set.



Linear Boltzmann transport model

Jet parton
* The Boltzmann Transport equation: “ ¢
&£ 5,0) = CIf] = ¢+ Cine
For scattering channel a + b = ¢ + d, the collision term is:
cel = j d*pp &*pcd®pg [fefaw @abp|PcPa) — fafo @ (PepalPary)] b d

thermal parton

« Considering one single particle to traverse QGP, the integral of f;, * w can be regarded as elastic scattering
rate Fel, which is related to the matrix element /\/:

rel = — [ 3k w(B, k) fy~|Maspcsal? (for Monte-Carlo simulation)

* Inelastic scattering:
dl—-inel _ ng(q\)
dzdp? dzdp3dt

the Medium information absorbed in 3.



Appendix

qq->qqg & gbar gbar -> gbar gbar

q gbar->q gbar

B
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