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What Are We Studying?
ÅThe emergent, many-body properties of 

the strong force (i.e. nuclear matter)
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New State of Matter Found in AA:

ÅSpecies abundancies => hottest 

temperatures ever measured
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J Cleymans, HEPP2018

http://www.guinnessworldrecords.com/world-records/highest-man-made-temperature



New State of Matter Found in AA:

ÅParticle correlations => hydrodynamic flow 

of perfect fluid
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Song et al, PRL106 (2011)



New State of Matter in AA:

ÅQuarkonia melting => deconfined plasma
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CMS, PRL107 (2011)

Mócsy and Petreczky, PRL99 (2007)



New State of Matter in AA:

ÅParticle suppression: final state energy 

loss to medium
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Y. Akiba for the PHENIX collaboration, 

hep-ex/0510008

ïConsistency: 
RAA(h)~RAA(p)

ïNull Control: 

RAA(g)~1

ïGLV Prediction: Theory~Data for reasonable 

fixed L~5 fm and dNg/dy~dNp/dy



New State of Matter in Small Systems?

ÅFlow observed
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Zhao et al, PRC107 (2023) and Schenke SQM2024



New State of Matter in Small Systems?

ÅStrangeness 

enhanced
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ALICE, Nature Physics (2017)

ALICE, PLB 758 (2016) 389-401



New State of Matter in Small Systems?

ÅQuarkonium suppression

6/13/2024 Users' Meeting 9

ALICE, JHEP 06 (2016)



New State of Matter in Small Systems?

ÅHigh-pT particleésuppression (??)
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PHENIX, arXiv:2303.12899

ATLAS, JHEP 07 (2023) 074



Energy Loss in Small Systems
ÅIs there any?  Isnôt medium tiny?

ïSmall systems have non-trivial paths through 

them, similar to peripheral AA
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Cole Faraday

Faraday and WAH, in prep



Energy Loss Modôs in Small Systems?

ÅStart with WHDG Rad + El + geom in AA
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PHENIX PRL105 (2010)

RHIC
LHC
ALICE D

WHDG D

LHC
CMS h± 0-5%

WHDG p0

LHCLHC
CMS h± 40-50%

WHDG p0

RHIC

ALICE, JHEP1209 (2012) 112

CMS, JHEP 1205 (2012) 063

CMS, Eur.Phys.J. C72 (2012)

CMS, PRL109 (2012)



Changes Needed:

ÅRealistic fluctuations in elastic energy loss

ïGaussian/F-D Thm => Poisson
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Faraday and WAH, in prep



Changes Needed:

ÅSmall system corrections to rad e-loss

ïDGLV ordering of scales 

1/mDebye << lmfp << tform << Lpathlength

doesnôt necessarily hold

ïRederive, including previously 

neglected contributions

6/13/2024 Users' Meeting 14
Isobel Kolbé

Kolbé and WAH, PRC100 (2019)



Rad Correction:

ÅShort path length (SPL) correction:

ï=> 0 as m => 0, Dz => 0

ïbreaks color triviality
6/13/2024 Users' Meeting 15

(DGLV)

(SPL)

Kolbé and WAH, PRC100 (2019)



Rad Correction:
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We see the SPL correction:

¸ Smaller as a function of L

¸ Much larger for gluons cf quarks

¸ Can lead to negative energy loss

¸ Larger as a function of E



Comparison of E-Loss Channels

ïChange to full HTL propagators and Poisson 

reduces elastic loss significantly cf WHDG

ïSPL => destructive interference => reduced e-loss
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Old (WHDG)

New

Faraday and Horowitz, in prep

New

Old (WHDG)



Compare to Data: AuAu

ÅBrand new (last week!) preliminary results

ÅChi-by-eye from AuAu to fix as
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Cole Faraday

Preliminary

Faraday and WAH, in prep



Compare to Data: dA

ÅTheory predicts suppression in dA@RHIC

ïShockingly good agreement w data
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Faraday and WAH, in prep

Preliminary



Compare to Data: LHC p

ïResults too good to be true?
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Preliminary Preliminary

Faraday and WAH, in prep

SPL color triviality breaking



Compare to Data: LHC D

ïHF predictions oversuppressed

ÅSPL small correction for quarks
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Preliminary Preliminary

Faraday and WAH, in prep



Is Model Self-Consistent?

ÅE-loss derivations make assumptions
ïIs E-loss model consistent with assumptions?

ÅAssumptions take form R << 1
ïSoft: R = x << 1

ïCollinear: R = k-/k+ << 1

ïLarge Pathlength: R = 1/Dz m << 1

ïLarge Formation Time: R = k2/2xEm1 << 1

ÅIntroduce E-loss weighted R:

ïAre the assumptions violated in regions of 
importance for E-loss?
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Check of Soft Approximation

ÅConsistent for all models, energies, partons
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Faraday, Gringrod, and WAH, EPJC83 (2023)


