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2012 PHENIX Detector

THE PHENIX EXPERIMENT

* 9 collision species and 9 collision energies
obtained

Yyor =wel

* Data taking completed in 2016
* Collaboration is actively working for analyses
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Data-Theory
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Theory

PH. ENIX . PHENIX, PRL 130, 251901 (2023)
the gluons in proton
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Jet cross section and substructure
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PHENIX, arXiv:2408.11144
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P+p, sy = 200 GeV
anti-k; R=0.3, n[<0.15

e PHENIX Run12 + Run15
[ ] Theory NLO + LL_+ NP o
|| Theory NNLO + LL_ + NP

(10% global systematic not included)
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e Jet cross section with R<0.3

e NLO + NP overestimates the data

e Limitation of NP correction
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PHENIX, arXiv:2408.11144
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* Tuned PYTHIA can reproduce the data

PHENIX OVERVIEW at Hard Probes 2024, Sep. 23



_""'-\V..—
PH-“ENIX

Dileptons in p+p 200GeV

Vassu Doomra (Tue. 11:10 Thermal)
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 Large statistics (x15 pairs)

* Good agreement with the cocktail calculation
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* Baseline for thermal photons at IMR in Au+Au
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DlleptOnS |n DCAT Space Vassu Doomra (Tue. 11:10 Thermal)
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np+p

PHENIX, arXiv:2409.03728
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* J/w and charged particles going to the

same rapidity window — J/y inside Jet

* J/\y yield increasing with multiplicity

e Less increasing by removing the p+ pu- from the

multiplicity

e Data described by PYTHIA with MPI
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Small System
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p/d/*He
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for d+Au PHE=E
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https://arxiv.org/abs/2303.12899

Y% and m° spectra in d+Au P

PHENIX, arXiv:2303.12899

* No ° enhancement in peripheral

Au EXP )

O . . . .
O'E\:EO 9 e 1° suppression in central collisions

0.8 Other possible interpretation

(
4
3

07 d+Au \% =200 GeV e.g. D. Perepelitsa (Mon. 14:40)
06 7’.5~=:pT <18 GeV/c :
0 2 4 6 8 1012 14 16 18 |
NEXP * More results coming. Stay tuned
coll
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Large System A+A
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+
D|rECt phOtonS In AU AU Vassu Doomra (Tue. 11:10 Thermal)
FEr-a~=szsosss SN 07 =T ansaennnes 5 | PH ENIX, PRC 109 044912 (2024)
25 Au+Au 1 Enrm : 10 Dlrem?ﬁﬂ-::p < 5.0 GeVilc) -
o V5w =200GeV 5 g % "é P IAENIS i = PHENIX Au+Au 200 GeV P B
C 11 . P é& : {1 — fittonew data
- B Alst - 11 e .
1.5F Fu 1 T ﬂlﬁut"# E " p+F§(;DGBV 3
. I ] scaled by N,
1;#_._ 3 jf ____________ _}!#_'4 _______________ - - 1071 ! -
: T T T T SR :: T T T T E ;
() 40%-60% 1 (d)60%93% ] 102 PHENIX -
2.5F o This paper + = PRL 104, 132301 . g ° i"”i” gg ff;u 3
- » PRC 91, 064904 T =« PRL 109, 152302 : 3 A .
of il 10 =  Au+Au 200 GeV -
r ﬁ + r K o Cu+Cu 200 GeV =
1.5F ' ﬂ*§+ T ﬁ++++ + | Py - - fit to published data -
" oogfamy Cp° " § * ¢ 1 A 8 A . L 10 ALICE E
1:_ """" Q'I___‘_ """""""" _--_m'"iii_"_"""'"; Pb+Pb 2760 GeV =
S T TP S ; S TP PP S B S A R R | Ll -
2 4 6 8 2 il 6 8 0 103
p. [GeVic] p, [GeV/c] dN r/dn F
n=0

* External conversion method and large statistics give precise
measurement for wider p; ranges for all centrality bins

* The scaling of yields holds for various large systems
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Centrality dependence of R,,(b—e) & R, (c—€)
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PHENIX, PRC 109, 044907 (2024)
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* |n 0-10%, bottom and charm suppression are clearly seen
* in 40-60%, bottom and charm are similar and less suppressed
* Centrality dependence is clearly seen
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Heavy flavor v, at forward rapidity

PHENIX, arXiv:2409.12715

0.25
s [ e O HF—> 6, |n<0.35 (PRL98.172301) ]|
B PH “ENIX @ charged hadron, 1.2<|n|<2.0 |
0.2— Au+Au 200 GeV ]
L HF — 1.2 2.0 |
- 0-70% ® > W 1.2<Ini< .
0.15/— E ﬁ -
0.05— ”"’“’%Hg % % % —
D_l 1 1 1 ___l | | 1 1 1 1 | 1 1 1 1 | 1 1 1 | | 1 1 1 1 | 1 1 1 1 | 1 1 | |_
0 0.5 1 1.5 2 2.5 3 3.5 4

pT (GeV/c)
* First observation of significant heavy flavor v, at the forward rapidity

* Consistent with mid-rapidity HF results
* Smaller than charged hadron v,
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J/y v, at Forward rapidity PHYENIX

Julia Velkovska (Mon. 16:30 HQ)

PHENIX, arXiv:2409.12756
NO'QS: VSvy =200 GeVAu+Au-J/Yp +X .
S o 12< |yl <22(10-60% Centrality) Run 14 + Run 16 -
“F o pr(GeV/c): [0.0 - 1.0], [1.0 - 2.0, [2.0 - 3.0], [3.0 - 5.0]
015} - Forward J/y v,at RHIC is
0.1E- 4 consistent with zero
0.051- : -
0l Smmmmrrmmsmmesees—— o Coglescence in the partial
0,055 3 thermalization also consistent
- 1 with the data
—0.1— - - initially produced N
u purely thermalized cc 7]
~0.15[ s initial + coalescence —
e initial + coalescence Y‘ .
0.2 - [ ] Systematic Uncertainty P H%éEN Ix E
:I || | | 111 | 1 111 | | 111 | L 111 | 1 111 | | | 1 111 | L1111 | 111 I:
02505 {1 15 2 25 3 35 4 45 5

pr (GeV/c)
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Medium response to jets in Au+Au Anthony Hodges (poster #305)
Triggered m° 4 < p; <5 GeV/C PHENIX, PRC accepted (arXiv:2406. 08301)

j 04-(8)  05<p <10GeVic  _ by .1.'CI-;:|:':T!;1¢::2I.OIGEWCI 1 " Teo 3.0<p_ '<5aGewc '

Au+Au 200 GeV, 0%-20% 1 o4 PHENIX i i
i -hadron, 4 5 GeV T - . : i U NN NN
i n-hadron, 4<p <5 Ge .. ] _ ] ok _-*?/// SN
_ N : 0- T:;;-.’:‘. 2227 *;* =
oF — = 7»7/7,; ————————— : ’fi’//// | 1 90T
Hybrid 1 -0 _ ™ 7 .
[ ONowake '/747//; I "TPHENX -
—0-2—1.E.|V“.'a‘.‘e.........././..- '|....|....1,,,11..'—0-047.,,,1....
1.5 2 2.5 3 1.5 2 2.5 3 1.5 2
A¢ (rad) A¢ (rad)
* Transition from suppression for high p; 0
enhancement for low p; . . ag  TVay siq.
fl99er-particie _
* Hybrid model with medium response e S0 parties
consistent with PHENIX results A =V, —V
AA — 1 AA rp
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* PHENIX Talks

 Ralf Seidl (Mon. 14:40 nPDF) PHENIX cold QCD and spin physics results

* Julia Velkovska (Mon. 16:30 HQ)  Elliptic flow measurements of light and heavy
flavor hadrons, and J/y in Au+Au collisions at forward rapidity with PHENIX

e Vassu Doomra (Tue. 11:10 Thermal) Measurements of direct photons and dileptons at
PHENIX

* Daniel Firak  (Tue. 15:35 Jet in Sm. Sys) Measurement of high p; direct photon and
neutral pions in small collision systems at PHENIX

* PHENIX Posters

 Susumu Sato  (#283) Measurement of identified charged-hadron and piO production
in p + Al, 3He +Au, Cu + Au, and U + U collisions at PHENIX

 Anthony Hodges (#305) Quantifying in-medium jet structure modification and medium
response with direct photon and n° triggered hadron correlations in PHENIX



_"‘\v.—
PH “ENIX

Summary

PHENIX produces many interesting results of Direct photon, Dilepton, Heavy
flavor, and Jet results in small and large system

* P+P
* Direct photon production consistent with NLO pQCD and Gluon spin likely to be positive

e Jet cross section and substructure
* New dilepton measurement with large statistics

* Small System
e Suppression in central d+Au but no enhancement in peripheral

* Au+Au
* Direct photon v, with large statistics
* DifferentR,, forc 2eandb 2> e
* Significant HF v, at forward rapidity for the first time at RHIC
* Zero v, for J/y unlike LHC result
* Medium response via 2 particle correlation

More interesting and important measurements from PHENIX coming soon!
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Recent publications

arXiv:2406.08301 Jet modication via n®-hadron correlations in Au+Au collisions at \/Syy = 200 GeV
PRC109, 044912 (2024) Non-prompt photons in Au+Au /syy = 200 GeV
PRC109, 044907 (2024) Charm and bottom production in Au+Au /sy = 200 GeV

PRC109, 054910 (2024) Identified charged hadron production in p+Al, 3He+Au, and Cu+Au at /syy = 200 and
U+U at /Syy = 193 GeV

PRD108, 072016 (2023) Transverse spin asymmetry of h in p+p, p+Al, and p+Au /syy = 200 GeV
PRL130, 251901 (2023) Direct photon cross section in p+p s =510 GeV

PRD107, 112004 (2023) Transverse spin asymmetry of 0, in p+Al and p+Au +/syy = 200 GeV
PRD107, 052012 (2023) Transverse spin asymmetry of heavy flavor decay electrons

PRC107, 024914 (2023) Low pT in Au+Au at /syy =39 and 62.4 GeV

PRC107, 024907 (2023) Flow in p+p, p+Al, d+Au, 3He+Au /Syy = 200 GeV

PRC107, 014907 (2023) ¢ in Cu+Au and U+U /syy = 200 GeV

arXiv:2303.12899 Suppression of high pT n° relative to direct in central d+Au +/syy = 200 GeV



PHENIX results in HEPData!l

- 213 papers are in the database and ready to use!

PData @ About € Submission Help [File Formats =) Signin

% PHENIX % [2000, 200... Search  Advanced

15 sortby~ | l%Reverse order Showing 10 of 213 results

@ c 2 H »

Transverse single-spin asymmetry of midrapidity 7° and 1) mesons in p+Au and p+Al collisions at , /8y = 200 GeV

The PHENIX collaboration Abdulameer, N.J. ; Acharya, U.; Aidala, C. ; et al.
Phys.Rev.D 107 (2023) 112004, 2023.
Collaboratio 3 Inspire Record 2641468 % DOI 10.17182/hepdata.139098

X PHENIX Presented are the first measurements of the transverse single-spin asymmetries (A ) for neutral pions and eta mesons in p+Au and p+Al collisions at Vnn = 200 GeVin the
pseudorapidity range |17| <0.35 with the PHENIX detector at the Relativistic Heavy lon Collider. The asymmetries are consistent with zero, similar to those for midrapidity...

Subject_areas B8 2 data tables

nucl-ex 176 Figure2  Datafrom Figure 2 (a) of the 7% transverse single-spin asymmetry in \/8yn = 200 GeV p'+Au and p'+Al collisions as a function of pr.
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T« 0f non-prompt photons

[(GeVic)y?]
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Lo Nonprompt vy - T, extraction range

4 _Q = This paper 1, —0.8-1.9 GeVic

i X + PRC 91, 064904 7’ L —2.0-4.0 GeV/c
102 : MLENIY
PH ENIX

B "-:,,": 'ﬁ’s"’" B ‘-"-__—‘ 3
10 6 '-_1—':“ ’—,ﬁ‘a 4 ‘;ﬁ;‘t—k“.‘ ﬁ
10°° Ha) 0%—20% m —-(b) 20% -40% m
102_1::} }HI'WH{‘H_ }H“H:M |
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—(d) 60%-93%" *,
Tl s

|
2 4 6 8
P, [GeVic]
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L 11 |
2 4 6 8
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T T TP T R SO ST S AN T PO O P R N

0.2
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Vassu Doomra (Tue. 11:10 Thermal)
PHENIX, PRC 109, 044912 (2024)

]f]_h]id'l'l'lflflll

-~ PHENIX Au + Au, |, = 200 GeV
— Nonprompt v

T, extraction range

0.8 < p, < 1.9 GeV/c
20< p, < 4.0 GeV/e

o

L

PHENIX %} :
™
376 MeV/c =

260 MeV/c -

L I |
200

1 | 1 L I |
400 600

dNy/dn |
T« of non-prompt photons has p; dependence
but no obvious multiplicity dependence

Slope is 1.11 pm 0.02 (stat) £0.09 (sys)
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PH- -ENIX
Direct phOtOnS V2 INn Au+Au Vassu Doomra (Tue. 11:10 Thermal)
[ 0-10% T 10-20% oDirPhotonv, T 20-30% —~— 1 * Finer centrality bin (10%)
! ] I PH ENIX
- AUtAU, (S = 200 GeV IR preliminary | 4 Sjgnificant reduction in

0.2t | < 0.5 -+ + - o ,
! statistical and systematic

I | uncertainties from
e 4 ey previous measurement

ler
2
HO=O
O-aDum—
=—O—
o
—
Q= O
[¢]
[+]
Q
(o]
o
o
—=—
e
E
s @
< B} Q
== 0
o]
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[ ]
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[ 30-40% | 40-80% | s0-60% * Similar to hadrons at low

1 . ta fi e {17
P %éﬁ‘h;u; | [mi“,h *;

e Results consistent with

o

' ‘ y I | | .' ' | . | | | zeroat high p; (dominant
0 5 10 15 20 5 10 15 20 5 10 15 20 prompt photon)
p, [GeVic] p, [GeVic] p, [GeV/c]
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J/y v, at Forward rapidity PHYENIX

Julia Velkovska (Mon. 16:30 HQ)

PHENIX, arXiv:2409.12756

0.2 ) 0.2 PRC 84, 054912 (2011
N C /Svyv = 200 GeV Au + Au - J /i + X (10 — 40% Centrality) | N "~ Forward rapidity (0 — 50% Centrality) < 14 ! ( - )
T @ 12< |y| <22 (PHENIX) ; T e m =200 GeV Au + Au = J/IP +X (PHENIX) < [ | Inclusive Jiy — p'w, Pb-Pb s, = 2.76 TeV and Au-Au |5, = 0.2 TeV
0.15 :— * |yl < 1(STAR) 0.15— m VSnn = 5.02 TeV Pb + Pb - J/3 + X (ALICE) Ay 1ok = ALICE (PLB 734 (2014) 314), 2.5<y<4, 0<p_<8 GeVic global syst.= + 15%
C - [] PHENIX (PRC 84(2011) 054912), 1.2<ly|<2.2, p >0 GeV/c global syst.= + 9.2%
0.1 0.1 1)
- n , i LHC RHIC
0.05F - i 08/ RLEC > RYY
Vo 0.051- r £
C - oo i
- B 1 0.6 @ E ] L]
e S S T gl
C C 04
C - [ @ @
-0.05 :— -0.05 :— ® 0.2 :_ ﬁ ﬁ @ [:] ﬂ
_0.1__ _‘-‘-‘v-_ _O 1:_ _‘-‘-‘v-_ 0 -l L L1 I - L | L1l I L1l ‘ Ll | | Ll Ll | Ll I L1 1
C ' F ' LL] 0 50 100 150 200 250 300 350 400
- PH ‘ENIX - PHENIX (N2
-0.15E | | ~0.15[- P
] Systematic Uncertainty - ] Systematic Uncertainty
-0. ""l""l””l'"'l”"l"”l'bl'l""|'”'|"” _ Do b b b b b b b beaa L
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Forward J/y v, at RHIC is consistent with zero, but non-zero at LHC
— Consistent to the cc regeneration scenario at LHC
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« Using two particle correlations over large rapidity range
V2 and v3 consistent with previous results (Nature Physics), small droplet of QGP

Rapidity choice is sensitive to non-flow effects
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PID Charged hadrons on ue

PHENIX, PRC 109, 054910 (2024)
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Central

Peripheral

» Small system has dependence of the collision overlap size (N,
« Proton R,z at high p;is not ordering of N

TAKASHI HACHIYA

(pi/k/p) in small systems
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d+Au is imbalanced most

part
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RAB 11 CLH—AU, AU+AU7 U+ oster usumu Sato

PHENIX, PRC 109, 054910 (2024)
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Raain large system also depends on collision overlap size (N, but not
collision systems
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J/w and y(2S) in small systems
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PRC 105, 064912 (2022)
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* J/y modification consistent with INITIAL state effects at FW and BW Cr?gpidity
* y(2S) modification indicates presence of FINAL state effects at BW rapidity

* Presence of co-movers? QGP?
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J/w and y(2S) in small systems
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PRC 105, 064912 (2022)
IPHENIX u‘%ﬂﬁlﬂ GeV LHCDH pﬂILPb \f@;ﬁ TeV | — I
v(2S) @p+Au Vd+Au  Mwy(2S) [y PH ENIX

Iy Op+Au Vd+Au  ALICE p+Pb \s=5 TeV

B Av(2s) Ally B}

I 1
Iy Vi -

= = ) ) "

* J/y and y(2s) consistent with
INITIAL state effects at FW

* y(2S) at BW indicates
presence of FINAL state effects

* Presence of co-movers? QGP?

* Similar patterns for J/y = and
y(2S) found at RHIC and LHC



A of Direct Photons Ralf Seidl (Mon. 14:40 nPDF)

0.02 , Origin of AN: Nonpenturbative spin-momentum
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« Sensitive to gluon’ orbital motion

« Consistent with zero

* Imply not as large as the maximum from the theoretical models
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