Global and local polarization of A and A hyperons

SQM 2021

in Pb-Pb collisions at ALICE

Debojit Sarkar
for the ALICE Collaboration

¢/ WAYNE STATE UNIVERSITY

The 19th International Conference on Strangeness in Quark Matter

T ‘/’!\’ »
asw

g.

May 17-21, 2021, Brookhaven National Laboratory (Remote), Upton, New York

8:SQM2021
PO

May 20, 2021 Debojit Sarkar

Page

1

S

ALICE


https://mmm.cern.ch/owa/redir.aspx?C=d4xbQygSXTHBmqrJ03bgF5xnK2_NcC_Yie7Alzcuny20guX780LYCA..&URL=https%3a%2f%2falice-notes.web.cern.ch%2fnode%2f1087

K52/ Global hyperon polarization (Pnx)
NV

Modified from UrQMD
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* Vorticity along the system orbital angular momentum due to initial shear in longitudinal flow velocity.
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e “Global polarization’> particle/antiparticle polarization along system’s orbital angular momentum.
e Strong magnetic field due to charged spectators — splitting in particle/antiparticle polarization.

* Mostly sensitive to the initial stages of the collisions.
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Pn measurement in heavy-ion collisions

- Deflection of the spectators
determines the direction of
L(=b X P).

- On average spectators
deflect outwards.

- T

* A (A) hyperons — Parity violating weak decay — used for polarization measurement.
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S. Voloshin, T. Nuida; Phys. Rev. C 94, 021901(R) (2016)

azimuthal angle of daughter proton in A(A) rest frame
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K2/ Polarization along the beam direction (P,)
WAYINE STATE

ALICE

A—=p+rm

(BR: 63.9%, cTt~7.9 cm)

< cosHl;I< >
P — NY) . .
z %\ 2 < (costi)” >= correction for finite
ay < (costy)” > acceptance along z
S. Voloshin, EPJ Web Conf.171, 07002 (2018) %
| 3 < cosé’p >
P, ~ Sln(2¢ H) — (if perfect detector)
27

PZ,82 = < PZSin(ng — 2\112) >

e Vorticity along the beam direction due to strong elliptic flow.

— estimates magnitude and phase of P-.

*“Local polarization”: exhibits a quadrupole pattern, i.e. sin(2¢ — 2'¥,) dependence.

» Sensitive to the later stages of the evolution of the system.
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s/ P, in heavy-ion collisions (story so far...) %
RATRE STATE

(P, sin(2¢-2¥ ) [%]

V4 1 STAR, Physical Review Letters 123, 132301 (2019)

—_ X. Xia, H. L1, Z. Tang, Q. Wang, arX1v:1803.00867 (AMPT) A LIC -
AutAu Sy =200 GeV Model prediction Experimental observation
| [F AR ok , P, /3w =200 GeV RHIC Y oY
------ AMPT (x 0.2) | a A | 0.016
057 __ Bw (spectra+v ) il 0.012
- === BW (spectra+v, +HBT) ﬁ '
- 0.008 — +
0.004 “Spin sign puzzle”
0.000
—0.004
—0.008
I R - R —0.012
Centrality [%] —0.016

> STARAu+AU \'s, =200 GeV
20%-60%
0. 4j A+A - Becattini, Karpenko, PRL.120.012302 (2018) (Hydro) S. Voloshin, EPJ Web Conf.171, 07002 (2018)
-~ hydro (x 0.2) 20%-50%
 — BW (Spectra+v2) 20%-60% i . o . .
- BI (spoctrasy, +HET) 20%-807% * Hydro models and AMPT estimate P, from thermal vorticity at the kinetic
freeze-out.

 Both generate negative P, s> (Opposite to experimental observation — “spin
sign puzzle”).

—0-20 S é . Blast-Wave model (kinematic vorticity) describes the P:s» measured in
p_ [GeVic] STAR!
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e Refs.1,2: Polarization estimated from thermal shear + thermal vorticity.

P, in heavy-ion collisions (Recent developments)

x10~?
=(shear)... —  seee Tiec=133 MeV
T\ e —— Tiec=150 MeV
Py \\ - Ty.=165 MeV
i S \‘ — -+ Tye=173 MeV.
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Ref. 1: F. Becattini et al.; arXiv:2103.14621 [nucl-th]
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P, (1/1000)

S quark

2 3
9, [rad)

Ref. 2: B. Fu et al.; arXiv:2103.10403 [hep-ph]

* Ref.1: Explains P,(¢ —¥,) in Au—Au collisions at {/sxy = 200 GeV with Tgec = 150-160 MeV. Assumption:
Isothermal local equilibrium.

e Ref.2: A(A) inherits the spin polarization of the strange quark — qualitatively explains P,(¢ — ¥,) measured
in STAR.
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a Vivar THE ALICE DETECTOR

$s7)/ Measuring hyperon polarization in ALICE
A a. ITS SPD (Pixel)

:
o b. ITS SDD (Drift)

' LR N IR va VAN | | . ITS SSD (Stri
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TRD
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HMPID
EMCal

DCal

. PHOS, CPV
10. L3 Magnet
11. Absorber

12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD

17. AD

18. ZDC

19. ACORDE

e Dataset - Pb-Pb (Pn measurement: /sy =2.76 TeV (~ 49 M events), 5.02 TeV (~ 75 M events)),
(P2 measurement: 1/Snv =5.02 TeV, ~ 270 M events).
* VO scintillators (VOA, VOC) - centrality estimation, second harmonic flow plane (¥,) reconstruction.

* Time Projection Chamber (TPC) - A(A) reconstruction (pr > 0.5 GeV/c, lyl <0.5), ¥, reconstruction.

[
[/ ]
LT
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* Neutron Zero Degree Calorimeter (ZNA and ZNC) - spectator plane (W¢p) reconstruction.
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Measuring global polarization (Pn) in ALICE using invariant mass method
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ALICE

ALICE, Phys. Rev. C 101, 044611 (2020)

g < smn(g; — ¥gp) >

P H
Rsp

ﬂ(lH

* Py measured from the fit to Q (< sin(gf — Ygp) >)

Q(Minv) — fS(Minv)QS +fBG(Mjnv)QBG(Minv)
> 8%, signal, background fraction of A (A)

— polarization signal,

QS
QBG(M-

1nv

)— N\ (A\) background contribution.
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7/ Global polarization (Px) in Pb-Pb collisions aty/Sxnv=2.76 and 5.02 TeV in ALICE
NV

- ALICE Pb-Pb

0.5< p, < 5.0 GeV/c

Vo =2.76 TeV |

b

\/SnN = 5.02 TeV
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0) 45
Centrality (%)
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B '@ ALICE
Pb-Pb 15-50%
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ALICE, Phys. Rev. C 101, 044611 (2020)
STAR, Phys. Rev. C 98, 014910 (2018)

AN=p+n~

>

=P+

ALICE

0s<p <s0ceve ®PH CONsistent with zero within experimental uncertainties.

*No difference between A and A polarization observed.
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Py decreases with collision energy as expected due to
higher baryon transparency at higher collision energies.



7/ Measuring local polarization (P;) in ALICE using invariant mass method %
(WAYNE STATE

NV h
° -3 LICE
o x10 | | | | _ x10 | | | |
§ 1k ALICE Preliminary Pb-Pb \'s,, = 5.02 TeV a‘“ 5| ALICE Preliminary Pb-Pb \s\, = 5.02 TeV _
O + Reconstructed A 30 < Centrality(%) <50 '8_
..... Bkg fit (pol2) d 1.0 < p_(GeV/c) < 1.5 g\IE
° y <05 cTJQ
®
05 ) ® \O/
®
®
—1 r'S
o * y,| <05
' p_> 0.5 (GeV/c)
/ \ -27 30 < Centrality(%) < 40
0508 : T 51105 1105  1.11 1115 1.12 1.125
MW (GeV/c?) M. (GeV/ c?)

P, , =< P,sin2yp —2¥,) >
* ¥, reconstructed using TPC, VOA, and VOC detectors.

* Pz s> measured with¥, in TPC and VO detectors are combined for final result.

» P, sofor A and A hyperons are consistent — combined to calculate the average Pzso.
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$sz)/ Local polarization (P.) in Pb-Pb collisions at v/Sxw =5.02 TeV in ALICE
LS
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Blast-Wave calculations: Takafumi Niida and Sergei Voloshin (private communication)

* P, o at the LHC is similar in magnitude to top RHIC energy (tends to be smaller in semi-central collisions).
e At pr< 2.0 GeV/c, Pzs2 at the LHC is smaller than the STAR results in semi-central collisions.

e Blast-Wave model explains Pz s> in Pb-Pb collisions at4/sxv= 5.02 TeV!

 Comparison with the newly introduced (shear + vorticity) based polarization estimation would provide valuable
constraints to the models.
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Summary and Outlook
K32/ y %

NV

ALICE

e Global hyperon polarization (Px) in Pb-Pb collisions aty/Sxv = 2.76 and 5.02 TeV is consistent with zero
within experimental uncertainties (~ 107).

e Polarization along the beam direction (< Psin(2¢ — 2%¥,) >) is positive at RHIC and the LHC — opposite to
thermal vorticity based model predictions.

e Comparison between the Pzs> measured by ALICE and (shear + vorticity) based model calculations would
provide valuable constraints to the models.

e Upcoming Run 3 at the LHC will allow more differential and precision measurements of Py and P; to
further investigate the vorticity dynamics and particle polarization in heavy-ion collisions.

Thank you
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STAR, PHys. Rev. C 98, 014910 (2018)
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F. Becattini et al; arXiv:2103.14621 [nucl-th]
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NV

Measurement of Pgin ALICE

mpact parameter - Deflection of the spectators
estimates the direction of b
and in turn L.

- On average: spectators
deflect outwards.

. X
Py = -3 <Sm((pp o lPsp)> ALICE, Phys. Rev. C 101, 044611 (2020)
T (1) |
& Rgp

To measure P, the direction of orbital angular momentum (L = b X P) need to be known.

P is the momentum of the projectile (moving toward positive rapidity: known). Need to know

the direction of impact parameter vector ( b ).
Direction of b can be estimated from the deflection of the projectile spectators.
Spectator plane angle (¥.,) characterizes the deflection direction of the spectator nucleons.

—

PH Is measured with respect to ¥, (azimuthal angle of b).
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52/ P, in heavy-ion collisions (Story so far...)
NV 1 STAR, Physical Review Letters 123, 132301 (2019)
9 . STAR F. Becattini and 1. Karpenko, PRL.120.012302 (2018) (Hydro) ALICE
/: Au+Au \/87NN — 200 GeV X. Xia, H. Ll, /. Tang, Q Wang, arxX1v:1803.00867 (AMPT)
> |
%_ | [XJA+A * Model prediction (Hydro) Observed in data
QU AMPT (x 0.2) : SE = e
£ 05— BW (spectra+v) H R L
g/N ﬁ 0.012
0.008
0.004
0.000
—0.004
—0.008
T BT I B R ~0.012
0 20 40 60 80 . ~0.016
Centrality [%] o 1 2 3
px [GeV/c]
. Becattini, Karpenko, PRL.120.012302 (2018) S. Voloshin, EPJ Web Cont.171, 07002 (2018)
X [ STARAu+Au s, = 200 GeV
~ 20%-60% _ _ _
> [ AR )  The Blast-Wave (BW) model explains the P;data in STAR. The sign of
S [ BW (spectras,) 20%-60% the phase modulation of P, depends on the interplay between spatial
G o specan D S and flow anisotropy at freeze-out in the BW model:
al

(S. Voloshin, arXiv:1710.08934)

Wz R Ptmaz/ R| sIn(2¢0 1 ) (a2 — b2)
P, ~ w,/(2T) a2: spatial anisotropy, b2: flow anisotropy
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s/ P, in heavy-ion collisions (Recent developments)
WAYNE STATE

x10~3
V V Pj + P] PZ + PE 1e-3 P{LE 1e—2 Pﬁ_E E shear)' ....... senn Tge.=133 MeV’
| 1T = —— Tiwm150 MeV ALICE
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7 /4 \\\‘ — - Tuee=173 MeV_
;‘ ;‘ ;‘ 4 . /// \\
[0 [ Q . \
© 0 0.0 O 0 O 0 . .
>, N I e :
S < 3 s [N TN
-2 -2 i \\ // .
~1 Y 7 N 4
—2 0 2 i i ~ —
Py [GeV] px [GeV] px [GeV] px [GeV] )

Ref. 1: F. Becattini et al.; arXiv:2103.14621 [nucl-th]

e Ref.1: Assumption : Isothermal Local equilibrium (Tq4ec) — gets rid of the temperature gradient term in the
vorticity.

e Ref.1: (Shear + Vorticity) explain the experimentally measuredP,(¢ — ¥,) in Au—Au collisions at 200 GeV with
Tdec = 150—-160 MeV. The sign flips for Tgec < 135 MeV.

--------------- % 4 —m————————————————— .
4P, (1/1000) ) 1 40 [P, (1/1000) ) h P,(1/1000)  STAR, Au+Au | Thermalll shear:
' Ahyperon = T { | : squark _ -~ _ . 5 -60%-
X yperon, g st ) NE RS 200 GeV, 20-60%- Eur = 5 BBy +8uBu) -
0 R S 0} el DY B S S i .
\ / N . | — | Thermal vorticity:
2F L7 l =5 F » Prid . " LS %
~ - | - e | % A |
10 F - 2 = = -
ALTo oo Woshen ] ot ——Toal - Wostea] L[ +A. | D = =5 (Ouby = 0Bu)
0 1 2 3 0 1 3 0 1 2 3
¢, [rad] s [rad] ¢, [rad]

r r

Ref. 2: B. Fu et al.; arXiv:2103. 10403 [hep-ph]

e Ref.2: A(A) inherits and memorizes the spin polarization of the strange quark—effect of shear prevails over
thermal vorticity and qualitatively explain P,(p —Y¥,) in Au—Au collisions at 200 GeV.
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