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24 years of RHIC operation



Perfect Liquid discovery

In 2005, BNL announced a discovery of perfect liquid at RHIC

https://www.bnl.gov/newsroom/news.php?a=110303



The properties of perfect liquid The 2023 NSAC Long Range Plan for Nuclear Science
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Essential questions to be addressed: o
Q 8f
1. How do the fundamental interactions between quarks and gluons & ol
lead to the perfect fluid behavior of the quark-gluon plasma? s

4r2 light &

2. What are the limits on the fluid behavior of matter? ol J[ 5 : %t

3. What are the properties of QCD matter? P

T/T.

4. What is the correct phase diagram of nuclear matter?



Chiral symmetry restoration in Lattice QCD

Chiral condensate susceptibility vs. Temperature
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Hot QCD Collaboration, PRL 123 (2019) 062002

Hot QCD Collaboration, PLB 795 (2019) 15-21



Dileptons

Utilizing penetrating probes, sensitive to the local i
properties of the emission source, we study Early y/I717 : Thermal y /171~
* The phase diagram of QCD = 10 | J-FPaquet, Hard Probes 2023 Hadrggs
* The plasma temperature and its time evolution i‘._j 51 'L I
 Medium properties such as shear and bulk viscosity g . /\_\b
* Pre-equilibrium dynamics i o
 Chiral symmetry restoration 2 -5 'f
- -10 v
Experimentally very challenging due to enormous : 10 Time (fm/c)
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Dileptons in 27 and 54 GeV Au+Au collisions
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Low mass: emission temperature close to T., in-medium
rho broadened, manifestation of chiral symmetry
restoration

Intermediate mass: average emission temperature > T.

arXiv: 2402.01998, submitted to Nature 7



Dileptons as thermometer
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First estimate of NLO dilepton emission at nonzero yg with hydrodynamics: agree with data

Strong correlation between initial hydro temperature and average emission temperature
derived from dileptons in the intermediate mass region



Towards the
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Low-mass dielectron measurement: lifetime indicator and provide a stringent constraint for
theorists to establish chiral symmetry restoration at pz;=0

Intermediate mass: direct thermometer to measure temperature

Enable dielectron v, and polarization, and solve direct photon puzzle (STAR vs PHENIX)




Towards the future: ALICE3
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Towards the future: ALICE3
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Precisely constrain temperature evolution
Other measurements: elliptic flow as a function of M., and p;, polarization



Quarkonia as thermometer?

. vacuum Temperature T<T$
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Dissociation: dynamic screening
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Cold nuclear matter effect
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J/psi suppression from SPS to LHC
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J/psi suppression: p;r dependence
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High p; suppression: evidence of color screening and dissociation
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Sequential Upsilon suppression

CMS, PRL 120 (2018) 142301
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Sequential Upsilon suppression

12

PRL 130 (2023) 112301
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Sequential Y suppression at RHIC
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Quarkonium suppression vs. binding energy

RHIC
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Sequential suppression pattern observed

Caveats: corresponding p+Au measurements, precision

Hot QCD White Paper, arXiv:2303.17254

LHC

Binding energy



Towards the

future
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Improve J/\y measurement significantly
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https://drupal.star.bnl.gov/STAR/system/files/STAR_BUR_Runs23_25_2022.pdf

Towards the future

sPHENIX Beam Use Proposal
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https://drupal.star.bnl.gov/STAR/system/files/STAR_BUR_Runs23_25_2022.pdf
https://indico.bnl.gov/event/15148/attachments/40846/68568/sPHENIX_Beam_Use_Proposal_2022.pdf

What do we learn from quarkonia

Despite all the other effects, color screening and dissociation effects were observed, evidence of the in-medium
strong force modification

Not a direct thermometer, but can constrain medium temperature (> 1.5 T,)

Important tool to understand deconfinement and hadronization

Call for a coherent picture to systematically understand quarkonium production in heavy ion collisions. Open
guantum system? How about p+p, p+A?

E Y

S COLLABORA®
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The newly built SPHENIX detector and upgraded STAR detector at RHIC, together with increased
luminosity at the LHC and upgraded ALICE, ATLAS, CMS and LHCb detectors, will enable a multi-
messenger era for hot QCD based on the combined constraining power of precise measurements
using soft, hard, and electro-magnetic probes. --> Establish a coherent picture of heavy ion collisions
and inform properties of quark-gluon matter with strong theory collaboration.
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Chemical freeze out temperature
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