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2. The ALICE detector

v 1. Basic concepts

1 Polarization: degree to which the spin of a particle is aligned to a chosen axis
4 In a two-body decay the geometrical shape of the angular distribution of the decay products reflects
the polarization of the guantum state

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

Z . quarkonium studied via their decay into an electron-positron pair — |y| < 0.9 /

quarkonium t _ . . : . . 4+ .
LT e  Muon spectrometer : quarkonium studied via their decay intoa u™u~ pair - 2.5 <y < 4.0
Theory input p+ |
= J/W (J°¢ = 177) total angular momentum (J) can be production | I\f | Muon Spectrometer
expressed as the linear combination: plane ~— ‘

Front absorber: reduces the particle rate coming
from the interaction point, filtering out hadrons

1,]z) = b_111,—=1) + by|1,0) + b 4|1, +1)

= The coefficients b_4, by, b, are related to the o 7 [ \y -

quarkonium polarization state [I] Tracking system: used to reconstruct muon tracks,

consists of 10 cathode pad chambers arranged in 5
stations

@ Dipole magnet: provides a magnetic field of 0.7 T

d Given the decay kinematics it is possible to obtain the expression of the observable angular
distribution, which allows to measure experimentally quarkonium polarization

| Trigger system: located after an iron wall,
| consists of 4 RPC planes arranged in two

14 0, X .
(cos0,¢) stations

3514 (1+ Agcos? 0 + A, sin® 6 cos2¢ + Ag,sin26cose)

d > (29,29, A6¢) = (0,0,0) — No polarization VO hodoscopes and Zero Degree Calorimeters (ZDC) used for trigger and centrality estimation
; > (A9, A, A9¢) = (—1,0,0) - Longitudinal polarization |

> (A9, Ay, Ag¢) = (+1,0,0) - Transverse polarization
3. Data sample & analysis steps
Reference frames
= Helicity (HX): direction of ] /4 in the center of mass frame Pb-Pb collision dataset collected at v/syy = 5.02 TeV in 2015 (Liye ~ 0.2 nb™1)
/ quarkoniurn = Collins-Soper (CS): the bisector of the angle between the | _
/ rest direction of one beam and the opposite of the direction of | HdMuon/Dimuon cuts:
/ e the other, in the J/ rest frame = —4 <17, < —2.5to reject tracks at the edge of the spectrometer acceptance

= Matching of a track reconstructed in the tracking chambers with a track reconstructed
In the trigger system with pr > 1 GeV/c
= Cut on the distance of closest approach to the primary interaction vertex

“pp ¢ 6olli§i.bn$'¥‘-f; g Pb-Pb collisions (thiS analysis) = 2.5 <y, <4 tomatch the spectrometer acceptance
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Q A strongly interacting medium is produced in EIAnaIysis steps:

d-Crucial for the understandmg ‘ heavy-ion collisions at LHC energies
.of the quarkonium production

mechanism-(gluon fusion
L. A ) A « modification of the feed-down fractions due to the . Acceptance and efficiency are evaluated via a MC simulation and used to correct

O Different models predicts different _ QGP-induced quarkonium suppression ! the quarkonium raw spectrum as a function of the angular variables
guarkonium polarization state

Signal extraction as a function of cosf and ¢ of the decay muons
QQuarkonium polarization may be modified via:

I SRl oy g o

« production of a fluid with non-zero vorticity a Extraction of the polarization parameters by fitting the corrected distribution

ik
— 4 All LHC measurements are comparible . Str ic fi
- ith. the. hvpotResis of lar - Sirong magnetic field proc_lu_ced by the The statistics collected for ]/ allows to perform a 2D approach, which is less sensitive than the 1D
4 with. the.nyporhesis orno polarization spectators during the collision . e —
my - —- approach to the Monte Carlo input distributions (pr,y,polarization) used to calculate the A X ¢
- — T ST e — - -
4. Data analysis \ R
Y . 7/ 5. Results
" 1. | Signal extraction i i i i | o -
’ 9 Q Creation of a 2D grid for signal extraction > J/ polarization in Pb-Pb collisions
* the binning is tuned according to the _ _ ! First measurement of quarkonium polarization
. . g . o . 0.6 elicity | ollins-Soper . . . .
> _ statistical significance of the signal i ik oy w25 <y<a E ool Sop in heavy-ion collisions
3 H ALICE Preliminary, Pb-Pb \ s\, = 5.02 TeV _ . . | 3 3
| e Uy b i | !1600 Q1In each bin, the number of |/ is obtained k e %4 __________ s —— The Dolariat t ;
15| 2<Py <4 GeVic 25 <y <4, Heiciy — 1400 using a fit to the invariant mass distribution osf : e ﬁi* f eiPO arlfza on t%araHmle' e_trs areCinéezilisureSas a
1200 with various signal and background shapes oap unction of pr In the HElicity and Gollins-oopel
5 — L B T SO reference frames
o — 1000 ‘ 0-6:_ ® |[® Pb-Pb\s,, =5.02TeV Preliminary :_
O 3 L -= -m-ppis=7TeV[PRL 108 (2012) 082001] . .
g i \\_\ 1f10 L B e T ' 0'4:_ © -©-ppis=8TeV[EPJC 78 (2018)562] [ DAQ'AQDI AQQO Compa“ble W|th Zero
§1 St A3 —800 - ALICE Preliminary, Inclusive Jiy — pu 0.2;— —
- N L Pb-Pb |s, = 5.02 TeV A, of- ) ]
| b e D08 2.p <4Gevic,25<y <4, Helcty | _0.25_ =p This first measurement suggests weak or no
: 400 %oe*ﬁ, 0.12<cosf <020 - ok 3 ]/ polarization also in heavy-ion collisions
R oL 1.88<|p|<2.14rad | C C
0.5 A _0.6F ol
i 200 S | ~Data : S — e _ ,
: 2 04 ~Badgroundt | 1 3 [ Comparison with ALICE results at v/s = 7
ol ey g S - } --- Signal fit - :‘ 3 . . .
: 1 08-06-04-02 0 02 04 06 08 1 ° 3 gl h - 02f s and 8 TeV in pp collisions
' cos6 I R . i 7\"9#’ OE—-----MM—T;-(%T ------ é— ---- _-C} t@;‘%"‘;ﬁl);‘"“é?m ------
TR ST 'i‘ R hyi =» No significant difference between
w (GeVIe) ok - A9, Ay, Mg, Obtained in large (Pb-Pb) and
Acceptance-efficiency correction T T e - T T (Gevis small (pp) systems

A X £ evaluated in a Monte-Carlo simulation in which J/{ are generated flat as a function of

cos and ¢, corresponding to the hypothesis of no polarization (14,1 ,, 1, = 0) > Y(15) polarization in Pb-Pb collisions: feasibility study

 To take into account the sensitivity of the A X & with respect to the input MC shapes (pr, vy, cos8, @) The sizeable data set collected in . 3 e Qilgsie_rfongaggiv «
. . . : < °00F < < 0. T 1< <02 T 2 < 10.3 ] PO S =02-0e 18
an iterative procedure is performed i | 2018 during the Pb-Pb data g 0 0 < [cosé] < 0.1 0.1 < |cosé| < 0.2 02 <foost| < 0.3 1 77w~
: : o 400F 1 Inclusive Y(1S), Y(2S) — p'n- "
. = |terative procedure: consists in the tuning of J/y generated distribution according to the | Iﬁk'n? gerlcici[agcs)ws tio peri(_)rm 8 25 <y<4
. . . . . | > i 1 Helicity frame
polarization obtained from data. The procedure is repeated until the value of the J e study of Y(15) polarization €t PN, | | e
polarization parameters does not change significantly from one iteration to the other k) 0 Merging the 2015 and 2018 Pb Ph S g Qris) Ores)
_ o data samples (Liye ~ 780 ub™1) ' \
Extraction of the polarization parameters 45000 ~3600 Y(1S) are collected N i | i
3 i ALICE Preliminary, Pb-Pb VS = 5.02 TeV . f 0.3 <|cosf| < 0.4 0.4 <|cosf| < 0.5 0.5 <|cosh| < 0.7 0.7 < |cosf| < 1
- 4 Polarization parameters are obtained fitting the 1 Inclusive Jiy = i —Fit 40000 Q1D approach performed for the ok
v ! : : n4 < p_<6GeV/c,25<y <4, Helicity 5 ] ) i :
' J/W angular distribution corrected for A X ¢ S S A e {35000 ' extraction of the polarization aoof
: \-""'-.\\.:":\\2 \\\\\\\\\ . : »
Q the distribution is projected along cos@ and ¢ N CUERE | 30000 | parameters >
) ] g = (LR W ".,-\\"’_‘\\'-,,_\\' ] ] ] ] _ 1 1 ¢ i i s
- to check the quality of the fit T T \\\ — 25000 3 Y(1S) raw yield obtained in 7 bins |
;;1.5 ” \\\\\\\\\\\‘ 0000 | ’.f in COSQ, 5 bins in 7 and (ib 8 9 10 11 12 8 9 10 11 12 8 9 10 11 12 8 9 mmu;j(G:i//c?) »
240 e PP ; N aan A e e AR E — [ - L \\\\‘ |
i [i . E i \\\\ — 15000 » Possibility to study more py bins under investigation...
?:z: w E N :ZZ_ n + E - \"\""'-.,_\‘\\""-.,_\‘\:"2.__‘\:‘- 10000 ’ P R R T T L N N VRN ——— ey N
% Z Jr : Tg 3503 R — 4 05+ (& o Vo .
e TS ) e T : EOL0 6. Summary
1205_ALICEPreliminary.Pb—F’bisNN=5.02TeV : ZzZE_AUCEPrenmmary. Pb-Pb | 5, = 5.02 TeV _ 0 IR RIS SIS SIS S A I W W W 0
E ciusive iy — ws i ; " E ncusie iy — . F -1 -08 -06-04-02 0 02 04 06 0.8 1 _ A% _ \,. _ _
{ 08 4 ep <ocevic, 25y <a Hoicly ] s, <P, <8GOV, 25 <y <t vty cos6 | v’ First measurement of ]/ polarization in Pb-Pb collisions at the LHC: 44, 4, 49, compatible with
2 ‘ -1 0.8 06 -04-02 0 02 04 06 0(.:)891 0 05 1 1.5 2 2'5|an {r'jd] Zero and Wlth ALICE pp results at \/E - 7 and 8 TeV
| v’ Feasibility study of Y(1S) polarization in Pb-Pb collisions: possible exploiting all the data sample
4 Different sources of systematic uncertainties can impact on the evaluation of 44,4 ,, A, collected in the 2015 and 2018 Pb-Pb data taking periods
|. choice of different signal/background shapes in the signal extraction 3
— . — — . - Future steps...
Il. variation of the pt, y MC input distributions within their measured uncertainties _ N _ _ »
m Sensitivity to trigger response functions in data or Monte-Carlo = Study of the centrality dependence of the ]/ polarization using the high statistics 2018 data sample

J

J

=p Study of the ]/ polarization with respect to the event plane of the collision

|(Z .3 harzeev ! ‘{’#"21 } ‘ ‘ =» Measurement of Y(1S) polarization in Pb-Pb collisions
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