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JY polarization

v Angular distribution of the decayed leptons:
W(cosO, ) << 1+ Ag cos 0 + 24 sin? 0c052¢ + Agypsin20cos¢
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» Definition of the z-axis: I J/P

Helicity frame (HX): J /¥ momentum direction

Collins-Soper frame (CS): bisector of angle between beams
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JY polarization

v Angular distribution of the decayed leptons:
W(cosO, ) << 1+ Ag cos 0 + 24 sin? 0c032¢ + Aggpsin26cosg
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Faccioli et al, EPJC 69: 657-673 (2010) fragments

» Definition of the z-axis:
Helicity frame (HX): J /¥ momentum direction

Collins-Soper frame (CS): bisector of angle between beams

Event plane: axis orthogonal to reaction plane

Nuclear
fragments
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JY polarization

v Angular distribution of the decayed leptons:
W(cos0, p) o< 1+ Agcos? O + A, sin® Ocos2¢p + Agysin20cose
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Motivation: pp collisions
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» ]/ polarization can be used to study

- STAR (a) p+p Vs = 200 GeV (b)
- O Jhy—e'e, HX, lyl<1.0 | { Jng—e'e, CS, lyl<1.0
production mechanism in pp collisions _ TP e inos - $
® colour-singlet vs colour-octet vs gluon T ™
fragmentatlon Faccioli et al, EPJC 69: 657-67 (2010) -15— _[C1ICEM (prompt) 12<m<1.5GeV | ﬁg/ . .
3 ' <1. <0.5 (© irect (d)
> Feed down also plays a role | NoNmaooe | yiio Elyios | Caommaco: [Zli<t0 (o3 ’
® Prompt Jiy = Direct®®” + feed down*9% s M M- ==
® Non-prompt: b-hadron decay od |~
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STAR PRD 102, 092009 (2020)

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

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

» QGP affects the polarization of J /vy ?
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4 “Theoretical prediction: J/y polarization at
small py, and find that it translates into the
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» Modification of J /iy feed-down fractions due to larger y¥)(2s) and y. suppression in the QGP
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Current LHC measurements
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» TPC: -1<n <1
Tracking, momentum
and energy loss

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

» BEMC: -1<n <1
|dentification of

high-pr electrons



Analysis procedure: signal extraction
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1. Signal extraction

> Decay channel : Jip — e*e™, 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

Jhy

corr

NS /N

raw raw

2. Acceptance X efficiency correction
* [terative procedure: tuning of J/i polarization in simulation according to data
3. Polarization parameters extraction: simultaneously fit the corrected yield distributions

Ru+Ru & Zr+Zr \/SNN =200 GeV
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Transverse momentum dependence

Ru+Ru&Zr+Zr ys,. =200 GeV
“E Helicity = Collins-Soper
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» |/ polarization vs py:
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* Ag, A are consistent with zero in HX and CS frames
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JY polarization: Isobar vs pp
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STAR PRD 102, 092009 (2020)

» g and A4 In isobar and pp collisions are consistent with zero within uncertainties
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Centrality dependence
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» No significant dependence of Ay, 44 from

central to peripheral event

» Ain, are consistent between HX and CS frames
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y N
_» Nuclear

e s Angular momentum direction L reaction plane (lab frame)
/ ~estimated by event plane (EP)

Quark-gluon .5

The relationship between polarization parameter and
polarization density matrix element
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fragments

y-L) Ao = 1-3poo
_ STAR, Nature 614, 244-248 (2023) 7} 1+ P00
L Faccioli et al, EPJC 69:657-673 (2010)
e +
4 dN

1 1 — 2
9% dcosO” < (1 + pgo) + ( 3poo) COS* O

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 (y|<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 /y
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JIY global spin alignment
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J /Y global spin alignment: centrality dependence
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J /Y global spin alignment: RHIC vs LHC
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» 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/i polarization and spin alignment with respect to TPC event-
plane in heavy-ion collisions at RHIC

» ] /Y polarization
® g, A4 consistent with zero in HX and CS frames
® No significant centrality and p; dependence

» J /¥ 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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p80S vs centrality
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pr Spectrum
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» Data sample: (Isobar data)
Ru+Ru & Zr+Zr collisions at \/syy = 200 GeV

» lsobar data iIs the most accurate and highest

statistical measurement of RHIC
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Random event-plane
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