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Introduction >

¢ |n non-central collision...

» The created matter should exhibit rotation motion.
-/.-T. Liang and X.-N. Wang, PRL94, 102301 (2005)

» The strong magnetic field would appear in the initial state.
-D. Kharzeev, L. McLerran, and H. Warringa, Nucl.Phys.A803, 227 (2008)
-McLerran and Skokov, Nucl. Phys. A929, 184 (2014)
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Global polarization

antiparticle

>

S

€L arge angular momentum transfers to the spin degrees of freedom :
» Particle and anti-particle’s spin are aligned with angular momentum, L.

®Spin alignment by magnetic field :

» Particle’s spin are aligned with magnetic field, B.
» Antiparticle’s spin Is oppositely aligned.

v’ Both may contribute
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How to measure the global polarization? .

+Parity-violating decay of hyperon

» Daughter proton preferentially decays into the

A's spin (opposite for anti-A).

A —> p+r~ (BR63.9%, cT~7.9cm)

+Projection onto the transverse plane

» The global polarization can be measured via the distribution
of the azimuthal angle of the hyperon decay baryon(in the
hyperon rest frame).

-STAR, PRC76, 0249 15(2007)

-~
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R (sin(¥; — bef)) \
" zay  Res(¥))

ay . decay parameter

¥, : 15t-order event plane

¢ : ¢ of the azimuthal angle of the daughter

baryon (in the hyperon’s rest frame) J

A T— L

beam direction (2)
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Motivation 5

P, [%]

» Previous study

31— e .
] Nature548.62 (2017) v Positive increases at low collision
- ] oA OA energy.
2 M PRC76.024915 (2007) v No significant difference between
A A A\ and anti-A\
Phys. Rev. 201 T
. ys e;;f 98 (2018) v At lower energy, uncertainties are
A A
large...
= % We measured global polarization
---------------------------------------------------------------------- -1 lwith 54.4GeV which has large statistics
[ ——primary - - - primary+feed-down
~  AMPT, A
- primary primary+feed-down
] | | ; *The gap between 39 GeV and 200
[ 1 11 | | I I I | | |
10

102 GeV data can be filled with new
‘ s\ [GeVl  54.4 GeV large statistics data set.

54.4GeV
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STAR detector

» Time Projection Chamber (TPC)
- Main tracking detector and Particle identification, | n|<1.0, full azimuth

» Time-Of-Flight (TOF)
- Particle identification, | n|<0.9, full azimuth

v Beam-Beam Counters (BBC)
- Event plane reconstruction , 3.3<|n|<5.0 (|ybeam| ~ 4.0)

v Zero Degree Calorimeters (ZDC)

- Event plane reconstruction using spectator neutrons, |n|>6.3
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Lambda reconstruction .

» Charged particle can be identified via specific ionization energy loss
in the TPC and mass estimated from the TOJIi

4+Proton +Pion

vino| <3 vIino| <3

/0.5 < m% 1.5 (GeV/c?)? v-0.029+0.017p < m?< 0.04 (GeV/c?y
*Topological cut Signal N < 86%(for A)

vp-DCA > 0.2 cm Signal + Background \ - 80%(for A)

vm-DCA > 1.2 cm T

vp-t DCA<1.0cm Qgg o /\m}

&s - mg_ STAR preliminary A
v N-DCA <0.9cm S ' 4000?— 30-40%

"ot
1_.

3000f—

A-DCA 2000|—
Primary vertex 1000;— F\J L
*These value of topological cut is 30-40% ! S S ararr e =

1.06 1.08 1.1 1.12 1.14 1.16 ‘1.18

M. [GeV/C ]

mv
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Event plane correlation 5

4+EP Correlation
Inner ring : 1-6 for the tile number (3.9 <Inl <5.0) {BBC Inner ring \
Outer ring : 7-18 for the tile number (3.3 < Inl < 3.9) - In central region
JAY 0.025 - BBCeast inner ZDCeast
@ BBCe inner vs ZDCe - @BBCe outer vs ZDCe <COS(‘Ill o \Pl )) >0
~ 0.02F -
= B @®BBCw inner vs ZDCe - @BBCw outer vs ZDCe _ _
 o0.015F = - In peripheral region
iy - STAR preliminary - STAR preliminary
B 0.01— n BBC I /D
§ : _.__.__‘_ < COS(TI east inner __ \Pl Ceast)> <0
V' 0.005} -9 @ @ @
Jo o - =¢=:':+* » BBC outer ring
-o- s = - Ve
_0_005;_ @ o —@— _ _.“_‘_ < COS(\P]?BCeast outer __ \IJ%DCeast» <0
- @@ @
0ot - o0
00154050 30 40 50 60 70 80 ) 10 20 30 40 50 60 70 80
centrality[%]

v The contribution of spectator
only in the central collision of
BBC inner ring (3.3 < |n| < 5.0)

WwBBC=(cos(WBEC — WZDCEY) x BBCADC IS observed.
- Beam rapidity ~ 4.0

2. w;sin(¢;)
Z w; cos(¢,)

¥, = tan™!
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Event plane resolution )

4+EP resolution

~=~0.25 ;
é - oBBC east+west  «BBC inner east+west |
% | eZDC east+west +BBC outer east+west | Y Resolution was calculated
T 0.2 by 2-subevent method
- ———— STAR preliminary
0.15— o —— & —_@— Res, = Resg = \/(COS(‘I’A - ¥y))
- — @ — @ A. M. Poskanzer and S. A. Voloshin,Phys. Rev. C 58, 1671 (1998).
— @& N — — o
0.1— —@— ——
i e
0 05:_ — & * » In peripheral collisions, the event
O plane resolution of ZDC is better
- - —— X
- @ I I than that of BBC.
_llllllllIllllIllllllllllllllllllllllllllllll
%70 20 30 40 50 60 70 80
centrality[%
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Collision energy dependence of P+ 0

P, [%]

+We observed positive A(A) global polarization!

i Nature548.62 (2017) GleC(A) %] = 0.245 + 0.170(stat) =g o (sys) )
oA OA
: H PRC76.024915 (2007) PgBC(K) % — 0444 + 0. 250(Stat) 8 g% (SyS)
i ® +A A
I Phys. Rev. C 98 (2018) PEPE(A)[%] = 0.558 £ 0.232(stat) £ 121 (Sys)
i * A WA — -
I Y This analysis kaIDC(A) %] = 0.714 + 0.318(stat) £} 3L (sys j
¢ A (BBC)O) A (BBC)
i ¥+ @A (ZDC){ A (ZDC)

. |l STAR preliminary » The result follows global trend of the energy
I dependence and agree with UrQMD model
i Tﬁ\ and AMPT model calculation within
- STAR Au+Au 20%-50%  |®1 ||~ 7 T = ._"-__,.ﬂﬂ' uncertainties

O GraMDavhiLE, & T )

- ——primary - - - primary+feed-down ] ] o .
- AMPT, A » There is no significant difference between
- primary primary+feed-down .
B I | | | I | qﬁ A and A.
10 10°
4 F \/SNN [GeV]
54.4GeV

» The results obtained from ZDC is slightly

UrQMD : I Karpenko and FBecattiniEPJC(2017)77:213  Migher than those from BBC.

AMPT : H.Li et al.,Phys.Rev.C96,054908(2017)
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Centrality dependence of PH iy

3
n 2.5

2
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- STAR Au+Au \s, = 54.4GeV » We used BBC and ZDC based on
-~ 0.5<p_<5.0GeV/c, mi<1 *' event plane resolution.
- +A (BBC) +4A (BBC)
-~ OA(ZDC) OA (zDC) \ il » Polarization may increase in more
— STAR preliminary RO peripheral collision.
1—+ N ’ﬁ 1/ peripheral
F [ %ﬁ # ro oIl GD
+ nnnnn ) o I S — 11— - 01 Jiang et al,PRC94 044910(2016)
- _ M
z_ ‘_"g 1 ' AMPT model
E_\ Na B N _/ — q/ﬁ.
: BBC ZDC 2 00a]

llllllllllllllll[ll'lJlllllIllllIllll

-2

10 20 30 40 50 60 70 80
centrality[ %]

o 2 4 & 8

@ Time (fm/c)
—
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Kosuke Okubo, Workshop on the QCD Phase Structure, CCNU, Nov, 2019



U
-]

dependence of PH 12

!%4[%]
oo W

300/0-700/0, |T'||<1

ZDCE+W l » One might expected...

WA
- decrease at low p; due to smearing

effect caused by scattering at the

H‘L % {.y later stage of the collisions.
U7l - decrease at high o due to jet
______ fragmentation.

J.Adam, et al, PRC98 14910(2018)

STAR preliminary
| » No significant p ; dependence.

|
7

1 2 3 4 5
pT[GeV/c_
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n dependence of PH 12

W.-T.Deng and X.-G Huang:C93,064907

< Of
S, [ 30%70%0.15<p <5.0 GeVic
-2.5-  zpcE+wW *A
2:_ STAR preliminary %A i
E 1] <
1.5 *
S e
0.5 E(__ E’ » The vorticity is expected decrease at
O—@ __________________________ large rapidity.
] = PH |s also expected depending on
-0.50 rapidity.
_11_ l l l l | l l l l | l l l l | l l l l | . o
—1 -0.5 0 0.5 1 » The result does not show significant

N

n dependence.
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Summary 14

+We presented first measurement of A global polarization in Au+Au
collisions at /snn = 54.4 GeV.

» Positive polarization is observed.

» The result agree with model calculations and follows global trend of
the energy dependence.

» No significant difference between A and A.

» There are no observable n and p;, dependence.
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Back up



Data set 6

Data set
» Au+Au /5y = 54.4 GeV

* Run 17 minimum bias

- Trigger ID : 580021
« Events ~ 570M(after event cut)

Event select
* |V,| <40 cm

*|V.]I<2cm

* |V, = VP <3 cm
Track cut

* Inl <1

*0.15 <pr<5GeV/c

- nHitsFit > 15

« nHitsFit/nHitsPoss > 0.52
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Systematic uncertainty 17

+Estimate systematic uncertainty

» Methods of the signal extraction : ~12%

» Background Px assumption in the invariant mass method : ~20%

» Uncertainty from the decay parameter : ~2.0% for A, ~9.6% for anti-A

v Also, the following studies were done to check if there is no
experimental effect

» Different time period during the data taking

» Cumulant effect
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Extract the signal 18

+Invariant mass method

» The data was fitted with the following equation Ajp =W Cb*
— 1 —
(SIn(AD)"™ = (1 = [P2(M,, ) (SIn(AP))% + [4(M,,, ) (sin(A))"® ’ B
g b
010 e FPM,,,) = FME9) (M)
R0 A P 180% | K T
= ﬂ = H { I
.E 0.4 i E 0.4j‘ 1T 1
Vool ||| | V o2l 1 -
0L 1‘1”’/;* e I i e ’ 0(2,5“* e L Jﬂi// i;___ """" (sin(A¢))*$=0
o211 L 4 0.2 I 1 N
_0.4; T + ﬂ | -0.4 | W € <Sin(A¢)>Bg_ a mv+ﬂ
06 STAR preliminary 06~ T R preliminary
—0.§_“ o8l Ll
17405 141 1415 1. 12M1[1G2§>w;]13 81 1105 1.11 1.115 1.12Mi:v.[1G2:w(22.]13
+Event Plane method rof" A STAR preliminary A STAR preliminary
» Fitting with a sine function R
. 7.832: 5.018} /
po(1 + 2p; sin(¥; — 7)) 789 L
v The difference between two 7:: T
Methods was considered in the ...\ 30.40% | I
systematic uncertainty 7.899}3;11_x2mw1xw 111111111111 L S P BRI RSN
cb*[rad ¥, — ¢[rad]

*Tow methods was considered in uncertalnty estlmatlon
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Centrality dependence of Pnx 19

oof —5
> BBC ‘A o ! *A  ZDC
0'4:_ B o CLI4:_

_ L 4 B +A

3- A 3 A

2— ] of- ! E

1;E H el 1 ] Hﬁ §$ 4

_____ dﬂ*@g + | Jﬁ

|

_o -

- STAR preliminary - - i STAR preliminary

_3:|||||||||||||||||||||||||||||||||||| | _3(;" e b b B b B B |
O 10 20 30 40 50 60 70 80 10 20 30 40 50 60 _70 80

centrality[% centrality[%]

© @D
» Polarization might increase from central to peripheral collision.
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pr and ndependence of PH using BBC 20

—  3r — — 3
s,  10%-50%, i< S~ [ 10%-50%, 0.15<p_<5.0 GeV/c
2.5 0o [ !
O 2.0 BBC E+W *A 2.9  BBCE+W *A
2:_ STAR preliminary A - - YA
- - STAR preliminary u
L 2_
1.5F T -
- 1.5
1= il I
S s |
0.5" ‘ i : ,{;y |
- I l 0.5
e 1
0.5 Al O:_ """ T Elﬂ_' """""""""""
= |l 05"
_ :I | | | | | | [ | | [ | | | | | | | | | [ I_' | | | | | | | | | | | | | | | | | | | |
% 1 2 3 4 5 - o5 0 0.5 :
pT[GeV/c_ N

» We observed no dependence on prand n.
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J.Adams,QM2019

21
J/Snn dependence of Py

* AMPT shows decrease in — —— ———— -
Py with increasing +/syn 1 ——— AMPT, primary A -
e Previ tudi Q_.E . ——— AMPT, all A -
revious studies across 250 o  Nafure. 2017 c
broad range of /SN (] + Phys. Rev. C, 2018 ]
suggest this trend (2 ’E | * FwsumSrQey | s
. . ) [~ U This study, 54.4 GeV 7]
* These studies agree with o N N E
this trend = ‘f& $ ’ -
n AN -
* Recent high-statistics run 0sF anea ‘;t_v% i
D — Au+Au I S b | ]
at 19 GeV, 14.5, and 3 GeV "E " STAR preliminary g
will be useful Ho- - L —

10 10°

1Y. Jiang, et. al., Phys. Rev, vol. C94, no. 4, p. 044910, 2016 P
2 STAR, Nature 548 (2017) 62548 \ SNN (GCV)
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* We observe Py
increasing with
centrality

* 54 GeV study uses
BBC and ZDC based on

Rg,) (centrality)

Py [7]

* This trend previously
suggested by study at
200 GeV (1)

IIII]TTIT]ITTI]

|

T T TTYTYTTYTT T T TTTYTYTYTTTYTTTYTTTTTTTTTTYTTTYTTYTY

Au+Auat /sy = 27 GeV
04< p,<3GeV/c,|n<1
STAR preliminary

JSCVRCWCT VWV N0 VT W e .

0

10 20 30 40 50 60 70 80

Centrality [%)

P, [%)

J.Adams,QM2019 50

STAR Au+Au |s,,, = 54.4GeV
0.5<p_<5.0 GeV/c, nj<t
+A (BBC) 4A (BBC)

A (ZDC) A (ZDC)
STAR preliminary

-1.5 BBC ZDC

™ 10 20 30 40 50 60 70 80
centrality[%)]

I STARAu+Au|s,,, =200 GeV

nj<1,0 5<p'<6 GeVic

a8

Centrality [%)
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J.Adams,QM2019

23
pr dependence of Py
* We see no o 145 = F 3; 30%-70%, nj<1
dependenceonprat = - Ja25 meew
27 or 54.4 GeV " T E ERP ;
* Enough statistics to 0.8 3 15
say Py flat in range 0.6 1 £ gl& 4
0.5 < PT < 1.75 GeV ().45— —E 0‘55 1
* If Py drops at low py 0.2F- =
due to scattering or o 3 _os
high pr due to jet ~0.2 15 7506 contloy. 1 < 1 3 _{ STARpretminan
fragmentation, it 0.4 | STARpreliminary = -
must be outside this 05 1 15 2 25 3 % 1 2 3 p“[GeV,C]é
pr range p.. (GeV)

30
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24
< 3
&, [ 30%70% 0.15<p <5.0 GeVic
dependence of P 28 e
H 2 STAR preliminary \
- 544Gev | -
1.5 | '
1 ‘
* We see no dependence < 14f = I | I
. ° o = = 0.5 ] *
onn with our statistics =— ¢ =
o T — :
and acceptance oy B =
» Consistent with study 0.sE- 1 9
at 200 GeV (! F B Y- S 0.5 '1
0.6— — n
0.4 - E ::o-; STAR Au+Au |5, = 200 GeV
0.2 = 20%-60%, 0.5<p_<6 GeVic
0F = .a
—  AutAuat Syy = 27 GeV - =
-0.2 — 15-75% centrality, 0.4 < p; < 3 GeV/c = asl
04 :__ STAR preliminary _3

-
—<
-

205 0 05

|
—_—
[

=

! STAR, Phys. Rev. C 98 (2018) 14910
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