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3) System scan at

RHIC top energy
Vs = 200 GeV
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1) BES-II collider energies
sy =7.7 — 54.4 GeV

Hadronic Gas

Baryon Chemical Potential

Priyanshi Sinha, RHIC/AGS AUM 2024

» Onset of deconfinement

» Nature of the phase transition
» Critical Point

» Study of QGP properties

2) FXT energies
Vs = 3.0 — 13.7 GeV
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» Enlarged rapidity acceptance
» Improved particle identification
» Enhanced event plane resolution
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Anisotropic tflow

A

rapidity 2 ! .
' P
V=< L3 > N y l/'
[ : Pr —— z

X
Directed flow (v,): Sideward collective Elliptic flow (v,): Initial spatial anisotropy leading to
motion of produced particles final momentum asymmetry of produced particles

Reaction plane: z-x plane

A

Triangular flow (v;): Higher
energy: Sensitive to initial state dN

. — o [1+4+ Xpiq2v, — Y
event-by-event fluctuations do [ 2in=12Vy cos(n(¢ R))]

Lower energy: Result of B _
shadowing and baryon vy = < cos(n(¢ — W) >

+rapidity out _1 stopping; sensitive to medium - Equation of State of the medium
ofPage o am view potential —> Early stage dynamics

11/06/2024 Priyanshi Sinha, RHIC/AGS AUM 2024 4



11/06/2024

Events (M)

Beam Ener

Scan

C oo A o AN vy N v SN v v @ > L v 9
o v ~ON NN ~ <)) NN @ &’ o« ™ (1) M ™
. v
- el —
*. ¢
| AN
*. ¢
(AN
& —
4.4 =
P.Q.‘ =
6% by
O 54
XA ey —
O O
(A b
*. ¢ *. ¢
(AN (A
534 AL B
vy [N/ +.9 4.4
(A NAN o L AAAAN
OO0 O OO
LA *.® 4w 4.4 (A7 L AAANAN
O e .0 X e OO
AN AL (A7 +* 4 *. 4 (A LAANA I
> & XA .4 DA e .4 44404
AN AP AN * 0 A7 A te e
O e 4 b DO OO
AN AP AN +* 4 ol (A (AAI TS
O DO O b e OO
AN ¢ AN * 0 4.4 LA/ AAA /T
O DO 4 O e OO0
AN A (AN * 0 4.4 [ AS LA - —
OO0 e o8 O O OO0
A ¢ (A7 APAs 4.4 (A7 (LAY ¢
O e O X O OO0
AN APad AN *4 .4 (A [ AS .
O DO o0 b O O OOO
AN A AN * 4 *. 4 [ A LAAAAN
O D¢ OO0 X e OO0
A A7 AN * 0 4.4 LA A A S
o8 ON O8O X e 44 4494+
A e A *e 4 e e e I
. XA > ¢ e [N/ .4 49 0 ¢
A A [AS * 4.4 e L AA/ I
O e OO O O OO0
AN * (A4S * 4.4 [AS [ AAI B
O DS OO0 T4 O 4 4ees _]
P‘Q‘ 'Q.QI AN '0’0 0'0 D’Q’ [J 0’ D,Q.
| 1 1 | e ole] L e |0;01 A LAY "0‘ Mo

0. 4

g

o
&

Priyanshi Sinha, RHIC/AGS AUM 2024

Emilie Duckworth
Wednesday 3:00 PM

\s, (GeV)



dN,/dKN , /2)

dN,,/dn’AN_, /2)

. East TPC
Symmetric reference Event Pla
4 T T oo/ 6°/I t I I_ E.... ...g Detecto
}. i o0 centra ] East EPD = 3 West EPD (EPD)
%ooooo o%o;. * 200 GeV ‘S v, ﬁ |
3 o:)f; © 130 GeV N I 'l l L lh L 3 o :;“
i + booomrescev 4 T oy —21-10 1 21 b 51 7 \Y
P - UL — )
r,p‘ 7 gap Ybeam
i 9 1
- %C’ - by
S 4060% | &TAR Prefiminary || © | 10-40% |
ar 35%-40% central | 20 | °= : STAR Preliminary : : o T °= ,
}.‘00..0£. i ! I Au+Au I ! OO !
. . | i W 1 i
o geeeeetelily, or | i
L oo% . = [ | |
ol + B é 0 D a b
+III..F.9 - B P
b ‘e, 1 = | i i N
1+ = 10 | I I 1 I = a !
‘\&,ﬂ._ fron} 10 o 117 Vem=34@27GeV || OO! | ©Venn=27 GeVBES-I | |
R J O 11— ypm=3.0@ 19.6 GeV! | oY Il N
o | L 2 ii " @ 196GV | | i | ©VeNy=19.6 GeV BES-I| |
-4 -2 0 n’ 2 ) o I | o i !
P ] 1 | |

R
1

» Measurement of flow over nine units of pseudorapidity (1)

» Precision measurement of v, enables observation of limiting fragmentation
» The phenomenon extends for various centralities at BES-II energies
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Excess proton v, in BES-II
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» Scaling of excess proton flow with collision energy
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» Indication of scale breaking at 11.5 GeV -> change in medium and collision dynamics

» Mean field calculations overpredict the v, .,..s data below 14.6 GeV
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v, of light nuclei in BES-II
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» First measurement of v; of light nuclei at collider energies
» Suggests coalescence to be the dominant mechanism of light nuclei production
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Beam energy dependence of Av, slope
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» Av, slope is more negative at lower collision energies
—> Could be due to EM-field effect, longer-lived field and shorter lifetime of fireball
» Indication of strong p; dependence of splitting
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Beam energy dependence of flow cumulants
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» Weak dependence on beam energy

= Weakly sensitive to the viscous effects (1/s) ; more sensitive to the Centrality (%)
initial-state effects
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Fixed—target (FX'T) energies

V, vs. V, Distribution
210cm <V, < 212 cm

V, (cm)

Fixed Target
z=2.01m

N
n B
Ca
= W

Yellow beam

1w

“BBC

1

WEST

ETOF

BTOF

V, (cm)

Sy (GeV)

| .

[
e
e
6e

s

T 11 T T T TITTT T T

PRI RIS IR SIS
POBBBBEEEBHRRNNNNNNRRINNS
R R R R RN RRRRRRRS
B AR AARAAAAANAAKANRS
PSRN RNNNNNNNNNNN

oooooooooooo

ooooooooooooooo

oooooooooooooooo

e

L)

¢¢
<2

Mees- WBEs-1 [FxT

| TTTA N

P R RN
SBOOBBBBBOBBBL:

PR RARRARLARLRRRE
alalalelelelelelelatalelelely]

93939
POBBBIINNHNNIRNNNS:

F:... 1 _._._:___ I

<
o
—

)
o

(N) suaAg

A
o 2

o

03 0.4
u, (GeV)

0.2

0.1

STAR, PRC 109 (2024), 044914
Nucl. Phy A (2017) 808-811

B
Priyanshi Sinha, RHIC/AGS AUM 2024

11

11/06/2024



<p’> (GeV/c)

6GeV K sideward flow (b < 7fm)
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» Anti-flow only of kaon at
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0.4 ' Au + Au, 10-40%
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» Anti-flow observed at 3 — 3.9
GeV for " K* and KV, at low py
—> Shadowing effect from spectators
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Hadronic interaction

NCQ scaling of v, at 3 - 4.5 GeV

» Partonic collectivit
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» NCQ scaling completely breaks below 3.2 GeV
» Scaling becomes gradually better above 3.2 GeV

11/06/2024 Priyanshi Sinha, RHIC/AGS AUM 2024

13



STAR Vi, V3 at FXT energies
> Increasing collision energy — decreasing v, slope; v, slope approach zero
» Trend consistent with HADES results at 2.4 GeV
» Non-zero [v;{¥,}|, increase towards peripheral collisions
= Geometry driven v, at lower energy
= JAM describes the data implying importance of nuclear potential
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Flow of light and hyper nuclei at FXT

» Light- and Hyper-Nuclei production are enhanced at high g 3of (b)  Autau Colisions atRHIC | *°L'(C) srar pretiminary ]
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Vi, V5 Of light nuclei at 3 GeV
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= Coalescence production at mid-rapidity and indication of measurement to the
different production mechanism at forward rapidity target rapidity
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System size scan of collectivity
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Small system flow at STAR

Zhengxi Yan : Tuesday 1:00 PM
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Flow in O+0O collisions

B s 1 > v, (0+0) < vy(d+Au) = v,(He+Au)
i . - ]
ol qH b | > v, (0+0) = v4(d+Au) = vy((He+Au)
o g d .« = o
>N = E -
005 O e 01000 | » Gluon fluctuation around quark model:
ge O 0-10% *He+Au
" . O 0-10% d+Au | gn(d+ Au) ~ 8n(3He+ Au); n:2’3
0.10 STAR, PRL 130, 242301 B
o > £,(0+0) < g,(*Het+Au)
—_ i ’n‘ ]
S oos] ! ) 3(0+0) = &3(HetAu)
> .
] | - v, /g, similar between O+O and
0.00 3He+Au, within a quark Glauber model
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VP, /e,

vs(p,)

Zhengxi Yan : Tues 1 PM

1 I

93" STAR Preliminary
| 040 |/5,=200GeV
0.2+ a ﬂ .
I -
0.1} - ® 0-10% 0+0
.
i w 0-10% *He+Au
i : i
0.3
STAR, PRL 130, 242301
02 - .
0.1+ a B B
[ ] . a
e L :
0 1 2
P, (GeV/c)
19




Strange hadrons' flow
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- (@) K] lyl<1.0 0-80% T (b)A sy, =200GeV 1 ©R
" & Cu+Cu(0-60%) 1 © Ru+Ru % i :
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> v, of K&, A, and A in isobar collisions (Ru+Ru and Zr+Zr) is smaller than in 97 Au+!97Au and 238U+238U
collisions at pr > 1.5 GeV/c

» v, in Ru+Ru and Zr+Zr collisions is larger as compared to 3Cu+%3Cu collisions at higher pr

2380, 197 Au, 28Ru, 2577, $3Cu
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Imaging Shapes of Atomic Nuclei

hydrodynamics

» Snapshot of the spatial matter distribution > 1mprints on the particle momentum distribution
< a O i 0 50/ Centrality 2 1; ..................................................................................................... N —
9 r STAR . EI— u 1 1’_ RV {2}
X 0 ® uU+U & [ Ar 5  AWPT,
R ‘ : R I
=8 @ = AutAu < ¢ 0.2<p.<3GeVic _ _ > AMPT B _
~2 | i 1.05} g :
o | @ STARdata i - ~<-AMPTB, , a,
0w -1 i ,
: N hydro B, =028,y =0 | ] = AMPT B, ., a,R,
i | W[ 7 hydop, =0257,=0 ; ; - STAR data
g -2 : -
i 40 20 0 0 50 100 150
I 0.2<p_<3GeV/c Centrality [%] Npart
Lo b by e ey | R,]l o Zl‘ o
-0.1  -0.05 0 0.05 0.1 B,U=10.286 + 0.025 By = 0.16 £ 0.02 5 = 0.20 +0.02

5p_/(Ip.D

» Enhanced v, particularly in central U+U collisions
—> Nuclear deformation influences collisions over a wide centrality range
» Mean v, ratios and v,-pr correlations are used to constrain initial conditions and
nuclear structure in U+U and isobar collisions
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Summary

v' More negative Av, slope at lower energies : Qualitatively consistent with influence of EM-field and shorter
lifetime of fireball
v Explored particle production in the fragmentation region and of light/hyper nuclei at wide range of rapidity
» a probe for medium dynamics

v Anti-flow of mesons observation showing hints of nuclear shadowing effect

v Hadronic interaction from 3.2 GeV towards 4.5 GeV | Partonic collectivity

v' JAM calculations suggest potential is essential for development of geometry driven v;{¥,} at lower energies,

whereas JAM overpredicts the excess v, below 14.6 GeV - Better constraint on EoS
v" Significance of sub-nucleonic fluctuations in small systems

v Exploring anisotropic flow as a new means to imaging of nuclear structure
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Outlook

] Stay tuned for more exciting results covering the entire BES-II collider and
FXT energies
U y+Au@?2023, d+Au@2021 and O+O@2021 will provide more information for

collectivity in small systems

 Forward detectors enables the flow measurements in wider rapidity ranges,

opening new windows to explore the QGP properties

This precision era takes us closer to uncover the secrets of QGP phase, its

transitions and much more...

Thank you for your attention!
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