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What Are We Studying?

A The emergent, many-body properties of
the strong force (i.e. nuclear matter)

300

oLl The Phases of QCD

Quark-Gluon Plas ma

Temperature (MeV)
z

100 o '
- Crl.tlcal 08”76
E Point 7]

50 —
T — Nuclear
E acu Matter O

O % 1 I 1 1 1 I 1 1 1 I 1 1 1 I\l I 1 1

0 200 400 600 800 1000 1200 1400

Baryon Chemical Potential p (MeV)

' 6/13/2024 2023 Long Range Plan Users' Meeting




New State of Matter Found in AA:

A Species abundancies => hottest
temperatures ever measured
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On 13 August 2012 scientists at CERN'’s Large Hadron Collider, Geneva, Switzerland,

J Cleymans, HEPP2018 announced that they had achieved temperatures of over 5 trillion K and perhaps as high as
5.5 trillion K. The team had been using the ALICE experiment to smash together lead ions at
99% of the speed of light to create a quark gluon plasma - an exotic state of matter
believed to have filled the universe just after the Big Bang.
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http://www.guinnessworldrecords.com/world-records/highest-man-made-temperature



New State of Matter Found in AA:

A Particle correlations => hydrodynamic flow
of perfect fluid
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New State of Matter in AA:

A Quarkonia melting => deconfined plasma
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New State of Matter in AA:

A Particle suppression:
loss to medium
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Y. Akiba for the PHENIX collaboration,
hep-ex/0510008
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i Consistency: i
Raa(N)~Raa(p) -

i Null Control: e
E

Raa(9~1

I GLV Prediction: Theory
fixed L~5 fm and dN/d
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pQCD Scattering
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T What is the makeup of the medium?




New State of Matter in Small Systems?

A Flow observed
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New State of Matter in Small Systems?

A Strangeness
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New State of Matter in Small Systems?

A Quarkonium suppression

52-5_"'1"'I"'I"'I'"I"'I"'
OQ | ALICE, p-Pb |s,,=5.02 TeV, -4.46 Y < -2.96
[ Inclusive JAp, P(2S) — p'w
2__ " |ELoss (Arleo et al) — Jhp: EPS09 LO + comovers (Ferreiro)
i EPS09 NLO (Vogt et al.) —(2S): EPS09 LO + comovers (Ferreiro) :
-_ - EPS09 LO (Ferreiro) Jhp: QGP+HRG (Du et al.) h

Y (2S): QGP+HRG (Du et al.)




New State of Matter in Small Systems?

AHigh-p,particl eésuppress
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Proability density

Energy Loss In Small
Al's there any?

o

12

L (fm)

I Small systems have non-trivial paths through
them, similar to peripheral AA )
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Cole Faraday

Faraday and WAH, in prep



Energy Loss ModoOs
A Start with WHDG Rad + El + geom in AA
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Changes Needed:

A Realistic fluctuations in elastic energy loss
I Gaussian/F-D Thm => Poisson
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Changes Needed:

A Small system corrections to rad e-loss

DGLV ordering of scales
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Rad Correction:

A Short path length (SPL) correction:
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I =>0asm=>0,Dz=>0
I breaks color triviality
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Rad Correction:

L=5fm

AE O2pmsttestisssadng Tl f We see the SPL correction:
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Comparison of E-Loss Channels
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I Change to full HTL propagators and Poisson
reduces elastic loss significantly cf WHDG
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Compare to Data: AUAU

A Brand new (last week!) preliminary results
A Chi-by-eye from AuAu to fix a,
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Compare to Data: dA
A Theory oredlcts suppressmn |n dA@RHIC
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I Shockingly good agreement w data
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Compare to Data: LHC p

SPL color triviality breaking
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I Results too good to be true?
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Compare to Data: LHC D
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HF predictions oversuppressed
ASPL small correction for quarks
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Is Model Self-Consistent?

A E-loss derivations make assumptions

I Is E-loss model consistent with assumptions?
A Assumptions take form R << 1

I Softt R=x<<1

I Collinear: R =k/k*<<1

I Large Pathlength: R=1/Dzm<<1

i Large Formation Time: R = k?/2xEm << 1
A Introduce E-loss weighted R:

J d{Xi} RUXY) |4ty

Ja{xi} |ags

I Are the assumptions violated in regions of
Importance for E-loss?
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Check of Soft Approximation

Faraday, Gringrod, and WAH, EPJC83 (2023)

Consistent for all models, energies, partons




