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Heavy-ion collisions experiments

Early Universe

| The Phases of QCD
Future LHC Experniments

Main goals of heavy-ion collision experiments

o to understand and quantity the properties of
quark-gluon plasma (QGP)

o to map out QCD phase diagram

o
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©
S
=
kS,

- Critical Point search

- Signhatures of Ist-order phase transition

Cnitical Poind

Hadron Gas Col9r
Superconductor

Nucilear /
Matter Neutron Stars
-

900 MeV
Baryon Chemical Potential
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RHIC-STAR experiment
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Relativistic Heavy lon Collider (RHIC)

S 4\
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<dE/dx>(GeV/cm)

- in Brookhaven National Lab. (NY, USA) .
- 3.8 km in circumference T
-+/Snn = 7.7-200 GeV for A+A

species: p+p, p(d)+Au, He+Au, Cu+Cu, Cu+Au, A+Au...

Je

by Maria & Alex Schmah

Solenoidal Tracker At RHIC (STAR)

- Full azimuth and wide rapidity coverage

- Excellent particle identification
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o @ae ‘ final detected
Relativistic Heavy-Ion Collisions particle distributions

made by Chun Shen Kinetic
freeze-out

Hadronization
Initial energy
density

- ‘ '
)
collision '
pre- hydrodynamic expansion
| equilibrium +hadron rescattering free streaming !
T~0fm/c ~1fm/c ~ 10 fm/c ~ 1015 fm/c

Challenge here:
Extract the medium properties, determining unknown dynamics, by measuring finally produced particles



Important features in non-central heavy-ion collisions

o B L .
Strong magnetic field Orbital angular momentum
B~1013 T ¢ L=rxp
(eB ~m2 (T ~ 0.2 fm)) f ~ bA\/5y ~ 10°h
D. Kharzeev, L. MclLerran, and H. Warringa, < a _>\,/
Nucl.Phys.A803, 227 (2008 4 T ]
I\/Ich:(I:_erraynSand Skokov(, Nucl). Phys. A929, 184 (2014) “u L Z-1.Liang and X-N. Wang, PRL94, 102301 (2005

a
N

\\ 3
— :
reaction plane

— Chiral magnetic/vortical effects

typical magnet magnetar — Particle polarization
B~01-05T B~10"T
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Global polarization

¥  Impact parameter

.'n
".‘\"‘ .“"' ‘,'o .
. ”\ﬁ , ."‘-‘-.‘ﬂ .

.‘. A, B
& ¢ 'h-qa .:"Jr .-

-.‘a - ' . ...‘ " .
B~ Bl "

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

aOrbital angular momentum is transferred

RS % beam direction _ _
v 'r e - to particle spin
N 3 o Particles’ and anti-particles’ spins are aligned
1 1 0v, along angular momentum, L
wy = 5(Vxu)y~—5
2 2 Ox
particle ~ antiparticle 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 moment

SN < Produced particles will be “globally” polarized along L or B.
: B might be studied by particle-antiparticle difference.
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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

dcos0O

Note: an for A recently updated (BESIII and CLAS)
ar=0.732+0.014, ap=-0.758+0.012 PA. Zyla et al. (PDG), PTEP2020.083C01

* Published results are based on an=-ar=0.64+0.013, but they are 1 0 1
scaled by aola/anew When comparing to new results. B
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How to measure the “global” 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} d P — 3 <SII1(\:[11 o ¢p)> W1: azimuthal angle of b
H — RGS(\Pl) ¢ angle of daughter proton in A rest frame

STAR, PRC76, 024915 (2007)

TAH
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First paper from STAR in

2007

Global polarization measurement in Au+Au collisions

0.1

0.08
0.06
0.04
0.02

ay 0
-0.02
-0.04
-0.06
-0.08

PHYSICAL REVIEW C 76, 024915 (2007)

Au+Au collisions at y/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
Jsyvny = 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

- —@—

- ' —@—

8 o i

= e @— T —Cl— T

T

- @ A 200 GeV

— 0 A 62.4 GeV

_l | | | | | | | | | | | | | | | | | | | | | | | |
-0.1 1 05 0 0.5 1

A
T
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Results were consistent with zero..., giving an upper limit of Ph<2%



First observation in lower energies (2017)

S
— 8
S

6

STAR Nature 548 62 (2017)

I

[ |
Au+Au 20-50%
% A this study

@ A this study

¢ A PRC76 024915 (2007)
O A PRC76 024915 (2007) |
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Positive polari

Py loOKS to

> First observation 2

of fluid !ortices
formed by heavy-
ion collisions

CLIMATE CHANGE BOOKS
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IN lower energies
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Discover
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BNue

Evolutions 4
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The Fastest Fluid

by Sylvia Morrow

Superhot material spins
at an incredible rate.

... AND MORE!
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First observation in lower energies (2017)

STAR, Nature 548, 62 (2017)

[T

SRR
an

S

|
6 |

I *pased on oapn=-ap=0.64+0.013

Au+Au 20-50%
% A this study

@ A this study
4 A PRC76 024915 (2007)
O A PRC76 024915 (2007)

L

10

10°

|'Syy (GeV)

1. Niida, TCHoU Research Member Meeting 2020 Fall

Positive polarization signal at lower energies!
- Pn looks to Increase in lower energies

Becattini, Karpenko, Lisa, Upsal, and Voloshin,

1 B
Py ~ W | LA
21 ik
1 B
P3 ~ © _ HA
21 ik

- The most vortical fluid!

PRC95.054902 (2017)

w = (Py + P)kgT/h

~ 0.02-0.09 fm !
~ 0.6-2.7 x 10%%s~1

ua: A magnetic moment
T: temperature at thermal equilibrium

(T=160 MeV)

10



First observation in lower energies (2017)

STAR, Nature 548, 62 (2017) - . . . .
— T — T T Positive polarization signal at lower energies!

gé\ i D Au+Au 20-50% _ - Py looks to Increase in lower energies
— 8 * ﬁthfs study N Becattini, Karpenko, Lisa, Upsal, and Voloshin,
I@E I @ A this study _ 1 1 PRC95.054902 (2017)
A A PRC76 024915 (2007) Py ~ KA
6 O A PRC76 024915 (2007) 21 I w = (Ppn + PR)kgT/h
i _ lw upB
Py =~ ~ 0.02-0.09 fm "
Al B 2T T o 1
~ (0.6-2.7 x 10°“s
I m ) ua: A magnetic moment
2 — ) : ' | T: temperature at thermal equilibrium
D& it$ # o The most vortical fluid! =160 MeV)
O s Hint of the difference between A and anti-/A\ PH
' AT - - Effect of the initial magnetic field? (discussed later)
I [ 1 1 | I [ 1 1 | I g

10 10°

|'Syy (GeV)

1. Niida, TCHoU Research Member Meeting 2020 Fall 10



Precise measurements at

STAR, PRC98, 014910 (2018)

® 3
2 B Nature548.62 (2017)
T _
al - oA OA
i Q PRC76.024915 (2007)
+ A A
this analysis
*A WA
\~%
=
—— primary - - - primary+feed-down
- AMPT, A
= primary primary+feed-down
R BN ﬁ L
10 10°
" based on an=-ar=0.64+0.013 s\ [GeV]

1. Niida, TCHoU Research Member Meeting 2020 Fall

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 at lower ~/snn
because of baryon stopping

Pr(A) [%] = 0.277 £ 0.040(stat) =9 015 (sys)
P (A) [%] = 0.240 4 0.045(stat) 903z (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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Fastest vorticity

Great red spot of Jupiter (picture: NASA)
6/27, 2019 by Hubble Space Telescope

Ocean surface vorticity ~10°% s1
Jupiter’s great red spot ~104 s-1
Core of supercell tornado ~10-1 s-1

Rotating, heated soap bubbles ~107 s-1
Superfluid helium nano droplet ~106 s-7 /
Ocean surface vorticity

Matter In heavy IOI’) CO//IS[OnS ~1022 3'1 https://sos.noaa.gov/datasets/ocean-surface-vorticity/

vortex of soap bubble
T. Muel et al., Scientific Report 3, 3455 (2013)

' ROGERV

[l (o v |
Supercell in Oklahoma (2016) vortex aligned to x-ray beam in He droplets
http://www.silverliningtours.com/tag/tornado/page/3/ T. Muel et al., Scientific Report 3, 3455 (2013) bnl.gov/newsroom

Perfect liquid is the most vortical fluid

T. Niida, JPS2020 fall 12



Differential studies for better understanding

o Effect of initial magnetic field

» Any particle-antiparticle difference?
 Energy dependence in lower energy

e Discrepancy between data and models (“sign issues”)
» Azimuthal dependence of PH

» Local polarization along the beam direction

o Particle species dependence

» Different mass and spin

1. Niida, TCHoU Research Member Meeting 2020 Fall
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A possible probe of B-field

Becattini, Karpenko, Lisa, Upsal, and Voloshin, McLerran and Skokov, Nucl. Phys. A929, 184 (2014)
PRC95.054902 (2017) STA:%, QM17 - 0
" =N N = = = - ~
1 wn ,UAB : H_E___,?‘ Au+Au 20-50% CRE
PA ~ i I ' [ 0 o i
0 — this study 0.1
2 T' T 0 im'”] |
1 0 B s — O PRC76 024915 (2007) 0.01
P— ~ wl 'LLA [ o0 —
~ 0 ‘A 0.001
A 27" T _Z STAR preliminary
I = = = . -I 5 _ 0.0001
ua: /A magnetic moment i 1075
[:-] ? # |+:| X
1076
B = (Py — P5)T/(2un) — - R DL
1077
: : | T —1 0

~ 2 x 10" [T] S—

eB ~ 10~*m? S
APA~0.5%, T=160MeV

L= upper limit from APy

ay (GeV) Conductivity increases lifetime.

 Based on thermal model, B-field at kinetic freeze-out could be probed by A-antiA splitting
e Current results are consistent with zero (except 7.7 GeV)

* But the splitting could be also due to other effects...

1. Niida, TCHoU Research Member Meeting 2020 Fall 14



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)

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

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

0.10 T T T T

~ ‘ 1.5 T a : ) ]
ﬁ O ! | 0.08 ]
: | ; o 1.0:— * — ) 0.06
ﬁ f - ) _ ) _
ol < | 0.04f
| | S * - =
’ 6} 0.5 —] ol I
: | A s * * ] 0.02}
[ o i ] i
| 4 S | * _ _
=S N 0.0 % 0.00f .
"o 20 50 00 200 "0 20 50 ioo 200 R 501&, ------ ;57) -] = — —0.02L S
10 20 50 100 200 | 10! 102
Vw (GeV) Ve (GeV) Vs (GeV) JAnn (GeV)
\/ SNN (GeV)

X. Guo, J. Liao, and E. Wang, PRC99.021901(R) (2019) L. Csernai et al., PRC99.021901(R) (2019)
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Complete the energy dependence

P, [%]

ALICE, PRC101.044611 (2020)
F. Kornas (HADES), SQM2019
J. Adams, K. Okubo (STAR), QM2019

Nature548.62 (2017)

oA O A

- PRC76.024915 (2007)

+ A dh A

| PRC98.014910 (2018)

* A YA

STAR prelim. 54.4 GeV

¢ A N

STAR prelim. 27 GeV (y2018)
¢ A+A

ﬂ STAR Au+Au 20%-50%

| UrQMD+vHLLE, A

AMPT, A ®

ALICE Pb+Pb 15-50%
+= A Tr A

 STAR preliminary at 27 and 54 GeV
*result (54 GeV) from K. Okubo (M2) in our group

HADES prelim. Au+Au 10-40%
A

e ALICE at2.76 and 5.02 TeV

 EXxpected signal is of the order of
current statistical uncertainty

primary - - primary+feed-down

HADES at 2.4 GeV

 |arge uncertainty but still pre
 Hopefully reduce systematic

primary primary+feed-down

iminary
uncertainty

1 10 10?

* based on an=-an=0.64+0.013

1. Niida, TCHoU Research Member Meeting 2020 Fall
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ALICE, PRC101.044011 (2020)

Complete the energy dependence F. Kornas (HADES), SQM2019

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

o STAR Au+Au 20%-50% 0.12F
— L Nature548.62 (2017) - Au+Au -6~ b=5.0 fm
al ® A O A ALICE Pb+Pb 15-50% 0-1 - o ph=8.0 f
i PRC76.024915 (2007) +A B A —~ o.0sF =8.0 fm
*A A HADES prelim. Au+Au 10-40% £ - ~¥ b=10.0 fm
B PRC98.014910 (2018) N —~. 0.06[
* A Y A \.3/ -
5L STAR prelim. 54.4 GeV 0.041-
¢ A OA - o A
STAR prelim. 27 GeV (y2018) 0.02f~ ]
B ¢ A+A O: . o . o
1 2 3 4567 10 20 30 40
u UrQMD+VHLLE, A GeV
L prir:r:l/ry - - primary+feed-down VST\IN (GeV)
AMPT, A ' ’ : :
orimary - - primarysfeed-down Interestmg energy depenc ence of kinematic
vorticity predicted by a transport model (UrQMD)
X.-G. Deng et al., PRC101.064908 (2020)
_______________________ ﬁ____'i_llj__
B | | IIIIII| | | IIIIII| | IIIIII| | | [ | 1
1 10 102 10°
\/sNN [GeV]
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Complete the energy depen

P, [%]

Nature548.62 (2017)
oA oA
+ A dh A

* A A

A O A

PRC76.024915 (2007)

PRC98.014910 (2018)

STAR prelim. 54.4 GeV

STAR Au+Au 20%-50%

ALICE Pb+Pb 15-50%
+ A ar A

HADES prelim. Au+Au 10-40%
A

STAR prelim. 27 GeV (y2018)
¢ A+A

UrQMD+vHLLE, A

— primary - - primary+feed-down
AMPT, A
primary primary+feed-down

10 10°
covered by HADES
and STAR FXT+BES-II

1. Niida, TCHoU Research Member Meeting 2020 Fall
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0.12
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» @
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(-0 ) (fm’)

o
o
=~

o

Interesting ene

vorticity predic
X.-G. Deng etal., P

ALICE, PRC101.044611 (2020)
F. Kornas (HADES), SQM2019
J. Adams, K. Okubo (STAR), QM2019

Au+Au

-©-pb=5.0 fm
- p=8.0 fm

—*b=10.0 fm

7\
'
\ -y —:‘

AD

nw
> >

q

q

2

3

f

ed by a transport model (UrQMD)
RC101.064908 (2020)

] ] MR T R T ] ] ] ]
3 4567 10 20 30 40

\S\ (GeV)

gy dependence of kinematic

=S 2-3 GeV
-XT: 3-7.7 GeV

=S-1: 7.7-19 GeV
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Differential measurements: centrality

STAR, PRC98, 014910 (2018)

X
Q_I 11— STAR Au+Au VSNN =200 GeV
Inl<1, O.5<pT<6 GeV/c
*x A
X s
XA B ~
0.5 il
[ ] B
LA T
" il 5

| | | | | | |
20 40 60 80
Centrality [%]

In most central collision = no initial angular momentum
The polarization decreases in more central collisions.

1. Niida, TCHoU Research Member Meeting 2020 Fall 18



Differential measuremen

is: centrality

STAR, PRC98, 014910 (2018) o STAR, QM19 (by K. Okubo) _~  STAR,QM19
= >, | STAR Au+Au |5, = 54.4GeV X F =
== 1~  STARAu+Au|s,, = 200 GeV 0_12.5; 0.5<p_<5.0 GeV/c, i< - 2.9 —  AutAuat 3NN = 27 GeV =
o <1, 0.5<p_<6 GeV/c of TAABBG) “wR (BEC) A — 04<pp<3GeV/c nl <1 N

I T _ : 'A (ZDC) O (ZDC) ) 2 — STAR preliminary —]
- * A I 1 '5;_ STAR preliminary || (i B /\+K A _
L . 13 I L 150 o =
K A B o - + o — 90 ‘ ‘ | - ]
0.5+ 1l B A ' : : :
- 1 I 0.0 + + 1= L. — % —
- x | + ; ] 0 11— |
5t IE.RD : + :
i ‘ | I 0~ L 1 it — | —
- % % i - _0_55_ T | " 1 0.5 :—4}] 514 Y —:
NI Ayl NN 7 B :
i _15__ BBC ZDC T T T B B S e
| 20 | | | 4|0 | | | 60 | | | 80 B Lo bl | W M I e Y O 10 20 30 40 50 60 70 80
| "0 10 20 30 40 50 60 70 80 .

Centrality [%] centrality[%)] Centrahty [%]

SN 200 GeV 54 GeV 27 GeV

In most central collision = no initial angular momentum

T

1. Niida, TCHoU Research Member Meeting 2020 Fall
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ne polarization decreases in more central collisions.
milar trend was confirmed at lower energies. 18



Differential measurements: azimuthal angle

out-of-plane " Au+Au 20-50 % F. Becattini and M. Lisa, arXiv:2003.03640
3' 0 STAR 200 GeV 4 —— 25107
— - - 19.6 GeV Y| <11 3 1073
- - - 62.4 GeV. vl . o L 2'010-3
e |- 200Gev "\ o, 1.510
. PRGN 3 0 4 1.0107
in-plane = Lo N 2 - 5.010™
s o 2, - 0.0-10°
1 T TTau 3 - -5.0-10™
S I ] 0] S . 3 Im g N
< .6k Au+Au 200GeV e -4 -1.010
at [ 0.5 1.0 1.5 2.0 25 4-32-101234
T e 20-50% 0 p, [GeV/c]
04 A and & combined . Karpenko and F. Becattini, EPJC(2017)77.213
I k. = D. Wei, W. Deng, and X. Huang, PRC99.014905 (2019)
<PH> [— — — ' — - - .
0.0 g . )
' Sl e - The data shows larger polarization for in-plane, while
o I o many models predict the opposite, i.e. larger for out-of-plane
I - Not fully understood yet
opLIM-Plane €= out-of-plane
O 0.5 1 1.5 “T-vorticity” may explain the data?
¢ — ¥y [rad] H. Wu et al., PR.Research1.033058 (2019)
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“Local” polarization due to collective expansion

- Vorticity (thus polarization) along the beam direction
IS expected from the “elliptic flow”

1. Niida, TCHoU Research Member Meeting 2020 Fall
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“Local” polarization due to collective expansion

STAR, PRL123.13201 (2019)

g . STAR
= | Au+Au|s,, =200 GeV
= L
& R A+A - w
N AMPT (x 0.2)
UE) 0.57 __pw (spectra+v2) ,L il
o ~=- BW (spectra+v,+HBT) 1
- Vorticity (thus polarization) along the beam direction
IS expected from the “elliptic flow”
- Data indeed show such a longitudinal polarization P: i O'5<pT<6|GeV/C e | |
- Sign problem among data and theoretical models 0 20 40 60 80
(hydro, kinetic theory, transport models) is under the discussion Centrality [9%]

Becattini and Karpenko, PRL.120.012302 (2018)

Xia et al, PRC98.024905 (2018)
Voloshin, EPJ Web Conf.171, 07002 (2018) S
Sun and Ko, PRC99, OT11903(R) (2019)

more head-on collision peripheral collision
1. Niida, TCHoU Research Member Meeting 2020 Fall 20



Other particles to measure polarization?

W.-T. Deng and X.-G. Huang, PRC93.064907 (2016)
P. A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) ——rr

Mass decay decay magnetic 6 AutAu 20-50% -
(GeV/c?) mode parameter moment _ Y| <1 —E—A&A
() —o— =’
A(uds) 1.115683 7.89 A->mp 0.732£0.014  -0.613  1/2 < ar —k—Q -
(63.9%) — 1 ok
=-(dss) 1.32171 491 =->Am  -0.401%+0.010 -0.6507 1/2 O 5L l\..:'*\*\ N -
0 - "B =~
(99.887%) o ‘"“:3!:*\*
QO (sss) 1.67245 2.46 Q->AK 0.0157%x=0.002 -2.02 3/2 ol o __%!_ _
(67.8%)
10 100
Natural candidates would be = and Q hyperons. Vs, (GeV)
- Ditterent spin and magnetic moments
- Less feed-down in =z and () compared to A Based on thermal model:
- Could be different freeze-out P(s=1/2) ~ w/(2T), P(s=3/2) ~ 4 w/(5T)

- Different valence s-quarks F.Becattini et al.. PRC95.054902 (2017)

1. Niida, TCHoU Research Member Meeting 2020 Fall



= and () polarization measurements

dN 1
= — (1 + OéHI)>|< . D
Getting difficult due to smaller decay parameter for = and Q...
apn = 0.732, a=- = —0.401, an- = 0.0157
spin 1/2 spin 3/2
Polarization of daughter A in a weak decay of =: Similarly, daughter A polarization from Q:
(based on Lee-Yang formula) P} = Cqo-APH = £ (1 + 47q) P,

T.D. Lee and C.N. Yang, Phys. Rev.108.1645 (1957)
BN . o s o e Here ya Is unknown.
pr (a= + Pz - pi )Py + B=PZ x p}y + v=p) X (P X pj) . Y . .
A= Time-reversal violation parameter 3 would be small,

then the polarization transfer Con leads to.

Pj = C= AP =1 (1+2y2)PL.

Cor ~ +1 or — 0.6
Czp =40.927, a* + 82+~ =1

Parent particle polarization can be studied by measuring daughter particle polarization!

1. Niida, TCHoU Research Member Meeting 2020 Fall



= global polarizations at Vsny = 200 GeV and 27 GeV

N (STAR), RHIC&AGS AUM2020

-3 i
. L P:
T 3
2l i
| L i
21— i
"
R
1—
O_
_1_IIII|

- A+A

(7.7)=7.34+3.02 [%)]

STAR Preliminary  STAR Au+Au 20%-50%

AMPT PRC99, 014905 (2019)

—0

- o ey

Nature548.62 (2017)
eA OA
PRC76.024915 (2007)
AA AA
PRC98.014910 (2018)
mA OA

ALICE Pb+Pb 15-50%
PRC101.044611 (2020)
+A A

STAR Au+Au 20%-80%
* Z + X = (V|a daughter A)

O +_

[1]

_______________________________________ ... (2050% for27 GeV) : ?

o, = 0.732 + 0.014 4
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— Py by analyzing daughter A distributions
- less sensitive due to smaller a==-0.4 than an=0.732

— Pn via daughter A Py (by granddaughter proton)
with the polarization transfer C=n=+0.927

- positive polarization w
- slightly larger than inc

- close to AMPT predicti

It

N 2.20 level

U

sive A\ Py

on
W.-T. Deng and X.-G. Huang, PRC93.064907 (2016)
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= global polarizations at Vs

N

N = 200 GeV and 27 GeV

TN (STAR), RHIC&AGS AUM2020
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— Py by analyzing daughter A distributions
- less sensitive due to smaller a==-0.4 than an=0.732

— Pn via daughter A Py (by granddaughter proton)
with the polarization transfer C=n=+0.927

- positive polarization with 2.20 level

- slightly larger than inclusive A PH

- close to AMPT prediction
W.-T. Deng and X.-G. Huang, PRC93.064907 (2016)

Naive expectations in = vs. \ PH
- Lighter particles could be more polarized (=<A)
- Earlier freeze-out (of multi-strangeness)
eads to larger Py (=>A)
O.Vitiuk, L.V.Bravina, and E.E.Zabrodin, PLB803(2020)135298

- Feed-down: ~15-20% reduction for primary A\ PH
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Q global polarizations at Vsnn = 200 GeV
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Outlook

o More precise/differential measurements will be done in the following years
o High statistics data of BES-Il 7.7-19.6 GeV and FXT 3-7.7 GeV
o Isobaric collision data (Ru+Ru, Zr+Zr), ~10% difference in B-field
o Forward detectors in Run-2023 Au+Au 200 GeV
BUR2020, STAR Note SN0O755
06 . . STAR Au+Au 200 GeV Projection (run2023)
iRuthenium © 20-60% (40-80%Hor 2 5<nd) o A+A,
U _ *2E
| B A, geometric model
- — A PICR hydro Data _
zr - oo 2 AMPT * A A
o, L o AMPT
0 -] S
W.-T. Deng, X.-G. Huang,-: _ FTS
G.-L. Ma, & G. Wang, i €= >
_PRC2016 | i %’
10 20 30 40 50 60 70
Centrality (%) T D S B} T
i | | | I iTP? | | | | | | I
0 2 4
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Summary

o Global and local polarization of hyperons has been observed in heavy-ion
collisions

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

o Energy dependence of global polarization, increasing in lower vsnn, is captured well by
theoretical models, but there are sign problems to be understood

o Toward more differential/precise measurements, e.qg. first measurements of = and Q

There are still many open questions and more precise measurements are needed
for better understanding the nature of vorticity and polarization in HIC.
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Feed-down effect

0 ~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(S + )(w 1 EB) fAR .fractlon. of A originating 1.:rom parent R
3 UR : magnetic moment of particle R

S

_ _—1
[ @ \ 2 ER; (faARCAr — 5fs0r Csor) Sr(Sr+1) 2 ER; (faRCar — 5fs0r Csor) (Sr+1) ur / PReas \
\ B./T ) 5 % (/x5 Cxr — 3502 Csop) Sr(SE+1D) 3 % (/a8 Cxr — 3501 Osor) S+ D iz \ 2
Becattini, Karpenko, Lisa, Upsal, and Voloshin, PRC95.054902 (2017)

Decay C
o e e o 7 Primary A polarization will be diluted by 15%-20%
P e e it s (model-dependent)
20— A+ +0500 This also suggests that the polarization of daughter particles
B —> A+~ +0.927 . . . —
20 s A4y ~13 can be used to measure the polarization of its parent! e.g. =, Q)
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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
40__ —real 30:‘
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| - BG (mix) 20:-
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Sl |
0 RS Tt _
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. (@) _ i
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. *
8 (sin(¥y — ¢
- ek \obs __ _ ¢Bg , : _ A*)\Sg
ron Res(Up) (sin(W; — @1 = (1 — fPE(Miy))(sin(W) — 65)
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