Overview of Recent PHENIX Results

Yuri Mitrankov for the PHENIX Collaboration

Dept. of Physics & Astronomy, Stony Brook University

May 13, 2026




Motivation: studying QCD matter
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PHENIX Data Taking Mission
Completed
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Email from the PHENIX spokesperson (Dr. Yasuyuki Akiba) on
6/27/2016

“This morning at 7:42, we ended RUN459344. The beam was
dumped at ~7:50. This is the end of RUN16 and the end of
PHENIX data taking. We had the first collision of Au+Au at 56
GeV on June 15, 2000.”
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Hadronization at RHIC:

== Quark distribution

Recombining quarks:
pmesnn= pq1 +pq2
pbary0n= Pq1 +pq2+pq3
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Fragmenting parton:
P=Z'p,
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recombination to fragmentation

The PHENIX T-shirt Ry, plot
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Soft Probes: Hadronization System&Species Dependence
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System Size Dependence of ¢ and Baryon Enhancement
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Strange Baryon to Meson Ratio from ALICE and STAR
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https://indico.global/event/13943/contributions/143551/
https://indico.global/event/13943/contributions/143387/
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» The average pr is sensitive to radial

flow, which pushes particles to higher
pr with a stronger effect for heavier
hadrons.

Since radial flow is driven by the system
pressure gradients and energy density,
the multiplicity dependence provides
information on how collective expansion
develops across different collisions.

The observed dependence on
charged-particle multiplicity is
non-trivial and qualitatively follows the
type of mass ordering expected from
collision geometry and collective
expansion.
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High-pr 7° vy in Cu4Au, Au+Au, and U+U
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» The low-pr 7° vy scales with the initial eccentricity and Ng.ﬁ’t

» The high-py 7° vy provides input for path-length dependent energy loss studies.
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High-pr 7 v5 in p4+Au and *He+Au
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» The high-pr 7@ vy in small systems can provide insight on energy loss and non-flow
contributions to azimuthal anisotropy.
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Heavy Flavor at PHENIX
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Bottom Quark Production in p+p Collisions
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Rapidity

» Fraction of J/v from B decays evolves with
/s and rapidity, consistent with FONLL
predictions.
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Charmonium Production vs. Event Activity in p+p
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» J /4 production versus charged-particle multiplicity in p+p is described by PYTHIA with MPI.
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Charmonium Production vs. Event Activity in p+Au
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» Short-range correaltion similar to p+p. More pronounced long-range correlations.
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Charmonium Production vs. Event Activity in p+Au

W "
i % i %

m \ u
u k.“"s' ‘/v p+Au N Now P

(=" )Psi

@ —><
Nen, z+ N, pal N, z+
- TN
[Y5/¢ — Nen| = 0 [Yg/9 — Nen| > 2.2 new result
] ]
Z F  PHENIX p+Au 200 GeV Run-15 % [ PHENIXp+Au 200 GeV Run-15
Zg 35 o Ny, (-22<y<-1.2, Au-going) & N (-3<n<-1) Zg [ Ny, (22<y<-1.2,Au-going) & N (1<n<3)
=] F o NJ/w (1.2<y<2.2, p-going) & Nch (1<n<3) =] o Nle (1.2<y<2.2, p-going) & NCh (-3<n<-1)
2 3 __PYTHIA8 Angantyr p+Au (»2.2<yJ/W<-1.2) 3 10 — PYTHIA8 Angantyr p+Au (-2.2<y‘]/w<-1.2)
\2 E __PYTHIA8 Angantyr p+Au (1.2<y_ <2.2) \2 F __ PYTHIA8 Angantyr p+Au (1.2<y  <2.2)
123 25— ~— I % [ ~— o aw
- PH ENIX i
E € L T
E = reliminar
2= preliminary * . P y
C E =]
1.5 E
C r O e
1= r L
0sE 10% i)
ob L L L L L P S U U U BTN DUV PR
0 15 2 25 3 35 4 45 0 15 2 25 3 35 4 45
N/ NP0 N/ NP0

» Pythia8/Angantyr with MPI does not describe this large-separation pattern.
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Charmonium Production vs. Event Activity in p+Au
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» EPQOS4 can also only describe short-range correlations in Au-going direction
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Challenging Comover Models
CMS, SQM?2026, S. Nanda
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Heavy-Flavor Flow in Au+Au Collisions
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» PHENIX observes open heavy-flavor flow, providing evidence
for strong heavy-quark interactions with the medium.
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From Heavy Flavor to Thermal Dielectrons in Au+Au
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Dielectrons in p+p Collisions
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Yu.

Au+Au: Signal-to-Background Improvements
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much smaller systematics.
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Au+Au Dielectrons: separating HF and extracting the excess
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Au+Au Dielectrons: separating HF and extracting the excess
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» Pair-DCA constrains heavy flavor directly in data, allowing us to isolate the excess in the IMR.
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Thermal Dielectrons: Mass Spectra and Measured T
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» First direct measurement of the QGP temperature at top RHIC energy in Au+Au collisions,

enabled by the extraction of the prompt IMR component using DCA.

» Only a slight increase in Tyyg is observed from SPS.

Mitrankov
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Thermal Dielectrons: Mass Spectra and Measured T
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» First direct measurement of the QGP temperature at top RHIC energy in Au+Au collisions,
enabled by the extraction of the prompt IMR component using DCA.
» Only a slight increase in Tyyg is observed from SPS.
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Thermal Dielectrons: Mass Spectra and Measured T
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» First direct measurement of the QGP temperature at top RHIC energy in Au+Au collisions,
enabled by the extraction of the prompt IMR component using DCA.
» Great agreemnt with the STAR results using a cocktail-based approach
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Summary

» Interplay of recombination and fragmentation evolves smoothly with system size.

» J /4 production in p+p and p+Au shows a strong dependence on event activity: MPI describes
the p+p, while in p4+Au additional mechanisms to explain the long-range correlation are needed.

» IMR dielectrons in p+p are well described by HF contributions from the PYTHIA Detroit tune;
in Au+Au, after isolating the HF component, a clear prompt excess is observed, consistent with
thermal radiation at temperatures similar to those extracted at lower collision energies.
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Yu.

PHENIX and NA60 DCA Template Fit Comparison
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Nuclear Modification

of J/v in p4+Al/Au and He+Au Collisions
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» J/4 is suppressed at both forward and backward rapidity.

» The suppression in p+Al collisions is consistent with nuclear PDF modifications (shadowing)
>

effects.

Yu. Mitrankov

PHENIX HIGHLIGHTS

The stronger suppression in p4+Au and He+Au is consistent with additional nuclear absorption
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CGC-based Model for J/i) vs. Ny Correlations
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ALICE J/v vs. Ng, in p+Pb

Yu. Mitrankov
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Nuclear Modification of J/v in p+Al/Au and He+Au Collisions

2
0:3 FInclusive iy | 22<y<12 (@) 7 Inclusive iy 1o<y<22" ()
C \(SNN=200 GeV (Au/Al-going) \(SNN=200 GeV (p/3He-going) ]
1.5PHENIX = ptAI PHENIX = p+Al —
C . E+Au . g)+Au ]
C Iﬁlﬂ o “He+Au EEL| o “He+Au I
T L T
- Hy g g g EEIEI@E B
C |§||§| ©
0.5 @ B
0' I I I I ! ] ! ! ! ]
0 5 10 15 20 25 5 10 15 20 25
coll[ coll

» The suppression in the p-going direction is inversely proportional to Ncoy.

» The same trend is observed in the Au-going direction, but with a smaller magnitude.
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