Experimental overview of spin polarization signatures
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Important features in non-central heavy-ion collisions
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Global polarization

particle

1. Niida, ECT™* Spin/hydro in HI 2020

¥ » Impact parameter

antiparticle

/

to particle spin

/Z.-T. Liang and X.-N. Wang, PRL94, 102301 (2005)
S. Voloshin, nucl-th/0410089 (2004)

aOrbital angular momentum is transferred

o Particles’ and anti-particles’ spins are aligned
along angular momentum, L

aMagnetic field align particle’s spin

o Particles’ and antiparticles’ spins are aligned in
opposite direction along B due to the opposite

sign of magnetic m

Produced particles will be "global

oment

y” polarized along L and B.

B might be studied by particle-an’

1particle ditference.



How to measure the po

larization?

Parity-violating weak decay of hyperons (“self-analyzing”)

AN—=p+n—
Daughter baryon is preferentially emitted in the direction (BR:63.9%, cT~7.9 cm)
of hyperon’s spin (opposite for anti-particle) - 0
AN — P
P
x 1 + a Py cos 6* A
d cos 6*
,l
PH: hyperon polarization - /'
6 " polar angle of daughter relative to the polarization direction ¥/
IN hyperon rest frame
aH. hyperon decay parameter dN S|Ope=OlHPH

dcos6
Note: an for A recently updated (BESIII and CLAS)

ap=0.732+0.014, aar=-0.7/58+0.012
P.A. Zyla et al. (PDG), Prog.Theor.Exp.Phys.2020.083CO01

* All plots in this talk are based on an=-ar=0.64+0.013
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How to measure the “g

lobal” polarization?

“glopal™ polarization : spin alignment along the initial angular momentum

- : £y, IIHHHHHII
Projection onto the transverse plane Kol bt

L

Angular momentum direction can be determined by

beam direction (z) spectator deflection (spectators deflect outwards)
S. Voloshin and TN, PRC94.021901 (R)(2016)

g o - *
.\@QQ} Y P — 3 <SII1(\:[11 - ¢p)> W1: azimuthal angle of b
H — RGS(\I]l) dp: ¢ of daughter proton in A rest frame

STAR, PRC76, 024915 (2007)

TAOH
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Signal extraction with A hyperons

014910 (2018)

negative for anti-A
g — — 0

1o «10° STAR, PRC98,
A STAR 10%-80% 405— A Au+Au 200 GeV
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Feed-down effect

o0 ~60% of measured A are feed-down from 2*—Amw, 20>Ay, =— AT

a Polarization of parent particle R Is transferred to its daughter A
(Polarization transfer could be negative!)

CaRr : coefficient of spin transfer from parent R to A
SR : parent particle’s spin

k * 1 _ . .
SA — CSR (S,) S(5 + )(w X EB) fAR .fractlon. of A originating 1.:rom parent R
3 UR : magnhetic moment of particle R

S

_ _—1
e 2> (farCar — 5fsor Csor) Sr(Sk+1) 5> (farCar — 5fsor Csor) (Sr+ 1) i pjneas
R R A
\ B./T ) 3 % (faz Car — 5/s05 Osog) Se(Sg+1) 3 2 (far Car — 5f505 o) (Sg+ 1) pg \ PR /
C B R _
Becattini, Karpenko, Lisa, Upsal, and Voloshin, PRC95.054902 (2017)

Decay C
Parity conserving: 127 — 1/2% 0~ —1/3 Primary A\ polarization will be diluted by 15%-20%
Parity conserving: /2~ — 1/27 0~ 1
Parity conserving: 3/2* — 1% 0~ 1/3 (mOde|-depeﬂdent)
Parity-conserving: 3/2= — 12t 0~ —1/5 _ _ ] ]
= At 0900 This also suggests that the polarization ot daughter particles
= —> T .
50> A+y ~173 can be used to measure the polarization of its parent! e.g. =, Q
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Global polarization measurement in Au+Au collisions
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First paper from STAR in

2007

PHYSICAL REVIEW C 76, 024915 (2007)

Au+Au collisions at \/snn = 62.4 and 200 GeV in 2004

with very limited statistics (~9M events)

III. CONCLUSION

The A and A hyperon global polarization has been
measured 1in Au+Au collisions at center-of-mass energies

Jsyny = 62.4 and 200 GeV with the STAR detector at RHIC.

An upper limit of | P, 7| < 0.02 for the global polarization of
| 11— A and A hyperons within the STAR detector acceptance is
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Results were consistent with zero..., giving an upper limit of Ph<2%



First observation in BES-

STAR, Nature 548, 62 (2017)

[T — T _ Positive polarization signal at lower energies!
X D Au+Au 20-50% - Pn looks to Increase in lower energies
— 8 *x ﬁth!S study N Becattini, Karpenko, Lisa, Upsal, and Voloshin,
\@5 i ® A this study i " 53 PRC85.054902 (2017)
4 A PRC76 024915 (2007) Py ~ | LA
6 O A PRC76 024915 (2007) 21 I w = (Ppn + Px)kgT/h
i ) 1 w B
PR~ 57 S /} ~ 0.02-0.09 fm ™"
4 — - 22 —1
~ 0.0-2.7 x 10°“s
i m — ua: /A magnetic moment
2 - — ) : ' | T: temperature at thermal equilibrium
D& $$ # o The most vortical fluid! o160 Mo
0 Hint of the difference between A and anti-A Py
- o T - - Effect of the initial magnetic field” (discuss later)

'Sy (GeV)
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Precise measurements at

STAR, PRC98, 014910 (2018)

P, [%]

Nature548.62 (2017)
- oA OA
i Q PRC76.024915 (2007)
+ A A
this analysis
*A WA
\~:ﬁ§7
-+
—— primary - - - primary+feed-down
- AMPT, A
= primary primary+feed-down
R BN ﬁ L
10 10°
sy [GeV]
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Vsnn = 200 GeV

Confirmed energy dependence with new results at 200 GeV

- >50 significance utilizing 1.5B events

- partly due to stronger shear flow structure in lower /snn
because of baryon stopping

Pr(A) [%] = 0.277 £ 0.040(stat) =9 015 (sys)
P (A) [%] = 0.240 4 0.045(stat) 90z (sys)

Theoretical models can describe the data well

. Karpenko and F. Becattini, EPJC(2017)77:213, UrQMD+VvHLLE
H. Li et al., PRC96, 054908 (2017), AMPT

Y. Sun and C.-M. Ko, PRC96, 024906 (2017), CKE

Y. Xie et al., PRC95, 031901(R) (2017), PICR

D.-X. Wel et al.,, PRC99, 014905 (2019), AMPT
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ALICE, PRC101.044011 (2020)

Its F. Kornas (HADES), SQM2019
| J. Adams, K. Okubo (STAR), QM2019

Collection of recent resu

Nature548.62 (2017)
oA O A ALICE Pb+Pb 15-50%

i PROTG02S1S QoY)+ i « ALICE at2.76 and 5.02 TeV

HADES prelim. Au+Au 10-40%

B PRC98.014910 (2018) A o ExpeC':ed Signal IS of the order of

A wA current statistical uncertainty

5L STAR prelim. 27 GeV, 54.4 GeV
*A OR

- e HADES at 2.4 GeV

i UrQMDSVHLLE. A e still preliminary

— primary - - primary-+feed-down * hopetully reduce systematic uncertainty

ﬂ STAR Au+Au 20%-50%

P, [%]

AMPT, A
primary primary+feed-down

* Preliminary of STAR at 27 and 54.4 GeV

1 10 102 10°
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ALICE, PRC101.044011 (2020)

Collection of recent results F. Kornas (HADES), SQM2018

J. Adams, K. Okubo (STAR), QM2019

'0\_0' STAR Au+Au 20%-50%
— L Nature548.62 (2017) | | o o
- oA oA ALICE Pb+Pb 15-50% kKinematic vorticity thermal vorticity
u PRC76.024915 (2007) +A A 0.12F 0.18F -
+ A A - Au+Au & b=5.0 fm 0.16F  Au+Au o~ b=5.0 fm
HADES prelim. Au+Au 10-40% 0.1 0.14F
i PRC98.014910 (2018) R b ~e-b=8.0 fm o3 -~ b=8.0 fm
xA A E 0'085 ~b=100fm |~ o1& ~ b=10.0 fm
5L STAR prelim. 27 GeV, 54.4 GeV - 0-06p £ 0_085_
¢ OA = 0.04fF 0.06f
5 o o | 004F
i O02 N Y
5 3 4567 10 208040 Oy 3 5 454770 20 3040
i LEEArPr;-;E/LI: E- :)\rimary+feed-down Sy (GeV) Syun (GeV)
AMPT, A
primary primary+feed-down B . .
—nergy dependence of kinematic and
thermal vorticity with UrQMD
_______________________ &2 X.-G. Deng et al., PRC101.064908 (2020)
B | | IIIIII| | | IIIIII| | | IIIIII| | [ 1 1 1 _
1 10 102 10° ADES: 2.0-2.4 GeV
covered by HADES /Snn [GeV] R FXT: 3-7.7 GeV

v W

A
and STAR FXT+BES-II AR BES-II: 7.7-19 GeV
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A possible probe of B-fie

Id

Becattini, Karpenko, Lisa, Upsal, and Voloshin,
PRC95.054902 (2017)

QM17, I. Upsal (STAR)

Vi B 2 [
AN — 2 Tl ! T I I_|:|':| @ this EtUd}l’
lw' B : < 10~ O PRC76 024915 (2007)
[
PR =~ 57" T : Ez_z " STAR preliminary
e 5 |-
ua: /A magnetic moment i
[i]' # |+:| 1®]
B = (PA — PA)]CBT//LN Ot E+] """"""""""""""" D‘L
13 —— A R
5.0 x 10*° [Tesla) 10 10

nuclear magneton pun = -0.613pa

ISy (GeV)

McLerran and Skokov, Nucl. Phys. A929, 184 (2014)
~e 10

eB/m

1

0.1

0.01

0.001

0.0001

107

Lr upper limit from APy

Conductivity increases lifetime.

e B-field at freeze-out could be probed by A-antiA splitting

e Currer

* But the splitting could be also due to other effect

1. Niida, ECT™* Spin/hydro in HI 2020

t results are consistent with zero (excep

7.7 GeV)

S...
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Need caution for the interpretation

* |nitial magnetic field

o Effect of chemical potential (expected to be small)
R. Fang et al.,, PRC94, 024904 (2016)

* Rotating charged fluid produces B-field with longer lifetime
X. Guo, J. Liao, and E. Wang, PRC99.021901(R) (2019)

e Spin interaction with the meson field generated by the baryon current
L. Csernai, J. Kapusta, and T. Welle, PRC99.021901(R) (2019)

e Ditferent space time distributions and freeze-out of A and anti/\
O. Vitiuk, L.Bravina, E. Zabrodin, PLB803(2020)135298

PRC99.021901(R) (2019)

010 ———— — _
: l (b) :
: ) 0.08} .
| 0.06
I T Qf i
[ 8| | O‘O4f
6 <
, | i 0.02;
' | 2 I 0.00 - . _
0%\ ! R R = 0.0/ | R R = 0.00| ! A R - !
10 20 50 100 200 10 20 50 100 200 10 20 50 100 200 Y | L
Ve (GeV) Ve (GeV) Vsnn (GeV) ' 10! 102
. S GeV
X. Guo, J. Liao, and E. Wang, PRC99.021901(R) (2019) Ve (GeV)
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Differential measurements: centrality

STAR, PRC98, 014910 (2018)

X
T T STARAuA s, = 200 GeV
Inl<1, O.5<pT<6 GeV/c
i * A
K|
- %A ) I |
0.5 |
B ; k

80

Centrality [%]

3 STAR, QM19
X | STAR Au+Au \s, = 54.4GeV X
n2.51 0.5<p _<5.0 GeVic, i< 2.5
of +A (BBC) +A (BBC) a¥
A (ZDC) OA (zDC) A 2
1'5;_ STAR preliminary || |
1] . 0 1.5
0 5Ef ; + : 1
RN i 1
0':“ + R
0.5 0.5
-1 | 0
s T T T v
s BBC ZDC
S b b b b b b a biaag
"0 10 20 30 40 50 60 70 80

centrality[%]

STAR, QM2

—
—
-
—
—
—

Au+Au at /sy = 27 GeV
04< p;<3GeV/c | <1
STAR preliminary

|||I|I||||I|

|||I||||||I|

[TTTTTTT
——

|||||III||||II

NN

|
|

0 10 20 30 40 50 60 70 80
Centrality [%]

NN 200 GeV

54 GeV

27 GeV

In most central collision = no initial angular momentum

T
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S;

ne polarization decreases in more central collisions.
milar trend was confirmed at lower energies.
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STAR, PRC98, 014910 (2018)

Differential measuremen

[S: pr

T | STARAu+Au s = 200 GeV - Naive expectation of smaller Py due to
aT L 20%-60%, <1 scattering at low pr, fragmented at high pr
i - No clear pr dependence with current precision
i hydro, primary A
*A — UrQMD IC

i A - --Glauber+tilt IC . 3 STAR, QM19
- X TE 30%-70%, <1 — 4= =
2.5  ZDCE+W X = -
0.5 _ - *A 1.2— —
I ] 2- A D_‘m - n =
N ‘ l - 1: =
T (AL 1.9 IR - - ]
BLR 1y BBy [
I ' | 0.5; H\h I 0.42 ? | i
RS | S | N 0.2F —
T ST g 05 o T ——
| _15_ STAR preliminary u —0.2 ;_ é5-75% clgnt.lr\‘]zl;]lity |n| <1 _;
B g 0.4 I:_ TAR f)re 1m1naTy | | _:
o S R —— R e A W v
pT[GeV/C_ G V)

P_ [GeV/c] pT( e
T I . T ——
SN 200 GeV 54 GeV 27 GeV
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Differential measurements: azimuthal angle

out-of-plane F. Becattini and M. Lisa, arXiv:2003.03640
I5F" Sn oSN
| _ - O e
3 l 2.0-107° — - - 19.6 GeV Y| <11
= 2 — ul 1510'3 . _———62.4Ge,\f\\
> (1) L0108 2 2T
in-plane 2 -+ 5.010™ o 7L
S0 | "4 0.0-10° e SN
— — 3 — -5.0-10™ - R ™.
o - - g L1 | 3 0 b
— 6L STAR preliminary Au+Au 200GeV -1.0-10 05 1.0 1.5 2.0 25
0 L ] 4-32-1012 34 )
T & 20-50% p, [GeV/c]
: and A combine . Karpenko and F. Becattini, EPJC(2017)77.213
<Pp> [ — — — % . . D. Wei, W. Deng, and X. Huang, PRC99.014905 (2019)
0.2 H. Wu et al., PR.Research1.033058 (2019)
e e - The data shows larger polarization in in-plane, while
i many models predict the opposite, I.e. larger in out-of-plane
- in- +-—) -of-p!
ool M-plane =~ <«————F out-of-nlane _ Npot fully understood yet
0 0.5 1 1.5

¢ — ¥ |rad]
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Differential measurements: charge asymmetry

STAR, PRC98, 014910 (2018) Chiral Separation Effect J5 o< e, B
X | STAR Au+Au |[s, = 200 GeV 20%-60% 5 . 3 J | |
D_I - Inl«1, O.5<pT<6 GeV/c KA HA @3 %) ‘Dﬁ B—fleld ; s?n 15

i o RH
| Sa 4D
’ ® (R ()f}) * §‘ ﬁ
1 G b
G| 50 w0 w# 0

B-field + massless quarks + non-zero yy = axial current Js

O_ __________________________________________________________________________
i slope + stat.uncert. + syst.uncert. a Ach dependence observed
_ ﬁ: 0-097 = 0.041 0.043 [7] - Slopes of A and anti-/\ seem to be opposite (~2 0 level)
- A: -0.112 = 0.045 = 0.102 [%)]
e 0 0 Possible contribution from axial charge or
observed A, /o, o Quark vector chemical potential may explain the data
1y /T (N —N_) — A, Sun and Ko, INT20-1-c
\% <N__ —|—N_> C
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Global spin alignment of vector mesons

) Species K0 P
Angular distribution of the decay products can be written Quark content | ds SS
with spin density matrix
P y Pnn. Mass (MeV/c2) | 896 1020
dN o1 o L
- o« poolYiol* +p1alY1-1° + o1 —11Y1.117 o poo cos” 0" + =(p11 + p-1.-1)sin” 6 Lifelime 4 45
dcosf 2 (fm/c)
o< (1 —=p00)+ Bpoo— 1) cos’ 6 Spin (JP) 1- 1-
Q Decays Kt KK
Lo = (cos[2(¢, — Trr)])
3 Branching ratio | ~100% 66%
Deviation from 1/3 in poo indicates spin alignment. Theoretical expectation for poo
sign of the polarization cannot be determined. \orticity
Therefore it's called “spin alignment measurement” - ,
rather than “polarization measurement” recombination | poo < 1/3
| 1/3
/.-T. Liang and X.-N. Wang, PRL94.102301(2005) fragmentaﬂon Poo > /
(for neutral vector mesons)

Ooo depends on hadronization process
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Results from LHC and R

HIC

ALICE, PRL125.012301 (2020)

Event plane
0.5F .~

pOO

0.1F

Event plane ALICE

K°e0.8 < p <12 (GeV/c) 1T ¢ ly| <0.5

04F  ©3.0=p <5.0(GeVic) +
O W T B
0.2F * H ﬂ__ ﬂ H%

©0.5<p <07 GeV/c)
3.0 < p_< 5.0 (GeV/c)

<Npart>

| | | | | |
0 100 200 300 0 100 200 300

<Npart>

STAR, QM18, QM19
| STAR Preliminary TPC-EP
Au+Au, 1.0 < p.< 1.5 GeV/c * 54.4 GeV 0.36
1 ® 200 GeV
...... é 0.34

alLarge deviation from 1/3, which cannot be explained by the vorticity picture

poo = 1/[3 + (w/T)*].

o [he deviation In opposite way between:

o K* and ¢ at
o HC and RH

1. Niida, ECT™* Spin/hydro in HI 2020

RHIC

C for ¢

* S L IR TR TS O TR PPN vors SRURRRURRTR
a0 | : ﬁ
T 0.32H
i $ % STAR Preliminary
0.25— © % 0.30H Au+Au 200 GeV, 1.2 <p_<5.4 GeV/c
ar e ZDC EP
0 00 200 300 0 100 200 300 40
< Npart > < Npart >
Mean tield of ® meson may play a role”

Does it change from

RHIC to

_HC only for ¢7?

X. Sheng, L. Oliva, and Q. Wang, PRD101.096005(2020)
X. Sheng, Q.Wang, and X. Wang, PRD102.056013 (2020)
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Local vorticity

Vortex induced by et Local vorticity induced by collective flow

: flow velocity e (GeV/fm?) 10 &1 =(0F, ) ! (GeV)

x 1072

0.5

0.0

NN

A

/
4
b
{
t
)
/
”

\.‘-"\

~
”
/
/
f‘
3
/7
/7
/
/

—-0.5

Y. Tachibana and T. Hirano, NPA904-905 (2013) 1023 L.-G. Pang, H. Peterson, Q. Wang, and X.-N. Wang, PRL117, 192301 (2016)

B. Betz, M. Gyulassy, and G. Torrieri, PRC76.044901 (2007) K Becattihi and |. Karpenko, PRL120.012302 (2018)
S. Voloshin, EPJ Web Conf.171, 07002 (2018)

X.-L. Xia et al., PRC98.024905 (2018)
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Polarization along the beam direction

S. Voloshin, SQM2017
F. Becattini and I. Karpenko, PRL120.012302 (2018)

dN 1 "
17~ ap L TP Py
dN
(cos ) = / —or 008 0,d<Y"
= an P.((cos0)%)

b (cos07)

7 an((cos6%)?)

3(cos 0’
S — <COS b > (if perfect detector)

aH. hyperon decay parameter
6. 6 of daughter proton in A rest frame

Stronger flow in in-plane than in out-of-plane
could make local vorticity along beam axis, thus polarization
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Polarization along the beam direction

STAR, PRL123.13201 (2019)

0.001
" STAR  Au+Au \s, =200 GeV
N 20%-60%
0.0005

(cos(® *)™*

-0.0005

fit: p0+2p1sin(2¢-2‘1’2)
*A p. =0.016+0.003 [%

—-0.001

%A P, =0.015+0.003 [%;
I
0

1 2 3

P, o {(cos0)) ¢-', [rad]
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0 Sine structure as expected from the elliptic flow

0 Some models cannot describe the sign but some can
do. Note that they reasonably describe “global” Ph.

- F. Becattini and I. Karpenko, PRL.120.012302 (2018)

- X. Xia et al., PRC98.024905 (2018)

- Y. Sun and C.-M. Ko, PRC99, 011903(R) (2019)

- Y. Xie, D. Wang, and L. P. Csernai, Eur. Phys. J. C (2020) 80:39
- W. Florkowski et al., Phys. Rev. C 100, 054907 (2019)

- H.-Z. Wu et al.,, Phys. Rev. Research 1, 033058 (2019)

fY

OK
JES Vel
e
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Disagreement in P; sign

Hydrodynamic model
PZI, \/m: 290 GeIV RI-IIIC

| Koo AMPT, Au+Au 200 GeV 20-50%
_ | Mo.00s 0.0 (P,)
0.004 0.01

-0.004  _g 1
~0.012 ! ! . .

—0.008 —0.02
|
0 /2 nm 3m/2 21

Opposite sign

- UrQMD IC + hydrodynamic model
F. Becattini and |. Karpenko, PRL.120.012302 (2018)

- AMPT
X. Xia, H. Li, Z. Tang, Q. Wang, PRC98.024905 (2018)

S . e dp
ame sign 0. GeVic
- Chiral kinetic approach
Y. Sun and C.-M. Ko, PRC99, 011903(R) (2019) Chiral kinetic approach PICR model
_ _ _ Au+Au @ 200 GeV, 30-40% . o(Pu:P))
- High resolution (3+1)D PICR hydrodynamic model g <t 3 !
Y. Xie, D. Wang, and L. P. Csernai, EPJC80.39 (2020) _ o |y|<2 X 2
- Blast-wave model o 4_'.:"-:, RIS s ;\Js/ M}s/\/,
S. Voloshin, EPJ Web Conf.171, 07002 (2018), STAR, PRL123.1320]1 oopt o, o N R MU Y i S
“~N | JPRL ILL - SN
Partly (one of component showing the same sign) T 4 o o' ’ //ﬁ
- Glauber/AMPT IC + (3+1)D viscous hydrodynamics -sdpo'a”zagon O-fq“j”ks- : o -
H.-Z. Wu et al., Phys. Rev. Research 1, 033058 (2019) ¢ -, Ge)

- Thermal model

W. Florkowski et al., Phys. Rev. C 100, 054907 (2019) Incomplete thermal equilibrium of spin degree of freedom?
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prand centrality dependence of P modulation

: STAR, PRL123.13201 (2019)
BW parameters obtained with HBT: STAR, PRC71.044906 (2005)

S T STARAuAG S =200 GeV

= [ 20%60% * Estimate with Blast-wave model

% o.4—_f_ ﬁ;dxro (x 0.2) 20%-50% - - Calculate vorticity using the freeze-out parameters

§ | — BW (spectra+v ) 20%-60% extracted from the fits to spectra, v, and HBT

£ |7 BW(spectra+v +HBT) 20%-80%, - Convert the vorticity to polarization: P» ~ w./(2T)
o™ 020 L — s ey

~ B i [ dos [ rdr I(aw) Ki (By)w: sin(2¢s)

(w2 sin(2¢)) = [ ds [ rdrIo(ow) Ki(B)

T . — 1 8uy Oug
i [Tl Z T 9
_ 2 \ Ox oy )

- ui: local flow velocity
-0.2]~ ®s: azimuthal angle of the source element

0 1 2 3 4 dp: boost angle perpendicular to the elliptical subshell

p_ [GeV/c]
o No strong pr dependence but a hint of drop-off at pr<1 GeV/c

1. Niida, ECT™* Spin/hydro in HI 2020 29



prand centrality dependence of Pz modulation

STAR, PRL123.13201 (2019)

BW parameters obtained with HBT: STAR, PRC71.044906 (2005)
0.6 1

X | STARAu+Au |s, =200 GeV 2 | sTAR
A~ - 20%-60% A~ _
~ | 2 ~ | AutAu sy, =200 GeV
N ---hydro (x 0.2) 20%-50% & * | A+A N o
Y | BW (spectra+v ) 20%-60% N L AMPT (x 0.2)
% % 057 ___ Bw (spectra+v ) ,L It
o' N o’ v " .- BW (spectra+v +HBT) 7
| | | | | | | | | | | | | | | |
0 20 40 60 80
p_ [GeV/c] Centrality [%]

a No strong pr dependence but a hint of drop-off at pr<1 GeV/c
o Strong centrality dependence as in vo

o Blast-Wave model as a simple estimate for kinematic vorticity can describe the data
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Experimental outlook

W.-T. Deng and X.-G. Huang, PRC93.064907 (2016)

[ nnazosmn
_ Y|<1 —m—A&A |
o STAR .l D
o High statistics data of BES-Il 7.7-19.6 GeV and FXT 3-7.7 GeV ;\2 B
2+ W-mg ko
o Isobaric collision data (Ru+Ru, Zr+Zr), ~10% difference in B-field | '--~.-=:;:*I*\
'\l\;
o Global polarization of multi-strangeness (= and (1) ° """ i
o Forward upgrade in Run-2023 N Vs, (GGQ/O)O
STAR BUR2020
o ALICE/CMS/ATLAS e L
B + Z4E,
o Global/local pOIarizatiOnS at 5.02 TeV in LHC Run3 T e A geometrio model ol
o LI e
o HADES S
o 05—
oMeasurements at lowest energies (2-2.4 GeV) I @ % % -
. - i T "
o Future experiments at FAIR/NICA/JPARC I PP S S S
- . ctriees o
0 2 4
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Towards = and () polarization measurements

Getting difficult due to smaller decay parameter for =z and Q...
apn = 0.732, az- = —0.401, an- = 0.0157

Polarization of daughter A in a weak decay of = (spin 1/2):

(based on Lee-Yang formula) Several questions arise:
pr — (a= + Pz - PR)P) + B=Pz X Pj +7=Py < (P2 X P - What about for different spin and maghetic moments?
1 + a=P% - pi ) - Should A from = have different polarization?
P} = Cz- APz = 5 (1 +272) Pz if = is produced at different time?
Cep = 40927, o* + 3% +~° =1 - What is the polarization transfer of 1?

- P=" and daughter PA* are measured in different frames.

Similarly, daughter A polarization from Q (spin 3/2): Are they different?

Py = Cqo-APq = 5 (1 +410) Py Also, measuring = and (2 are very challenging in terms of

Yo is unknown. statistics...

Time-reversal violation parameter 3 would be small,
the polarization transfer Caoawould be: (dN/dy)a ~ 0.1(dN/dy)=- ~ 0.01(dN/dy)q- (200 GeV)
STAR, PRC108.072301
Cor ~ +1 or — 0.6

New results will come soon!
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Summary

o Global polarization of A has been observed at vVsnn= 7.7-200 GeV

o Most vortical fluid (w~1021 s-1) created In heavy-ion collisions

o Energy dependence, increasing in lower vsnn, is captured well by theoretical models

o A-anti/A splitti

o Azimuthal ang

Nng I1s not significant

e dependence Is not fully understood yet

o Global spin alignment shows larger deviation from 1/3

o ¢ meson field may explain this large deviation?
o Different trend between RHIC and LHC ¢ or between ¢ and K* at RHIC

o Polarization along the beam direction has been observed at vsnn= 200 GeV

o Qualitatively consistent with a picture of the elliptic flow

o Agreement/disagreement among the data and theoretical calculations in the sign

1. Niida, ECT™* Spin/hydro in HI 2020

There are still many open questions and more precise data are needed.
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Blast-wave model parameterization

 Hydro-inspired model parameterized with freeze-out condition

assuming the longitudinal boost invariance | |
B F Retiere and M. Lisa, PRC70.044907 (2004)
- Freeze-out temperature Ts

- Radial tlow rapidity po and its modulation pz ¢
- Source size Rx and Ry s

p(r, ¢s) = T[po + p2 cos(2¢y)] N 4\% event
Pl K plane
7 (r, ps) = \/(7“ cos ¢, )*/ Rz + (rsin ¢5)?/ R2
» (Calculate vorticity at the freeze-out using the parameters
extracted from spectra, vz, and HBT fit e e e e o e o i
(Ry > R). Arrows represent the direction and magnitude of the flow
i, < . (2¢)> fd¢s f,rdr IQ(Oét)Kl (5t)wz Sin(2¢b) boost. In this exampll)e, p,>0 [see Eq. (4)]. °
W, SIN =
[ dos [ rdr Io(o) K1 (B:) ds: azimuthal angle of the source element
1 (Ou, Ouy dn: boost angle perpendicular to the elliptical
Yz =5\ oy oy )’ subshell

u: local flow velocity, In, Kn: modified Bessel functions
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Estimate kinematic vorticity with the blast-wave model

S. Voloshin, SQM2017
EPJ Web Conf. 171, 07002 (2018)

R: reference source radius

pt. transverse flow velocity
Fmax = R[1 —a COS(2¢S)]9

Pt = Prmax P/ Tmax(@s) 11 + b cos(2hs)] = prmax(r/R)1 + (a + b) cos(2e;)].

Approximation of the kinetic vorticity in the blast-wave model:

W; = 1/2(V X V)Z ~ (pt,nmax/R)wnbn_Qn]-

T fl.}v‘\:.anisotropy

spatial anisotropy

Sine modulation of wzis expected with the factor (bn-an).
The sign could be negative depending on the relation of flow and spatial anisotropy.
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