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Relativistic heavy-ion collisions
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collision evolution

t~0fm/c T ~1fm/c t ~ 10 fm/c T ~ 1012 fm/c

* Evolution of the medium is characterised by non-trivial velocity and vorticity fields.
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Vorticity / Swirl / Rotation

—

vorticity (@) — a measure of the “swirl” of the velocity flow field around any point
Non-relativistically: @ = EV X vV
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Vorticity / Swirl / Rotation

—

vorticity (@) — a measure of the “swirl” of the velocity flow field around any point
Non-relativistically: @ = EV X v

Want to experience vorticity? =% Just bump into each other :)
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Global vorticity in heavy-ion collisions

e Relativistic Lorentz contracted nuclei bump into each other in the collider (LHC, RHIC):

Edge / Shoulder

Head / Center

1 Owv,
2 Ox

1
wy:§(va)yz

 \orticity along the system orbital angular momentum due to initial longitudinal flow velocity gradients.
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Global vorticity and polarization in heavy-ion collisions

e |n relativistic non-central nuclear collisions:

B L

e Large initial orbital angular momentum
perpendicular to the reaction plane:

e Strong initial magnetic field perpendicular
to the reaction plane:

System Vorticity (s!)
System Magnetic Field in Tesla
Solar sub-surface 107 e e 1012
Terrestrial atmosphere 10-° S e e 105
reat red spot of Jupiter 104 Refrigerator magnet 103
...... s e —— T — :
Heated soap bubbles 100 Strongest field in lab 103
Neutron star 106°
Heavy-ion collisions 1075 - 101°

spectators
 Polarization due to vorticity (I__') — LS (same for particle and anti-particle)

o Polarization due to Magnetic field (B) —» 1 . B (opposite for particle and anti-particle)
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Hyperon polarization estimation

A\ (A) hyperons — Parity violating weak decay

F)* (Proton) o
; A —> P —+ T  Daughter baryon is preferentially emitted in the
Y ( direction of hyperon spin (opposite for antiparticle).

BR: 63.9%, ct~7.9 cm)
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Hyperon polarization estimation

A\ (A) hyperons — Parity violating weak decay

f) (Proton) o
d A — D+  Daughter baryon is preferentially emitted in the

Y ( direction of hyperon spin (opposite for antiparticle).

BR: 63.9%, ct~7.9 cm)

 Polarization estimation procedure:
a) Project the daughter proton’s momentum direction on the vorticity axis.

b) Average over all hyperons. f’ff = unit vector along
daughter momentum

3 . .
Hyperon polarization along [ : Py =—((L"p;)) ~ (L.S)
AH a; = hyperon decay parameter

Global polarization —» one polarization direction (along L) for the entire system.

Spatind 2023 Jan 04, 2023 Debojit Sarkar Page 8



Global hyperon polarization measurement in heavy-ion collisions

STAR Collaboration, Nature 548, 62 (2017) - Deflection of the spectators
determines the direction of L

ZDC / BBC - On average spectators deflect

(collects spectator fragments) outwards.

S. Voloshin, T. Nuida; Phys. Rev. C 94, 021901(R) (2016)

deflected spectator
fragments

Z (beam axis)
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Global hyperon polarization measurement in heavy-ion collisions

STAR Collaboration, Nature 548, 62 (2017) - Deflection of the spectators
determines the direction of L

ZDC / BBC - On average spectators deflect
(collects spectator fragments) outwards.

S. Voloshin, T. Nuida; Phys. Rev. C 94, 021901(R) (2016)

deflected spectator
fragments

Z (beam axis)

y Deflection No deflection

Py P,

<Xn>;£0 <Xn>=0
(Yn) #0 {Yn)=0

e Azimuthal distribution of the spectator fragments in the ZDC: Px

(Estimates spectator plane angle (‘Yp ) —» information about_l:)
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Global hyperon polarization measurement in heavy-ion collisions

STAR Collaboration, Nature 548, 62 (2017) - Deflection of the spectators
determines the direction of L

ZDC / BBC - On average spectators deflect
(collects spectator fragments) outwards.

S. Voloshin, T. Nuida; Phys. Rev. C 94, 021901(R) (2016)

deflected spectator

fragments
Z (beam axis)
y
. . 3 A\ Va\ A\
e (Global hyperon po|ar|zat|on: PH — —<(L . pﬁ)) ~ <L . S> ALICE, Phys. Rev. C 101, 044611 (2020)[erratum]
043 \
8 (sin(p* —Wep)) o @ =azimuthal angle of daughter proton in A(A) rest f
B D SP p = azimuthal angle of daughter proton in A(A) rest frame
H ™ e Rgp = Resolution of Wep
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A(A) polarization in heavy-ion collisions

. PHYSICAL REVIEW C 101, 044611 (2020)

i A A
B "m= e ALICE
> I Pb-Pb 15-50% Global polarization of A and A hyperons in Pb-Pb collisions at ,/syy = 2.76 and 5.02 TeV
i 0.5 < p-r < 5.0 GeV/c (Af,iggea?l,lzl:(t)zgon)
21 | yl <0.5 ® (Received 13 September 2019; accepted 24 February 2020; published 20 April 2020)
15+ The global polarization of the A and A hyperons is measured for Pb-Pb collisions at ,/syy = 2.76 and

5.02 TeV recorded with the ALICE at the Large Hadron Collider (LHC). The results are reported differentially
- as a function of collision centrality and hyperon’s transverse momentum (pr) for the range of centrality 5-50%,

: 0.5 < pr <5 GeV/c, and rapidity |y| < 0.5. The hyperon global polarization averaged for Pb-Pb collisions at
1 /snv =2.76 and 5.02 TeV is found to be consistent with zero, (Py)(%) ~ 0.01 £ 0.06 (stat.) &= 0.03 (syst.)
| | in the collision centrality range 15-50%, where the largest signal is expected. The results are compatible with
expectations based on an extrapolation from measurements at lower collision energies at the Relativistic Heavy
0.5 Ion Collider, hydrodynamical model calculations, and empirical estimates based on collision energy dependence
of directed flow, all of which predict the global polarization values at LHC energies of the order of 0.01%.

. DOI: 10.1103/PhysRevC.101.044611
0 L e e e e e e e e e e e m mm e m e mmm e mm e —————————— f __________ : 10. ysRevC.101.
C | I | | | I .| I | | | I | | | | l¢l L1l I
10 10° 10° 10*
ALICE, Phys. Rev. C. 101, 044611 (2020) ISy (GeV)

e Global hyperon polarization at the LHC (ALICE) is consistent with zero.
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ALICE, Phys. Rev. C. 101, 044611 (2020)
STAR, Phys. Rev. C 98, 014910 (2018)

e Global hyperon polarization at the LHC (ALICE) is consistent with zero.

A(A) polarization in heavy-ion collisions

PHYSICAL REVIEW C 101, 044611 (2020)

A A
mm= '@ ALICE

Pb-Pb 15-50%
0.5< p, < 5.0 GeV/c
ly| < 0.5

A A
"= ©r STAR

Au-Au 20-50%
0.5< P, < 6.0 GeV/c
In|<0.8

Global polarization of A and A hyperons in Pb-Pb collisions at ,/syy = 2.76 and 5.02 TeV

S. Acharya et al.*
(ALICE Collaboration)

® (Received 13 September 2019; accepted 24 February 2020; published 20 April 2020)

PHYSICAL REVIEW C 98, 014910 (2018)

The global polarization of t
5.02 TeV recorded with the AL
as a function of collision centra

Published: 03 August 2017

Global A hyperon polarization in nuclear collisions

The STAR Collaboration

Nature 548, 62-65 (2017) | Cite this article
7846 Accesses | 409 Citations | 210 Altmetric | Metrics

Abstract

The extreme energy densities generated by ultra-relativistic collisions between heavy atomic
nuclei produce a state of matter that behaves surprisingly like a fluid, with exceptionally high
temperature and low viscosityl. Non-central collisions have angular momenta of the order of
1,0007, and the resulting fluid may have a strong vortical structure># that must be
understood to describe the fluid properly. The vortical structure is also of particular interest
because the restoration of fundamental symmetries of quantum chromodynamics is
expected to produce novel physical effects in the presence of strong vorticity>. However, no

experimental indications of fluid vorticity in heavy ion collisions have yet been found. Since

~ s

f A hyperons in Au + Au collisions at ,/syy = 200 GeV
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* Polarization at mid-rapidity decreases with collision energy.
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A(A) polarization in heavy-ion collisions

Detector
coverage
A A
m= e ALICE
Pb-Pb 15-50% .
0.5< p. < 5.0 GeV/c 1
v <05 ‘ OW energy
O &l collision
[ A K |
| WEw @0 STAR | K 4
Au-Au 20-50%
I 0.5<p <6.0GeV/c
___________________________ ! e ___._______ y W) o \ -
0 g 5 In[<0.8 B - — |High energy
-lllll | | 1 lllllI | 1 1 llllll | | | llllll i . . .
0 - e o X collision
ALICE, Phys. Rev. C. 101, 044611 (2020) Sy (GeV) -
STAR, Phys. Rev. C 98, 014910 (2018)
C L. . . . Collision/
e Global hyperon polarization at the LHC (ALICE) is consistent with zero. Contact
. . . T . . . Ydet ~ 1.0
* Polarization at mid-rapidity decreases with collision energy. zone i = 5 G6V = ghoams % L5
* Bjorken boost invariance at mid-rapidity? Vorticity migrates to forward rapidity? VENN =39 GeV = Yheam & 3.7
\/m = 200 GeV — YUbeam ~ 5.4
* For higher, /sy , PH measurement at forward rapidity needs detector upgrade. VENN = 2700 GeV = Ypeam ~ 8
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Elliptic flow induced polarization along the beam direction (P,)

e Source of vorticity along the beam direction (z axis):

Elliptic flow

Azimuthal plane (x-y plane)

Overlap region

e Particle spin polarization along beam (z) axis has azimuthal angle dependence - local polarization.
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Elliptic flow induced polarization along the beam direction (P)

| ocal polarization (along z axis)-
P, = {(p;-2)

B (cost)
” ap((CosO)?)
3(cosb;)
P.(¢) =~ sin(2¢p — 2¥,) = o (if perfect detector)

ALICE, Phys. Rev. Lett. 128, 172005. (2022)

((cosg¥)*) = correction for finite
: acceptance along z

F) (Proton)

> A—)p T

y : %, cT~7.9Ccm .
(BR: 63.9%, c7~7.9 cm) P, , = (P,sin(2p — 2¥,))

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

P. s> estimates magnitude and phase of P;.
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Elliptic flow induced polarization along the beam direction (P,)

ALICE, Phys. Rev. Lett. 128, 172005. (2022)
PHYSICAL REVIEW LETTERS 128, 172005 (2022)

><I‘IIO_I3I|IIII|IIII|IIIIIIIIIIIIIIIII |

 Pb-Pb {5, =5.02 TeV
61— ® ALICE (A + A) —
. * —

_ Au-Au s, =200 GeV

4 |— ¥ STAR x 0.856 (A + A) o —
The polarization of the A and A hyperons along the beam (z) direction, P, has been measured in Pb-Pb — —

collisions at ,/syy = 5.02 TeV recorded with ALICE at the Large Hadron Collider (LHC). The main | STAR, PRL, 123, 132301 (2019) & _

contribution to P, comes from elliptic flow-induced vorticity and can be characterized by the second | _

Fourier sine coefficient P, ., = (P, sin(2¢ — 2'¥,)), where ¢ is the hyperon azimuthal emission angle and ®

¥, is the elliptic flow plane angle. We report the measurement of P, ;, for different collision centralities 2~ 75{:{

and in the 30%-50% centrality interval as a function of the hyperon transverse momentum and rapidity. |

The P, , is positive similarly as measured by the STAR Collaboration in Au-Au collisions at — ﬁ EI -

VSnyv = 200 GeV, with somewhat smaller amplitude in the semicentral collisions. This is the first - % —

experimental evidence of a nonzero hyperon P, in Pb-Pb collisions at the LHC. The comparison of the 0 o --- _m ________________________________ _—

measured P, ,, with the hydrodynamic model calculations shows sensitivity to the competing contributions B * |

from thermal and the recently found shear-induced vorticity, as well as to whether the polarization is |

acquired at the quark-gluon plasma or the hadronic phase. [ v v v v v b v v b e by e Ly g

DOI: 10.1103/PhysRevLett.128.172005 O 1 O 2 O 30 40 50 60 70 80
Centrality (%)

Polarization of A and A Hyperons along the Beam Direction
in Pb-Pb Collisions at /sy, =5.02 TeV

S. Acharya et al.”
(ALICE Collaboration)

® (Received 3 September 2021; revised 4 January 2022; accepted 16 March 2022; published 29 April 2022)

(P, sin(2p - 2¥))

e P,soat the LHC is similar in magnitude to top RHIC energy.
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Elliptic flow induced polarization along the beam direction (P,)

ALICE, Phys. Rev. Lett. 128, 172005. (2022)
PHYSICAL REVIEW LETTERS 128, 172005 (2022)

x107°
/A -IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I_
Q|
_ = - Pb-Pb |5, =5.02 TeV 30-50% -
Polarization of A and A Hyperons along the Beam Direction QV _ _ _
in Pb-Pb Collisions at /syy =5.02 TeV L gl @ AHCEAA) _
S. Acharya e al” cj&/ == AMPT + MUSIC (S quark) I
(ALICE Collaboration) S - == AMPT + MUSIC (A) .
® (Received 3 September 2021; revised 4 January 2022; accepted 16 March 2022; published 29 April 2022) (DN i A ]
- _ - | Q. 4 Au-Aus, =200 GeV 20-60% ® -
The polarization of the A and A hyperons along the beam (z) direction, P, has been measured in Pb-Pb ~— - -
collisions at /syy = 5.02 TeV recorded with ALICE at the Large Hadron Collider (LHC). The main | Y STAR x 0.856 ( A + K) Y _
contribution to P, comes from elliptic flow-induced vorticity and can be characterized by the second

Fourier sine coefficient P, ., = (P, sin(2¢ — 2'¥,)), where ¢ is the hyperon azimuthal emission angle and —  STAR, PRL, 123, 132301 (2019) ® -
¥, is the elliptic flow plane angle. We report the measurement of P, ;, for different collision centralities 2 75'? ® T
and in the 30%-50% centrality interval as a function of the hyperon transverse momentum and rapidity. — | i ‘\‘\“‘ -
The P, , is positive similarly as measured by the STAR Collaboration in Au-Au collisions at — ﬁ IEI . ‘\‘\“ -
VSnyv = 200 GeV, with somewhat smaller amplitude in the semicentral collisions. This is the first — ﬁ -\-‘.‘-m!.‘ ! -
experimental evidence of a nonzero hyperon P, in Pb-Pb collisions at the LHC. The comparison of the = e Lm- i R ]
measured P, ,, with the hydrodynamic model calculations shows sensitivity to the competing contributions i * — — _

from thermal and the recently found shear-induced vorticity, as well as to whether the polarization is | —— — e — —
acquired at the quark-gluon plasma or the hadronic phase. | N T T T e T T

DOI: 10.1103/PhysRevLett.128.172005 0 10 20 30 40 50 60 70 80
Centrality (%)

* P,soat the LHC is similar in magnitude to top RHIC energy. Model description: B. Fu et al.; PRL 127, 142301 (2021)

* The data results are compared with the (fluid shear + thermal vorticity) based AMPT + MUSIC model.

 The model qualitatively explains the data with constituent strange quark mass as spin carrier mass! Spin-
orbit coupling happens only at the partonic level?
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Summary and Outlook

e Spin polarisation is sensitive to the gradients of velocity and temperature fields — probes the “fine structure’
of the QGP.

* Magnitude and life time of the magnetic field can be investigated using the spin polarization in heavy-ion
collisions.

e Spin polarization results provide critical constraints for the development of theoretical framework involving
spin degrees of freedom.

* New high statistics datasets at STAR (BES Il) and Run 3 at the LHC will allow more differential and
precision measurements of global and local polarization in heavy-ion collisions.

Thank you
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Anisotropic flow induced polarization along the beam direction (P;)

3 0001 R RUZr+Zr S, = 200 GeV 3 0001 R RuBZr+Zr S, = 200 GeV
= I NN = - Snn ©
ZEQ | STAR preliminary  Centrality: 20%-60% ZEQ . STAR preliminary  Centrality: 20%-60%
N i N i
O 0.0005— O 0.0005—
O i O i
~ i ~" i
= i I i
g AR
- O - Ol 1 -
s 2 : B i e —
2 - i T
-0.0005 : -0.0005
i fit: p0+2p1sin(2¢-21112) \4 i fit: po+2p1sin(3¢-3\P3)
P = (P (O — P i *A p =0.020:0.002 [%] P, ;= (P,sin(3p — 3¥,)) i *A p =0.006x0.002 [%]
L2 = (Psin(2p — 2Y,)) I » I
, ~0.001f “A  p, =0.021:0.002 [%] ~0.001F %A p,=0.010£0.002 [%]
l l 1 | | | 1 1 1 I o . l 1 | | l 1 1 | | | 1 1 l
0 > 4 6 STAR preliminary, QM2022 0 > 4 6
TPC TPC
2(q>-IIJ2 ) [rad] 3(<1>-\I'3 ) [rad]
k
(cost)

e | ocal polarization (along z axis)- P. ~ {((p* -7 P =
p (along ;- P.={(py-2) P, o0 )

e Elliptic flow induced polarization along beam axis: sin(2¢ —2¥,) dependence
e Triangular flow induced polarization along beam axis: sin(3¢ — 3¥;) dependence
 No difference between A and A polarization.
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A(A) polarization in heavy-ion collisions (VN dependence)

— ‘ scaled using «,=0.732 I -
i A A | Preliminary | i
- 2L STAR, 20-50%, Aut+Au ,0.5<y<2 — _ _
- ﬂ M 2 STAR, 20-50%, Au+Au, |y|<] - Task: Locate +/Snv with maximum PH
I ©  HADES, 10-40%, Au+Au, -0.5<y<0.3|| _
61— || | ¢  HADES, 10-40%, Ag+Ag, -0.5<y<0.3|| —
i XX STAR, 20-50%, Au+Au, |y|<1,2021 | ~
eun % 2L STAR, 20-50%, Au+Au, |y|<1,'17-'18 |
4 @ O ALICE, 15-50%, Pb+Pb, |y|<0.5 —
- ] g -
2 — STAR, Phys. Rev. C 98, 014910 (2018)
. . STAR, Phys. Rev. C 104 (2021) L061901 (2021)
i é | ALICE, Phys. Rev. C 101, 044611 (2020)[erratum]
()_l 1 Ll lll‘ll‘ 1 ll.mlb l‘l“lﬂll‘l ? l“.l”l‘ll.l‘lllv B I%IIE-

10 10?

STAR preliminary, QM2022 \[ﬁ (GeV)
» The Pu is expected to vanish at \/sxe & 2mn 21.9 GeV.
e Apeak of Phis expected in the range 1.9 < Visnn < 7.7 GeV.
« Model predicts Pn(max) at /sy & 3 GeV.  (X-G. Deng etal, Phys. Rev. C 101, 064908 (2020))
* The Pnat |/sxe =2.42 GeV (HADES) is consistent with STAR 3 GeV result within exp. uncertainty.

* More high precision data points at low+/sxv needed to locate Pu(max).
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Global vorticity and directed flow from tilted source

STAR Collaboration, Phys. Rev. C 98, 014915 Directed flow:
(a) tilted source (b) tilted source
+ asymmetric density gradient Vl — COS(¢ — \PRP)
sp‘tor low p; dipole flow ‘
1  Asymmetries in the initial velocity field generate vorticity (tilt)

> - in the system — generates directed flow (V1).
S. A. Voloshin, EPJ Web Conf.. 171 (2018) 07002
' ' igh p ipol fow  To describe the v1 in heavy-ion collisions — vorticity (tilt) has
T N to be taken into account. Becattini et al, Eur. Phys. J. C 78, 354 (2018)
,/\/,> \/4_) (arXiv:1501.04468 [nucl-th] v3)
rapidity N - rapidity 0.04 _ ' ' ' ' ' ' '
0.03 I B STAR, PRL 101 (2008), 252301
X 4 :
0.02 1 ". n, = 2.0
0T nls = 0.1

> OFf
-0.01 |
-0.02  Model: 3+1D hydro

-0.03 | 1, = parameter to introduce vorticity/ ' .
tilt in the initial condition

-0.04 ' '
picture from UrQMD -4 -3 -2 -1 0 1 2 3 4

Y (rapidity)
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https://www.epj-conferences.org/articles/epjconf/abs/2018/06/epjconf_sqm2018_07002/epjconf_sqm2018_07002.html
https://arxiv.org/abs/1501.04468

Global polarization (Px) in Pb-Pb collisions aty/Sxv=2.76 and 5.02 TeV in ALICE

" !
| 2.76 TeV ALICE Pb-Pb | SNy = 5.02 TeV
- - \ | ALICE, Phys. Rev. C 101, 044611 (2020)[erratum]
j | O : ¥ ol STAR, Phys. Rev. C 98, 014910 (2018)
! I % j] [] ! e L]
OF--4----7 S i Al ettt L B —--(3----:]---- -------------------------- |l----- .
- - u A\ = P+
e %] Q T O _
- ) lyl <0.5 A :E+][+
05 n
i O.5<pT<5.O GeV/c
Ll I I I I I I I I | L1 I I I I I I I I I
5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 20
s [ ~ Centrality (%)
~ Au-Au 20-50% & .
,f B H x A Nature 548 (2017) 62 o 0'05;'
® A Nature 548 (2017) 62 Y ® -1
B * A PRC76 (2007) 024915 _0.05f ] ] o ] S
i o X PRCT6 (2007) 024915 ;_ * Py consistent with zero within experimental uncertainties.
T
S VS (GeV) _ | |
- Pb-Pb 15-50% A+A *No visible difference between A and A polarization.
N ALICE Preliminar
H O ALICE Upgrade p);ojection, 10 nb™
" + ¢ o (Staistcal uncertainties oniy) Py decreases with collision energy (due to higher baryon
B $ $ Eh+ i LHC projection [Voloshin, ICPPA-2016] . . .
: E& transparency at higher collision energies).
OF---mmmmm e L 3 . S
B "1'0 - "'1'2)2 L "'1'(')3 - ALICE-PUBLIC-2019-001, https://cds.cern.ch/record/2661798
S\ (GEV)  S.A. Voloshin, ICPPA - 2016
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A(A) polarization in heavy-ion collisions (rapidity dependence)

Iu. Karpenko, F. Becattini Eur. Phys. J. C 77, 213 (2017)

— .. STAR Au+Au 20%-50% V3ny =1.7 GeV, 20-50% central Au-Au, averaged It /sy =62.4 GeV, 20-50% central Au-Au, averaged IC
- ﬂ STAR Preliminary .. 545 62 (2017) ®A ORA A ol | o | - y
B 3 GeV PRC76.024915(2007) ® A OA :;i;i:é 7 j: ?‘Q 2 : .
B (A) PRC98.014910 (2018) ® A ORA ) T /fg’ == 1.,
sl . PRC104.L061901 (2021) ® A E ::«-:-ii f:;iz ) E :: §$/ = = : 1,
STAR prelim. x =57 5 x == 1.
AA+A eA OA == 3 477 g 1 B
ALICE PRC101.044611 (2020) 1T = TN
B + A <2 A Pb+Pb 15-50% -6~ —sred 4 W2
HADES prelim. SQM2021 s %3 2 1 o 1 2 3 e O
A Au+Au 10-40% U]
A Ag+Ag 10-40% Nnl<g1.0
2 10 Au+Au at b =8 fm
g W™ - : central slab (a) -
AMPT, A 19.6 GeV (A + A) | 8" Mid rapidity — crossoverEoS |
- primary primary+feed-down | — — — 1st-order-tr. EoS|
UrQMD+VHLLE, A a, =-o.=0.732 >, 6 * A STAR '
| ——primary - - primary+feed-down ~ * A STAR '
| | lllllll | | Illllll | | lllllll | | | 1 % 4-
10 10° 10° Ivanov, Toneev, Soldatov I
STAR, Phys. Rev. C 98, 014910 (2018) \/SNN GeV] Phys. Rev. C 100, 014908 (2019)
STAR, Phys. Rev. C 104 (2021) L061901 (2021) 0
- total (T>100 MeV) (b)
: : : T : . . 20} o
e Polarization at mid-rapidity decreases with collision energy. "1 Total rapidity
X 15+
* Bjorken boost invariance at mid-rapidity? vorticity migrates to forward rapidity? 2=l
v

* For highery/sxn (i.e. higher yoeam), NOt possible to measure Py at forward rapidities 3
at STAR/ALICE (needs detector upgrade). 0

4 6 8 10
Vsan [GeV]
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Polarization of multi-strange hyperons

S=AN+n, A=p+n * General method: Estimation of mother polarization from
Q=A+K, A=p+x daughter momentum distribution in parent rest frame:
o T STAR Au+Au 20%-50% dN
'é' B PX(7'7)=7'34i3'02 [%] _ Nature5u4-;.6uZ (2017) — _(1 + = QP,— Q pA)
AT 3 STAR, PRL 126, 162301 (2021) A OR dQQ*  4nx
B PRC76.024915 (2007)
B AA  AA
I PRC98.014910 (2018) a- = — 0.401 Ao = 0.0157,
ol H mEA OA —
- | ALICE PbaPb 15.50% Zyla et al. (PDG), Prog. Theor. Exp. Phys. 2020, 083C01 (2020).
B I PR{?101%O%4611 (2020)
— I +
. b A + dN
1 ; STAR Au+Au 20%-80% _ -~ - -
| Dﬁ ﬁ a * ol +_+ (VIadaughterAP) o Issue. When aN O » dg* ISOtrOpIC
— | ¢ =+ = |
- E :Fuﬂ + Q +Q (via daug;terA;H) Example: ( Q=A+ K, Ao = 0.0157 )
0 S T SRRt -
~ AMPTPRC99, 014905 (2019) o= 9782 =001 t _ _ _
i A+ = LR s 0010 * Solution: Pz, estimation from P, (A =p+ 7, a, = 0.732)
A R R Yo =1 | (assumption: polarization transfer from parent to daughter)
10 107 10° _
'S [GeV] Po(s =3/2) > P,(s = 1/2) Spin effect only?.
p_ (s)  (s+1)w Po(s =1/2) > P)\(s = 1/2)
i > 1 Different freeze-out scenario? Mass effects? Localised

Becattini et al., PRC 95, 054902 (2017) effects?? More precision measurements needed.
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ALICE, Phys. Rev. C. 101, 044611 (2020)
STAR, Phys. Rev. C 98, 014910 (2018)

A A
"m= '@ ALICE o

Pb-Pb 15-50%
0.5< P, < 5.0 GeV/c
ly| < 0.5

A A
»@= @ STAR

Au-Au 20-50%
0.5< P, < 6.0 GeV/c
In|<0.8

e No observed effect/splitting of PA/Px) due to different magnetic

(B) fields in Ru+Ru and Zr+Zr collisions.

Spatind 2023

Jan 04, 2023

STAR preliminary, QM2022

Debojit Sarkar

1

A(A) polarization in heavy-ion collisions (B field effect)

(however, P is systematically higher than Px).

P is consistent with P within measurement uncertainty

| ' | ! | ' I ' I ' I ' | !

| STAR Preliminary

- mRu+Ru A

BEEYACYA¢
| 0Au+Au

| sy =200 GeV
- Centrality

- 20-50%

| Average

AN SN R RN B R S R R

. STAR Preliminary

- . Ru+Ru R

+ Zr+Zr

{ % l d l ' 1 1 l ' 1 1 l

., 8

|'Syy = 200 Ge
- Centrality

" 20-50%

| o0 Au+Au 1

. x [ I 1

| | | |

1 1 | 1 1 | 1 1 | 1
20 25 30 35 40 45 50

Centrality [9%]
Page

27



Measuring global polarization (Py) in ALICE using invariant mass method

ALICE, Phys. Rev. C 101, 044611 (2020)[erratum]

A=p+nrn~ A=p+n"
12 Pb-Pb \5 =276 TeV 0O O A—p+x | 05<p <50GeV/c 5 ALICE . X
:CS 20-30% H o O A—>P+n 1yl <05 o O LHC11h - 8 <Sln(¢p lPSP))
8 04 ==+ BG fit H— R1
oL — Totalfit | o © ﬂaH SpP
- H e ®

» Py measured from the fit to Q ((sin(g* — Wgp))) -

Q(Minv) — f S(MinV)QS f BG(MinV)Q BG(MinV)

15, #BG signal, background fraction of A (A)

QS —spolarization signal,
I WA e s s tn i Tz 12 QBG(MinV)—’/\ (7\) background contribution.

1.105 1.11 1.115 1.12 1.125 1.105 1.11 1.115 1.12 1.125

M(pz~)(GeV/c?) M@z ) (GeV/c?)
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