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Direct photons in p+p & Au+Au at 200 GeV pignx @ stonbrook

University

PHENIX: PRC 107 (2023) 2, 024914  Direct y yields are well o PHENIX: PRC 109 (2024) 4, 044912
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System Size and Energy Dependence of  pivgnx @ sionBrok
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- fit p+p 200 GeV - 1.4~ e Nonprompty —
= scaled by N_, = - E
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S <1 2 - :
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107 g dy " dn ALICE E 0.9t PHENIX =
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1l 1l L] . 08:_ 1 -
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Universal scaling behavior of direct y yields in all A+A systems P_ [GeV/c]
a only reaches 1.11 PHENIX: Phys. Rev. C 109 (2024) 4, 044912

PHENIX: Phys. Rev. C 107 (2023) 2, 024914

With no obvious a dependence on pr ALICE: Phys. Lett. B 754 (2016) 235-248
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Direct photon azimuthal anisotropy earenx @ semses
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Thermal photon model calculations P ENIX QO Stony Brook

)

University
Multi-messenger heavy-ion physics
C. Gales et. al. PRC 105 014909 (2022) . . o
DAt Hybrid model for all stages of heavy-ion collisions
\, © PRcisousz  Tis . Effect of pre-equilibrium phase for photons and hadrons
U ¢ PRC 91, 064904 =I Nonprompt y j L L
PHENIX Au + Au " 0-10% T 10-20% 1 20.30%  —o— :
o 2 + Sy =200 GeV - T - t PH ENIX
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It J _02F il < 0.5 + -
(_‘?’.> : - "gw - i -
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'U'_ |
v-lct\dl e 3
PRC 105, 014909,
10°[- .... Thermal “ e
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[ —— Thermal+Pre-equilibrium/*, "} ¥
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~ T B
: 1
= i
3 t E
- HB*H@ """ H """"""""""" I ! I + 1 | | | I |
0 =SS =SS = 0 2 - 0 2 - 0 2 -
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Model calculations qualitatively reproduce shape, but falls short quantitatively
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Separated Charm and Bottom Ry, and V5  pivenx @ stomsroo

N University

PHENIX: PRC 109 044907 (2024) o 0.25 —
~ ; ~ Min. bias Au+Au |'s,,=200GeV PRYENIX
2.5_ PH ENIX ] _ ——eo— e from bottom decay preliminary
! Au+Au. MB i %2[° ~—e h*PHENIX PRC92.034913
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I = E . ¢
B = PHENIXb 5 e 7 01: »
* i —-PHENIXc >e - £ o’ | a
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O_l I 1 1 l | | l 1 1 1 1 I 11 1 I 1 1 1 | l 1 1 1 1 [ | I A l—— 015:_ L | ’ ' [*]
1 2 3 4 5 6 7 8 n + ¥ .
p [GeV/c] 0.1 . * {
Clear mass ordering observed between SO |
(b = [) & (c = 1) at RHIC for both Ry 4 & v, O~ A % ) '''''''''''''''
. - V5 (\C e
Similar patterns are observed -o.oso‘llllog"';""1.'5""5""2_'5"2*1;“'3_'5“")1'“;1('2 lvl/l?
pr (GeV/c

Interplay of energy loss and hydro at mid-p;?
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Heavy Flavor v, Measurement P ENX @ Stony ook
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Heavy Flavor v, Measurement P ENX @ Stony ook

A University

0.25
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Heavy Flavor v, Measurement

0.25
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PHUENIX  Q stonyBrook

University

Hint of rapidity-dependence of
charged hadron v,

Open HF v, is consistent with
previous PHENIX results at mid-
rapidity

HF particles flow with the QGP,
but less than charged hadrons
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J /1 Nuclear Modification (R4 4) P ENIX Qs oo
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/ / l/J Nuclear Modification (R AA) PHENIX I Stony Brook

University
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J /Y Elliptic Flow Measurement o ENix R sony B
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0.3
(@ - « g
S [ AutAu- I+ X Syy = 200 GeV PHENIX J /1 v,at forward rapidity
_ ® PHENIX Runl4, 10-60%, 1.2 < |y| < 2.2 . . .
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0.1—
O: & o ®
U - ¢
0.1~ TN
PH ENIX
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J /Y Elliptic Flow Measurement o ENix R sony B

A University

0.3
N | « o
S [ AwrAuo T4 +X (Syy = 200 GeV PHENIX J /1 v,at forward rapidity
~ ® PHENIX Runl4, 10-60%, 1.2 < |y| < 2.2
_ ® STAR, 10-40%, |y| <1 (PRL 111, 052301 (2013)) is consistent with O
0.2—
i Forward and mid-rapidity results at
0.1 RHIC are consistent, but the
- i uncertainties are large
0:____‘. ___________ 4 [ i S IR | |
- - = ®
0.1 —~———
"PH:“ENIX
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_03_llll|lllllllll|IIIIlIIII|llll|llII|IIIl|IlII|IIII
0 05 1 15 2 25 3 35 4 45 5
pr [GeV/c]

08/21/2024 Institute for Nuclear Theory program “Heavy lon Physics in the EIC Era” lurii Mitrankov 10



J /Y Elliptic Flow Measurement o ENix R sony B

A University

0.3
N in « Jeo
S [ AutAu- i+ X Syy = 200 GeV PHENIX J /1 v,at forward rapidity
_ ® PHENIX Runl4, 10-60%, 1.2 < |y| < 2.2 . . .
_ @ STAR, 10-40%, |y| <1 (PRL 111, 052301 (2013)) IS consistent with O
0.2~ pb+Pb > JAp + X Syy = 5.02 TeV
@ ALICE, 20 -40%, 2.5 < |y| < 4.4 (JHEP 10 (2020) 141) , .
L Forward and mid-rapidity results at
0.1 . . . RHIC are consistent, but the
L e - i iNnti
L e uncertainties are large
0:.___...._?] ________ I _’_"_Il:l ___________ 11—
- U 2 . The ALICE nonzero result is different
L from our measurement
~0.1—
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0.21 N Systematic Uncertainty | J /P regeneration to become
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Medium response to jets in Au+Au P END (@ StonyBrook

University

Transition from enhancement for low p+ to
suppression for high pr associated hadrons

near Side aw
W side

—

assoc. particlé's

Trend is reproduced with Hybrid model with
medium response

PHENIX: arXiv:2406.08301

0.02
2 0.4} (@) 0.5<p_ <1.0GeV/c 1.0<p_ <2.0GeV/c - (c) 3.0<p_ <5.0GeV/ic
A|:|1J+Au 200 GeV, 0%-20% ] 0 -||-_ PHENIX
n’-hadron,4<p. <5GeV } | | |
’ T,?l:u i . . - | ;S oD SNOONNN
i 20 5 e - ////)/ = Nem , 02- /7/
0 LN ?';7/7f_ _________ ///// — V. | //é |
. S S p 4 KA
Hybrid ////}//f 1 -0t -/f//;, bl
~INo wake /,{/// oo : //ﬁ _ ’
-0.2 Wal.(el : . | N (1. | N L '0-043 , | PR "
1.5 2 2.5 3 1.5 2 2.5 3 1.5 2 2.9 3
A¢ (rad) A¢ (rad) A¢ (rad)
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Light Flavor Hadron Production

PHENIX PRC 107, 014907 (2023)

- 0—K'K", |n|<0.35

1.5_ - PHENIX
;21.0;\3&“
0.5:—

22-::p [GeWc]-c.:SU

(R,

. Cu+Au + Au+AU - Cu+Cu \/7-200 GeV
1_5_' U+U \Vsy=193 GeV (Glauber 1)

10

P ENX

\\‘ Stony Brook

University

" Cu+Au, [n|<0.35, \s,,, =200GeV a) T

Cu+Au, |n|<0.35, \s,,, =200GeV b)"

Scaling with nuclear overlap size and dependence on number and flavor of valence quarks

08/21/2024

Institute for Nuclear Theory program “Heavy lon Physics in the EIC Era”

40 At LK"Y (p+p)2  vr® o0 amt AKT a(p+p)/2 wrO
. 0-20% 1 40-60%
PHENIX 1 PHENIX
g
E E \d v +
: : : : . : : : i i i i : : : :
" U+U, n|<0.35, \'s,, = 193 GeV c) 1 U+U, m|<0.35, \s,, =193 GeV d) °
40 At AKT (p+p)/2  wvrd T 0 amt LK™ (p+p)/2  va° '
| 0-20% 1 40-60%
. PHENIX 1 PHENIX
I "% B B W
T ow w
| | | | 1 | 1 | | | | | | | | |
0.5 1 1.5 2 25 3 35 4 0.5 1 15 2 25 3 35 14
pT(GeV/c) (GeV/c)
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¢, m~, and proton v, e s

4 University

PHENIX: PRC 10/, 014907 (2023)

. e —— e —
L 20%-60% Cu+Au, {Su NN—2oo Ge L W 0oK' K amt v (p4P)/2 J 0 1L PHENIX, n/<0.35 .
02- 1 1 oz 1 ! {, i 111 { _
¥ ¥ |
L l: i f { : . ‘*‘ - s } - = *{ T {
> - A ol | TE 1S | i |
g e 13%0.05} .
0.1 o 0.1 - v
"B a i ! »
+ !‘ ‘
(b) " (©)]
0 1 2 3 0 05 _ 1 _ 15
p_ [GeVi/c] KE, [GeV] KE,/n, [GeV]

e Scaling v, withn, and kEr/n,
* Scaling with n, - quark-coalescence models

e ¢ mesons - smaller rescattering cross section in comparison to ¥ and (anti)protons may
indicate that the elliptic flow develops prior to hadronization
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¢ meson Elliptic Flow vs Models o EN Q) Stony Bk
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PHENIX PRC 107 014907 (2023)
Cu+Au \{87—200 GeV ' Cu+Au \187—200 GeV T PHENIX
0 2_ 0%-20% -_ 20%-40% __ |T'||<035 i
i U ¢—>K+K_
N | —IEBE-VISHNU _
Y 1 = AMPT 1 ¢ meson elliptic flow is
well described by
ol hydrodynamic model
d .
:(::HHHFHIHHIHHI ":::\:/L::'::::"" IEBE-VISHNU and
u+Au, \s\,=200[GeV T Cu+Au, \s\,=200 GeV
o ol 40%-60% o 20%-60% transport model AMPT
> [ | fa
0.1 + _
e 9T I
1 2 3 4 1 2 3 4 1 2 3 4
p_ [GeV/c] P [GeV/c] P [GeV/c]
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¥ Elliptic Flow Measurement

)

08/21/2024
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0.3—

0.2
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0.1

0-20%, \'S=200 GeV, |n|<0.35
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1't!tt |
BERREE

o
L I 1 I L I 1 I

I I I I I I I I I I I l I

NH

> 4 6 8 10 12
P, (GeV/c)

14

0-20%, |[S=200 GeV, |n/<0.35

v ° Au+Au PRC88, 064910
e " Cu+Au .

PH “ENIX
preliminary

L ot
1‘1 t’t;
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L | 1 | 1 | 1 |

| ! | ' | ! | ! I ! | '

2 4 6 8 10 12
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Institute for Nuclear Theory program “Heavy lon Physics in the EIC Era”
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b) 0-3 L | ' | ! | ' | ! | ! I !
20-60%, \'s\,=200 GeV, |n|<0.35
v 10 Au+Au PRC88, 064910
e Cu+Au . Y __
0.2- PH “ENIX _
' i“ii preliminary
s f i00.°o!t _
. o]
0.1- ¢ { { -
J |
0 ! | A ] | | A | A | ! | !
2 4 6 8 10 _ 10 14
P. (GeV/c)
d) 0-3 ! | ' | ' | ' | ' [ ! | '
20-60%, |'s)\=200 GeV, |n|<0.35
v 1° Au+Au PRC88, 064910
et Cu+Au . Y.
0. PH ‘ENIX _
ot preliminary
- O
=
)
X
| AERE
¢ | |
o——L L 111 [
2 4 6 8 10 12 14
P. (GeV/c)

Stony Brook
University

P ENX QI

e The vz/(ezNgﬁt) are
consistent within uncertainties
in Cu+Au and Au+Au collisions

e The elliptic flow values are
nonzero at pr > 5 GeV/c

1/3
Npart

at high-p?

e Does ¢, scaling work even
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¥ Elliptic Flow Measurement

P ENX QI

Stony Brook
University

0.4 ; | : ' ' ' I ' I . l . | '
a) 70, Cu+Au,\/sNN=2OO GeV, |n|<0.35 o, Cu+Au,\/sNN=200 GeV, [n|<0.35
- 00-10% | e(0-10%
10 - 20% P, .t m 10 - 20% S
0.3~ " Nl
A 20 _ 300/0 PH : E le & 20 . 300/0 PH {/\\ E NIX
v30_400/0 prellmlnary —~ v30_400/0 prellmlnary .
¢ 40 - 50% g g ¢ 40 - 50%
=02 *+50-60% %“' . +50-60% | _
1AL | x ST
"ll H 0.1 ..."" i i
0.1- :""- : '
"R N ]
& ° 8 _ ; .
| ! | \ | \ | i = | \
0 2 10 0 2 4 6 8 10
p. (GeV p. (GeV/c)

1/3 . _ T L .
The vz/(eszért) are consistent within uncertainties in all centralities in Cu+Au collisions
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_|_

< Bose-Einstein correlations

2 N\ \
T PHENIX Q! stony Brook
PHENIX: arxiv:2407.08586
N1'6: : PHENIX 0-30% Au+Au @ \s,, =200 GeV,TT T , m_= 0.331-0.349 GeV/c Examples Of the measured Coulomb_
15 » = 0.81+ 0.04 L Raw corr. function distorted two-pion Bose-Einstein
C R = (7.72+ 0.27) fm | correlation function, the Coulomb
C i o =1.24 +0.03 — Rawcorr.xCoulombtactor | cqrrection factor, and the resulting
147 £ ¢ =(-0.029+0.002) c/GeV -
mERY =(:0:029:0.002) c/GoV ....... Coulomb factor Coulomb-corrected two-pion
- /1% N=1.0072+0.0004
1.3 \* 2NDF = 78/83 — C,(A,R,0;Q) X N x (1+€ Q) . . . .
 XTE S o O RO N Bose-Einstein correlation functions
t Y, conklevel=63.8% 2 (LRQN N X (14 Q) Fits that define the parameters of the

1.2

1.1

- - - - Nx(1+ Q)
C, =1+\- exp(-R% Q°)

S |-
S 2 .
g 0 2o — —e——ote -
5 2
:9’ B I I | | N | N l I

0 0.05 0.1 0.15 0.2 0.25 |

Q [GeV/c
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functions

A, R, « — strength, length-scale, and
shape factors are studied as function
of m+ and centrality

lurii Mitrankov 17



T Bose-Einstein correlations = TR

R [fm]

: N University
143HENIX: arxiv:2407.08586
2
-~ PHENIX Au+Au ys,, = 200 GeV S "L PHENIX 0-30% Au+Au \S, = 200 GeV
- e m=0.326 MeV/c x*/NDF=8/3, CL=6% a=1.31:0.08, b=-0.80+0.41 3 8_ Oy = 1.207 , %2/ NDF =208/61, CL< 0.1 % o
12—« m =0.438 MeV/c 2NDF=4/3, CL=26% a=1.11:0.06, b=-0.69+0.33 TE * TR
| o m;=0.553 MeV/c *NDF=4/3, CL=32% @a=0.87+0.07, b=-0.11:0.39 B O 1ttt
— o m=0.670 MeV/c x?NDF=2/3, CL=49% a=0.69+0.08, b=0.35:0.43 1.6—
10__ m;=0.787 MeV/c x*/NDF=3/3, CL=33% a=0.64+0.11, b=0.20+0.59 -
Charge averaged linear fit: a -N;frt + Db ¢ 14— ; ¢
| " - I
8_ / 12;---- ¢¢§¢¢é2$?§61?1 é T T 3 T | + _____
- N
o — . - :
i o f;f///f/"l B
41— I/ v 2 0.8
3 _5,,__.—-——""—'—1— : -
| T—""——/—' 1 :
2IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III 0'6__|||||||||||||||||||||||||||||||||||||
3 35 4 45 5 55 6 65 7 N;f,_t 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
m, [GeV/c?]
1/3

Measured R is proportional to N part: which is proportional to length-scale of QGP.

The values of a(m) = 1.2 are 5|gnificantly below the Gaussian limit of 2 and scale with
my differently than v, (my)
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T Bose-Einstein correlations = TR

A University

PHENIX: arxiv:2407.08586
1.3F PHENIX Au+Au /5.y =200 GeV |  PHENIX Au+Au {5y, = 200 GeV PHENIX Au+Au S,y = 200 rev Comparison of the data to

M max

125 0-10% 10-20% 20-30% both the optimal fits and the

1.1 : :

£ e case that lacks the in-medium
0.9k P mass modification of the n’
0.8 ¢ Measured M/A,,,, meson
0.7 — Mass drop
0.6

- =+No mass drop

A IR IPEPEIPE EPEPEPEPE IPEPETIP IPEIPEP EPIEP EPE el by n by v by v by bew s bywn o by n by byv o byvn o byw v byw v by FormT 2 500 Mevno
E 1.3F PHENIX Au+Au s, =200 GeV PHENIX Au+Au \s, = 200 GeV PHENIX Au+Au \s, = 200 GeV significa Nt difference between
<

S *l ° °
< 11'2; 30-40% || 40-50% . 50-60% the optimal fit and the
P assumption of no modification
0.9 case.

0.8
0.7
0.6

At low m+ no modification
seems to be disfavored

02030405060708 02 03 04 05 06 07 08 02 03 04 05 06 07 08
m; [GeV] m; [GeV] my [GeV]
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J/W and Y (2S) in small systems o e sony ook

A University

PHENIX, PRC 105, 064912 (2023)

= 2 I I I I I I I I
< 2.2 <y <-12, Inclusive PHENIX (a) 1.2 <y<2.2, Inclusive PHENIX (b)
Cﬁg B Y(2S), ptAu Ys =200 GeV ¥(2S) nCTEQI15 (Shao et al.)

15- ® Jhy, ptAu Ys =200 GeV ] w(2S) EPPS16 (Shao et al.)
. Y(2S) Transport Model (Du & Rapp)

J/y Transport Model (Du & Rapp)

e S T O

# T e

0.5

(N ) (N )

J/Y¥ modification consistent with initial state effects alone at forward and backward rapidity

coll coll

Y (25) modification indicates presence of final state effects at backward rapidity
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J/W and Y (2S) in small systems o e sony ook

University

PHENIX, PRC 105, 064912 (2023)

m 2 | | | ]
< PHENIX 5,,=200 GeV  LHCb p+Pb |5 =5 TeV PHENIX
m V(2S)@pt+tAu Vd+tAu Mwy@2S) [y
|5 Jhy OptAu VVd+Au  ALICE p+Pb \[s\ =5 TeV |
' Avy(2S) Al -
Similar patterns for
A J/W and Y (2S5) found at
1 I = o e I RHIC and LHC
V|
- A
; Y
0.5 @ | Al + —
0 ] I I | I
—4 -2 0 2 4
y
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Elliptic flow in small systems P ENX @ Stony ook

4 University
PHENIX: Nat. Phys. 15 (2019) 3, 214-220
a b C
020 Illillvlllillllllilllil'[""l::lllllllllllllllllilllllllill]l_llllllllll]lll]lll"'lll]lllI
0.18 | p+Au (sy, = 200 GeV 0-5% F d+Au (s, = 200 GeV 0-5% *He+Au sy = 200 GeV 0-5%
-o- v, Data 3 PHENIX
0.16 +v§ Data < 1

0.14 | == v, SONIC
- &= v, IEBE-VISHNU

> 0.10
0.08
0.06
0.04 . _ r J e
0.2 F S . -7 4, 8.3/

Nature physics results were
confirmed

ERRER s AR R EENE NN KRk KRN EY

. llllllllllllllllllllll

05 10 15 20 25 3.

o |l
o
o)
—
o
—
(6]
N
o
N
,
W
o

GeV ¢’ GeV ¢’
Pl Pl PHENIX: PRC 105, 024901 (2022)
s T~ [T - ——

023_PHENIX, p+Au at 200 GeV E 0.0F PHENIX d+Au at 200 GeV . 0.2F PHENIX 3He+Au at 200 GeV

= 0/3x2PC: BBCS-FVTXS-CNT i L 3x2PC BBCS-FVTXS-CNT ] I 3><2PC BBCS-FVTXS-CNT i
C w Nat. Phys. 15, 214-220 (201 : - wmNat. Phys. 15, 214-22 1 - @ Nat. Phys. 15, 214-220 (2

0.15:° a ys. 15, 0(09“1! 0.15;- at. Phys. 15, Q&‘JO ?*m 0'15:0 at. Phys. 15, ‘c,gr(vmg &
: +3TITE | oo ® : .* 4
0.1 ‘xw - 0.1 - - 0.1+ W -
B » i i - i L w :
i - : ) - . i L :
0.05F - T 1 0.05F - 1 0.05F = 3
o W 1 - . - i
Qs . 1 = Qs .

0 05 1 15 2 25 3 0 05 1 15 2 25 3 0 05 1 15 2 25 3
P, (GeV/c) P, (GeV/c) P, (GeV/c)
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MultlpI|C|ty dependence

-3.9

-3.1 -1.2 -1.0  -0.35 0.35 1.0 1.2

30  -22 12-10 035 035 10 1.2

m 4 I I I I I | | | 1 I I I I | I | | 1 1 ] 1 | | | I | 1 1 1 L

axt O Data AMPT -

“ PHENIX D+AU L 111 Wb :

30 d+Au ¢ T

e He+Au + SPTTT .

255 ¥ | 0 e — =

i . '.\ R U2 {B F } -

1.5 R “‘*T. -

- - N g ” S ¢ & n

1E N e L e o

- $ L

0.5 0.5<p_<1GeV/c =

0 : L L L L l | 1 1 A l L L L | l | | 1 A J 1 | | | l | 1 1 1 I:

0 5 10 15 20 25 gy 30

PRC 107, 024907 (2023) o
08/21/2024

2.2

2.2

3.0

— :
PHUENIX QI tonyBrock

Please try to calculate observables

in models as close to experimental

ones as possible!

3.0
PHENIX: PRC 107 024907 (2023)

e e LA A B B S B B
- (b) -
3.5— =
3 . =
25~ , # 1 =
I ’ + o _ {BF} -
E [ [ ..‘.‘*.—l.o”‘.;._._* ’U2 {BB} E
1.5 E_{Jm_ - il [ Ll .
- ‘ .;.;-w:*.m*r....t.++..__,_"ﬁ:.m‘* *-..._ -
1 4 -
0.5 2<p_<25GeV/c =
:l 1 | | l | | | | l | | | | l | | | 1 l 1 | | | l | )| 1 1 2
% 3 10 15 20 25 gy 30
@,
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Light Hadron Production

P—lmEN IX ‘\\\‘ Stony Brook

University

*He+Au, |n|<0.35, \'s,, =200 GeV )

p/T=  PHENIX
% A1)
ML
% e 0-88%  m 0-20%
® A 20-40% v 40-60%
® ¢ 60-88% @ p+p

0.5 1 1.5 2 2.5 3
pT(GeV/c)

=
S o4  P+Al n<0.35 'Sy = 200 GeV a) *He+Au, [|<0.35, |'s,, =200 GeV  b)
0.35 p/T° PHENIX p/t* PHENIX _;'; .
0.3 | % ; 2 i ;
0.25 — - — ‘] e N
%
0.2 L] Igg ] ¢ ®
0.15
0.1 | ® o 0-72% m 0-20% e 0-88% m 0-20%
A 20-40% v 40-72% A 20-40% v 40-60%
0.05 ¢ ® p+p ¢ 60-88% e p+p
0.5 1 1.5 2 0.5 1 1.5 2 2.5 3
pT(GeV/c) pT(GeV/c)
Centrality dependence of baryon to meson ratio is observed in small systems at PHENIX
08/21/2024 Institute for Nuclear Theory program “Heavy lon Physics in the EIC Era”
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Light Hadron Production

N
PH:&Z‘*Ele ‘\\\\ Stony Brook
A University

- p+Al, [n|<0.35, \'s,,, = 200 GeV
PHENIX

- 0-20%

00 At AK® s(p+p)/2  vxO

T 40-72%

T p+Al, n|<0.35, |'s,, = 200 GeV
PHENIX

In 3He+Au collisions proton yields
are enhanced in comparison to
meson yields

08/21/2024

¢ meson follows the same

- *He+Au, |n|<0.35, \'s,, =200 GeV C) 1 °He+Au, |<0.35, |s,, =200 GeV d)-
' 0-20% PHENIX [ 40-60% PHENIX o pattern as light flavored mesons
.............. A L Y et Y
LRI B9
00 At AKT =(p+p)/2 'nO ¢ At AK* =(p+p)/2  'nO
0:5 ‘II 1:5 é 2:5 é 3:5 ZII 0:5 ‘II 1:5 é 2:5 ll?; 3:5 ZII
pT(GeV/c) pT(GeV/c)

Institute for Nuclear Theory program “Heavy lon Physics in the EIC Era”
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vair and ¥ spectra in d+Au e s

N University
A~ ] | | | | LA L
O — _
> — _
L 1__ __________________________________________ _
o 0.8f ¢ k o - -
F { { B O = ® -
0.6F z id 09 - ’+‘ _
0.4F ® 0-100% d+Au Vs, =200 GeV = ~~ T + -
0.2F — (R, ..o = 0.92£0.02£0.15 - 08 - o -
W e e f E
5B ._ 3 PHENIX: 07E | + o
Co8E4ylés ¢ * . 3 arXiv:2303.12899 b d+Auls_ = 200 GeV -
AL 3 - ”N -
0.4E ® 0-5% i = 0.6~ 15<p, <18 Gevic -
= -0 - =S EPETTE B ST BRI SR R ST ST B
0.2:—— (Rypexp ) =0.75+0.03+0.13 = 0 2 4 6 8 10 12 14 16 18
o ::{:#:}:::{:::{#::{:::-
a2 W) i (f) - No enhancement in peripheral N2
o < - + T =
o 82 ty { + Modest suppression
0.4F ¢ 60-88% " In central Suppression pattern not necessarily indicative of
0.2F — (R’ = 0.94+0.05+0.16 :
5 Tl S St v final state effects
8 10 12 14 16
P, [GeVic] see e.g. D.V. Perepelitsa PRC 110 (2024) 011901
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J/Y yieldin p+p o e @ s

University
+ _ 20
J/J->e" +e - . PHENIX: Vs = 200GeV, 1.2 <y < 2.2
_ - = STAR: Vs =200 GeV, lyl < 1
,_ o->u*+u 18—, ALICE: Vs =13 TeV, Iyl <0.9
ALICE: \ ~ + ALICE: \s=13TeV,25<y<4
NCh | 16 __ H
7 14~ N, nrange m ;
- PHENIX:1.2<n<24
< 4l sTAR: i<
[ 3 A -~ -
\\| / = 10— ALICE: |T]| <1 I}]
STAR: New | I/ = f
\\L/ R 8 :— ()
£ 6 . 0 A
- +
al- S f
~—
NN - o ¥ PH ENIX
ch 2 t preliminary
PHENIX: s
O|4+I-’- | | | | | | | | | | | | | | | | | | | | |
i 0 2 8 10

4 N GN
Z Nch/<Nch>
J /4y yield exhibits large dependence on local track multiplicity
Usually attributed to multi-parton interactions
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J/Y yieldin p+p o e @ s

[ niversity
18— —
J /Y and tracks in the same rapidity ol P keI
J /Y and tracks in the opposite rapidity L. 12<y, <22
J /¥ and tracks in the same rapidity, tracks from J /Y - j;;giw <<2_-12.2
removed from tracks count 1of sy

- pp \s =200 GeV

b—

—~
2 10-Nj:1.2<n<24
L ~N
~— .

i 3 & - "N i1.2<n<24
J/"IJ > I—l T ﬂ NNh (-) j/"l’. -> u : u 0 8__J/\p — p* u” subtracted
= C i
" i
" 6

T\\::::\ B |
Sy, —

\\ At s

| - = |

b " 20 +_.—;——:—‘—+—’—*#
4 e | | | | |
OO | | | 2 | 4 | 6 | 8 | | 10 | |

NN /NN >, N /<, >
J /Y yields vs multiplicity significantly reduced when
Looking at / /1 and multiplicity in separate rapidity windows
Looking at / /1Y and multiplicity in the same rapidity window but removing the u™u~

Important implications for MPI picture
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PYTHIA vs Data Nlultl Parton-Interactions pprgnx  Qsomsme

University
A 44
4 *B
»
=

~ 12 ~ 12
) PYTHIAS pp 200 GeV : - PYTHIAB pp 200 GeV :
. Detroit Tune w/o MPI Without MPI ~a Detroit Tune With MPI
Z° 10} Wy, 1.2<y<2 2 = 10b Jiy, 1 2cy<2.2
A N, -1an<t 2 _— N, -1t
g . N, -2.6an<-1.2 ~d N, 26012
% 8 Ny, 1.2€1<2 6 & 8 N 12072 6
} S muon unsubtracted ;; muon unsubtracted
& s muon subtracted = s muon subtracted
O 6 O 6 o
PHENIX Preliminary PHENIX Preliminary -
4 [0 ] muon unsubtracted 4 [ 5 ] muon unsubtracted g
(TS ] muon subtracted 8_] muon subtracted _
. m m :
2 Q e} 2 , O
| ik | A |
00 00 3 4 5
N, / <N““> N,/ (l\f;")

PYTHIA8 Detroit tune reasonably agree with BHENIX data, with MPI
w/o MPI, fit failed badly

Proper understanding of the Underline Events is important
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Y(2S) to ] /Y ratio in p+p o e @ s o

University

AT T T T T T T AT T T T T AT T T T T T T T
= » ALICE e PHENIX > » ALICE s PHENIX - » ALICE ¢ PHENIX
--Z-.a p+p fs =13 TeV p+p ¥s = 200 GeV ga p+p ¥s = 13 TeV p+p ¥s = 200 GeV ;a p+p ¥s = 13 TeV p+p ¥s = 200 GeV
S 2 N, 25<y<4.0 N, 1.2<|y|]<2.2 S 2 N,:2.5<y<4.0 N,:1.2<|y|<2.2 S 2 N, 25<y<4.0 N,:1.2<|y|<2.2
Zz N, Il < 1 N,,: (An) = 0 Zz N,: il < 1 N (A0 = 1.7 Zz N,,: Il < 1 N,,: (An) = 3.4
=15 + =15 + 3
4 ¥ x

2 | ' t T
g 1 _#':F_E_F e ] oH i — 4"—@_ —Eﬁ——Ellz

l
3
)

2 i
I 0.5 N~ " : v
PH ENIX PH ENIX PH ENIX
preliminary preliminary - preliminary

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
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A;; of direct photons P ENX @ Stony ook

4 University

PHENIX: PRL 130, 251901 (2023)

- p+p o Y+ X, Vs=510 GeV, | < 0.25
0.04 = Polarized gluon PDF A, had sign
- ambiguity in previous results
0002 ,
: 4 JAM Collaboration, PRD105 074022
bl T e o)
< Of‘;'l';F'_"_'l ........ _ ﬂ%""'"““ .................................................
T — A JAM Collaboration, PRD106 L031502
- PHEN'XData TR (2022)
~0.02 _ — DSSV14 with DSSV,,. uncertainty T -
L - JAM22 Ag > 0 with JAM__ uncertainty PHENIX results indicate A, > 0 at 2.80
" L= JAM22 Ag < 0 with JAM__ uncertainty level
= 0,04 M
S 10 15 20
P [GeV/c]
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Ay of hadrons P ENX @ Stony ook

N University
PHENIX: PRD 108, 072016 (2023)
0.1c - z 2 1.0
0 08 :_ PH Ele 1-4<h|¢2-4 1 .25<pT<7.0GEV’C VSNN=200GEV _: < : B < E pT +p - n+X (Vs = 200 GeV)
. E — pT+p_)h++x E 06_'_ pT+p—}T[+X(\:5=200 GEV} 08_— {n>=3.49
0.06/— S = N C 4 02<x,<06
0.04 041 t 06§ 06<x,<08
= e = B 0.4—
I RO B o
<< O ¥ r— * = t+: = - + ; t 0.2~
-0.02F- = 0.0 - --I-- - S * - } ; t |
-~ - — + (p)(GeVie)= 226 280 326 372 429 1) et e R e L e DL LSS ELE R SR ELE RS LEEL
-0.04— — B - o
-0.06F- = 1.6, 1.7, 2.1, 2.8, 3.7 GeV/c (x>0 = Y -02p- H_El
. - {pT> = 1.0, 1./, &.1, £.0, 9. ev/c ()(F> ) - B PHZ‘J\%E le B PH?}{\?E le
) ~ 3% scale uncertainty not shown T - 7\ Al limi
0.08 = oal pre“mmary 0.4 prefiminary
-0_ 1 - e e oo by oy oo by o o b by oy o by oy o by - B 3.4% polarization scale uncertainty not shown B 3.4% polarization scale uncertainty not shown
-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0_15 0.2 '_l 1 1 1 l 1 1 1 I 1 1 1 l 1 1 1 l N [ — | l 1 L1 l L1 1 ]. 11 1 l _0-6 : 21 . I 12151 : . . .i S 1,;]5I el 41' — I4151 11 Sl —
x —0.8 —.6 0.4 0.2 0 0.2 0.4 0.6 0.8 ' - o ’ p_ (GeVI/c)
F Xp !

h™: large positive asymmetries
h™~ : mix of negative 1t and positive K asymmetries

n: large asymmetries at high xr
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SUMMARY pH eENix Stony Brodk
Possible Answers in Large Systems:

High-p+ direct photons flow is zero and yields follows N.,;; scaled p+p,
whereas at high p+ — ° flows and its yields are suppressed — partonic energy loss?

Open Heavy flavor flow and suppression shows mass ordering — energy loss?

Suppression of hard jet particles and enhancement of soft jet particles — energy
loss?

Light flavored hadrons — coalescence is a main mechanics for flow transition from
partonic level and for baryon and strangeness enhancement at hadron level?

Charmonium — not enough energy for heavy flavor recombination to become
noticeable at forward rapidity?
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SUMMARY pH ENiX Stony Brodk

Challenges and Questions in Large Systems:

Low-p+ photon “puzzle” remains unsolved

Universal scaling behavior of direct y yields needs further investigations

N1/3 0

ar v, and if so —why?

Does &, . scaling work even for high-pr

Is chiral symmetry restored in Au+Au?

Does charm regeneration occurs in Au+Au at mid-rapidity?
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SUMMARY P ENx I Stony Brock

Small Systems:

Do we see same patterns in heavy ion?
Is effect in small system “smaller”?
When do CNM effects end and QGP begin?

Excited Charmonium is suppressed in p+Au

High-p; ¥ yields are suppressed in central d+Au (Modify Glauber?)

Light hadron flow follows nuclear overlap geometry in p/d />He+Au

Baryon to meson yields are enhanced p/d/>He+Au

Modification of / /1 consistent with initial state effects and strangeness is not

enhanced
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SUMMARY pH ENiX Stony Brodk

p+p:
PHENIX results indicate Ag > () at 2.80 level

Large hadron Ay

The dependence of J /Y yields on multiplicity is well-described using MPI
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SUMMARY pH ENiX Stony Brodk

p+p:
PHENIX results indicate Ag > () at 2.80 level

Large hadron Ay

The dependence of J /Y yields on multiplicity is well-described using MPI

Thank you for attention!
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Photon Flow Extraction prTENX @ gy

University

dN R vé'ncl . vélec
= A(1 + 2v-cos(2Ad) + 2v,cos(4A pdir — Y
3 p. 3.5~4.5GeV/c EP det: FVTX (|n|>1.0) _ T T
S y : S PH ENIX
— X /ndt:16.0477 _}N - 0-10% preliminary |
E uncorrected v_ :0.100 = 0.001 i T
9 Res{¥ , }:0.737 + 0.000 - Au+Au, s, =200 GeV
= - |
© corrected v :0.136 = 0.001 0.2 ml <0.5
10'0 i Egﬂﬂﬂu # % i
Q0 o ¢
0 Q j
80 s T T T |
0 0.5 1 0 5 10 15

Ad (r1z-ig)

P [GeV/c]
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Single Muon Analysis prTENIX sy

University

DCAR distribution for heavy and light flavor muons

. 0.06— Au+Au 200 GeV, o S |
@ E simulation PH ENIX Hadron (e.g. Kaon or a charged pion) MulD
* 005t 1220720 preliminary Muon
UL e (P 5 o Hit B
[ —— HF —>p MuTr
0.04— = DCAg cut —
u lastgap=4
0.03— I
— l‘x\f*__‘x\[“”“f
» °
0.01:_/_/_//”/ g b_ J LT
L i dagdia b g dgamtiga il isdiptaaicd eiimlonid Hadron Muon
-02 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 Rich Rich

DCAR (cm)

* Track quality cuts to purify muons from heavy flavor

* Extract v, for hadrons and inclusive muons

* Tuned MC simulating precise particle ratios to separate muons from light and heavy flavor
decays

08/21/2024 Institute for Nuclear Theory program “Heavy lon Physics in the EIC Era” lurii Mitrankov 9



; 1000 ;IIIIII
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A — correlation-strength parameter

e Correlation strength parameter A vs
average mq of the pair, for 0-30%
centrality collisions

e The intercept parameter A seems to
saturate at high my

e A decrease of A(my) is clearly
visible at low values of the average
transverse mass mry
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University
R — Lévy scale parameter
e R vs average my of the pair

e A characteristic decreasing trend

e Similar to the decrease predicted by
hydrodynamical calculations of a
three-dimensionally expanding
source for the a = 2 Gaussian case

e Fora < 2 we are not aware of any
theoretical predictions for the my
dependence of the Levy scale
parameter R
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a — Lévy index parameter

a vs average my of the pair

The values of a(my) are significantly
below the Gaussian limit of 2

If the &« = 2 Gaussian approximation
fails, the & = 1 exponential
approximation is attempted

a are systematically above 1

Although the case of @ = 1 is closer
to the measured a values than the
caseofa = 2
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