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Introduction:

» Why charmonia?

Charm and anti-charm quarks produced early in the system’s evolution : during the pre-equilibrium phase
Affected by suppression and regeneration at LHC energies

J/Y remains largely undiffused in the hadronic phase of a collision which makes it a better probe to study
the deconfined phase

Charmonium studies in hadronic collisions provide powerful tests of quantum chromodynamics (QCD)
Charmonium production yield in Pb—Pb and p—Pb collisions can also be affected by the cold nuclear

matter (CNM) effect (e.g. Shadowing effect)

» Polarization in pp collisions:
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e Polarization is the measure of how much the spin of a particle is aligned in a given direction
* Gluon’s polarization is preserved as the cC pair evolves into a bound state of charmonium
* In two-body decays, the spin-alignment will be reflected in the angular distribution of the decay

particles
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Introduction:

]
a

- h= % > Helicity operator

 Vector (JP¢=17") quarkonia have the same charge-parity as an electron-positron pair and can be produced
in electron-positron annihilation via an intermediate photon

« The states originating from this process are polarized, as a consequence of helicity conservation, a general
property of QED (QCD) in the relativistic (massless) limit

« For our case, gluon fragmentation dominates the high pt region, while Drell-Yan process dominates the low
pr region
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Introduction:

o/« CDFdata:Runl/ll Helicity frame
. e . CS, Lo
J /Y polarization puzzle ? e G L yi<os
---- CS+CO, LO Vs =1.96 TeV
—— CS+CO, NLO pp = Jhy + X

* Measurements of polarization parameters from Tevatron, RHIC and LHC show almost

ey
no J /Y polarization in hadronic collisions §§§
* However, theoretical predictions based on the collinear factorized color singlet 4 e F:T's[Gev]zlo %
production channel at leading order (LO) and next-to-leading order (NLO) suggested 332;2 \ ) |
substantially non-zero polarization at high p 1 &fﬁgs R |
* Conflicting theoretical results from non-relativistic quantum chromodynamics [P(ah)y& Rev. Lett. 10";6122002 (2012)]
(NRQCD) and Color Singlet Model : “: UGS g0 =TT 25<y<4 | 3 ot sopr
Importance of 1(2S) polarization study : a
* A small prompt J/1 polarization can be interpreted as reflecting a mixture of directly E -
produced mesons with those produced in the decays of heavier (P-wave) charmonium gf;
0 e
states 525
* P(2S) is unaffected by feed-down decays from heavier charmonia e pjeev;';) 78 9 o

[ALICE Collaboration, Phys. Rev. Lett. 108, 082001 (2012)]
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Introduction:

N - D@, 1.3
Importance of Y(nS) polarization study : 0.8 - « o | E
3 = - L4 g :
0-6: —t— TE i ‘ & O Drell-=Yan £

>0

0.75 F A T(25+3S)

* bb system satisfies the non relativistic 04+ 05 - SN
0.2 0.25 © . . o 3
r (V= T =

calculations at high p t much better than the cc 0 025t "
-0.2 - -05 F E
e Better probe for QCD 04 © ° 1 2 ’ o
06 - 5 1.5 prerr e e g
g [ R BRI R RN RN BRI BRI R 1'255 E
Results from Tevatron show almost no (CDF) or 0.8 5 e S o e 1e 175 o0 iy i 5 b o
longitudinal polarization for Y(1S) (DO) ’ Py 0f Y(25) [GeViel - os £ 2T
508 - D@, 131" BE 3 i ;
. 8 ET o E
* Atlower energy and pt , the E866 experiment 06 - 025
has shown yet a different polarization pattern: ; St 02 e e asee 0T
the Y(2S) and Y(3S) states have maximal
transverse polarization
* Unexpectedly, the Y(1S) found to be only 0.8 e e e e e g
weakly polarized Pr ofY(15) [GeVic]
[DO Collaboration, Phys. Rev. Lett.
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Introduction:

* The angular distribution in dilepton decay:

d*N 3

Jeosd do = =G 1 ) (14 Ng cos?0 + Ny sin0 cos2¢ + Aoy sin20 cosd)

[P.Faccioli, et. al., Eur. Phys. J. C 69, 657 (2010)]
(Ao Aps Aog) = (1,0,0)  ———— Transverse polarization

(Ags Apy Aog) = (—=1,0,0) ——— |ongitudinal polarization

(Ao, Ags Aog) = (0,0,0)  ———— Unpolarized state
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Introduction:

Frames of reference

* The helicity frame uses the ¥(2S) momentum as the quantization axis

* In the Collins—Soper frame, the quantization axis is chosen to be the bisector of the angle between the
two incoming beams in the rest frame of the y¥(2S) meson

e We can define the frame-invariant variable A,

Production plane //
/
/ 2 /
Quarkonia / ZG) e
' 2 Ninv = ¢
C Q@ oy S
Beam 1 / Beam 2 — qﬁ
/
8
/ €g,
/ m2
/ e /
/ Collision center of mass Quarkonium rest
/ frame / frame
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Quarkonium polarization in Pb—Pb collisions:

Large non-zero magnetic field in non-central heavy-ion collisions

* Production of vorticity due to large initial angular momentum

* Both the external magnetic field and the initial angular momentum produced
in the non-central heavy-ion collisions may influence the quarkonium

polarization

* Event Plane (EP) frame: direction of the polarization axis orthogonal to the
event plane in the centre-of-mass of the colliding beams
e The studies in Collins—Soper and Helicity frames are also interesting in AA to

study quarkonium suppression/regeneration in the QGP

Magnetic field (§): Angular momentum (Z):
* Huge intensity (1014 T) e Largest in semicentral collisions
* Shortlived (t =1 fm/c) * Can affect the system evolution till freeze-out
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ALICE detector (Run 2):

[ALICE Muon spectrometer]

Dipole
|%[ ]%TRK4 TRK5  TRG1 TRG2
H N !
f TRKS % “ I |

( Fo's }
=116 from |LP,
Front absorber | TRK1 TRK2 lﬂ ”
P |IIL_l||L_ . } I I
T B ATl  R—
T —
I i T I! II
=1 m
e bl
-
\S Z1iBN
N 1// _ BN |NS .
- |:| J::r||_| Iron wall
— :g:lofgg:e Rear absorber
< 7405 L 5081

: . New measurements from Run 2 datasets
* Inclusive quarkonium measurements performed at forward

rapidity in the dimuon decay channel . pp S =13 TeV

* Pb-Pb:+/Syy = 5.02 TeV

‘ Muon spectrometer acceptance: -4.0<n<-2.5 ‘
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Quarkonium polarization in Pb-Pb collisions:

o 3 ool EoReT * ALICE measurement of J /i polarization in Pb—Pb
0.2f 2 4%'7 :
Mo ok £t %E{’T—#b collisions at /s yy = 5.02 TeV in Helicity (HE) and Collins-
0.1 3
I Soper (CS) reference frames
~0.4F =
04F [BIALCE Pbebfsn-502Tev.25<y<s &£ * Ag shows a 20 deviation from zero at low p 1
0_35_ O ALICE,ppVs=8TeV,25<y <4 _ _
E O LHCb,ppis=7TeV,3<y <35 = 3 .. . .. .
o 3 * 3o deviation from LHCb measurement in pp collisions in

the Helicity frame

* Values compatible with ALICE results in pp collisions
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Quarkonium polarization in Pb-Pb collisions:
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: ALICE Pb-Pb |s\\ = 502 TeV

: Inclusive J/y — pu- ]
- 2<pT<6GeV/C,2.5<y<4 ]

L ¢ Stat. uncert. ]
|:|Syst uncert Event plane -

Centrality (%)
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ALICE, Pb—Pb |s,, = 5.02 TeV
Inclusive Jly —» un-,25<y <4

¢ 0-20%

¥ 30-50% Event plane _

0 2 4 6 8 10 12

P, (GeV/e)

ALICE measurement of J /Y polarization in Pb—Pb collisions at
\/SnN = 5.02 TeV

First measurement with respect to the Event Plane (EP)

Small but significant polarisation (3.50), particularly in the 40-60%
centrality range

Effect more pronounced at low transverse momentum (2<prt<4
GeV/c) in centrality 30-50%

Qualitatively in agreement with spin alignment observed for light

vector mesons
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Quarkonium polarization in pp collisions:
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J /Y polarization measured in pp collisions in the CS and

t#*ﬁb'gi ,,,,,,,,,,,,,,,,,, HE frames

iy

P a0 1
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- | 4*’7_ > * No significant polarisation observed by ALICE and LHCb
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* Need for studies with higher center of mass energies

v" New ongoing analyses of ]/ and y(2S) in pp
collisions at /s = 13 TeV
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Quarkonium polarization in pp collisions:

| C°'"”S'S°'°er_f * Recent preliminary measurement of Y(1S) polarization at
: - \/s =13 TeV from ALICE
; N
; 1+ Results compatible with previous LHCb measurements at
| E:I .:I:: [ [ [ [| 1 :I: | [ [ [ 1 I- ﬁzSTeV
[ Y(1S) » 'y
0.5_— -T- -

* Polarization is evaluated downtopt~0

o ALICE pp. (5= 13TeV. 25<y <4 1 * All values compatible with zero within uncertainties

_0.5[ OLHCbpp, 5=8TeV,22<y <45
"I | Total uncertainty

e bbbl @ Large uncertainties due to limited statistical precision

0.5F + .
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Quarkonium polarization in pp collisions:

2 e 2 (1  Zero polarization within
15k pp, Vs =13 TeV 1 15F 1 15F 1
.} @ Colins-Soper ] .t 3 1t 1 uncertainties

for Collins-Soper frame

+ Finite polarization in helicity frame

-1F - -1F b -1F b
s ; s ; s ; for4 < pr <8 GeV/c
_2 'l 'l 'l 'l 'l 'l '] _2 'l 'l 'l 'l 'l 'l '] _2 'l 'l 'l 'l 'l 'l ']
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_05 - _05 N HeI|C|ty ]
e ALICE, pp, s =13 TeV ]
a3 7 -1F 1 -1f 1 “1F = LHCb, pp, (s=7TeV ]
~15} 1 ~15} 1 ~15} ] i NRQCD(1) ]
-1.5F  NRacbE) ]
e a6 s 10 12 NIRRT e a6 s 10 a2 2:....C.SM.....|...|...|...|...|.'
P, (GeVlc) P, (GeVl/c) P, (GeVlc) 0 2 4 6 8 10 12 14
Analysis Note: 1(2S) polarization measurement in pp collisions at /s = 13 TeV, https://alice-notes.web.cern.ch/node/1472 (ALICE internal) pT [GeV/c]

29 APRIL 2024 13

Dushmanta Sahu | IIT Indore



https://alice-notes.web.cern.ch/node/1472

Conclusion and Outlook:

e ALICE has measured the polarization of several quarkonium states both in pp and Pb—Pb collisions

* No significant quarkonium polarization till now in pp collisions

* New J /i and 1(2S) polarization analyses ongoing in pp collision at 4/s = 13 TeV

* Results are compatible with other LHC measurements and recent model predictions

* Hint for non-zero polarization at low p 1 in the HE and CS frames in Pb—Pb collisions

* From the results of EP frame analysis, possible correlation with B and L in the QGP formed in heavy-ion
collision

e ALICE Run 3 with high luminosity will provide significant statistics for precision measurements
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THANK YOU!




