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Motivation: p+p Collisions

» J /3 polarization can be used to study
production mechanism in p+p collisions
® colour-singlet vs colour-octet vs gluon
fragmentation ., ..« a eric so: 65767 2010)
» Feed down also plays a role
® Prompt J/y = Direct®?” + feed down*%%

® Non-prompt: b-hadron decay

[\S]

- STAR
- O Jhy—e'e, HX, lyl<1.0 A
— @ JAy—p'y, HX, lyl<0.5

—

Fi# ¢ Jhy—pi, CS, lyl<0.5

p+p (s =200 GeV
O Jhy—e'e, CS, lyl<1.0

(b)

_15_ .E.'C'.EM (prompt) 1.2<m<15GeV ﬂ‘gf . . éﬁ o
r NLO NRQCD1: lyl<1.0 [lyl<0.5 (€) | (direct) - (d)
0.5:_ NLO NRQCD2: lyl<1.0 Elyl<0.5 _CGC+NHQCD: {llyl<1.0 lyl<0.5
: ()
0 == - Q ZF ............
—0.55— -
b b o -
0 5 10 0 5 10
p. (GeVic) p. (GeV/c)

STAR PRD 102, 092009 (2020)

> No sizeable polarization for inclusive J/iy in p+p collisions at /s = 200 GeV

Could the inclusive J/i polarization be different in heavy-ion collisions?
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Motivation: Heavy-lon Collisions

» QGP affects the polarization of J /vy ?

40-80% 20-40% 0-20% 0-80%
[ [ I

®  STAR Zr+Zr & Ru+Ru, |y| < 1.0, 200 GeV - |
O PHENIX p+p, ly| < 0.35, 200 GeV

4 “Theoretical prediction: J/iy polarization at\
small p;, and find that it translates into the
asymmetry of the eTe (u*u™)  angular
distribution W(0) = 1 + A4 cos? 8 ,with 15 =

(0-35-0.4 ) oE $ i

B. L. loffe and D. E. Kharzeev, PRC 68, 061902(R) (2003) . STAR Preliminary
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» Modification of J /Y feed-down fractions due to larger ¥ (2s) and y. suppression in the QGP
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LHC Measurement

o %i #ﬂ oo J{@%ﬁﬁsﬁb » Hint of non-zero J /1 polarization at LHC
02F — : 3 o -
3 ; * Ag shows a 20 deviation w.r.t zero in HX for
odf Iz iy 2o 2 <pr<4GeVic

) LHCb,ppE=7TeV,3<y<3.5

0.2F

v Smaller regeneration contribution
T v" Different rapidity range
v
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o S L |

ot 1 »Is]/ypolarized at the RHIC energy?
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ALICE PLB 815 136146 (2021)
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JIY Polarization

v' J/y is avector meson (JF¢ = 177) , Its spin can be described by the density matrix

v Angular distribution of the decayed leptons:
W(cos,d) x 1+ Agcos? O + Apsin®Ocos2¢ + Agp,sin20cose

- ~ s
an 2 quarkonium
a0 ” L eostd rest frame
) — . .
N ,/§ t\ Transverse polarization o+
| Y (dg, Ag, Agg) = (1,0,0) production 0
\ plane \'
2Rt ™
an e
| o 1—cos“ @ X y
* o8 = Longitudinal polarization
y
(A6, Ap, A9¢) = (-1,0,0)

o
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JIY Polarization

v Angular distribution of the decayed leptons:
W(cosO, ) « 1+ Agcos* 0 + Ay sin® Ocos2¢ + Agpsin20cose

quarkonium T [
rest frame /
" /
production \0 / Beam 2
plane i .
T Beam 1
X ¢ y
Pj/p Collision centre /
of mass frame / J /1 rest frame

— . Production plane
» Definition of the z-axis in J /i rest frame:

Helicity frame (HX): along the J /1 momentum direction

Collins-Soper frame (CS): bisector of angle between beams
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» TPC: -1<n<1
Tracking, momentum
and energy loss

» TOF: -1< 5 <1
Time of flight, particle
Identification

» BEMC: -1< 1 <1
|dentification of

high-p electrons



Analysis Procedure: Signal Extraction
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3.6

1. Signal extraction

» Decay channel : Jiy — ete™, ly|<1

» Combinatorial background: mixed-event
technique

» Residual background: an exponential
function

» J/y yields extracted as a function of cos@
and ¢ separately
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Analysis Procedure: Extract Polarization

raw
Jhy

dN™™ /N

corr
Jhy

dNy /N

2. Acceptance X efficiency correction
* [terative procedure: tuning of //1 polarization in simulation according to data
3. Polarization parameters extraction: simultaneously fit the corrected yield distributions
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- @ corrected signal
- —— simultaneous fit
- STAR Preliminary
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» Simultaneously fit angular distribution
and extract polarization parameters

. 1+Ag cos? @
W(0) =3 x 2x(3+1g)
2xA
W) = i coss
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Transverse Momentum Dependence
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JY polarization: Isobar vs p+p
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STAR PRD 102, 092009 (2020)

» Ag and A4 Inisobar and p+p collisions are consistent with zero within uncertainties
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Centrality Dependence
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JIY Global Spin Alignment Measurement

L
VN
_» Nuclear

% mamens ANgular momentum direction L reaction plane (lab frame)
~estimated by event plane (EP)

Quark-gluon .5
plasma @ 9

/3 o The relationship between polarization parameter and
% A polarization density matrix element
;uclear : X(B)
fragments r _ 1—3p00
— Y STAR, Nature 614, 244-248 (2023) }'0 T 1+ P00
L + Faccioli et al, EPJC 69:657-673 (2010)
N ¢ dN

o (1 + poo) + (1 — 3pgo) cos* 0"

g+ dcos6*

pPoo = 1/3 => absence of spin alignment
Poo * 1/3 = spin alignment

>

J/y rest frame
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JIY Global Spin Alignment

* ¢ (yl<1.0and 1.2 <p; <5.4 GeVc™)

> (I) meson pOO > 1/3 at RHIC 0.40:_ © K*(yl<1.0and 1.0 < p; <5.0 GeV c™)

—GY=464+073m}

» Might be caused by strange quark strong
force field
» Similar effect expected for regenerated J /vy
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1
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f“% 1 » JIp poo < 1/3 at LHC forward rapidity
o . + ] « Spin alignment signal up to 60% centrality
-0.1F ¢ Stat. uncert. - ] . . .
o Syt uneet o otPEe 1 > Consistent with regeneration of polarized charm quarks
70 10 20 30 40 50 60 70 80 90 100 . . .
Contrality (%) « Spin-orbital momentum coupling z-7. Liang and X.-N. Wang,
Alice PRL 131 4, 042303 (2023) PLB 629, 20 (2005)
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JIY Global Spin Alignment

* ¢ (yl<1.0and 1.2 <p; <5.4 GeVc™)

> (I) meson pOO > 1/3 a_t RHIC 0.40:_ © K*(yl<1.0and 1.0 < p; <5.0 GeV c™)

—GY=464+073m}

» Might be caused by strange quark strong
force field
» Similar effect expected for regenerated J /vy
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JY Global Spin Alignment: Centrality Dependence

0-80%
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0.5 7 . - 1  second-order event plane at RHIC
0.4 ['E . -
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-2N0 I
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0.1+ - . - g .
AR Preliminary _ | » No significant centrality dependence
o within uncertainty.
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J /¢ Global Spin Alignment: RHIC vs LHC

0.5

0.45

0.4

0.35

0.3

pOO

0.25

0.2

0.15

010 20

—e— STAR, ZrZr+RuRu@200GeV,-1<y<1, O.3<pT<6 GeV/c

—o— ALICE,PbPb@5.02TeV,2.5<y<4, 2<pT<6 GeV/c, PRL2023

-

TPC second-order event plane

STAR Preliminary

| L |

| 1 | L | 1
30 40 50 60 70

Centrality(%)

80

pOO

0.6
—e— STAR, ZrZr+RuRu@200GeV ,-1<y<1, 0.3<pT<6 GeV/c
0.5 —o— ALICE,PbPb@5.02TeV,2.5<y<4, 2<pT<6 GeV/c, PRL2023
0.4
" [}]l
0.3 11 i [}] : %
0.2
0.1 TPC second-order event plane
- STAR Preliminary
| | | | 1 | 1
00 50 100 150 200 250 300 350 400
<N >
part

» The pyo at RHIC energy is comparable to LHC results, despite of very different

collision energy, systems and rapidity
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Summary

First measurement of J/ib polarization and spin alignment with respect to TPC event-
plane in heavy-ion collisions at RHIC

» J /3 polarization
® 1y, Ay consistent with zero in HX and CS frames

® No significant centrality and p; dependence

» ]/ global spin alignment

® p,, lower than 1/3 with a significance of 3.5 o for p; from 0.3 to 6 GeV/c and 0-80%
centrality

® Similar py, values at RHIC and LHC, despite of very different collision energies, systems
and rapidity
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Summary

First measurement of J/ib polarization and spin alignment with respect to TPC event-
plane in heavy-ion collisions at RHIC
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JIY Polarization-p+p collisions

proton+proton 1980 > J/y polarization can be used to study
‘ S’C-:Afhu—m*e‘ HX, lyl<1.0 ¥ ! $+th:eﬁzfgsefflyl<1.o(b) prOdUCtlon meChanlsm In p+p CO”ISIonS

1 @ Jhy—pr, HX, lyl<0.5 3

® colour-singlet vs colour-octet vs gluon

fragmentation

:_ - 1, , 0 o o,y
1:_ NLO NRQCD1: lyl<1.0 £lyl<0.5 (©) | (direct) o (d)
05 NLONRQCD2: lyl<1.0 Ellyl<0.5 CGC+NRQCD: | /|lyl<1.0 ' [lyl<0.5
D COM

CSM

« LO: transversal polarization « small pr: small longitudinal

0 5 10 0 5 10 * NLO: a longitudinal polarization
p, (GeV/c) p, (GeV/c)
STAR PRD 102, 092009 (2020) polarization * large pr: atransverse
V. Cheung and R. Vogt P.R.C 105, 055202 (2022) polarization

> No sizeable polarization for inclusive J/i in p+p collisions at /s = 200 GeV
» The current precision is not enough to distinguish between different models
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Other Polarization Parameters A;.,,,

- _ _ Ap+34
> Frame invariant quantity A;,, = i+,1 :
—Agp
(i) e
. |z
1 + cos2® e

— x’
/E I E90 1- Y3 cos29’ x4 90° l 1+ cos2d’
1/3 sin28’cos 2¢” @ —sin2d’cos 2¢”’
Iy ) o
E\“

I y
|

Faccioli et al, EPJC 69: 657-673 (2010)

v' Calculating invariant A;,,,, removes frame-induced kinematic dependencies
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