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collected over 16 years of operations

Energy Integrated
Run Species | Vsw (GeV) [Luminosity (mb

[1.(2000) Au+Au 56 1.0E-6
2 (2001/2002) | Au+Au 200 2.4E-5
p+p 200 1.5E+5

3 (2003) d+Au 200 2.7E+3
p+p 200 3.5E+5

4 (2004) Au+Au 200 2.4E+2
Au+Au 62.4 9.0E+0

5 (2005) Cu+Cu 200 3.0E+3
Cu+Cu 62.4 1.9E+2

Cu+Cu 224 2.7E+3

p+p 200 3.4E+6

6 (2006) p+p 200 7.5E+6
p+p 62.4 8.0E+4

7 (2007) Au+Au 200 8.1E+2
8 (2008) d+Au 200 8.0E+4
p+p 200 5.2E+6

9 (2009) p+p 500 1.4E+7
p+p 200 1.6E+7

10 (2010) Au+Au 200 1.5E+3
Au+Au 62.4 1.1E+2

Au+Au 39 4.0E+4

Au+Au 7.7 3.0E+2
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Data collected

RHIC energies, species combinations and luminosities (Run-1 to 16) Energy Integrated

Run Vs (GeV) |Luminosity (mb™)

11 (2011) p+p 500 1.8E+7

Au+Au 19.6 2.0E+0

Au+Au 200 1.7E+3

Au+Au 27 7.0E+0

= 12 (2012) p+p 200 1.0E+7

p+p 510 3.2E+7

% U+U 193 2.0E+2

= Cu+Au 200 5.0E+3

‘ 13 (2013) p+p 510 1.6E+8

\\\ ' 14 (2014) Au+Au 14.6 4.0E+0

‘ ] ] Au+Au 200 7.5E+43

*He+Au 200 2.4E+4

8§ 9 12 15 20 23 27 39 56 62 130 193 200 410 500 510 15 (2015) p+p 200 6.0E+7

Center-of-mass energy Vs [GeV] (scale not lincar) p+Au 200 2.0E+5

p+Al 200 5.0E+5

H i 16 (2016) Au+Au 200 7.0E+3

Completed taking data in 2016 A 200 5.0Ea

Many high impact analyses ongoing d+Au | 624 5.0E+3

d+Au 19.6 8.0E+1

d+Au 39 2.0E+3
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Data and analysis preservation

@ HEPData @About © Submission Help [YFile Formats 49 Signin

Q search HEPData % PHENIX Search  Advanced

1% Reverse order Showing 10 of 212 results

1 Max results ~

Date « . 2]
L, s e
{o} (o]

«° and 77 mesons in p+Au and p+Al collisions at /5, = 200 GeV

o P The PHENIX collaboration Abdulameer, N.J. ; Acharya, U.; Aidala, C. ; et al.
Phys.Rev.D 107 (2023) 112004, 2023.

Collaboration Reset [3Inspire Record 2641468 % DOI 10.17182/hepdata.139098

% PHENIX 212 Presented are the first fthe i i (Ay) for neutral pions and eta mesons in p+Au and p+Al collisions at /5 = 200 GeV in the pseudorapidity range |n| <0.35 with the PHENIX
detector at the Relativistic Heavy lon Collider. The asymmetries are consistent with zero, similar to those for midrapidity neutral pions and eta mesons produced ions. These h id f...

Subject_areas EB2 data tables

ks s Figure2 (a) Data from Figure 2 (a) of the 7 transverse single-spin asymmetry in /S = 200 GeV p'+-Au and p' +Al collisions as a function of pr-

hep-ex 8 Figure2 (b) Data from Figure 2 (b) of the 7 transverse single-spin asymmetry in /3w = 200 GeV p’+Au and p'+Al collisions as a function of pr

nucl-th 1

@ 212/225 PHENIX papers on HEPData
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Recent Papers

arXiv:2406.08301 Jet modification via 7%-hadron correlations in Au+Au collisions at \/syy = 200
GeV

PRC109, 044912 (2024) Non-prompt «y 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
Vsun = 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 « cross section in p+p /s = 510 GeV

PRD107, 112004 (2023) Transverse spin asymmetry of 7°, 1 in p+Al and p+Au Vsun = 200 GeV
PRD107, 052012 (2023) Transverse spin asymmetry of heavy flavor decay electrons

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

PRC107, 024907 (2023) Flow in p+p, p+Al, d+Au, *He+Au \/syy = 200 GeV

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

arXiv:2303.12899 Suppression of high pr 70 relative to direct 7 in central d-+Au Vsun = 200 GeV
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PHENIX at AUM 2024

@ Yuri Mitrankov, Highlights from the PHENIX experiment on flow measurements
—Tuesday Morning

e Sanghoon Lim, The small system flow measurements from the PHENIX experiment at RHIC
—Tuesday Afternoon

e Devon Loomis, Highlights from PHENIX Spin
—Tuesday Afternoon

e Dan Richford, Open Heavy-Flavor Physics - PHENIX
—Wednesday Morning

e Ming Liu, HF Quarkonium Physics - PHENIX
—Wednesday Afternoon
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Intermission

p+p
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A; of direct photons

PHENIX, PRL 130, 251901 (2023)

- p+ P > y°+X, Vs=510 GeV, | < 0.25

0.04
- o Polarized gluon PDF Ag had sign ambiguity in

previous results
—JAM Collaboration, PRD105 074022 (2022)
—JAM Collaboration, PRD106 L031502 (2022)

@ PHENIX results indicate Ag > 0 at 2.80 level

0.02

ALL
o

e PHENIX Data

~0.021 - 5sv14 with DSSV,., uncertainty |
F ---- JAM22 Ag > 0 with JAMMC uncertainty
| == JAM22 Ag < 0 with JAMMC uncertainty

-0.04 I | | |
5 10 15 20

P; [GeVic]
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Ay of hadrons
PHENIX, PRD 108, 072016 (2023)

M L
PHENIX 1.4<pn|<2.4 1.25<p, <7.0GeV/c |'5,=200GeV - < [ < F P4 p = N+ X (V5 =200 GeV)
o plapohX E 0.6/~ P+ > 1+ X (V5 = 200 GeV) 0sf- ap =349
= F <ap =349 £
Cm plap— hX E| [ §02<x,<06
PP ® E 04— O6F ¢ 06<x <08
* 3 [ 04f .
‘+ .y .5 - E 02 r % }
. bl E| t 02
+ * = 00 E ' (] ' i
E r 0.0
El ool - ik ~—
<p,>=16,17,2.1,2.8, 3.7 GeVie (x,>0) 0 PH._ENIX o2 PH: ‘ENIX
3% scale uncertainty not shown A 04 preliminary
. } ) . ) . E T4 e ptsaton s sty ot shoun preliminary 2.5 polraton scalouncaaiy o shown
05 04 o050 005 o1 015 02 L1 | | | | | | | ¥ 35 ] 33 i i 3
X 08 06 04 02 0 02 04 06 08 2 > b (Gevie)
F Xl. B

e h™: large positive asymmetries
@ h™: mix of negative ™ and positive K asymmetries
e 7: large ( 20-40%) asymmetries at high x¢
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Intermission

—-@

p,d,*He+Au

R. Belmont PHENIX highlights at RHIC & AGS AUM 2024 Slide 9



Ay of identified particles in small systems

PHENIX, PRD 107, 112004 (2023)

04— p'+A - n0+X, {/Snn = 200 GeV, n|<0.35 04— pT+A 5> n+X, \/Snn = 200 GeV, In|<0.35
L 0.004————————— «(p+Au) This Result [ « (p+Au) This Result
0.05- : '] +(p+p) PRD103 052009 0-95[, (p+p) PRD103 052009
z ‘_0‘0042_‘_‘_'_4’__‘_‘_6 = L T
ol T S . .
O PSP S S - é ..... 7 % i of .+ i ¥ # ..... i T §
r PHENIX (@) C PHENIX (b)
-0.05 O 3% Polarization scale uncertainty not included -0.05 [ 3% Polarization scale uncertainty not included
0 2|&‘1(|5é1‘01|21‘416 Oéiéé1|01‘21tt16
p, [GeV/c] p, [GeVic]

e Midrapidity 7% and 7 Ay
e High precision measurements of p'+p, p'+Al, p'+Au all consistent with zero
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Apn of charged particles in small systems
PHENIX, PRD 108, 072016 (2023)

0.1
E(b) PHENIX 1.4<[n|<2.4 1.25<p,<7.0 GeV/c |s,=200GeV |
0.08F o— pl+p > h*+X E
0.06F p'+Al - h*+X —
0.04F- —4+— p'+Au— h*+X ® 3
0.02F [# + 3
2 e ot W
< O Twew g E
-0.02F- =
-0.04f =
-0.06F- <p,>=186,1.7,2.1,2.8, 3.7 GeV/c (x,>0) =
-0.08F- 3% scale uncertainty not shown =
-0.1E | | | | | | I B
‘02 -015 -01 -005 0 005 01 015 O.
Xg
o Forward rapidity h* Ay
@ Strong nuclear size dependence seen for h™
R. Belmont

0.1
[ (a) PHENIX 1.4<[nl<2.4 1.25<p <7.0 GeV/c {5,,=200GeV ]
0.08F- —o— plep o> h4X E
0.06— p'+Al > h'+X =
0.04F —4+— p'+Au— h'+X 3
0.02F it [+] =
z C Ca N L . , Al ]
< O M Vieg ]
-0.02F ['F 'Q & W o3
-0.04F =
-0.06;— <p,>=1.6,1.7,2.1,2.8, 3.7 GeV/c (x.>0) —;
-0.08 3% scale uncertainty not shown =
-0.1E I I I I 1 1 I 3
02 -015 -0.1 -005 O 005 01 015 0.2
Xg
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Reminder: Ay of charged particles in small systems

PHENIX, PRL 123, 122001 (2019)

z z
<€ 0.04 PHENIX @ < oo4- PHENIX ©
- . Syn= 200 GeV - (P*P [S= 200 GeV
0.03- §P*P h*, 0.1<x <0.2 0.031- h, 0.1<x <0.2
- 1.4<n<2.4 " 1.4<n<2.4
0.021- 0.021 p+Au
B B 50-84%
0.01— 0.01+p+Al
L 40-72%
0 0 0-40% p+A
[ [ 20- 50/ o
-0.01- N -0.01- a S
F A= - - (N::I‘)— 2
-0.021 \ \ (A|m) \ \ | -0.02 Lol | N:Fﬁ)ﬁ |
1 2 3 1/34 5 6 1 2 3 4 5
avg
A NcoII

@ Strong nuclear size dependence seen for h™ previously
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J/v and ¢(2S) in small systems
PHENIX, PRC 105, 064912 (2023)

s 2 T T T T T T T
< -2.2<y<-1.2, Inclusive PHENIX (&) 1.2<y <22, Inclusive PHENIX (b)
o B Y(29), p+Au {5,=200 GeV [J w(2S) nCTEQ15 (Shao et al.)
15- @ Jp, p+Au \§,,=200 GeV _| E3 y(29) EPPS16 (Shao et al.) |
' [ w(2S) Transport Model (Du & Rapp)
...... E=] Jy Transport Model (Du & Rapp)
\@\M\M
0.5
1 1 1 1 1 1 1 1

2 4 6 8 2 4 6 8
DNooll[ DNcoIID
e J/v¢ modification consistent with initial state effects alone at forward and backward rapidity
@ 1(2S) modification indicates presence of final state effects at backward rapidity
—Presence of co-movers? QGP?
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J/v and ¢(2S) in small systems
PHENIX, PRC 105, 064912 (2023)

I I
PHENIX {/§,,=200 GeV

LHCb p+|Pb V5w=5Tev
Wy@es) Lyy

ALICE p+Pb \§=5 TeV
AYRS) Ay

A

q
9

PHENIX

B g 1
TR

A
Iy
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Similar patterns for J/v¢ and
¥(2S) found at RHIC and LHC




v, in small systems

PHENIX, Nat. Phys. 15, 214-220 (2019)

L I B B I I ¥ L L B B L LI ¥ L LI B I UL I
p+AU sy = 200 GeV 0-5% (@) _- d+Au |'s, = 200 GeV 0-5% () J °He+Au sy =200 GeV 0-5%  (c) ]
-8 v, Data

—4— v, Data

=—— v, SONIC

= =v, iEBE-VISHNU

@ v, and v3 vs pr predicted or described very well by hydrodynamics in all three systems
—All predicted (except v in d+Au) in J.L. Nagle et al, PRL 113, 112301 (2014)
—vs in p+Au and d+Au predicted in C. Shen et al, PRC 95, 014906 (2017)
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v, in small syste

W. Zhao et al, Phys. Rev. C 107, 014904 (2023)

0.0k =PHENKXV (0 YEP) " 30Glauber+MUSICTUQMD * § ' ' ' '

2F VaPr J— V., XEP} (PHENIX definition) 4]
> STAR,v,(p, XSP} 3- \/i(p XSP} (STAR definition) ’

~ 0-15F p-au@ 200 Gev L+ ¥d-Au@ 200 Gev

e F -

> ]

30
\ E PRI POy ST | "
0.08¢ :Z?ES l\i( (V ® {g)gE}P} — V(p, XEP} (PHENIX definition
0.06fF P 3- v3(p XSP} (STAR definition) Uf 1
oL p-Au@ 200 GeV "
£ 0.04f it Yanez006ey |1

P

' K _-7 ]
el B
(OF == ]

0 05 1 15 20 05 1 15 20 05 1 15 2
p, [GeV/c] p, [GeV/c] p, [GeV/c]

@ Flow decorrelations lead to larger v3 for STAR, explaining ~50% of the difference between
the experiments in this particular model
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PID hadrons

PHENIX, PRC 109, 054910 (2024)

mﬂ‘z’ 2[ 7, N|<0.35, Sy = 200 GeV T K% |<0.35, {Syy = 200 GeV T (P+P)/2, <035, {S4= 200 GeV 1
@ |4 p+A,N_ =435 (0-20%) (b) THIR 1(c)
1.5} l v d+Au, NT =153 (0-20%) ) T = .
1Ml He+Au, N =21.84 (0-20%) Yoo
1 vaVYYY : 4 ! v EE _!I‘” gaAls
gaiiantit agquaiiils o
ae 3"
0.5- T T 1
o2 2 7, i<0.35, (S =200GeV  t K’ Ini<0.35, (5, =200GeV T (p+p)2, [1/<0.35, Sy = 200 GeV
(d) | p+Al, Npar=2.7 (40-72%) (e) g (f)
1.5} ++ d+Au, Nyar=7.8 (40-60%) + TIHIE
+ 3 . _A&N°, 4. ‘. + Y
I LAY Hlo+AU, Nowr=9.51 (R0 80%) it
amppadfPES VG F ot
+ Iy L
0.5 T PHENIX T+
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
05 1 15 2 25 3 0.5 1 1.5 2 2.5 1 2 3 4
pT(GeV/c) pT(GeV/c) pT(GeV/c)

@ Proton R at high pr not ordered by system size—largest in d+Au
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Reminder: “Cronin enhancement” in d+Au

PHENIX, PRC 88, 024906 (2013)
2f T 0-20% ik ]
[ d+Auys,, = 200 GeV .
1.5:- o 4T+
< + K+K*
C 1 . Pap
I o xn°
05F & ¢
0 et e b
2:‘ 0-100% T 40-60% T 60-88%
1.55 . ety ' t 1
< F °° oo
3 I y AN ot = [dF[dho]
s HEPIN M:i 4;&
: 4 14
:
0.5}
0' 1 1 1 1 1

R. Belmont

2 3 4
P, (GeV/c)

PHENIX highlights at RHIC & AGS AUM 2024

at, =, 7,

Kt K,
p. B
¢

When looking at d+Au only, we

do see clear N, dependence of
proton enhancement, suggesting

interplay between system size and
collision type
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ko) F e 795y =200 GeV, lyl<0.35 1 o_ EFT T T
N 107;%5 L Msu,i ] S 312F-- N =76:04 (@)
o it :§%EO ] < NE o 7600012
T v et Rt 10E " Moo = 7620251,
> s v ', 8 n1020% | . . . E
%gm - ' Zgég/ 3 Since direct photons are not modified, g;‘ ! I
E eosee - i ELL 3 B
a0l v g 1 we can use them to define Ny b (T IR S R
I3 = =| . E E|
N o v ¢ expenmenta”y 6t . 0-1O(I)%d+Alu \[S_NNI=200 (?‘eV E
107 (@ Y o 355 I AN
o L i B 80k~ M = 181412 (o) 3
o) ' Y9 s = 200 GeV, lyl<0. pd E s ]
s L, L ‘EE. dfé—u190% ] ‘ 25f ol 3
O, 107 ,‘gi b 570 E dir P i l_ E
E " " 1020% - EQlenl . ____l=
B Eraee sl nExP _ Yaau R ]
olg 107 v . 8§ 04060% ol — o 15 b T E
. E - e .6!0-55% E F;ZJ E o 0-5% E
e £ v . ] i~ " E
SR . e . R e
F - i %8 gE-- N =32:02 ©
01 © o z “
. %\\\\\i\\.»\\\\'\"\+?\\7£ 5__Ncon=3-7i0-2i0-6 3
3
Lo T sl | ]
i ' E - 11 L0 e e =
02, gg s« 3 B W PHENIX, arXiv:2303.12899 3F o g
PP iil 3 + 60-88%
0 8 10 12 14 16
8 10 12 14 16
p. [GeVrc] P, [GeV/c]
:
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4" and 7° spectra in d+Au

o F ]
u><_|»1.2— (d) —
<3 Eatt ¢ 4 3
Tosft 1 } % K
06F :
0.4F ® 0-100% d+Au \5,,=200 GeV
02‘_<RdAuExp> 0.92£0.02£0.15
o I t + ]
51-2F (e)
L2 3
'E:“o.s—*ﬁ% i E
8| | B e,
04 ¢ 0-5% i 3
0.2F— (R, - EXP) 0.75+0.03+0.13
o f—— t t 5
<1.2F I
w
ERR] {H % | =
osf ! { I E
0.6F E
0.4F ¢ 60-88% 3
0.2F (RdAu o) = 0.94£0.05+0.16
0% 10 12 14 16

P, [GeV/c]

R. Belmont

PHENIX, arXiv:2303.12899

L C T T ]
o C ]
iy [ ]
5 e FEuiaiaiiai ittt -
< C ]

vi Ok ¢ ; . :

0 09 I v + E

08 %+ E
0.7F =
F d+Au \/SNN=200 GeV ]
0.6 7.5<pT<18 GeVl/c ;
T R R R R AR AP RPN R
0O 2 4 6 8 10 12 14 16 18
EXP
I\Icoll

—No enhancement in peripheral
—NModest suppression in central

Suppression pattern not necessarily indicative of final state
effects, see e.g. D.V. Perepelitsa arXiv:2404.17660
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Intermission

o O

Au+Au
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Direct photons in Au+Au

PHENIX, PRC 109, 044912 (2024)
T oo T T

- ] 1.6y
10§ Direct y (1.0 < p_ < 5.0 GeV//c) . El E Au+Au \/?:200 GeV E
F o= PHENIX Au+Au 200 GeV 2 -l 3 1 5:_ [m] Dire(;t e E
1 — fit to new data = E N . t =
E fit p+p 200 GeV E 1 -4; © MNonprompty E
10 i scaled by N, j 1.3F %] =
> E E E ]
5 F E 1.2F =
= N PHENIX 13 E ]
10 E - o Au+Au 39 GeV El 1-1; E
© F o Au+Au62.4GeV ] E E
10—3 - . éu+éu 200 (G}eV — 15 E
E o Cu+Cu 200 GeV E . =
4: - fit to published data 0'95 PHENIX 1
107 ALICE E 0.8 =
F o Pb+Pb2760 GeV T T T T
SR S 012345678910

10 10 10

dN,,/dn |n=0 P, [GeV/c]

@ Photon yields proportional to (dNc/dn)™
@ The scaling of yields holds for various large systems
@ Large excess of direct photons relative to Ngoy-scaled p+p
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v, of direct photons in Au+Au

dir
\£

T v T T T T T
" 0-10% T 10-20% 20-30%
b Au+Au, Sy = 200 GeV PHENIX
0.2 nl <0.5 preliminary i
k 00 . . . .
aiky Iy @ Significant reduction in
0! . . .
LT WL l TP L s statistical and systematic
or g ] ¥ {> ¥ ) uncertainties over previous
i f } + 1 " o+ measurement
30-40% 40-50% 50-60% @ Results consistent with zero
at high pr
0.2- |
DDQ 0%
9
9 1 " I % % °° 4 {
0 ! ! ¢ % ¢ | ¥ 4% J[ _
=1 L 1 P R Ii M L 1 Il 1
0 5 10 15 5 10 15 5 10 15
P, [GeV/c] P, [GeVic] P, [GeV/c]
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Medium response to jets in Au+Au

PHENIX, arXiv:2406.08301

@ Transition from enhancement for low pt to

. . . away, o
suppression for high pt associated hadrons 4¢ 2V side

trigger-particis

" assoc. particl
- ic\e Se P es

@ Trend is reproduced with Hybrid model with
medium response

2550C" v

Bpa=Yyu— Ypp

0.02

FT T T T 4 FT T T T 4 T T T
p: 0.4}@) 05< P, < 1.0 GeV/c ] L (b) 1.0< P, < 2.0 GeV/c ] L (c) 3.0< Prn< 5.0 GeV/c
PHENIX I

Au+Au 200 GeV, 0%-20% 1 ol
n®-hadron, 4 < p, ,<5GeV ]

0.2 N

7/
Hybrid
| [JNo wake [ 1 L
-0.2y [Wake A L { -0.04
1.5 2 25 3 15 2 25 3 1.5 2 2.5 3
A¢ (rad) A¢ (rad) A¢ (rad)
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Open heavy flavor v, in Au+Au

) Charged hadron elliptic flow 025 Open Heavy Flavor Elliptic Flow
> E PH\/ENIX 2|Cnh|a<r0g.e3d5 ;:j:f:d hadron (PRC92.034913)| > E Pﬁle O |n|<0.35 HF—>e (PRL98.172301)
sl preliminary 02 Preliminary ® HF—>p
r Au+Au 200 GeV [ Au+Au 200 GeV
[ -1.2>n>-2.0 [ -1.2>n>-2.0
0.15— Gﬁ ? 0.15F
0.1 E) E 01— @§ @ $
- © % B Hﬁ 8
005 4 0.05F Hﬁﬁ ”@ (]
L o C
ro o
00””0,‘5"H1‘H"1!5””2‘””2.‘5””:‘4”“3!5””4 oouwwu\:nu\uwwIHHMu;wlmuw}mm\mwu
pr (GeV/c) pr (GeV/c)

o First-ever RHIC measurement of open heavy flavor elliptic flow at forward rapidity

@ Mass ordering apparent
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J/1 in Au+Au

. 03
ST AurAu— I + X VS = 200 GeV
[ ® PHENIX Runl4, 10-60%, 1.2 < |y| < 2.2
[ ® STAR, 10-40%, ly| <1 (PRL 111, 052301 (2013))
0.2~ pb+pb - Jp + X ySzy = 5.02 TeV.
[ @ ALICE, 20-40%, 25 < ly| < 4.4 (JHEP 10 (2020) 141)
0.1 . ®
IR
ey —
01 T~
PHENIX -
-0.2— ?/\\ . [J Systematic Uncertainty
-preliminary®
alin b bbb b o Lo,
0 1 5 25 35 4.5
pr [GeV/c]

R AA

1.4

1.2

0.8

0.6

04

0.2

[ | Inclusive Jiy — i, Pb-Pb \s,, = 2.76 TeV and Au-Au |5, = 0.2 TeV

B ALICE (PLB 734 (2014) 314), 2.5<y<4, 0<p <8 GeV/c global syst.= + 15%

[0 PHENIX (PRC 84(2011) 054912), 1.2<ly|<22, p, >0 GeV/c global syst.= +9.2%
B @@E s = -
Lol b b b b b b
0 50 100 150 200 250 300 350 400

N
(N o

e PHENIX J/v¢ v, consistent with zero, while clearly non-zero in ALICE data
e PHENIX J/v shows stronger suppression compared to ALICE
@ Regeneration seems to play a big role at LHC, not at RHIC

R. Belmont

PHENIX highlights at RHIC & AGS AUM 2024 Slide 26



c and b in Au+Au

PHENIX, PRC 109, 044907 (2024)
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@ Good agreement with STAR
e Good agreement with models (all pt for ¢, pr > 4 GeV/c for b)
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Brief summary and outlook

R. Belmont

Evidence of final state effects in charmonium production in small systems at RHIC

Evidence of centrality determination bias in high-pt particle R4 in small systems, can use
direct photons to correct for this bias

—No enhancement in peripheral collisions

—Suppression in central collisions

First measurement of open heavy flavor v, at forward rapidity in Au+Au

Zero v, for J/1) (and stronger suppression compared to LHC)
—Regeneration less important RHIC energies

Comprehensive set of small systems measurements
—Understanding the longitudinal dynamics is essential to understanding the measurements

Comprehensive set of direct photon measurements
More interesting and important measurements from PHENIX coming soon!
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Additional Material

Additional Material
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Small systems geometry scan

PHENIX, Nat. Phys. 15, 214-220 (2019)
t=1.0 fm/c t=1.7fm/c t=3.2fm/c t=4.5fm/c

b

0.30

P I T A A AT A AT
y [fm] y [fm]
o

y [fm]
o

0.25

Temperature [GeV]

0.20

0.15

0.10

0.05

x [fm] x [fm] x [fm] x [fm]

R. Belmont PHENIX highlights at RHIC & AGS AUM 2024 Slide 30



Small systems geometry scan

PHENIX, Nat. Phys. 15, 214-220 (2019)
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@ v, and v3 ordering matches €5 and e3 ordering in all three systems
—Collective motion of system translates the initial geometry into the final state
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Small systems geometry scan

PHENIX, Nat. Phys. 15, 214-220 (2019)
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@ v, and v3 vs pr predicted or described very well by hydrodynamics in all three systems
—All predicted (except v in d+Au) in J.L. Nagle et al, PRL 113, 112301 (2014)
—vs in p+Au and d+Au predicted in C. Shen et al, PRC 95, 014906 (2017)

R. Belmont
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Can initial state effects explain the data?
K.1 Dudsjijr\llg and R. Venugopalan, Phys. Rev. D 87, 094034 (2013)
NTrig dA¢

i~

e
7

<

CGC framework: glasma diagrams produce
angular correlations like the ridge and v,
purely from initial state correlations, with no
need for final state interactions (hydro)

Can they explain the data?

~ -

TR R 2
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Initial state effects cannot explain the data

PHENIX, Nat. Phys. 15, 214-220 (2019)
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e Initial state effects (CGC/Glasma) alone do not describe the data
—Phys. Rev. Lett. 123, 039901 (Erratum) (2019)
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How important are initial state effects?

B. Schenke et al, Phys. Lett. B 803, 135322 (2020)
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o Initial state effects important for theory, but make little contribution for central collisions

@ Overestimation of data assumed to be related to fluid choice parameters and/or
longitudinal dynamics
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How important are initial state effects?

B. Schenke et al, Phys. Lett. B 803, 135322 (2020)
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@ For central p+Au, modest correlation between ¢, and v»

o For central d+Au and *He+Au, no correlation between , and v»
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How important are initial state effects?

B. Schenke et al, Phys. Rev. D 105, 094023 (2022)
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e The CGC/Glasma correlations appear to be too narrow in (pseudo)rapidity to have any
significant impact on the data
—The PHENIX data are measured with three detectors spanning —3.9 < n < 4+0.35

o We'll talk more about the importance of the pseudorapidity acceptance of experiments
soon

R. Belmont PHENIX highlights at RHIC & AGS AUM 2024 Slide 37



Comparisons with STAR
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R. Belmont
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STAR, Phys. Rev. Lett. 130, 242301 (2023)

Good agreement between STAR and
PHENIX for v,
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Comparisons with STAR
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STAR, Phys. Rev. Lett. 130, 242301 (2023)

Good agreement between STAR and
PHENIX for v,

Large difference between STAR and
PHENIX for v3 in p+Au and d+Au

Large subnucleonic fluctuations can
overwhelm the intrinsic geometry in
some models, leading to similar 3 for
all systems
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PHENIX data update

PHENIX, Phys. Rev. C 105, 024901 (2022)
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@ PHENIX has completed a new analysis confirming the results published in Nature Physics

@ All new analysis using two-particle correlations with event mixing instead of event plane method
—Completely new and separate code base
—Very different sensitivity to key experimental effects (beam position, detector alignment)
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PHENIX data update

PHENIX, Phys. Rev. C 105, 024901 (2022)

B e o B T o 0. e
z [ PHENIX, p+Au at 200 GeV 17 [ PHENIX, d+Au at 200 GeV 17 [ PHENIX, *He+Au at 200 GeV p
0.08 [ [¢]3x2PC: BBCS-FVTXS-CNT A 0.08| [¢]3x2PC: BBCS-FVTXS-CNT 4 0.08 [ [#]3x2PC: BBCS-FVTXS-CNT 4

[ @ Nat. Phys. 15, 214-220 (2019) ] [ @i Nat. Phys. 15, 214-220 (2019) ] [ @ Nat. Phys. 15, 214-220 (2019) ]

0.06 - B 0.06~ S 0.06 - + % B
0.04F B 0.04f H 0.04F E m [.E E%ﬁ}
002 I <} % 8 0.02f [ﬁ@[ﬁ&ﬁ D H 0021 EE b
Real, MEE[% ] of ‘ =& E K] je o= ]
Imagj ] L ! ] L ]

— I A B r‘\ﬂﬂ - | R B i ‘H" - I T B S I
0.024 0.5 1 1A5 '(5 3 0.025 0.5 1 15 ? 3 0.02 05 1 15 2,% 3

P, GeV/c) P, GeV/c) . GeV/c)

@ PHENIX has completed a new analysis confirming the results published in Nature Physics

@ All new analysis using two-particle correlations with event mixing instead of event plane method
—Completely new and separate code base
—Very different sensitivity to key experimental effects (beam position, detector alignment)
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PHENIX data update

PHENIX, Phys. Rev. C 105, 024901 (2022)
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@ PHENIX has completed a new analysis confirming the results published in Nature Physics

@ All new analysis using two-particle correlations with event mixing instead of event plane method
—Completely new and separate code base
—Very different sensitivity to key experimental effects (beam position, detector alignment)

@ It's essential to understand the two experiments have very different acceptance in pseudorapidity
—STAR-PHENIX difference actually reveals interesting physics
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STAR and PHENIX detector comparison

-3.9 -3.1 -2.2 -1.2 -1.0 -0.35 0.35 1.0 1.2 2.2 3.0
CNT

STAR TPC

-39 -3.0 -2.2 -1.2 1.0 -0.35 0.35 1.0 1.2 2.2 3.0

@ The PHENIX Nature Physics paper uses the BBCS-FVTXS-CNT detector combination
—This is very different from the STAR analysis (TPC only)

@ We can try to use FVTXS-CNT-FVTXN detector combination to better match STAR
—Closer, and “balanced” between forward and backward, but still different
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More STAR and PHENIX data comparisons
PHENIX, Phys. Rev. C 105, 024901 (2022)

o L e e ~ L ~ L Lt ]
7 035F pHENIX, p+Au at 200 GeV E 0.3 PHENIX, d+Au at 200 GeV = 0.3 PHENIX, *He+Au at 200 GeV E
0.3F [8]3x2PC: FVTXS-CNT-FVTXN E 0,25 [J3x2PC: FVTXS-CNT-FVTXN E 025 E3*2PC: FVTXS-CNT-FVTXN E

E [0]3x2PC: BBCS-FVTXS-CNT Eﬁ: “7F [0]3x2PC: BBCS-FVTXS-CNT ] “7F [0]3x2PC: BBCS-FVTXS-CNT J
0.25 £ | L ]

E 3 0.2 — 0.2 -

£ mmtﬂ ] L o 0 0 () [ [

0.2 i E = oo ] - J

£ mm B 015 oo ™ ) o £ o 0 2 0151 *@@@@@@ﬂ%
0.151 =] E ey ] E = E

E s @@@@ ] 0.1 e & 01 k-3 A

0.1F = 4 r ] ] r B3 ]
E - El £ = El £ = 1
00sE T E 005 = E 005F = E
PE 2= ] = 1 P * 3
= El E k| E 1

oF ] OF ] oF |
I AP BRI IR I e B T S T

0 0.5 1 15 2 2.? 3 0 0.5 1 15 2 2.? 3 0 0.5 1 15 2 2,? 3

P, GeV/c) P, GeV/c) . GeV/c)

R. Belmont PHENIX highlights at RHIC & AGS AUM 2024 Slide 41



More STAR and PHENIX data comparisons
PHENIX, Phys. Rev. C 105, 024901 (2022)
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o Good agreement with STAR for v,
—Similar physics for the two different pseudorapidity acceptances
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More STAR and PHENIX data comparisons
PHENIX, Phys. Rev. C 105, 024901 (2022)
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o Good agreement with STAR for v,
—Similar physics for the two different pseudorapidity acceptances
o Strikingly different results for v3
—Rather different physics for the two different pseudorapidity acceptances
—Longitudinal effects apparently much stronger for v3 than v,
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More STAR and PHENIX data comparisons

PHENIX, Phys. Rev. C 105, 024901 (2022)
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o Good agreement with STAR for v,
—Similar physics for the two different pseudorapidity acceptances

o Strikingly different results for v3
—Rather different physics for the two different pseudorapidity acceptances
—Longitudinal effects apparently much stronger for v3 than v,
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Pseudorapidity dependence in small systems

J.L. Nagle et al, Phys. Rev. C 105, 024906 (2022)

T T

superSONIC map p+Au 200 GeV

w/o pre-flow

"""" w/ pre-flow

\\\\‘\\\\‘\\\\‘\\H‘HH‘HH‘HHHHH\

= 50— [T e =
2 r AMPT v2.26t5 b < 2 fm | %, 04—
Zas5 o CHevhu H ° F
E o d+Au B i F
405 e p+AU H ! ._0'35 C
= Sk o pp E = E
3B . . o p+p(noint) 5 «~ 03
E i [ PHENIX BBCS,N B 2 £
30 . 3 [ PHENIX FVTXSN E > 925
E I A PHENIX CNT 3 E
25 .. o T E 02
205 t. T E g
E . eoed .". B 0.15—
15 o .".' oo = E
N . ] 01F-
E E 0.05F
PR I = 0:

-2 0 -6

e dNg,/dn from AMPT, v3(n) from (super)SONIC
@ The likely much stronger pseudorapidity dependence of v3 compared to v, is an essential

R. Belmont

ingredient in understanding different measurements
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Pseudorapidity dependence in small

R. Belmont
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Flow vectors become decorrelated with increasing pseudorapidity separation
—The effect is much stronger for v3 than for v,

systems

W. Zhao et al, Phys Rev. C 107, 014904 (2023)

The hierarchy of the measured v,, depends on that of the geometry and decorrelations
—Interesting that the decorrelation hierarchy matches that of the geometry.
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Pseudorapidity de

ndence in small systems
W. Zhao et al, Phys. Rev. C 107, 014904 (2023)
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@ Flow decorrelations lead to larger v3 for STAR, explaining ~50% of the difference between

the experiments in this particular model

R. Belmont
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Pseudorapidity dependence in small systems

B. Schenke et al, Phys. Rev. D 105, 094023 (2022)
Y=-24 Y=-12 Y=0 Y=+12 Y=+24

T ? @ Intrinsic geometry likely
=) . qv.‘ . u 1 h‘ persists over all
- ‘ o pseudorapidity ranges
? v | L e . @ Fluctuations in the

2 ‘ | geometry vary as a
g ! ‘ . | function of rapidity (p
E ‘: ‘ & % & &' from a p+Pb collision
— ‘ . shown)
PHENIX data follow
intrinsic geometry, STAR

: . , o
) ‘ | .

E ! ‘ " < ,

o - - - | & & ,." data follow subnucleonic
. | . . .

fluctuations
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J/1 yield in p+p

Jb->et +e” 2
+ _ 0 r PHENIX: (s = 200GeV, 1.2<y <22
A Wo->pt+pu 1af- = STAR: is =200 GeV, Iyl <1
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Nen [+ ALICE:Vs=13TeV,25<y<4
16
z E
141~ N, nrange H [
[ PHENIX: 1.2<n<24
S "2 sTAR: <1
STAR: New |/ S ol ALICE: i <1 i
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z - '
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C ]
r -]
i3 . PHENIX
r L= e
PHENIX: 2k 8 preliminary
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' +
e R R HRRI RS
7" % 2 10

7 6
NG/<NN >
e J/v yield exhibits large dependence on local track multiplicity
—Usually attributed to multi-parton interactions
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J/1 yield in p+p

J/¢P and tracks in the same rapidity P ENIX
161 preliminary
J/y and tracks in the opposite rapidity b :i:g:;z
E +-2.2<y;v<-1.2
J/y and tracks in the same rapidity, fracks "2F op (8 = 200 Gev
from J/psi removed from track count S 10Ny 12<n<24
) 2 [ W:t2<n<24
j/[l) -> I,L+ + ”_ NN ) J/LIJ -S> u* +u o | v — u* u” subtracted
ch o
6_
E |
~ 4; i
- g e
2_ 4+7++ . +
Z Ee- - i
cocc b b e L ey
. . .. . . G 6 8 10
e J/1 yield vs multiplicity significantly reduced when N /<N >, ﬁ;“h/<"N’2‘h>
—Looking at J/1 and multiplicity in separate rapidity windows
—Looking at J/1 and multiplicity in the same rapidity window
but removing the u™p~ from the multiplicity
@ Important implications for MPI picture
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¥ (2S) to J/4 ratio in p+p

o
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@ Multiplicity-dependent studies can be used as test for onset of QGP-like signatures
@ PHENIX results match ALICE results, double ratio consistent with unity for all multiplicity
R. Belmont
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Dilepton invariant mass in p+p
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@ Measurements of intermediate mass dilepton pairs
@ Separation of semi-leptonic decay and prompt pairs
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Medium response to jets in Au+Au

Near Side

49 away Side

assoc. particles

ass!

@ Enhancement of low p7 hadrons
quantified with Daag = Yaa — YPP
@ Hybrid model with wake consistent

with PHENIX 7%-h correlations

@ Progressing towards ydirect-p

correlations in high statistics Au+Au
data sets (2014 and 2016)

R. Belmont

02[—e Au+Au ! i

L o p+p (2006) PRL 104 252301

Hybrid w/ wake B:’ -
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So0.1—preliminary [ =
g L T
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—
n%hadron (0-20%) 4<p” <5GeVic

T
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02l 2014
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Multiplicity dependence of v, in different event categories in Au+Au

T T T T
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o Narrow selection in ZDC energy approximately fixes Ny,

e Comparison of v, with same multiplicity but different ZDC energy allows study of
geometry dependence—not the same as event-shape engineering, but a related idea

R. Belmont

PHENIX highlights at RHIC & AGS AUM 2024

Slide 51



Multiplicity dependence of v, in different event categories in Au+Au
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o Narrow selection in ZDC energy approximately fixes Ny,

e Comparison of v, with same multiplicity but different ZDC energy allows study of
geometry dependence—not the same as event-shape engineering, but a related idea

R. Belmont
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Vo in small systems

Phys. Rev. C 107, 024907 (2023)

R. Belmont
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Systematic study of v, in small systems
—p+p, p+Au, d+Au, 3He+Au
—Centrality dependence

—Multiple detector combinations

AMPT exhibits little or no collectivity
but large v» due to non-flow correlations
Also shows similar relative pattern
between backward-backward (BB) and
backward-forward (BF)

PHENIX highlights at RHIC & AGS AUM 2024 Slide 52



¢ meson in small systems
Phys. Rev. C 106, 014908 (2022)
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e ¢ similar to 7° with a few hints of a slight enhancement relative to 7°
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¢ meson in small systems
Phys. Rev. C 106, 014908 (2022)

4
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R. Belmont
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¢ meson in small systems
Phys. Rev. C 106, 014908 (2022)
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R. Belmont

¢ nuclear modification reasonably
well-described by PYTHIA/Angantyr,
but overall system size ordering is missed

Also reasonably well-described by
PYTHIA with nPDFs, but overall system
size ordering is missed
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Nuclear modification of 70 in small systems
Phys. Rev. C 105, 064902 (2022)
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@ Minimum bias collisions shown

@ Cronin enhancement at intermediate pt
—Lighter target shows smaller enhancement (p+Al < p+Au)
—Heavier projectile shows smaller enhancement (*He+Au < d+Au < p+Au)
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Nuclear modification of 70 in small systems
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10
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Phys. Rev. C 105, 064902 (2022)

Considerable centrality
dependence—suppression in central,
enhancement in peripheral

Peripheral enhancement not new, but
still difficult to understand...

Slide 56



Direct photons in Au+Au
PHENIX, PRC 107, 024914 (2023)
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Direct photons in Au+Au

PHENIX, PRC 109, 044912 (2024)
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@ 10x higher statistics

@ Agreement with previous results

@ R, >1— excess

direct photons

PHENIX highlights at RHIC & AGS AUM 2024

Slide 58



c and b in Au+Au

PHENIX, PRC 109, 044907 (2024)
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@ Bottom shows less suppression than charm
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Kaon femtoscopy in Au+Au
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Femtoscopy with K= and assuming Lévy source
A describes strength of correlation

« describes shape of distributions—a = 2 is Gaussian, a« = 1 is Cauchy

R is width parameter (similar to but not same as standard Gaussian radius)
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Kaon femtoscopy in Au+Au
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e Femtoscopy with K= and assuming Lévy source
@ )\ describes strength of correlation
@ « describes shape of distributions—a = 2 is Gaussian, a = 1 is Cauchy
e R is width parameter (similar to but not same as standard Gaussian radius)
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