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Motivation: Flow at High Baryon Density

» Partonic Collectivity:

. . . Reaction
* Dominant at higher energies, where

plan
the passage time t of nuclei is small e\
e Passage time t ~ 2R/(yv)

» Shadowing effect by spectators:

* Important at low energies.

» Shadowing leads to negative elliptic z
flow 0.1
+ STARFXT (p) 0-30%
_ } | <& STARFXT(n)0-30%
» Nuclear mean-field potentials and EoS 0.05 ; & !
. . . x BEG XX £ o
* At collision energies <~ 5 GeV, the FEa
. L = FOPI(Ch) 0.2556 <045 |
nuclear mean-field treatments are > 00, B 0 EOS Esos, E877{p) 57 im
used to describe the flow harmonics S STAR (@ 1040%
d reaction dynami 005k | L o
and reaction dynamics ©  PHENIX(p)20.30%
+ A PHOBOS (Ch) 0-40%
_01 | . Lol | Lol 1
Phys. Rep. 512 (2012) 1 _ 1 2 3456 1 20 30 100 200
Phys. Rev. C. 97 (2018) 064913 STAR: arXiv: 2007.14005 VSny (GEV)
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Motivation: Directed and Elliptic Flow

» Hadrons obey NCQ scaling down to
collision energy of 7.7 GeV within 10%

» Shows the interaction generating flow

are partonic in nature

» At low energy, the repulsive nuclear
mean-field potential leads to positive v,

slope for protons and A

» Additional measurements in this energy

region will provide important

constraints on EoS at high baryon

density region
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STAR: Phys. Rev. C 88 (2013) 14902
STAR: Phys. Rev. Lett. 112 (2014) 162301
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Dataset and Acceptance

Event Plane Detector (EPD)
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YSuy = 3 GeV Au+Au Collision at STAR
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> Dataset:

* Fixed target Aut+Au collisions
* Beam energy: 3.85 GeV

i \/SNN =3 GCV
e Number of MB events: 258M
* Midrapidity isy = 1.05

» The acceptance cover
midrapidity region for all
hadrons




Event Plane Resolution

Event Plane Resolution
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Phys. Rev. C 58 (1998) 1671

» The event plane resolution as a tunction ot collision centrality trom Event
Plane Detector (EPD -5.1<n<-2.1)

» Large first order event plane resolution (up to 77%)

» R;: First-order event plane resolution

» Rj,: Second-order event plane resolution estimated by the first-order event

plane
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Rapidity Dependence
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» Rapidity dependence of v, and v, for pions, kaons, proton and A

» v, at midrapidity for all hadrons are negative

» UrQMD results (include Mean-Field effects):
* Mean-Field model can reproduce negative v, for pions and proton, however not
for kaons
» (Cascade model fail to reproduce the negative v, of hadrons
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Scaling Behavior
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» At high energy, the number of constituent quark (NCQ) scaling holds,
consistent with partonic collectivity

» At 3 GeV, the measured v, for all particles are negative and the NCQ
scaling 1s absent, especially for positive charged particles

» Different color dash line indicates the strength of scaled v,
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Energy Dependence

04F o) o =
E STAR Au+Au Collision 10-40% ]
0.3 C:) ) p ]
_Ci - oA 1 » The v, slope (dv,/dy|,-) of proton
> 20 Lok ] and A at 3 GeV are positive =>
%‘ 01l 0% STAR Prefiminary transport quark and repulsive
- 4 . nuclear mean-field effect
0 ———H—A—D————%fg? Y
" 5) — a 1 » For the first time, kaon and ¢ v,
0.04 o 58 &8 8- slope 1s found to be positive at 3 GeV
0.02~ , ﬂ» 7 consistent with a change of EoS
> O
-0.02- ® ® STAR (p0-30%) < » Pion and proton v, at 3 GeV are
004~ ¢ L SR s negative, they agree with world data
-0.06 |- ﬁ ¢ E895 (p) . => shadowing effect by spectators
B YV FOPI (Z=1 hadrons) T
008~y | .
2 3 5 10 20 30
Collision Energy \ s, (GeV)
2020/10/30 DNP 2020



Summary

» We report v, and v, measurements for identified hadrons
(1, K, p, d, K2, A) from Au+Au collisions at /Syy =3 GeV

» The midrapidity elliptic flow v, for all hadrons are negative, and the
NCQ scaling 1s absent

» The directed flow v, slope (dv,/dy|,—) at midrapidity for proton and
strange hadrons are positive, these results are also compared to STAR
high energy results

» Since the NCQ scaling 1s argued for the formation of a QGP phase with
partonic degrees of freedom. These results imply new medium
properties at 3 GeV (high baryon density) that are different from the
partonic matter created in high energy collisions

Thank you!
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Backup
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Event Plane Method

Phys. Rev. C 58 (1998) 1671
> Event Plane determination:

Uy = tan " <%> = tan™! (Zi wism(gbi))

Qz Zz w;cos(¢;)
> Resolution determination:
Ry = (cos(Ty — 0, )) = VT 2/4) [To(x2/4) + I (x2 /4
1 = (cos(¥1 —V,.)) = 2\/§><16l’p( X1/4) [Lo(xi/4) + Li(xi/4)]

ﬁ

B> = {cos(2(W1 —0,))) = xaenp(—x3/4) (1206 /49) + Ly /4)]

> V{,V, calculation:

(cos(¢p —W1)) 0™ b — (cos(2(¢ — W) _ g
(cos(Uy —W,)) Ry (cos(2(U —¥,.)))  Ris

V1 =
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