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Flow Studies PRTENIX @ sy

University

= From initial conditions to final state particle momentum anisotropy
» Hydrodynamic expansion, Energy loss, Non-flow

Initial Spatial Z £ . Fm:\l Mo:nentum
Anisotropy ""'.‘ V" p'l , ANISOIropy
Vawe . d ;
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Direct photons pHENX Qs oo

University

= Created all the time from initial hard scattering to kinetic freeze-out
» Hard to measure and to disentangle the different sources

Hadron gas
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hydrodynamic Pre-equilibrium

expansion . . .
P Jet-medium interaction
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initial state space, z pr 1GeV/c]
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beam beam

11/06/2024 2024 RHIC/AGS Annual Users' Meeting [urii Mitrankov 3



Stony Brook
University

Inclusive and decay photon v, eienx @
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Direct and decay photon v,  eewmx @

University
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Direct Photon Flow prTENIX s
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v, at low and high p+
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Larger time of quark
production and
equilibration in initial
purely gluonic system
t.hem 1S Preferred, but
still fails above 2 GeV/c
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Separated Charm and Beauty R4 4 and U5 puvenix @ sersso
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PRC 109 044907 (2024)
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Heavy Flavor v, Measurement ewenx @
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Heavy Flavor v, Measurement eienx Qs
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Heavy Flavor v, Measurement eienx Qs
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» 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/¥ Nuclear Modification (Rs4) eavenx @gmms
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]/ Elliptic Flow Measurement eienx @seso
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0.3

S [ AutAu— JAp + X /Sy = 200 GeV
 ® PHENIX Runl4, 10-60%, 1.2 < |y| < 2.2
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]/ Elliptic Flow Measurement eienx @seso
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0.3
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_ ® STAR, 10-40%, |y| <1 (PRL 111, 052301 (2013)) L.
0.2 = PHENIX J/y v,at forward rapidity
; is consistent with O
A . .
o ) ) = Forward and mid-rapidity results at
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]/ Elliptic Flow Measurement eienx @seso
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0.3
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° Elliptic Flow Measurement
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1/3
82 part

. Theth/(

within uncertainties in Cu+Au and
Au+Au collisions

) are consistent

= The elliptic flow values are
nonzero at p; > 5 GeV/c

N1/3

»are SCaling work even at

= Does ¢,
h|gh'pT?

[urii Mitrankov 12



¥ Elliptic Flow Measurement
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¢, m*,and proton v,

t20°/o 60°/o CU+AU v

0.2

P. (GeV/c]

= Scaling v, with n, and kE7 /n,

= Scaling with n -

“-200 Ge)\

KE, [GeV]

quark-coalescence models

L PHENIX, |n|<0.35

P% IX ‘\\\\ Stony Brook

University

PRC 107 014907 (2023)

l L} . .

0.5 1 1.5
KE,/n, [GeV]

= ¢ mesons - smaller rescattering cross section in comparison to #* and (anti)protons
may indicate that the elliptic flow develops prior to hadronization

11/06/2024

2024 RHIC/AGS Annual Users' Meeting
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¢ meson Elliptic Flow vs Models senx @
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PRC 107, 014907 (2023)

- Cu+Au, |5=200 GeV | Cu+Au, \§=200 GeV | PHENIX
0 0| 0%-20% [ 20%-40% 1 ml<0.35 )
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Elliptic tlow in small systems  envewx @y

University
. Phys 15 (2019) 3, 214-220
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Multiplicity dependence prTENK s
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Talk by Sanghoon Lim

PRC 107 024907 (2023)
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Large Systems:

= Low- p; photon “puzzle” remains unsolved
= High-p, direct photons flow is zero, 7° flows at high p; - partonic energy loss?
= Light and Heavy flavors flow at mid p; - hydro + energy loss?:

o Light flavored hadrons - coalescence is a main mechanics for flow transition
from partonic level

o J/Psi - not enough energy for heavy flavor recombination to become
noticeable

Detailed study of small systems flow in next section (stay tuned)
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Large Systems:
= Low- p; photon “puzzle” remains unsolved
= High-p; direct photons flow is zero, n° flows at high p; - partonic energy loss?
= Light and Heavy flavors flow at mid p; - hydro + energy loss?:

o Light flavored hadrons - coalescence is a main mechanics for flow transition
from partonic level

o J/Psi - not enough energy for heavy flavor recombination to become
noticeable

Detailed study of small systems flow in next section (stay tuned)

Thank you for attention!
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Heavy-Flavor Extraction

Hadron and muon ratios, muon rich Light and heavy flavor decay muons

= B L TN
= 1_—@ T 1 PH ENIX
c [ B E :CL - preliminary
2 B s L Au+Au 200 GeV,
"‘8”0-3 T ~— E 50.8 _E ~ simulation
5 | PH ENIX E o e 12020
£ _ preliminary B © E
< 0.6— Au+Au 200 GeV, . 0.6— .
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§ | -1.2>n>-2.0 : ! ® HF -1
— 0_4__ ® Hadron/(Hadron+Muon) 0.4l— P
- @ Muon/(Hadron+Muon) - B B »
B B .
0.2 ® 0o
B pu “ e ®
- @ B
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» Using tuned PYTHIA+GEANT4 embedded in real Au+Au
events we can extract the inclusive muon fraction

» Extract the HF muon fraction by comparing data to tuned
simulation with HF contribution excluded

» Determine heavy flavor muon v, in the inclusive muon

sample:
HF _ 1 u HF\.,LF. HF _ LF
* Uy —m(vz(l—F )UZ ), F =1—-F
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Photon Flow Extraction prENX s

dN R vincl . vdec
= A(1 + 2v,c0s(2A) + 2v4c0s(4A)) pdir = ¥ 2 =
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E xz /ndf: 16.04/7 -> 0_1 OO/O preliminary
g uncorrected v, :0.100 = 0.001 i AU+AU VS— _ 200 GeV
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O correctedv  :0.136 + 0.001
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Direct phOtOI'l puzzle- adecadeago ph eEnx
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= Yield from PRC91, 064904
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(a) Invariant yield

& - Fireball, Primordial 1

— Fireball, Primordial 2

o QGP wlo viscous
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OBSERVED:

High yield and high v, at the
same time
(azimuthal anisotropy in pr)
Incompatible with the old
paradigm:
high yield — high T — early
emission
high v, — late emission (low T,
v, needs time to build up)

Challenge to models, but also
to experiment!
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Multi-messenger photons:

penetrating and soft

PRC 105, 014909 (2022)

2024 RHIC/AGS Annual Users' Meeting
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Hadronic and e.m. simultaneously
Pre-hydro: KoMPoST

Pre-eq takes over only at 3 GeV

(and prompt already dominant there)
Observed flow max around 2 GeV,
but still too small

Much has been written about “the photon v, puzzle”
155, 71]. In a nutshell, the puzzle stems from the fact that
the measured direct photon elliptic flow has been found
to be as large as that of hadrons, in the region pr < 4
GeV /c, as 1s also clear from the data shown in this paper.
The majority of theoretical models currently underpre-
dict the photon spectrum and elliptic flow. No approach
with realistic dynamics can both reproduce photon spec-
trum and elliptic flow, and this situation has not been
modified because of the inclusion of a pre-hydrodynamic

phase like KsMPgST.

Issues remain even after pre-hydro
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Multi-messenger compared prENx @ g
to previous results

EEES REILED EALES RATES EEEAS PEALS BALES EEELT
| . [ Au+Au @ 200 A GeV — T = () fm/c
g 10 » Tehem = 1 fm/c === Total 0.20 F —— I =1fm/c
' . ‘ [ Centrality 0-20% o e
> - L L DL Prompt _ m————t Tehem = 1.5 fm/c ]
S 10 e - ~0.15 | -
= N Pre-eq. B, I
_g. | . ~‘§\:\ wmsmmi= [ hermal = ) _ +- ‘ } | '
=T V& | PHENIX ofb | ; :
:T' =51 AutAu @ 200 A GeV e, STAR _ u.uuf":a)Hzl:H:'HH'HHIHHIHH s
.;; W C:"ttalljity 0-20% ) \°\ \,\T\?\ | | | | | s PHIENIX : q ua rkS are prOd uced
10~ {a (AR N N T N SR A N T \‘.\F [ T R N T -t1- - _ s S * —E a nd eq u I | I b rate I n a n
L | I * = sl 1R |- } | - o e, e .
s A | h o { | } ; initially purely gluonic
2 = =000 F 1
i g 1 } *{}** E + -—_'=g~*§=§ l: SYStem
5 v r J_ .......... E I _._L_ 0.05 | "‘"~..,__'~ .
W W ¥ : —
) N NI AU I S A 0.00 FfoHHHHHHHHH A
xl 2 4 0 8 [ | ' ' | | 4 | ] " I—a rge Tchem —
I G v 20 - — ®
PRC 105, 014909 (2022)  pr (GeV) TEE Cenralty 40.60% ’ } : suppression of early
FIG. 6. (a) The yield of direct photons in Au + Au collisions g“'"”;‘ “|{ E photon emission rate
at maximum RHIC energy, in the 0%-20% centrality class. The =010 E { { ’ i
different channels are enumerated in the text. Here, Tgpem = | fm/c. ot '% !
We compare with experimental data from the PHENIX [60] and TR -
STAR [61] Collaborations. (b) The ratio of experimental data over .00 B L TR BT TIETIETS ?
the total calculated photon yield. R or (GeV) S
Pre-eq U | | | brl Um phOtOnS: FIG. 8. Same caption as for Fig. 7, but for the direct photon

vy {SP}. Data are from Ref. [62].

not a solution, neither for yield nor for v, Consistent at low py., fails at “medium”
T ¢

Discrepancy at low »; (as opposed to STAR)
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Single Muon Analysis prTENX T s

University

DCAR distribution for heavy and light flavor muons
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» 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
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Charm and Beauty pHTENK Qo

R, , of separated charm and beauty v, of separated charm and beauty
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» PLB 807 (2020) 135595 (® » PLB 807 (2020) 135595 (@

» PLB 829 (2022) 137077 (@ » PLB 829 (2022) 137077 (® e

» JHEP 04 (2017) 039 (®
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—~— .
Measurement methods of v, prENX @
Subtraction method Invariant mass fit method
80000 . ms, o e x10° I - I T T
| 7Y, p,: 3.0-3.5 GeV/c, 10-20%, 0-15 | 0 > 1y In CusAU, BEC, FG&BG | : —
500001 | The yields of VY 300 f‘ JFG 1 200- -
. | (AN /(¢ — W) in 6 . "8G
§4°°°°' [ | ranges: A
| 0<¢p—¥<m/2 A -
2oooo: //f -
:?T Tor o == 091 02 03 , 0.4 0.5 0 0.1 02 0.
m,, (GeV/c?) m,, (GeV/c?)
v : : | . 025~ 1 v
F Y M ‘
I pT:3.0-3.5 GeV/c,centrality:10-20%
300 e i +FG |
zg 0.2_— -BG )
§ é"’ 0.4 : g?’ ” H | il ' I Tty H
290 b YU Tl
E . _ 0.15 ’ ' ., H }L
2801111 lllllll T IRSriaere 005 01 015 02 025 Yos 07 015 02 'o.'2;
0 02 04 06 9}.,” wan |2 4 18 m, (GeV/c?) m,, (GeV/c®)
‘ dN/(p —¥)=N(1 +@COS[2 (@ —¥)]) ‘ vgair(Minv) = @ signal/Npair (Miny) + ng(l - R(Minv))
11/06/2024 2024 RHIC/AGS Annual Users' Meeting [urii Mitrankov

Stony Brook
University




