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Anisotropic collective flow at RHIC

L. Adamczyk et al. Phys. Rev. C 93, 014907

L. Adamczyk et al. Phys. Rev. C 88, 014902
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v (pp, centrality) - sensitive to the early
stages of collision.

Important constraint on transport
properties: EOS, n/s, {/s, etc.

Mass ordering at p. < 2 GeV/c
(hydrodynamic flow, hadron
rescattering)

Baryon/meson grouping at p_ > 2 GeV/c
(recombination/coalescence)

v, difference of particles and
antiparticles is larger for baryons than
mesons

The main goal is to study

Us(‘/SNN’ centrality, PID, pT) because it is
sensitive to initial state fluctuations
and viscosity 3



The STAR detector at RHIC

Time Projection Chamber (TPC):

The Solenoidal Tracker At RHIC ( e Tracking of charged particles with |n| < 1, 2mmin ¢.
e PID using dE/dx measurements

Time-Of-Flight (TOF):
e [n|<0.92ming
e PID using time-of-flight information

Event planes: TPC (|n| < 1)

Data set: AutAuat Vs = 11.5- 62.4 GeV

27 GeV from RHIC beam energy scan phase two
(BES-II) and other energies from BES-I
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Analysis technique: Event Plane Method (EP)
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Event Plane Resolution for v,
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v,(p;) and v (pT) of charged hadrons as a function of pT
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Beam-energy dependence of v, and v,

Integrated v, and v,increase with increasing collision energy

Note: 27 GeV from RHIC beam e
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Vn

v,(p,) and v,(p,) of identified hadrons
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T AurAu 5y = 115 GeV @7 0-60% (b)] T AusAu (S = 115 GeV @7 0-60% T ()]
o BES) L it 25xv, i 1 o (BES) $ 25 xv, ]
E Ve apxt - 1 E Ve Y - i
of Qpﬂad o 13 ! ] o al . ] g +* ]
[ - [
o E& o Gli o‘_uﬁeé‘ g&f @
M__ 14.5 GeV (BES) (c)_.;_ @1 T 145 GeV (BES) (c)_%— CF
04— J= J o iy g
. akAd T 3 3 ] ﬁl :
o i pon el = : E of- &p x * 3
5 o® o ad
OHS& QQ .,;.,,&BA m@
M; 19.6 GeV (BES-) ©F o k(@) *¥ 19,6 GeV (BES-) ©f o OF
oz sk k AF OK s E o adif 0K i ]
W L A NI
0+ —— — ('R - A -
r - 8 ] &
b : ] &
O g& .................. o QA ..................... "&% .................
“"_ 27 GeV Run19 (BES-II) (g)_; STAR Preliminary " (h) * 27 GeV Run19 (BES-I) (g)_";_ STAR Preliminary (h)_:
0 P I+ A 0z I 3
2'e o : je * wid e T i = ]
u & s— ﬂ G - 0. :— a&w J- é E
11 ot Lathh ot
”_ 39 GeV (BES-)) (%3 2007 *T 39 Gev (BES-) %3 07
oq- a b AL i e of- a A3 B
osse a8 2 ] » M‘Ooo - ot L I ]
of o + s 9 of aﬂ&w 3 8 ]
of- l!l& ) - E ﬁa @ ]
”:' 62.4 GeV (BES-I) (k)‘;F ) “:‘ 62.4 GeV (BES-I) (k)';L 4
[ ak A AL LI r 4 AY
N !,p.‘booo. 2 il $ T M‘ooo - N s
Tt Wi : ) a@ﬁ‘ L
of @ : e ng B — of- B ; - g‘@ ; —
GeV/c GeV/c
pT[ ' Alexey PovarovNUCLEUS-2022  Pr[GeV/el

0.3 JA‘U*—/‘\[‘J ¢‘5,L‘,Ll L 2‘7 GeV Run 19 (BES II‘) o
[ centrality 0-60% STAR Preliminary 7
L E 4
0.2+ - —
4 L R |
QL. [ ox R
O % A p o
— 5 - 1
T . & ]
® 0.1~ . 7
o I .8 ]
L o 4
- * ® -
8
*
0 s
Lo b b e b b bl
0 0.5 1 1.5 2 2.5 3
P, [GeV/c]
0.3/ Au+AU sy =27 GeV Run 19'BESH) |
[ centrality 0-60% STAR Preliminary )
3 [ T
O 02— o T —
iy o K g C! 1
=i L 2 4
e
0.1— hd -
C
< I - B ]
L @ 4
o e o -t
L =] -
0 %S a
Lo b b e b e b e b |

0 0.5 1 1.5 2 25
P, [GeV/c]

1 Mass ordering for p.<1.5 GeV/c
1 Baryon/meson grouping for p.>2 GeV/c

| First measurement of identified particle v, at

BES energies

3



NCQscaling of v,and v,
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NCQ scaling tests were
performed for v, and v, of
particles and antiparticles

Scaling holds better for higher
energies

Scaling holds better for
particles than antiparticles

Quantification of the baryon
and meson splitting and the
scaling with the number of
constituent quarks (NCQ) is
ongoing



v (pT) and v (pT) for p05|t|vely charged particle species
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Note: 27 GeV from RHIC
beam energy scan phase
two (BES-Il) and other
energies from BES-I
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v (pT) and v (pT) for negatlvely charged partlcle species
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Note: 27 GeV from RHIC
beam energy scan phase
two (BES-Il) and other
energies from BES-I
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Beam-energy dependence of v, and v, particle-antiparticle difference

New V, results

STAR Collaboration, Phys. Rev. C 88 (2013) 14902 .
(not corrected for efficiency)
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Note: 27 GeV from RHIC beam energy scan phase two (BES-Il) and other energies from BES-|
Alexey Povarov NUCLEUS-2022 12



Summary

Results of v, and Vs, in Au+Au collisions at BES energies ‘/SNN =11.5-62.4 GeV are presented.

(‘/SNN ,centrality,PID,p.)-dependence of v, and (%

e Normalized v,and v, have similar p. shape for all centralities and beam energies for each
particle species
Mass ordering for p, < 1.5 GeV/c and baryon/meson grouping for p. > 2 GeV/c
NCQ scaling holds better for particles than antiparticles and for or higher energies
The difference of particles and antiparticles increases with decreasing collision energy
Absolute value of v.(X) —v.(X) islarger for (»,p) than for =, K=

Alexey Povarov NUCLEUS-2022 13
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Anisotropic collective flow
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Initial eccentricity (and its attendant fluctuations), €, drives momentum anisotropy, v,
with specific viscous modulation

v, - elliptic flow v3-tria|ggular flow
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Events selection

Au+Au
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Tracks selection and particle identification

Tracks selection: Particle identification:
e Primary tracks e dE/dx (TPC):
e |n<10 o |no|<1.5for27 and 62.4 GeV
e DCA<2cmi(h? o |no| < 3.0 for other energies
e DCA<1cm (¥ K% p, pbar) e TOF identification:
e NHits> 15 o -0.15< mn2 < 0.1 GeV/c?
e NHits/NHitsPoss > 0.52

o 0.2< sz < 0.32 GeV/c?
o 0.74< mF,2 < 1.2 GeV/c?

17



Systematic uncertainties for v.: different An-gap
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Differences are within 1-5% for all beam energies 18



Systematic uncertainties for v,: different An-gap
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Differences are within 1-5% for all beam energies 19



