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Jet modifications in nuclear collisions

@ Partons interact with quark-gluon plasma in
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Introduction of the LIDO partonic transport model
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@ PYTHIAS: Initial jet production and Vacuum
shower evolution
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@ 2+ 1D Hydrodynamics: QGP background
evolution
Reference: PRC 100(2019)064911
Reference: JHEP05(2021)041
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Introduction of the LIDO partonic transport model

Transport Equation in the Incoherent Limit

Combining all relevant processes, the semiclassical transport equation in the incoherent limit
with independent collisions can be written as:

daf

pri Dff + Cis2[fl + Cossa[f] + Cossslf]

The distribution function of a hard parton evolves under the influence of:
Diffusion term: D[f]

Large-q elastic collisions: Ca_,2[f]

Diffusion-induced small-¢ parton splitting/merging: Cj_s]/]

Large-q inelastic collisions: Cs_,3[/]
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Introduction of the LIDO partonic transport model

Including interference from multiple scattering (the LPM effect)

E=100 GeV, T/(0.5 GeV) = (£)¥3, as=0.3

@ Energetic splitting has long formation time 7 ~ E/K. All 10°
scatterings with medium wihtin 7 contribute coherently. Lo
@ From theory calculation: the rate of medium-induced ? w_g
. . . . L 3 1072 To
splittings is suppressed relative to the incoherent limit: 3 P . =20
) S 10 e . o =60
APy A, dPESH f
(=) 107 4 Theory:g-g+g
dtdz Tf dtdzr EEN LIDO simulation
N 10-50 1 2 3 4 5 6
(;f> is estimate for each parton at run time. t* [fmic]

@ LIDO is fine tuned to reproduce NLL calculation of
O P Reference(theory):PRC82(2010)064902

medium-induced radiation rates. Reference(theory):PRC58(1998)1706
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Introduction of the LIDO part ransport model

Temperature-Dependent Running Coupli

o At finite temperature, we stop the running

Sept.2013

of a, below the thermal scale: 0(Q) v Tdecays (VLO)
) & Lattice QCD (NNLO
a DIS jets (NLO)
in = 03 o Heavy Quarkonia (NLO
Hmin CM xm T o e’ jets & shapes (res. NNLO)

® 7 pole fit (N3LO)
v pp—> jets (NLO)

@ The Ny = 3 strong coupling constant is

02
am 1
as(@Q,T)=—-
(D= -
In B v 0.1 L
@ = QCD 0(My) = 0.1185 = 0.0006
1 100 1000

1 Q[Gev]
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Introduction of the LIDO partonic transport model

simple model for medium respon

@ Energy-momentum deposition to soft sector:

dsph d
——(tx)= [ 6(p- Emin)p" — fu(t, x,
60 = [ 0w < Buw)p Lt p)

@ An ideal-hydro response (no transverse flow)

de  op° + K -6p/cs dp _ 3(c.op” + K - 5K

dQy am Todsy ar

Requires Rresponse > lenergy loss-

@ Freeze-out to massless particles under a radial transverse flow
v = corrects the momentum density in 7 — ¢ plane.

dtpr/dndd

dApr 3 %o’uH — Pu 5p“(fc) ciQ»k
T

dpdn ) 4arx ot

o = vy1[cosh(n —ns — ;) — v cos(¢ — ¢3)]
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Introduction of the LIDO partonic transport model

Jet Definition in LIDO with medium response

@ Jets (anti-kr) are reconstructed from energy bins Er i, defined by:

dApr 5 I
Er= dbdn (ni, #3) AnA¢ + E DTk "
[ng—mi|<An/2 3 s
from medium response [br—jl<Ad/2 g ) ‘ 03
from parton fragmentations ’ I@
@ Uncorrelated medium background are assumed to be perfectly S
subtracted.
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Nuclear modification factor of hadrons and jets
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Nuclear modification factor of hadrons and jets

Effect of @) (scale for transport initalization) on jet R4

R=0.4 0-10%
12
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Nuclear modification factor of hadrons and jets

Effect of oo, on Hadrons R 4
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Increasing Cy = decreasing jet-medium
coupling at 7' = less suppression
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Nuclear modification factor of hadrons and jets

Sensitivity to effective jet-medium coupling
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Substructure: Energy-Energy Correlator

Substructure: Energy-Energy Correlator

% = /dﬁl diiy <€(71122€2(712)> §° (it - 7ty — cos(6))

EEC(Ar) = L1 Z Z (pripT )"

pairs or

jets€[pr 1, pr, 2] pairs€[Ary, Ay

@ Normalize with weighted number of pairs W4
@ Bin width normalization: 6r = Ar,—Ar,

© Exponent values n = 1 used in this analysis
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Substruc Energy Correlator

Energy Correla

The medium response contribution dApr/d¢p/dn has not yet included in the current EEC
result (may change large angle behavior)!
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Substruc;
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Summary

@ Investigated jet and hadron nuclear modification factor R 4,4 in heavy-ion collisions at the
LHC using the partonic transport model LIDO.

@ Highlighted the importance of the correlation between virtuality evolution and the
space-time development of in-medium jet showers.

@ Analyzed the Energy-Energy Correlator (EEC) in PbPb and pPb collisions, and
compared results with CMS experimental data.

@ Outlook: Medium response effects need to be included explicitly for accurate EEC
calculations.
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Summary

Backup
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The infrared cutoff Qo affects leading-hadron R 44 more than jet R 4:
@ Jet R44: Multi-particle jets retain soft radiation inside the cone. Less sensitive to Q.
@ Hadron R4 4: Single-particle energy loss is directly linked to Q. More sensitive.
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Summary

Introduction for LIDO model

We categorize interactions into elastic (hard particle number conserving) and inelastic collisions
(hard particle number non-conserving). The inelastic processes are further divided into
parton-splitting and parton-fusion contributions.

Elastic collision

@ qL < cht
s 0
Difl = (nop + Zaizﬁ)f
@ q > cht
Chern (Pa) =D e / drPvre | MP3 oo (P6) fo (pe) (2m)° [W (pa — ) 8 + > 8@ (pa — py) 6}
bede 41 >Qcut ) ) i=d,e

Qeut = min({2mp, V6ET})
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Summary

Introduction for LIDO model

Incoherent inelastic processes are divided into small-Q diffusion induced radiation/absorption
(1 4+ 2), and large-Q 2 > 3 processes.

Inelastic collision (1 > 2)

|q‘ < cht
J(kL)P ) w, B (T5) P (15) . i) I
el = bcd/dzdk (2a)(k;)+0:n(;))2 {qy’S(p)fb(p)é o <1 1 z x (1 )5 + (T) L /)
Inelastic collision (2 > 3)
|q‘ > cht
Csy5(pa) = Z uu/ dl'[ifi’;:pf|M|pbpr pdpppff 4 (p) fo (pe)(27)° {5(3)(“ — pp)8® + Z 5(3>(pu _ pi)am}
bedef 91 >Qcut f=d,e,f

+ [Absorption term|
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