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J/W polarization basic concepts

ALICE In two-body decays the geometrical shape of the angular distribution of the two decay products reflects
the polarization of the quarkonium state

Observable angular distribution arkoniom .z
W(COSQ, (p) 0'g 3 /'[0 . (1 + /‘[0 COSZ 0 + AQD Sinz 0 COSZgD + /19(p5in29COS§0) rest frame
production
(/19;/1@19(,,) = (0,0,0) == No polarization plane —___

(26, 24, 294) = (—1,0,0) = Pure longitudinal polarization
(26,24, 264) = (+1,0,0) = Pure transverse polarization

Polarization can be measured in different
reference frames

polarization axis:

@ Helicity (HX): direction of J/{ in the collision center of mass frame
@ Collins-Soper (CS): the bisector of the angle between the beam and
/ quarkonium the opposite of the other beam, in the ]/{ rest frame
,’ e [ Gottfried-Jackson (GJ): direction of one beam in the J/{ rest frame
(used for fixed target experiments)

Figures from P.Faccioli et al. EPJ C69 (2010) 657-673 o
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Polarization in pp and AA collisions

ALICE Polarizationin pm Crucial for the understanding of the J/{ production mechanism

L LONRQCDpredicted transverse polarization for high-pt J/W
L NLOcolor singlet model predicted longitudinal polarization

Polarization in AAcolliSionS

,?04._ @ T © "Dense parton matter may then screen out of the existence a large part of
| : quarkonia . . . but those of them that survive will carry the information about the
02 oo 0 f + {' mechanism of their formation throughout the collision"
U_T ______ T ___________________ - _ +%; loffe & Kharzeev, Phys. Rev. C68 (2003) 061902
02 U + ° S Q QGP is produced at LHC energies
o4 d [ The suppression mechanism induced by the strongly
S TR interacting medium produced in heavy ion collisions affects
023_ : g differently the various quarkonium states
U ¥H+{‘{'+ 0 May change the ]/ polarization with respect to pp because
: b the feed-down fractions change
-0.2r 1 -
04 NAGO is the only experiment that measured polarization parameters

0 05 1 15 2 50 100 150 200 250 : i _ _
o (GoV/d] N for ]/ in nuclear collisions (In-In, \/syny = 17 GeV)
== No sizeable polarization observed

R.Arnaldi et al. (NA60), NPA830 (2009) 345¢
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Quarkonium polarization at LHC

ALICE S The ALICE experiment published the first
o - helioiy measurement of inclusive ]J/y polarization in pp
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Phys.Lett. B 727 (2013) 381-402 p, (GeV/c)

QWG 2019 Introduction Luca Micheletti @

o
~E
oo
w
-
o




[

Quarkonium polarization at LHC
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s The ALICE experiment published the first
measurement of inclusive ]J/y polarization in pp
collisions at/s =7TeV,25<y <4

=$ 1, and 1, compatible with zero

S LHCb measured with increased precision prompt

Introduction

] /W polarization in pp collisions at /s = 7 TeV,
2 <y < 4.5 [ErPac 73 (2013) 2631]

ALICE measured inclusive ]J/{ polarization
in pp collisions at /s = 8 TeV [epJc 78 (2018) 562]

=p Ay, 14,19, COMpatible with zero
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Quarkonium polarization at LHC

- cMs  HXfame 8 The ALICE experiment published the first
s 0% | { } J ﬂ 3 measurement of inclusive ]/ polarization in pp
“he 0:__L%1§#.ﬁ'.-+é.--$-_f} ..... b —— i ﬁ gg} ........ { d collisions at/s =7TeV, 25 <y <4
o5 =$ 1y and A, compatible with zero

. pp V5=7TeV L=49fb"

S LHCb measured with increased precision prompt

03__ S A 1L jJ[ __________ % ] /W polarization in pp collisions at /s = 7 TeV,
" HHH S # t% ﬁi % ] %j § YEJ # ] 2 <y < 4.5 [ErPac 73 (2013) 2631]

0'2: ol v2s) | > ALICE measured inclusive ]/ polarization
i in pp collisions at /s = 8 TeV [epJc 78 (2018) 562]
0.2} T :
; " + # | tt ﬁ | =p Ay, 14,19, COMpatible with zero
Moo O 1T M#ﬁ]% _____ | ] ﬁ _____ % _______ %H
Z ~ly| <06 I % Z S
02r YS! } CMS measured prompt J/¢ and {(2S) polarization
20 30 40 50 60 70 20 30 40 50 in pp up to 70 GeV/c at+/s = 7 TeV, |y| < 1.5
Phys.Lett. B 727 (2013) 381-402 P, [GeV]
“““ S e L =» Ag, 4y, A9, COMPpatible with zero
P, (GeV/c) P, (GeV/c)
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The ALICE experiment

The ALICE experiment at LHC is designed for the study of heavy ion collisions

»
o
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The ALICE experiment

ALICE The ALICE experiment at LHC is designed for the study of heavy ion collisions

PEmREA W, Y

QWG 2019

L R

Central barrel:

0 QQ decay mode : ete~
O Rapidity coverage : |y| < 0.9

»
=~k g0
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The ALICE experiment

The ALICE experiment at LHC is designed for the study of heavy ion collisions

Central barrel:

0 QQ decay mode : ete~
O Rapidity coverage : |y| < 0.9

Muon spectrometer:

Q QQ decay mode : u*tu~
U Rapidity coverage : 2.5 <y <4

! +
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The ALICE experiment

The ALICE experiment at LHC is designed for the study of heavy ion collisions

Central barrel:

0 QQ decay mode : ete~
O Rapidity coverage : |y| < 0.9

Muon spectrometer:

Q QQ decay mode : u*tu~
U Rapidity coverage : 2.5 <y <4

»
" illll” |1l'
>

Q In this analysis ]/ is studied
decaying to a muon pair

4-} Focus on the muon spectrometer:
[1] Front absorber

[E Tracking system
@ Dipole magnet

Trigger system
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Data analysis




Data sample and analysis procedure

ALICE In this analysis ]/ is studied using the Pb-Pb collision dataset collected at
VSNN — 5.02 TeV in 2015 (Lint ~ 0.2 le_l)

{~ SINGLEMUONCUTS \

(EI —4 <n, < —2.5 to reject tracks at the edge of the spectrometer acceptance

O Matching of a track reconstructed in the tracking chambers with a track
reconstructed in the trigger system with pr > 1 GeV/c

O Cut on the distance of closest approach to primary interaction vertex

/~ DIMUONCUTS \

0 2.5 < y,, <4 to cope with the spectrometer acceptance
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Data sample and analysis procedure

ALICE In this analysis ]/ is studied using the Pb-Pb collision dataset collected at
VSNN — 5.02 TeV in 2015 (Lint ~ 0.2 le_l)

ANALYSIS PROCEDURE

|. Signal extraction

Number of ]/ obtained fitting the u™ u~ invariant mass distribution
as a function of cosf and ¢

» |ll. Acceptance X efficiency correction
Number of /W corrected with the A X € obtained in with a MC simulation

‘ » |1l. Polarization parameters extraction
Fit to the J/y A X e-corrected distribution with:

GOAL
Ao, A A W (cos8, p) «
evaluation
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Signal extraction

ALICE Q utu~ angular distribution as a function of cos8 i
and ¢ for 2 <my, <5 GeV/c? 3 1 ALICE Preliminary, Pb-Pb | s\, = 5.02 TeV 1600
| Inclusive J/y — pu~
25—2<pT<4GeV/c,2.5<y<4,Helicity —11400
- 1200
2 -
T T 1000
®@ I
—15 800
s

600

400

200

el

1 —08-06-04-02 0 02 04 06 0.8
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Signal extraction
g

ALICE Q utu~ angular distribution as a function of cos8

and ¢ for 2 <my, <5 GeV/c?

O Creation of a 2D grid for signal extraction

QWG 2019

2.5}

| (rad)

Data analysis

1.5F

0.5F

: ALICE Preliminary, Pb-Pb \ s, = 5.02 TeV
| Inclusive J/y — pu~
H2 < p, < 4 GeV/c, 2.5 <y <4, Helicity

FETT
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cosé@

Angular binning tuned according to the
statistical significance of the signal
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Signal extraction

ALICE Q utu~ angular distribution as a function of cos8
and ¢ for 2 <my, <5 GeV/c?

O Creation of a 2D grid for signal extraction

O Fit to the u™u~ invariant mass distribution with various
signal and background shapes

: ALICE Preliminary, Pb-Pb \ s, = 5.02 TeV
| Inclusive J/y — pu~
H2 < p, < 4 GeV/c, 2.5 <y <4, Helicity

T

x10°
1_I T T T I T | T T T T | T T T T I T T T T | T T T I_
- ALICE Preliminary, Inclusive J/y — ptu- 1
o - Pb-Pb s, =5.02 TeV .
; 0'8__ 2<pT<4GeVa’C,2.5<y<4, Helicity N
Q L .
> 'H\‘ 0.12 < cosf < 0.20 4
Q 0-6[ 188<|p|<214rad |
‘T-’ : - Data :
S 0.4 ! —Totalft
= = --- Background fit .
S - --- Signal fit .
o) L ¢ i
© 0.2k -
L " J
L - l A | | 1 l 1 L I L1 L A )
2 2.5 3 3.5 4 4.5 5
m,..- (GeV/c?)
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Data analysis
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Acceptance X Efficienc
P Y

ALICE A X £ evaluated in a Monte-Carlo simulation

w
I

1 ALICE Preliminary, Pb-Pb | s, = 5.02 TeV
 Inclusive J/y — pu~
H2 < B 4 GeV/c,2.5<y <4, Helicity

O In the MC simulation ]/ are generated flat as a
function of cos@ and ¢ (19,4 4,194 = 0)

251
A X ¢ sensitive to the input MC shape? i 105
O iterative procedure: tuning of ] /{r generated ot
distribution according to data -’g i | 04
=15F |
S B 0.3

A X ¢ from "flat Monte-Carlo" I
| L

N;y distribution corrected with A X ¢ k\
New
Evaluation of Ay, 1, 4¢,, evaluation of
AXe

A, Ay, Ao, from previous step used for
a new "polarized" Monte-Carlo

0.2

0.5F
FAX e

0.1

0
-1 -0.8 -06 0402 0 02 04 06 08 1
cosé

0

=) STOP: no significant variation from one iteration
to the other (5 iterations done)
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Extraction of the polarization parameters

45000
ALICE  Q Polarization parameters are obtained 3 [1ALICE Preliminary, Pb-Pb | sy = 5.02 TeV
fitting the [/ angular distribution ILnC'us'Ve éj/g ;;u*uz 5 ya _HFI'.t ) S
H4 < p_<6GeV/c, 2.5 <y <4, Helicity
corrected for 4 X & 51 Ik ,. 35000
- - 30000
W (cos8, ) o “F
1 | o T 25000
% - (1 4 Ag/cos?® 8 + 4, sin* 6 cos2¢ S o
3+ /13 —1.5 —
_ - 20000
+Agpsin2@cosy) = [
P 15000
: 10000
0.5
B 5000
0 —l 11 I L1 1 I [ | I ] A } I { N ) I | I | I [ M O} I 1 1 I L1 1 I L1 1 O
~1 -0.8-06-04-02 0 02 04 06 08 1
ALI-PREL-314875 cosé
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Extraction of the polarization parameters

ALICE

O Polarization parameters are obtained

fitting the [ /Y anqular distribution
corrected for A X ¢

~
(W(COSH, ®)

1
oc 371, (1 + Ag/cos® 6 + A, sin” O cos2¢
+Agpsin2@cosy)

e —

dN -1
d—|a (rad }

320

300 E_ ALICE Preliminary, Pb-Pb | s, = 5.02 TeV

280 - Inclusive Jiy — p'u- —Fit 3

260 - 4= pIT <6 Gel\u’a’c s 2.5I< <4 ,I HS|ICIWI E
0 05 1 1.5 2 25 3

| (rad)

Check of the fit projecting the distribution along cosf and ¢

W (cosf) «

> j W (cos8, ¢)do

:fW(c059,<p)dc059
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Data analysis
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Systematic uncertainties
:

ALICE \
\» Signal extraction

= Choice of various signal and background shapes for the fit to the invariant mass distributions
= Fix to the MC or keep free the ]/ width in the signal extraction procedure

S Input MC shape

= Evaluation of the impact of different pt, y MC input shapes on the polarization parameters

\» Trigger efficiency

» Use single muon trigger response function extracted from data or MC

S Tracking efficiency
= Calculated from single muon tracking efficiencies extracted from data or MC (negligible)
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Preliminary results




Preliminary results
: ry

HLICE - ;— Helicity;— Collins-Soper
0.4F - S Polarization parameters as a function of pt In

A, °§:+ ______ b : _______ — the Helicity and Collins-Soper reference frames
~O2F ALIGE Preliminary } 3 ' = Ao, Ay, Ao, COMpatible with zero
—0.4F Pb-Pb |5, =5.02TeV, 25 < y < 4 -
06 Inclusive Jy S pw =$ This first measurement suggests weak or no
0.6F - ]/ polarization also in heavy-ion collisions
0.4 —
02F =

Ap  Of--mnman- et A e oo ...
pa =
2
06 -
0.6F | | | | | - | | | | |
0.4f 3
0.25— C

Ao o-—’ ------ kel = - - re — ------- e L EEEEEEEEEEES
-0.2- -
~0.4f -
B A T T B

P, (GeV/c) p, (GeV/c) @
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Preliminary results

6 ALICE

Helicity
— Inclusive J/y — p'u, 25<y <4

- Collins-Soper

'® [®]Pb-Pbys,, =5.02 TeV Preliminary
= -m-pp\s =7 TeV [PRL 108 (2012) 082001]
© -©-pp \s =8 TeV [EPJC 78 (2018) 562]

O¢ 0:

T m S0 S PRV CLECEEEEELLL . % tﬁg_'é*—%““‘%‘“" """
L T S S TN
P, (GeV/c) P, (GeV/c)
QWG 2019 Preliminary results

S Polarization parameters as a function of pt In

the Helicity and Collins-Soper reference frames

= Ao, Ay, Ao, COMpatible with zero

=$ This first measurement suggests weak or no
]/ polarization also in heavy-ion collisions

S Comparison with ALICE results at /s = 7 and
8 TeV in pp collisions

= No significant difference between 14,4, 14,
obtained in Pb-Pb and pp collisions

®
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Preliminary results

ALICE ' ;‘ Inclusive J/y — piu-

Helicity |

Collins-Soper

0.4F 25<y <4

= |n-In VS = 17 GeV NA60,3 <y <4.2
Averaged from NPA830 (2009) 345¢c

|
¢ OF ¢

QWG 2019

S Polarization parameters as a function of pt In
the Helicity and Collins-Soper reference frames

= Ao, Ay, Ao, COMpatible with zero

=$ This first measurement suggests weak or no
]/ polarization also in heavy-ion collisions

8 Comparison with ALICE results at /s = 7 and
8 TeV in pp collisions

= No significant difference between 14,4, 14,
obtained in Pb-Pb and pp collisions

S Comparison with NA60 (preliminary) results
in In-In collisions at /syy = 17 GeV

=P Similar behaviour in Pb-Pb and In-In collisions

P, (GeV/c)

@
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Conclusions & future steps
i

ALICE

[ ! First measurement of ] /s polarizationin Pb-Pb collisions at the LHC

8 ALICE preliminary results suggest polarization parameters close to zero in Pb-Pb collisions

s Results in agreement with
O ALICE measurements of ]/ polarization in pp collisions
O NA60 measurement of ]/ polarization in a different colliding system (In-In) at lower energies

Future steps >

O Study of the centrality dependence of the ]/ polarization using the high statistics 2018 data set
O Study of the ]J/{ polarization with respect to the event plane of the collision

= |n more peripheral events, the collision geometry may lead to the formation of an intense
magnetic field and/or to the formation of a fluid with non-zero vorticity
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