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RHIC 25:

A quarter century of discovery



Overview

e Current RHIC experiments

e Results from our friends from the LHC

e Theoretical developments and the EIC
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DO0-anti DO Correlations

» Weaker correlation is expected in heavy ion collisions compared to that in p+p collisions at A¢p=,
due to energy loss and thermalization in QGP

B Correlatilon signal (Iraw yield):l34 + 31 l l
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O No azimuthal correlation is seen within current uncertainties
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J/v Energy Correlators at STAR

—e— STAR Runll1 p+p 500 GeV
—e— Inclusive J/1 in Pythia8.310
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Kaif,
N

O The J/i energy correlator has been
measured firstly at RHIC-STAR

O No significant cos(y) dependence of the
J/Y energy correlator at cos(y) > 0, while
the measurement is different compared to
that in pythia8 (~70)
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First J/y flow v, at the Forward Rapidity
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PHENIX v2 in the forward rapidity,
consistent with zero
» Open charm, none-zero v2!
* Light quark contributions?
» J/Psiformation
* weak“recombination”in the
forward rapidity?

Run2016 Au+Au, in progress
- 4x more stat!

17


https://indico.bnl.gov/event/27198/contributions/107029/attachments/61883/106202/HeavyFlavor-physics-PHENIX-AUM-052025-v2.pdf
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Open Heavy Flavor v, at the Forward Rapidity

N
0.2
<
\./\\;\0 0.15
W <&\$
Qy 0.1
0.05

.
PH ENIX

Au+Au 200 GeV
0-70%

IIII]IIIIIIIIIIIIII]IIII

1111

B g

llllllllllllllllllllllllllllllll

O HF—> e, |n|<0.35 (PRL98.172301) ]|

@ charged hadron, 1.2<|n|<2.0
® HF—>p, 1.2<n|<2.0

b

Illllllllllllllll

NI

OO

0.5 1

1.5

2 25 3 3.5

pt (GeV/c)

PHENIX, arXiv:2409.12715

* First observation of none-zero open heavy flavor v2 at the forward rapidity
* Consistent with mid-rapidity HF results
* Smaller than light hadron v2
* Similar magnitude in central and forward rapidity!
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Heavy Flavor @PHENIX
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D° and A Reconstruction at SPHENIX

* sPHENIX took a large p+p dataset thanks to streaming readout
* We have our first heavy flavor signatures, including A“E which is new to

RHIC in p+p
« Use A% /DP ratio to probe hadronization models
4 04/06/2025
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https://indico.bnl.gov/event/27198/contributions/107028/attachments/61884/106211/sPHENIXHeavyFlavor.pdf
https://indico.bnl.gov/event/27198/contributions/107028/attachments/61884/106211/sPHENIXHeavyFlavor.pdf

Projection for A /D° ratio at SPHENIX

Alex Patton for
SPHENIX

* First measurement of p+p AJE/D0
at RHIC

* Huge benefit from streaming
readout

* Need good understanding of
tracking efficiency for this
measurement
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https://indico.bnl.gov/event/27198/contributions/107028/attachments/61884/106211/sPHENIXHeavyFlavor.pdf
https://indico.bnl.gov/event/27198/contributions/107028/attachments/61884/106211/sPHENIXHeavyFlavor.pdf

v, of Charm Quarks

Heavy Flavor v2: quantify HQ interaction strength at low pt and constrains its path length dependent

energy loss at high pr
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* DO meson v2 measured to very low pr < 1 GeV/c
* Low pr: vo(rt+) > v2(D)

* D-meson vz from charm quark flow + recombination
with the light-flavor quark

e High pr: va(rt+) ~ v2(D)
* Path length dependent E.loss

mﬂ Gregory Ottino °

Ds+ v2 close to non-strange D vz

—> tendency to be smaller up to pr = 4 GeV/c (different
contribution of hadronic phase?)



https://indico.bnl.gov/event/27198/contributions/107030/attachments/61894/106214/OpenHF%20Rhic%20Annual%20Meet-May2025.pdf
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HF vs LF v,

Study of the correlation between vz of D° and the charged hadrons

0.607 nb”' (PbPb 5.02 TeV)
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Vary initial eccentricity by Event Shape Engineering g, while keeping same

centrality

Dov; exhibits an approximate linear proportionality to the bulk flow

DOv; is entirely driven by initial shape as light flavors
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https://indico.bnl.gov/event/27198/contributions/107030/attachments/61894/106214/OpenHF%20Rhic%20Annual%20Meet-May2025.pdf
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J/v in 4 muon channel

J/Y in 4-mu

BU/y = prpp'p”) _ NO/Y = p p pp) / Wyoptumutu=

B(-le _)}4+V_) N(J/lp _)”‘+V_) e]/q:ay*;l“
where: ‘l’
(11.92 £ 0.02)%

N/ = pru—ptp~) = 116133

The significance of the signal is above 7 standard deviations,
evaluated from the likelihood ratio of the default signal+bkg fit and
the bkg-only fit

B(J/y — uTu~putuT) = [10.1533 (stat) + 0.4 (syst)] x 1077

. . Standard Model prediction:
Maria Elena Ascoti Frecis

for the LHC
experiments

(9.74 +£0.05) x 1077
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https://indico.bnl.gov/event/27198/contributions/107031/attachments/61889/106208/RICH_Ascioti_20May.pdf
https://indico.bnl.gov/event/27198/contributions/107031/attachments/61889/106208/RICH_Ascioti_20May.pdf
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Triple J/y in CMS

Triple-}J/y in CMS

« Data analysis starts by selecting events with > 6 muons, each
passing the prand n criteria

e The muons are then paired to reconstruct the charmonia
candidates within the kinematical and mass range acceptance.

o All selected muon pairs are further required to share the same
primary vertex (PV).

pr > 3.5GeV for || < 1.2
pr > 25GeVforl2 < |y <24
pr > 6GeV and |y| < 2.4
29 < Myt~ < 3.3GeV

For all muons

For all /1 mesons

The total events found are:
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Phenomenology with Dissociation and Regeneration

- . TR I [ R S S P P | P e TR
e Texas A&M University (TAMU) model 1.4f POPD. {8502 Tev CMS, Iy < 1.6, 0-100%

ALICE,25<y, <4,0-90%  (gp C78(2018)509)

(1NB(T) & 1.2 e J/y (JHEP 2002 (2020) 041) o Jhy
_ q .
—=2 = —Tp[T(r)](Ns(r) — N[T()]) 15— I
TAMU
0:50'8 SJ/\;S ;
o E v@9 1 2010.08893
130 : el ]
—
#ﬁ]bound s:ate) Eqwh?num Sun:ber, s e Bﬂ+ |
change rate Ime-aepenaen 4
g P 0.2 # = :
00‘“‘é““110”“115'3‘“‘2'().“.25“”30
v _ P, (GeV/c)
o Dissociation rate from g + B — Q) + Q) & [T,
02f ALICE 20-40% Pb-Pb (5, =5.02TeV
2x(q/9+Q —q/9+Q) e Ll B
0.15 - Inclusive J/y: regenerated + left-over primordial + b-feeddown
- [Jwith c quark space-momentum correlations (SMCs)
- [ w/o SMCs
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Wu, Tang, Rapp, 2503.10089
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Quarkonium Product1on from AA to pp, pA
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Elliptic flow: v, in open HF
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Yu Fu for open HF theory
and HEFTY Collaboration

e Larger sensitivity to in-medium QCD force

ALICE:PLB813(2021)
CMS:PLB816(2021)
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https://indico.bnl.gov/event/27198/contributions/107075/attachments/61941/106283/RHIC_AGS_2025_HF_YuFu.pdf
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Baryon to meson ratio: AC/D0
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e Systematic investigation of hadro-chemistry underway
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EIC Kinematic reach

Bishoy Dongwi for EPIC
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@ Unique and direct access to gluons, especially at high x

@ Broad kinematic coverage:

@ Probe intrinsic charm
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https://indico.bnl.gov/event/27198/contributions/107079/attachments/61913/106239/dongwi_ePICHF_RHICAGS2025.pdf

Charm quark fragmentatlon
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@ Gain new insights into charm fragmentation ep vs. pp collisions

@ DIS ratio R/\C/DO VS. pT

@ Projections: e+p 141 GeV, forward & central rapidity, 10 fb ! (No full ePIC recon.)
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sSummary

Many exciting developments spanning RHIC, LHC, and the EIC

Much complimentary work is on going at RHIC and LHC experiments in
heavy flavor, and phenomenological developments can hopefully be stress
tested on both sides of the Atlantic

Results include progress on MC modeling, hadronization, flow, and under

constrained aspects of QCD
On the RHIC side looking forward to more STAR and PHENIX results, first

results for HF from sPHENIX and towards the EIC

2025 RHIC/AGS ANNUAL USERS' MEETING

RHIC 25:

A quarter century of discovery
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