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Lecture 5

Future Direction and Open Questions
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Outline
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• Lecture 1 

Why do we study relativistic heavy ion collisions?

• Lecture 2

How do we measure jets in heavy ion collisions?

• Lecture 3

Parton energy loss and its parton flavor dependence

• Lecture 4 

Modification of jet substructure and medium response

• Lecture 5 

Open questions and future direction
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Outlook
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Open Questions
• Why is the system hydrodynamize so fast? How does the strongly 

interacting medium emerge from an asymptotic free theory?

• What is the initial transverse fluid velocity and the role of the pre-
hydrodynamization phase? When is QGP formed?

• How does the QGP hadronize?

• Can we see quasi particles (quarks and gluons) in the Quark Gluon 
Plasma ? Can we see medium response?

• Are we completely wrong?!
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Current Status
• Why is the system hydrodynamize so fast? How does the strongly 

interacting medium emerge from an asymptotic free theory?

• What is the initial transverse fluid velocity and the role of the pre-
hydrodynamization phase? When is QGP formed?

• How does the QGP hadronize?

• Can we see quasi particles (quarks and gluons) in the Quark Gluon 
Plasma ? Can we see medium response?

• Are we completely wrong?!
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TOP Production
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Liliana Apolinário (LIP)



Yen-Jie Lee

TOP Production
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“A Yoctosecond Chronometer.”  (Gavin Salam) 
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TOP production in pPb collisions
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Detector Upgrade

• During the HL-LHC period

• RHIC experiments during the next 5-10 years
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ALICE Upgrade
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Jan Fiete Grosse-Oetringhaus QM’18
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CMS Upgrade
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Jan Fiete Grosse-Oetringhaus QM’18
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ATLAS Upgrade
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Jan Fiete Grosse-Oetringhaus QM’18
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STAR Upgrade
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Jan Fiete Grosse-Oetringhaus QM’18
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sPHENIX Physics at RHIC
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• Jetting through lower temperature 

Quark Soup from Gold+Gold

collisions at 200 GeV

• Direct comparison with LHC data!

sPHENIX detector 

Spectra
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sPHENIX performance
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Timeline
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Modified from Jan Fiete Grosse-Oetringhaus QM’18

Run5 and 6?

HE-LHC(?)

PbPb at 11 TeV

FCC (?)

PbPb at 39 TeV

We are here
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HL-LHC for Heavy Ion
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• HL-LHC for HI: HL-LHC for HI will start in Run 3!

• Yellow chapter on HI should include Run 3 and Run 4

• Current tentative schedule based on ALICE Upgrade 2012 LOI

• We need to come out with good physics plan to motivate HI in Run 5 

Run 1

Run 2 Run 3

Run 4 Run 5

Run 6

Jetting through the Quark Soup
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HE-LHC – LHC modifications

Linac4

SPS+,
1.3 TeV,

HE-LHC
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HE-LHC for Heavy Ion
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• HE-LHC: With CM energy in the range of ~28 TeV (for pp) and ~11 TeV 

(simple minded calculation for PbPb)

• “Expect to have a HI program”, deliver physics beam from 2050

• Discussion with John Jewett: could try to have first rough estimation of 

possible lumi and energy at HE-LHC for kick-off meeting

HE-LHC

2040-2050
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Future collider
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Modified from Jan Fiete Grosse-Oetringhaus QM’18

CEPC-SPPC: Circular Electron Positron 

Collider – Super Proton-Proton Collider
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Parameters from LHC to FCC
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Summary: Quark Gluon Plasma

2. 1 Trillion Degree!!!

= 1 million million

(1,000,000,000,000 oC)

Compress Heat

Quark Gluon PlasmaIce Water Steam

0oC 10oC >100oC

1. >10x denser than 

the proton or nuclei

4. It flows like

perfect fluid!

Signal in pPb 

collisions?

3. The stopping power 

is very strong

O(10GeV/fm) 
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• Collision impact parameter

• Energy density

• Early hydrodynamization <1 fm/c

• Shear viscosity

• Initial-state geometry fluctuation

• Jet medium interaction

• Medium gluon density, structure

• Medium scattering power, mean free 

path, temperature …

• Initial state tagging 

• Parton distributions

• Number of hard scatterings
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Backup slides
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