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QGP Transport Properties with RHIC and LHC Run 2 Data
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Jet Quenching Parameter ▲

ÅExtracted mainly from charged hadron spectra RAA data

ÅSome analyses included ɔ-hadron and di-hadron data

Å▲/T3 : decreasing trend vs. T 

ÅExtracted values differ by up to a factor of 7

Remaining Issues:

ÅDifferent jet quenching mechanisms in theoretical models

ÅDifferent QGP media used in calculations

ÅHadron re-scattering in the hadron gas phase

ÅHadronization of fast moving partons

Compilation by YJL, Michael Winn, Liliana Apolinario arXiv:2203.16352
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Xin Dong, YJL, Ralf Rapp, Ann.Rev.Nucl.Part.Sci.69 (2019)417-445

Charm diffusion coefficient Ds 

ÅBayesian analysis from D meson RAA and v2

ÅpQCD calculations at LO are ruled out by the data

ÅNon-perturbative calculations with a potential close to 

the HQ free energy from LQCD are not viable

ÅIncreasing trend of 2 T́Ds vs. T in various models

Remaining Issues:

ÅHadronization of charm quarks

ÅCharm diffusion mechanism 

ÅDifferent QGP media used in various calculations

ÅPrecision of the experimental data

See Francesco Prinoôstalk
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Medium Properties from Soft and Hard Probes
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Specific viscosity has been extracted from soft probes

Å Via identified hadron dN/dɖ, <pT>, v2, v3 and v4

Å Main uncertainties from initial state and early time dynamics

To get the big picture of the QGP properties with Run 2 + RHIC data, 

one could compare the inputs from soft and hard probes:

Å HQ Ds could be related to specific viscosity by
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Where the scale factor k ranges between 1 (strong-coupling limit) and 2.5 (weak coupled)

Å Jet quenching parameter ▲could be related to specific viscosity in the limit 

of multiple soft scattering by
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Where the scale factor C is varied between 1.25 and 2.5

Medium properties extracted from Jet Quenching and 

Open Heavy Flavor are consistent with the results from 

Soft Probes, but within rather large uncertainties

R. Rapp, H. van Hees, 0903.1096

X. Dong, YJL, R. Rapp, 1903.07709

A. Majumder, B. Muller, Xin-Nian Wang PRL 99 (207) 192301

B. Muller PRD 104 (2021) 7, L071501
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LHC Timeline and CMS/ATLAS Upgrade
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CMS Performance in Run2/3

Å2016: Major upgrade of L1 trigger

Å2017: 4-Layer Pixel Detector

Å2018 Performance: 

Åpp L1 100kHz

ÅPbPb L1 35kHz (3x of 2015)

ÅDAQ: 6 GB/s
ÅUp to 8.8 kHz MinBias events 

to tape (27x of 2015)

ÅRun3: DAQ 17  GB/s
Å 25 kHz MinBias rate (3x of 2018)

CMS/ATLAS Phase 2 for Run 4

Å Tracker |ɖ|<4

Å Muon ID up to |ɖ|<2.8

Å High Granularity Calorimeter

Å MIP timing detector

Å 4D vertexing 

Å p/K/ˊPID (CMS MTD)

Å L1 trigger update: 750 kHz for CMS

Å DAQ: 51 GB/s for CMS

Å L1 track triggers

Å ZDC

LHC

PbPb  7 nb-1
, pPb, pO, OO PbPb  7 nb-1

, pPb AA, small systems?

HL-LHC

PbPb 2 nb-1

Long shutdown 2 Long Shutdown 3Run 3 Run 4Run 2

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

Phase 1 Upgrade Phase 2 Upgrade

2030 2031 2032 2033 2034 2035 2036 2037 2038

Run 5LS4

Phase 3 Upgrade

CMS/ATLAS Run 5

Å Record smaller ion collisions at 

the highest rate delivered by LHC

Å Possible further upgrade to be 

defined, e.g.: 

Å Additional timing layers

Å Forward calorimeters

Å Extend muon coverage

Å é
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Phase 2 CMS & ATLAS Tracking System 
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Å Installation before Run 4

Å Charged particle reconstruction up to |ɖ|<4

Å At <Pile-Up>=200 (heavy-ion like):

Å Efficiency > 90%, fake rate < 3%

Å Significantly better pT and d0 resolution

Å Improvement on HF hadron and b/c-jet tagging

Å Possibility to employ L1 track trigger
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CMS MIP Timing Detector (MTD) 
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ÅUnique hermetic particle identification coverage by CMS MTD

ÅCrucial Upgrade for CMS Heavy Flavor Program with heavy ion collision

MTD TDR

p/K/ �Œseparation Light ion identification


