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BES-II, Fix Target (FXT) and STAR Upgrade
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Ul(n) @ \/SNN — 196 & 27 GeV
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STAR Collider Mode
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* EPD is used as the particles of interest region to measure flow at large pseudorapidity.
* A STAR paper on this analysis is underway, stay tuned!
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vi(n) @ N/S:,g,\, = 19.6 & 27 GeV
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* v, at large |n| was measured with particles in the full p
space; v around the mid-rapidity was measured in ,

0.2 < pr <10.0 GeV/c.
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Limiting Fragmentation
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* “Limiting fragmentation” of v{?
 Lack of statistics;

* limited pseudorapidity coverage.
Quark Matter 2023 | Xiaoyu Liu



Limiting Fragmentation Of v, wevn | o
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* “Limiting fragmentation” of v, observed for all the centralities. ~ 5|
* The phenomenon extends beyond yields to dynamics. °|
-5
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Model Comparison
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* Nucleus fragments contribute significantly to v, at large |n].
* v1(n) can provide unique constrains to the initial stage of the collision.
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Model Comparison
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* v1(n) can provide unique constraints on the
shear viscosity ( g (T, ug) ) of the QCD matter.

* Model calculations are needed.



Proton v3(¥;) @ /syy = 3 — 3.9 GeV
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STAR Fix Target (FXT) Mode
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vg{‘lﬁ} @ FXT Energles
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v3{W1} @ FXT Energies

-~ 0.03

2

[ap}

>
0.02

0.01

-0.01
-0.02

-0.03

T T T T T T T T " T 1T "1
STAR Au+Au FXT
Proton
10 - 40% —
1.0 =p, <25GeV/c

] 16
] 14
12

10

I
I
I
I
2 e
3
on |
—o—p |
I
I
I
|
X (fm)

N _

8 _

¢ j

- 3.0 GeV ]
=32 GeV —
4-3.5GeV ¢ -
+39GeV ¢ .

1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 _2

1

2

[

0
08-06-04-02 0 02 04 06 08
y (fm)

Yem

Proton density
distribution from
JAM @50 fm/c,

VSNN = 3 Cie\/,
0.6<rapidity<0.85.

Black arrows
represent <pt> (n
each cell.

* v3{W;} opposite to v4, consistent with JAM simulation of the collision geometry.
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v3{W1} @ FXT Energies
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* v3{W;} opposite to v4, consistent with JAM simulation of the collision geometry.
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Proton Ug{qjl} @ FXT Energies
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* |v3{W¥;}| increases towards peripheral collisions -> Geometry drives v3{'¥; }.

* JAM describes the data -> Nuclear potential is essential for the development of v3{¥; }.
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Light Nuclei v; and v;@ /syy = 3 GeV
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Test Of Coalescence @ +/syy = 3 GeV
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* STAR observed light nuclei v, follows an approximate atomic mass number A-scaling.
- Extend this measurement to the target rapidity with the STAR FXT experiment to
investigate coalescence across a wide range of rapidity.
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Identified Particle v, v3{¥,} @\/SNN = 3 GeV
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* A-scaling of vy and v3{W¥;} holds at y.y < 0.5 in 10 —40 % at /Syy = 3 GeV,
indicating that the production of light nuclei comes from coalescence.
* However, this A-scaling of v; and v3{¥; } breaks for y- > 0.5.
Quark Matter 2023 | Xiaoyu Liu



Summary

Collider: \/syny = 19.6,27 GeV

* v1(n) was measured over ten units of n with high accuracy.
* “Limiting fragmentation” of v; was observed for all the centralities.
* Model comparisons suggest nuclei fragments contribute significantly to v, at large |n|.

Fix Target: \/Syy = 3, 3.2, 3.5,3.9 GeV

* Significant proton v3{¥; } that has opposite sign from v,{{¥;} @ FTX energies.
* Larger |v3{W¥;}| for peripheral collisions -> v3{W¥; } is driven by the geometry.
e Comparison with JAM suggests potential is essential for the development of v3{¥; }.
e Light nuclei v; and v3{¥;} measured over the full rapidity range at 10-40% @ 3 GeV.
* A-scaling holds below yqy < 0.5, indicating the production of light nuclei comes
from coalescence.
* A-scaling breaks at yq > 0.5.
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Thanke Lou!
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Backup
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Extracting v; From EPD Signals

20~30%, —5 < V; < 0 cm, east, ring 16, tile 1 20~30%, —5 < V; < 0 cm, east, ring 16
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* The M, in the fitting parameters represents the fraction of the k-MIP events. Therefore, the averaged
number of MIPs can be calaculated by: —d
N = E k x My
k=1

* The associated error can be calculated by:
o’ =k3k' k= (1,2,3,4,0,0)
where X is the covariance matrix of the fitting parameters.
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Extracting v; From EPD Signals

20~30%, —5 < V; < 0 cm, east, ring 16, tile 1 20~30%, —5 < V; < 0 cm, east, ring 16
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* v; (before the resolution correction) can be extracted by fitting the Fourier decomposition of the (¢ — ¥;)
distribution:

dN
(o \PTPC) = k{1 + 2v; cos(¢ — \I/;fPC) + 2v5 cos[2(¢p — \IfrlfPC)]}
— ¥
uncorrected uncorrected
. : o Uy ) {W1}
Resolution correction: vy = RTPC vo{ W1} = Ron
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v, across wide n at \/Syy = 19.6 and 27 GeV
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ldentified particle v{{¥,} at \/Syy = 3 GeV
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* A-scaling breaks at all py at ycy ~0.5.
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ldentified particle v3{W¥} at \/Syy = 3 GeV
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* v3{W¥;} vs. pr follows A-scaling around mid-rapidity in 10-40 %.
* Moving to the target rapidity, heavy light nuclei v3{¥; }/A deviates from proton v;{¥; }/A.
* v3{¥;} of deuteron, 3He and *He flip sign near the target rapidity.
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