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Introduction: Quarkonium polarization

Polarization
: N4 axis
quarkonium
rest frame For the decay of vector meson into dilepton, in rest frame of vector
meson
production W(cos 8, ¢) 310y (1 + Agcos? 0+ A4 sin® 0 cos 2¢ + Mg, sin 26 cos @)
plane

For these polarization parameters.

(Aa, A¢, )\0¢) = (-l—]., 0, 0) Transverse polarization
(AG; Agba /\0¢) — (_1, 0, O) Longitudinal polarization

y ()\9, A¢, )\9¢) = (O, 0, O) [ No polarization

Sometimes the spin density matrix is also used directly to represent

Faccioli et al, Eur. Phys. J. C (2010) 69: 657—673
W (cos) « (1 — poo) + (3poo — 1) cos® @

» Polarization is defined as the alignment of spin along a chosen direction.

» Measured through the anisotropy of the angular distribution of the decay products.
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Quarkonium polarization in pp collisions
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H 0.6 e ALICE data 8 TeV (inclusive Jhy)|1 0.6 - ¢ ALICE data 8 TeV (inclusive J/y)|[1
oal 7] CGC+NRQCD 0al [ ]CGC+NRQCD
02t l 02}
< ool < ool _.; — |
021 02} * ¥ “ ' '
04} § 04}
06 § 06}
08l |25<y<4, VS=7o0r8TeV ] 08|25<y<4, VS=7or8TeV
Collins-Soper frame recoil (helicity) frame
T T4 e 8 w0 12 14 6 M 4 6 8 0 12 14 6
pr [GeV] pr [GeV]
I i 1 1 1 1
quarkonium 08l Py, (5=70TeV(CSframe)  Jyg gl PP dv. \S=7.0TeV (HXframe) oo
rest r CEM20<y<45 10 C ICEM2.0<y<45 N
0.6 —0.6 0.6 0.6
frame - LHCb data2.0 <y < 4.5 . 0.4 * LHCbdata20<y<45 To.a
0.4r- «  ALICEdata25<y<4 04 4r = ALICE data2.5<y < 4 10
0.2 o2 _ 02" - 0.2
- > , . - i
Faccioli et al, Eur. Phys. J. C (2010) 69: 657—673 Sp 07 =0 S# O -0
0.2 102  -02f 0.2
> Helicity (HX): direction of vector meson in the collision center of mass -0.41- 04 047 0.4
frame 0.6 (@) 106 -06- (a) —4-06
o ) -0.8- —-0.8 -0.8— —-0.8
»  Collins-Soper (CS): the bisector of the angle between the beam and the I I R T TP SR C ‘ ! I L]
. fh her b - th f 2 4 6 8 10 12 14 2 4 6 8 10 12 14
opposite of the other beam, in the vector meson rest frame. p, (GeV) p. (GeV)
» Golden observable to constrain quarkonium production mechanism.
B Color singlet: longitudinal polarization ) Yan-Qing Ma et al, JHEP 12, 057 (2018)
B NRQCD: transverse polarization @) Vincent Cheung and Ramona Vogt, PRD 104, 094026 (2021)
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ALICE detector

Forward (2.5 <y < 4.0)

Central barrel (|y|< 0.9)

Absorber

>
“Ragll| o0

put spectrometer

€ V0 detector

v' Centrality determination
v Trigger
v' Background rejection

& 1T spectrometer
v' Trigger
v' u* tracking

€ Time Projection Chamber

v' Tracking, Particle identification

@ Inner Tracking System

v' Tracking, Vertex reconstruction

Run 3 updates:

Upgraded:
« TPC

« ITS
New:

. FIT

« MFT
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Jhyp polarization in pp collisions

0.8 [ Collins-Soper E Helicity
06 2
0.4 [ =

o2 | s 3 » The J/y polarization measurements from ALICE
< E «#&*’ﬁ-’ b= tﬁ;ﬁﬂ: at forward rapidity are close to zero up to pp = 15
_ _ ¢ GeVle.
0.6 - ALICEpp1s=7TeV - ! Inclusive Jiy

04 - —— ALICEppis=8TeV,L =1.23pb’ =
08 f —4— LHObpp1s =7 TeV 3 25<y<4 B The measurements from ALICE are compatible to
that from LHCb.
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08 F 2 (1) ALICE Collaboration, PRL 108, 082001(2012)
U e T T T T T R T T (@) ALICE Collaboration, EPJC 78, 562 (2018)

p, (GeV/c) p, (GeVic) (3) LHCb Collaboration, EPJC 73, 2631 (2013)
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Jhyp polarization in pp collisions
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0o 2z 4 & 8 10 12 14
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The J/w polarization measurements from ALICE
at forward rapidity are close to zero up to pp =15

GeVle.
B The measurements from ALICE is compatible to
that from LHCb.

The CGC + NRQCD can describe data well.

@) ALICE Collaboration, PRL 108, 082001(2012)
(2) ALICE Collaboration, EPJC 78, 562 (2018)

(3 LHCb Collaboration, EPJC 73, 2631 (2013)
@ Yan-Qing Ma et al , JHEP. 2018, 57 (2018)
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Jhyp polarization in pp collisions

o p+p— Jiy, Vs = 7.0 TeV (HX frame)
- ICEM20<y<45

L * LHCbdata20<y<45

= ALICEdata25<y<4
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8 10 12 14
p. (GeV)
1
p+p—+ Jiy, Vs = 7.0 TeV (CS frame) 0.8
ICEM 2.0 <y < 4.5 o
« LHCbdata20<y<45 i
« ALICEdata25<y<4 ‘_g-;

........ ..
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- 04
i (b) 10
= 0.8
4 : g8 10 12 14
p, (GeV)

» The J/wy polarization measurements from ALICE

at forward rapidity are close to zero up to py =15
GeVle.

B The measurements from ALICE is compatible to
that from LHCDb.

» The CGC + NRQCD can describe data well.
» The ICEM predicts a small J/y polarization but

the trend of Ag 1s the opposite to the measured
one..

(1) ALICE Collaboration, EPJC 78, 562 (2018)
(2) LHCb Collaboration, EPJC 73, 2631 (2013)
(@ Vincent Cheung and Ramona Vogt, PRD 104,

094026 (2021)
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Jhyp polarization in pp collisions

0 81 p+p— Jy, Vs = 7.0 TeV (HX frame) ; 8 0 ; p+p—» Jiy, Vs = 7.0 TeV (HX frame) h ; 8
i [ ] ICEM20<y<45 ’ : ICEM2.0 <y <45 < o . .
06 == Fiss i o 06 06 + Lhoboa 2y;0_<y< 45 Eg'i » The J/y polam-za-tmn measurements from ALICE
\ o 355 at forward rapidity are close to zero up to py =15
o Prompt J/y _+—==_{’02 GeVle. _ _
0.8 = HX frame 164 B The measurements from ALICE is compatible to
C 106 that from LHCDb.
C —-0.8
- v :
041 38 guiliit Gl » The CGC + NRQCD can describe data well.
- . 4t 1
o iﬁ" o o8 » The ICEM predicts a small J/y polarization but
o gt T | 000 os , :
- +++ . doa the trend of Ay is the opposite to the measured
I ORI mE | o
-/ 0 e yl<1. =0
04 /- m LHCb 7TeV 25<y<4 0.2
- - 9% » Anew measurement from CMS shows a
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- ’ . p 6
-0.8 :_ o 35[1 ]+ K aPﬂ ] fork =15,1.7,1.8 14 Dr > 20 GeV/ec.
:I L 11 I [ | [ | [ I 1111 | L1 I [ | [ I 1111 | L1l I [ | [
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CMS Collaboration, arXiv:2406.14409v1
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https://arxiv.org/pdf/2406.14409

Y'(1S) polarization in pp collisions

Collins-Soper
1 : > First measurements of Y(1S) polarization at ALICE
...................... B e R forward rapidity.
T © . B All polarization parameters evaluated down to p, = 0.
I ] B All polarization parameters are compatible with zero
P U TR U TN TUUIT T A U T TUIT T TR T within uncertainties in HX and CS frames.
[ ALICE preliminary I i
OSF Y08) > u'w T _ > Results compatible within uncertainties with LHCb
3 "t'*g-?-jo_—c R - L ——— ] measurements at /s = 8 TeV.
< Of ===g===T% i
[ e ALICEpp, (5=13TeV,25<y<4 L
_05'_ OLHCbpp, Vs=8TeV,22<y <45 _T_ _
"“F | Total uncertainty T
0.5 T ]
< of W@_ﬂ—" __iiﬂﬁqu—fi—___@__ _
-0.5F + ]
PPN PP I IS INPEFIE (PP TR IS TIPS TP IMPEPIPE PEFIPI I TP TP CD LHCb Collaboration, JHEP 12, 110(2017)
0 5 10 15 20 25 30 0 5 10 15 20 25 30 (2 Bin Gong, et al, PRL 112, 032001 (2014)
p, (GeVic) P, (GeV/c)
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ALICE Run 3 Performance in pp collisions
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» The statistical sample in ALICE Run 3 is 102 times larger than in Run 2 at midrapidity, thanks to the

continuous readout system.

» The increased statistics allow ALICE to measure the polarization of JApy at midrapidity for the first time,

in different p; and multiplicity region.

» The measurement of Y(1S) polarization in the midrapidity region may also be possible.
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D** polarization in pp collisions

New preliminary !

8 07_ T T L T T T T T 1 |_
U - ALICE Preliminary ¥| < 0.8 - > The prompt D** polarization measurements from
- Helicity frame s=13TeV ALICE at midrapidity are close to 1/3 up to py = 20
06__ y 0C — D*+ N GeV/C.
: pp5 E = 136 TeV o b N D*+ :
050 N > The non-prompt D** polarization measurements
T _%}_ . shows a transverse polarization (py, = 0.45).
ottt gt [y
. SRR » S :
03t == = .
" Vs=13.6 TeV PYTHIA 8 + EVTGEN ]
0 2__ = c— D" dc— D** ] Poo > 1/3 (transverse polarization)
““L o b—D* b — D* 4 Poo = 1/3 (no polarization)
-] . L Poo < 1/3 (longitudinal polarization)

4 5678 10 20 30 40 10?
P (GeV/c)

(1) ALICE Collaboration, PLB 846 137920 (2023)
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D** polarization in pp collisions

New preliminary !

- » The PYTHIAS + EVTGEN prediction agrees with the
080 e T ALICE measurement, indicating that the

8 060_ T I B B I T T T N B B
Q - ALICE Preliminar . - » The prompt D** polarization measurements from
0'55:_ pp, Vs = 13.6 TeVy ALICE: [y| < 0.8 E ALICE at mid rapidity are close to 1/3 up to py = 20
0.50C Helicity frame CMS: |yl <1.2 ;] GeVie.
0_452— , M@i% H—E > The non-prompt D** pola.riza.tion mezisurements
- 258 “ﬁ . shows a transverse polarization (pyy ~ 0.45).
0.40 —

0 305_ Non-prompt particles _E polarization of non-prompt J/y and D** arises from
TE . helicity conversion.

0.25C Data PYTHIA8+EviGen -

- e D" (ALICE) | D* - —
0.20 - Poo > 1/3 (transverse polarization)

- e J/ /4 (CMS) J/ /4 ] Poo = 1/3 (no polarization)
0 15: Lo | . T Poo < 1/3 (longitudinal polarization)

4567 10 20 3040 10°
o (GeV/c) ) ALICE Collaboration, PLB 846 137920 (2023)
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Quarkonium polarization in Pb—PDb collisions

< — 1 1 1 T v T [ v T T 1
o 2} ALICE _
Pb-Pb,0-10%, @ =5.02 TeV
Inclusive J/y, |y| < 0.9

P e Data .
T | Transport (R.Rapp et al.) i

| SHMc (A.Andronic et al.)
: _—Lﬁ [ ] Energy loss (F.Arleo et al.)
E 0 P T ST T R R s e m— m—m—m—
0 5 10 15

P, (GeV/c)
ALICE Collaboration, PLB 849 138451 (2024)
> A deconfined medium (QGP) is created in AA collisions.
» Large angular momentum and huge magnetic field due to the medium rotation is predicted, affecting
the spin distribution of quarks thermalized in the medium.

> Contribution of (re)generation and suppression plays an important role at the LHC energies.
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Quarkonium polarization in Pb—PDb collisions

» The event plane, being perpendicular to the angular
momentum and magnetic field, is ideal for observing

polarization effects.
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ALICE Collaboration, PRL. 125, 012301 (2020)

- Event plane (b}~

p =173

- Production plane  (d)0.
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Jhy global polarization in Pb—Pb collisions

» Centrality dependence

< oop U B Small but significant (3.5 o) polarization
- ALICE, Pb-Pb |s,,, =5.02 TeV ] :
0.4 Inclusive Jiy — - 7 observed in 40-60% and 2 < p; <6 GeV/c.
- oo p < Vie 25< v <4 E B The polarization is compatible with 0 in the
0.3 p,<6GeVic,25<y
- - ‘ 60-90% centrality.
0.1F Ei B :

— —

_0_1:_ ¢ Stat. uncert. .
I:ISyst un{:ert Event plane

_ w Ll
0'20 10 20 30 4D 50 BD ?0 30 90 1DD

Centrality (%)

(1) ALICE Collaboration , PRL. 131 042303 (2023)

15

Nagasaki, 2024/9/24 Polarization in Pb—Pb Zhenjun Xiong




Jhy global polarization in Pb—Pb collisions

» Centrality dependence
‘:DO-G:"'l"'I"'I"'I'
050 ALICE, Pb-Pb {5 = 5.02 TeV
045_ Inclusive J/y — p'u-,25<y<4 E

0.3F -

- . 60-90% centrality.
0.2F E
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» pr dependence

B Small but significant (3.5 o) polarization
observed in 40-60% and 2 < p; < 6 GeV/c.

B The polarization is compatible with O in the

0 C T —t— m
01 . | ] B Significant deviation (3.9 o) at low transverse
- ¢ 0-20% : momentum.
0.2 # 30-50% Event plane -
o3b e e S
0 2 4 6 8 10 12
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(1) ALICE Collaboration , PRL. 131 042303 (2023)
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D** global polarization in Pb—Pb collisions

New preliminary !

IITIlIIllllllllllllllTlllllTllII

" ALICE Preliminary
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. Reaction plane
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it i

Increases with increasing pr.

o
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| I | |11 | | 1 1 1 | I | | | | | | |1 1
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ALICE Run 3 Performance in Pb—PDb collisions

= 7 1 @
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ALICE Collaboration, PLB 849 138451 (2024)

» J/wy regeneration with a larger contribution at mid-rapidity.

» The statistics from ALICE Run 3 enable the possibility of measuring the global polarization of J/wy

at mid-rapidity.
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summary

» The measurement of J/\y and Y'(1S) polarization in pp does not exhibit polarization

up to 15 GeV/e.

» The measurement of J/w global polarization in Pb—Pb shows a significant signal at

low transverse momentum and semi-central collisions.

> More precise polarization measurements (J/y, Y(1S)...) can be expected from the

upgraded detector and higher statistics in ALICE Run 3.
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