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Introduction: QGP physics with ALICE

Temperature

. Atomic nuclei

Neutron stars

Baryon density
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& Quark-gluon plasma (QGP) is a deconfined state of

hadronic matter which can form at high temperatures

and/or net baryonic densities

relat

& ALICE at the LHC observes QGP produced in ultra-

\vistic collisions of heavy ions

B Direct observation of QGP is impossible due to the short

life of the deconfined phase

& QGP is studied indirectly by means of a number of

probes

* T
s |

ne suppression of high p particles and jets

ne enhancement of strange and multi—strange particles

& Signatures of a collective motion of the medium
F ...
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Introduction: quarkonium as a probe of QGP

ALICE

' Quarkonium: bound state of a heavy quark and its corresponding antiquark
Heavy quarks (charm and bottom): produced at the early stages of the heavy-ion collisions

Statistical
regeneration

' Quarkonium production inside the QGP
Color screening and dissociations (sequential melting) vs regeneration mechanisms
Parton energy loss (collisional vs radiative processes)

Sequential
melting

J/y production probability

energy density

Thermometer of the QGP
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Eur. Phys. J, C61, 2009 Nature 448, 302-309 (2007)
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https://arxiv.org/pdf/0811.0337.pdf
http://volume%20448,%20pages302%E2%80%93309%20(2007)

Introduction: quarkonium in small collision systems

<

ALICE

£ Small collision systems (pp and p-Pb collisions): no (or very tiny) QGP effect is expected

&) Measurements in pp collisions:
Provide a baseline for the measurement in p-Pb and Pb—Pb collisions
Study of quarkonium production mechanisms: both perturbative (i.e. heavy-quark pair formation) and
non-perturbative (quarkonium state formation) QCD processes involved
L Measurements of quarkonium production in pp allows to constrain QCD based models

&) Measurements in p-Pb collisions:

Investigate cold nuclear matter (CNM) effects (shadowing, coherent parton energy loss,...)
L Help the interpretation of the measurements in Pb—Pb collisions

&) Measurements in high-multiplicity pp/p-Pb collisions:
Study the role of multiparton interactions (MPIs)
Observe possible collective-like effects
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Introduction: quarkonium in small collision systems

ALICE
((>)
<<>)
D
In this presentation: -
] S presentatio ion
LU= Multiplicity dependence of Y production in pp collisions
- - Understand the particle production mechanisms (MPI)
Collective effects in high multiplicity pp collisions?
() < -
= g Y(1S) polarization in pp collisions
’ Help to understand the particle production mechanisms
© S Constrain the model predictions
_ b
() s in high-multiplicity pp/p-Pb collisions:
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A Large lon Collider Experiment

ALICE

LY A dedicated heavy-ion experiment at the LHC

I Muon Spectrometer (—4 < < — 2.5)

|. Absorbers: efficiently dump 7, K and low-
momentum muons
Il. Tracking system + lll. Dipole magnet: muon

track reconstruction, muon momentum and Iits
electric charge measurement
IV. Trigger system: muon PID and unlike sign

dimuon trigger (for the quarkonium analyses)

® Inclusive quarkonium detection down to pr =0
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A Large lon Collider Experiment

ALICE

LV A dedicated heavy-ion experiment at the LHC
'~ V. Silicon Pixel Detector (SPD, the two innermost

ITS layers)

O Vertex reconstruction

W Multiplicity estimation

I~ VI. VO Detectors (-3.7<np<—-17and 2.8 <y < 5.1)

W Event trigger

O Event characterization

W Background rejection
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ALICE

Multiplicity dependence of Y production in pp collisions
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Introduction (I)

Multiplicity dependence of D-meson production in pp collisions

& JHEP 09 (2015) 148
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https://arxiv.org/pdf/1505.00664.pdf

Y production as a function of multiplicity

LV Self-normalized Y (1S) vield: linear increase
with charged-particle multiplicity within
uncertainties

'V The linear trend results in a flat trend of the

double ratio of the normalized Y (1S) yield to
the normalized multiplicity

£V No firm conclusion can be drawn for the

excited states [Y (2S) and Y (3S)] due to the
limited data sample
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Y production as a function of multiplicity

Model comparison ALICE
g 12.“1 él) """""""""""" 1 ALICEpp Vs =13 TeV £V The linear increase trend is qualitatively
gL / /’ Y(”;S’):_X’ HH, 2oy <4 reproduced by
> & ,° 1] —3-pomeron CGC within large uncertainties
T[T 6L e :+_‘,l =2 PYTHIA 8.2
A /ﬂ-’th/ 1 EEPYTHIA82 (no CR) |
; 20 ] [ cpp LNfdN,, /dy/(dN,,/dy) < 4: the linear increase
2.'/ mult = 4 . Cl_l . f:h |
N arXiv:2209.04241 behavior is qualitatively reproduced by PY THIA
7 12(23) 8.2 (with or without CR), and 3-pomeron CGC
Z . ¢ 1
— 1o} approach
315 ) ‘j/
\>~ \>~ Z L
21z | -
°le 9 // f AN, /dy/(dN, /dy) > 4: the theoretical
:' computations diverge
[ 3-pomeron CGC overestimates the observed
OO 123456 T 5 3 4 & 8§ trend
dN,, /dn |7 dN,, / dp | "NE> PYTHIA 8.2 underestimates the data trend

<dNCh / d77> In|<1 <dNCh / d77> In|<1
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ALICE
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=V Double ratios (self-normalized signal yield ratios) of pERAIIATERY] and pPEERIIATER)):

Compatible with unity within the large uncertainties

PYTHIA 8.2, and 3-pomeron CGC calculations show a almost flat trend
predicts a dissociation of the excited states, leading to a suppression at high

multiplicity, especially for the Y(3S)
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Self-normalized yield ratio as a function of multiplicity

ALICE pp Vs=13 TeV

Y(1S), Jp = u'u,25<y<4
o Data
— PYTHIA 8.2

comovers CPP

— 3-pomeron CGC
== PYTHIA 8.2 (no CR)

arXiv:2209.04241

Compatible with unity within the current uncertainties

B —
nz..___. - -
— —

e d

g

A awmng s, L

ALICE

Y(1S),J/¥Y

(AN, /dn)/(dN,/dn)

The model computations are comparable with unity with uncertainties, indicating the initial- and

final-effects act on Y(1S) and J/Y¥ in a similar way
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ALICE

Y (1S) polarization in pp collisions
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Introduction (I1)

Quarkonium polarization ALICE

LV Related to the particle spin-alignment with respect to a chosen direction

LY Measured via anisotropies in the decay products angular distributions

20cos9) ———P obtain 4y, 4, and 4,

W(cos 0, @) (1 +HA4y

3+ Ay
- (Ags Ay Ag,) = (0, 0, 0) No polarization
quarkonium p© '\K(/lg, Ay Ag,) = (£1, 0, 0) Pure transverse (+)/longitudinal
rest frame I —— e —
‘am - -
i %, t yi / 'V Reference frames:
production

plane T Helicity (HE): the direction of quarkonium in the

center-of-mass frame

: the bisector of the angle

between the direction of one beam and the
. —— opposite of the other beam in the quarkonium
/ rest rest frame

{ frame
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Introduction (I1)

ALICE

Polarization in pp collisions:

“ No sizeable polarization is observed for the J/y polarization measurement in pp collisions

=Y Theoretical calculations for J/y:

—> transverse (longitudinal) polarization in Helicity (Collins-Soper) frame
—> longitudinal (transverse) polarization in Helicity (Collins-Soper) frame

& M. Butenschoen et al., Phys. Rev. Lett. 108 (2012) 172002

0.8 = Collins-Soper —  Helicity

0.6 =

0.4 -

0.2 + -

r<c:> 0 E ¢ ~ +—+— + = —— + , * ,

0.2 F 2

0.4 | o
C —e— ALICEppfs=8TeV,L =1.23pb" - NLO CSM

0.6 - NLO NRQCD

0.8 Inclusive Jw:25<y <4 ] /lI, 2 NLO NRQCD2
- N B P BT B B B B N P B PR PP B BT B
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

p_ (GeV/c) p. (GeV/c)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.172002
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............................... -I...I...I...I...I...I...I...I..-
| | | T | | el | RN BLELELE BLALELE AL B
1 o _ -
-—--H'-—' _____ '_____--_ _____ T-__-'_—-—-—-—-—-—*-—-—-—-—-—-

P P P P TP P P P
0O 2 4 o6 8 10 12 14
pT(GeV/C)

0O 2 4 6 8 10 12 14
pT(GeV/C)

yanchun.ding@cern.ch

ALICE

LV First ALICE Y(1S) polarization measurement in pp

collisions

Ay compatible with zero (maximum deviation of 1.5¢

w.r.t zero) in both HE and frames

/1¢ and /19¢ consistent with zero within uncertainties in

both frames




Y (1S) polarization as a function of transverse momentum
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4 l - ) Q
——é'-+-@..¢'.- - St =5 m===g === ——G'-O-lér-_q;qo-_-'_-a_- ------- —
[ e ALICEpp, (s=13TeV,25<y<4 1
_ OLHCbpp,Vs=8TeV,22<y<45 T N
- | Total uncertainty
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| | | | | | "1 | | | | | I "4

! o ' —O—

. —G-R= R — ___-?-1- _________ G- -
STV _
- T : :
laosaal Lasaal

I Y P P P I T I T
0 5 10 15 20 25 30 O )
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ALICE

LY First ALICE Y(1S) polarization measurement in pp

collisions

Ag /1¢ and /19¢ consistent with zero within uncertainties in

both HE and frames

Good agreement with LHCb pp data at \/_ =8 TeV, in a

similar rapidity range, within the large experimental
uncertainties

(ﬁ LHCDb Collaboration, JHEP 12 (2017) 110
Qualitatively described by NLO NRQCD calculations

W M. Butenschoen et al., Phys. Rev. Lett. 108 (2012) 172002
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https://link.springer.com/article/10.1007/JHEP12(2017)110
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.172002

Y (1S) polarization as a function of transverse momentum

Phys. Rev. D 99 (2019) 034007

—_—

ALICE

Ir 11 ’ 0+p—>T(1S), s=7TeV -
0.8 —0.8 0.8 22<y<3.0(CSframe) [0-8
0.61-2 0.6 0.6/ ICEM 0.6
0.4 0.4 0.4 0.4

i L = , = | HCb data i
0.2t —4— 0.2 0.2 . 0.2
- O— ‘ * ,,,,,,,,, : ,%': - _O >:<°.':: 0___ ' + : B 40
0.2 p+p—oY(1S), Vs =7 TeV —-0.2 el -1+0.2
_0.4__ (a) 2 < y < 3.0 (HX frame) _—_0.4 —0.4+ 1-0.4
0.6 | ICEM Prompt Y(1S) 106 _0.6 1 06
—0.8—— = |HCb data Inclusive Y(1S) -1-0.8 -0.8- —1-0.8
T T P T T T T T Al e el gl g b Faent & ke ks g b g g
16 T8 10 12 14 16 18 20 ™"274776 8 10 12 14 16 18 20

p; (GeV) p; (GeV)

=" Improved Color Evaporation Model (ICEM): using the k- factorization approach

At low p+, the polarization is slightly transverse in the HX frame, while it is slightly longitudinal in the
CS frame

At high pr, unpolarization is expected in both frames —> consistent with the LHCb data
& LHCb Collaboration, JHEP 12 (2017) 110

Full theoretical description is still missing

09/11/2023
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https://link.springer.com/article/10.1007/JHEP12(2017)110

Summary

& Multiplicity dependence of Y production at forward rapidity has been measured with
ALICE

¥ Self-normalized Y yield shows a linear increase with increasing multiplicity
& The results are compared to the model predictions (initial- and/or final-state effects)

£ No significant polarization is observed for Y (1S) in pp collisions
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Midrapidity J/W as a function of multiplicity

BB ] HLICE
i [ ALICEpp Vs=13TeV -
. QZ 16— Inclusive J/y, |y| < 0.9, p_ integrated —
; . . g . . — @ —
= J/¥Y measured at the midrapidity as a function of self-normalized  %[% .b | H -
e - -e- SPD event selection H ]
muItipIiCity © |2 4, = V0 event selection ]
Stronger than linear increase with multiplicity at mid- (SPD) or 101 ‘ ¢ —
forward (V0) rapidity 8- . T
- . T
. : 61 REDR §
Unlike what is observed for the J/¥ measured at the forward - ' y -
4— ]
rapidity JF o E
el i Phys. Lett. B (2020) 135758
S N S T T T
i 0 :
N ™ ¢ i
51 y = N
B .. _
O -
- — | m® _
£ -;{/:‘““Ufa K |
(T S S R SR S S
chh/dn In|<1
(dN h/dn)
c INEL>0
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J/y production in pp (ALICE)

ALICE

ALICE pp

Y(nS) = u'u,2.5<y <4, \s=13TeV, INEL >0, SPD ~
o Y(1S) ¢ Y(25) x Y(3S)

dN / dy
(dN / dy)
N
o
I

. Inclusive JAp — u*u,2.5<y <4, SPD i
157 o V{s=13TeV, INEL>0 \{
(s =7TeV, INEL )
0 Vs=5.02 TeV, INEL >0
10 Inclusive JAp — e*e, Iyl <0.9 9 -
" {s=13TeV, INEL>0 2] -
O SPD ? T
F 0 VOM 7 o S
> &, emo. 1
i @’___‘Q_-—';: i
| _@@_t@—‘ﬁi :
OM'I 1 1 1L 1 I 1 1 1L 1 I 1 1 1L 1 I 1 1 1 1l I 1 1 1L 1 I 1 1 1L 1 I 1 1 1L 1
0 1 2 3 4 5 6 7 8
dN_ /dn
(dN_ /dn)
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J/y production in pp (ALICE)

ALICE

? 20_””I”IlllllllllllllIIIIIIIIIHIIIIIIFIlllllll|IIII|IIIIIIIIIIIIIIIllll|lIl]__llllllIlllllllllllllllllllllllIlll‘llll_
anl L + -+ o
2 1af. ALICE pp, s =5.02 TeV T ALICE pp, Vs = 13 TeV T ALICE pp, Vs = 13 TeV /
—~ | Inclusive Jly - u'u,25<y<4 [ Inclusive J/y - n'u,25<y<4 T Inclusive J/y — e'e’, [y | <0.9
T | 16- Mult. classes: [n| <1 1T Mult. classes: || < 1 T Mult. classes: |n | < 1
S~ S~ - -+
s| = } =—e— Data —eo— Data / + =—eo— Data /
S| J4f === linear - = = linear i 1 === linear / &
SIS I EmmryTHAS2 PYTHIA 8.2 I PYTHIA 8.2 4
| EPOS3 / EPOS3 / 1 EPOS3 / )’ &8
- Percolation Percolation T Percolation -
[ wemm 3-Pomeron CGC g wes 3-Pomeron CGC 5 4 === 3-Pomeron CGC oo
10F e CGCH+ICEM /' e CGC+ICEM / T e CGC+ICEM / : E
I CPP / CPP B/:: CPP . )
8 )y L LT a3 &
4r / / o" : / S s , e’ i
4 ot ;
OL11||11|||1|1|||11|1||1111|1|111||111 llIlllllllllllllllllllllllllllll|IIIL". l'|llllllllllllllllllllllllllllllllll'
o 1 2 3 4 S5 6 7 1 2 3 4 5 6 17 1 2 3 4 5 6 7 8
INEL>0
dN_ /dn dN_, / dn INEL>0 dN_, / dn INEL>0
dN /d TN T Ao Y
(N, /dm) Lt (AN _ 7 dm) Vi< AN _ 7 dm) i<t

Percolation model: color string interactions to describe p+p collisions

In a high-density environment, the coherence among the sources of the color strings leads to a reduction of their effective number. The
total charged-particle multiplicity, which originates from soft sources, is more reduced than heavy-particle production for which the
sources have a smaller transverse size
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J/y production in pp (ALICE)

ALICE
Multiplicity Dependent ¢ (2S) to J/

/\_}2-5_ — 1 - 1 r T ' T 1 ° T ] /\_}2-5_ — 1 r T r T T T 1T = T ] /\5,2-5_ — 71 r T r 1 T~ 1 1T ™ T 3 g
Z% . » ALICE e PHENIX - Z% . » ALICE = PHENIX - Z% . » ALICE ¢ PHENIX i ~
<. [ pw ¥s=13 TeV p+p ¥s =200 GeV ] <, [ p+ ¥s=13TeV p+p ¥s =200 GeV ] S, [ p+ ¥s=13TeV p+p1s=200GeV 1
g 2 N;:25<y<40 N,:1.2<lyl<22 - g 2 N;:25<y<40 N,:1.2<lyl<22 - g 2[C N;:25<y<40 Nj12<lyl<22 1
Z [ Nyhl<t N,:(An) =0 ' Z [ Nyhi<t N, (Anl) =1.7 Z [ Npyhi<t N,,: (|Anl) = 3.4 _4| N
—~ _ 1 = _ 1 = _ J ©
£ 4 1 =" $ 1 =" L i3

=z [ 1 2 [ 1 2 + 3
ST A N 1 £ iy ] % I & =
g i -=}ﬂ+ ﬂ,}ml,m____u]t:%l- g -ﬂlﬂ-'--m-ﬁ]----E%:I-- 3 T - B = T4 E
SO i s I . i = )
2 | pPrTEE Ty ] g TmE T

I - I i - A
0.5 Ny 0.5 o, 0.5 Sy 3 S
- PH ENIX : PH ENIX ; PH ENIX | 3
preliminary - - preliminary - - preliminary 1 <

olb— o), )] olb—+ . ), 1 ollb— . ), )G

0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6
Nch/ <Nch> NCh/ <I\|ch> NCh/ <NCh)

@ Multiplicity-dependent studies in small systems provide a testing ground for examining the
onset of QGP-like effects

@ PHENIX (,/s5y~=200 GeV) and ALICE (,/s,y=13 TeV) results consistent, with weak
multiplicity dependence more or less consistent with unity

o Note that ALICE results have charged particle multiplicity measured at mid-rapidity
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J/y production in pp (STAR)

ALICE

STAR Jly PYTHIAS J/y EPOS3.2 D’
& p.>0 GeVic p.>0 GeVic 2<p_<4GeVic
W p_>15GeVic " p_>1.5GeVic . |4< p. <8 GeVic
A p >4 GeVic P, >4 GeVic Percolation model

ALICE J/y —p > 0 GeVic

O p.> 0 GeVic m

2 4
(AN */dn)/<dN’ */dn> (dN/dn)/<dN’ */dn> (AN /dn)/<dN’*/dn>
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J/y production in pp (PYTHIA)

ALICE

Regions of azimuthal angle

W
toward

away

region

/3

-/ 3

Region for each track defined Isolate different effects in different regions:

from angle ¢ between the track

and J/w candidate * Toward: particles associated to J/y

production

- * Transverse: underlying event

-21/3

* Away: recoil jet

Regions constructed regarding a pair candidate J/v¥ and not
precisely a J/y — Would this influence the results?
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J/y production in pp (PYTHIA)

PYTHIA 8.230, pp ¥Ys = 13 TeV, nondiffractive events
~ 20— s
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Transverse region
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—e— inclusive

Pythia prediction (only one parsonic interaction activated )
Eur. Phys. J. C 79, 36 (2019) 2
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J/y production in pp collisions

ALICE
3. PHENIX Results Same direction
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— Similar multiplicity dependence despite different center-of-mass energy
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J/y production in pp (CMS)

Cross section ratio
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J/y production in pp (CMS)

ALICE

Cross section ratio
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J/y polarization in pp

ALICE

1.0 . ] | - ) = ] - B | - 18 ) 1 s ] . 10 . | - | - 1] = | — 1] - | | o 1
08 | ®* LHCbdata7 TeV | 0.8 k- = LHCbdata7 TeV )
g1 4 ALICE data 7 TeV (inclusive Jiy)| T 4 ALICE data 7 TeV (inclusive J/w)|.
06 F * ALICE data 8 TeV (inclusive Jiy)| 0.6 | ~ @ ALICE data 8 TeV (inclusive J/y)|"
04l [ ]CGC+NRQCD i 04l \ CGC+NRQCD )
02} | e ol y 0.2} | .
> ! il (e T !L " o - ! ' ) ! o ]
< 00F . ; ' I 4 < 00F} — .
02} * P - 0.2} 'F ’ % -
- “ - . ‘ 4
04 - 04} | :
06 | - 0.6 | -
08l|26<y<4,VS=7o0r8Tev i 08ll25<y<4, VvS=70r8 Tev i
L | Collins-Soper frame < | recoil (helicity) frame :
_10 A ' A 1 A A A 1 ™ L A 1 A L A _10 A 1 A | " L A | A L A 1 A | A
0 2 4 6 8 10 12 14 16 0 2 4 6 R 10 12 14 16
pr [GeV] pr [GeV]

yanchun.ding@cern.ch



J/y polarization in pp (STAR)

ALICE
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Upsilon polarization in pp (CMS)

ALICE
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X production in pp (CMS)

ALICE
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Figure 1.26: The polarization parameter \5°* values measured when the \}°' values are fixed to the unpolarized
(left) or the NRQCD (right) scenarios as a function of pr/M of the J/i [14C]. The purple band on the right is the
NRQCD prediction for A¥°* [95].
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J/y polarization in pp and Pb—Pb (ALICE)

2.5 <y <4 (HX frame)

08 3 R i s
0.6 ALICE Pb+Pb data ~0.6
0.4” ALICE p+p data *0.4
0.25\\1.<

O =
0.2
0.4
0.6
—0.8:—

0 5 10 15 20

p. (GeV)

08|

2.5 <y <4 (CS frame) 41
| | ICEM PbPb — J/ = 5.02 TeV —~O.8
ICEM pp — Jv, ‘fs 7NI' | ‘06
ALICE Pb+Pb data [V
E ALICE p+p data —0.4
—0.2
jO
—-1-0.4
—:—0.6
—-0.8
. iy
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ICEM with the collinear factorization approach for the direct J/y component, compared to the inclusive one

No significant difference is observed between the Pb—Pb and pp collisions for the ICEM model
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J/y polarization in pp and Pb—Pb collisions

20 ALICE measured J/y polarization in Pb—Pb collisions

All polarization parameters are close to zero within
uncertainties

L 1, shows a maximum 26 deviation w.r.t zero in
both HE and frames for 2 < pr <4 GeV/c

Compatible with ALICE results in pp collisions within

uncertainties & EPJC 78 (2018) 562

30 difference w.r.t LHCb in pp collisions in HE frame
& LHCb Collaboration, EPJC 73 (2013) 11

* Difference due to suppression/regeneration effects in
Pb—Pb w.r.t pp collisions?

4 What is the role of the angular momentum (L) and the
magnetic fields (B)?
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& Phys. Lett. B 815 (2021) 136146
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https://www.sciencedirect.com/science/article/pii/S0370269321000861?via=ihub
https://link.springer.com/article/10.1140/epjc/s10052-013-2631-3
https://link.springer.com/article/10.1140/epjc/s10052-018-6027-2

J/w polarization in theory

&/ Phys. Rev. Lett. 108 (2012) 172002
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.172002
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Event-plane based frame (EP): axis orthogonal to the EP in the collision

eference frame:

J/w polarization in Pb—Pb
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Light flavor hadrons (K*O, ®D) polarization in Pb—PDb
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| ICE

058 i Poo Mmeasurement for light flavor hadrons in Pb—Pb CO||iSiOnSHcl

- \/Snn = 2.76 TeV and in pp collisions at \/E =13 TeV
0.3
0.2 pr dependence
0.1 o () JINE
Poo < 1/3 for K™ and ® at low py (smaller central value for K ) in
o Pb—Pb collisions
0.4
03 L’ pOO ~ 1/3 fOI’:
#Q

0. “ pr > 2 GeV/c and py > 0.8 GeV/c
0.1 w A random event plane (RP)
Jos & L K% and @ in pp collisions
10.4
0.3 ¥ Zero spin hadron KJ: no spin alignment is observed
10.2

The spin-density matrix element pgy is determined from the distribution of the angle 6* between the
0.1 kaon decay daughter and the quantization axis in the decay rest frame [16],[ B],

dN x
Teosgr 1 — Poo +cos” 6% (3pgo — 1)]. (1)




Light flavor hadrons (K*O, ®D) polarization in Pb—PDb
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Charm mesons polarization in pp

ALICE
20 Charmed vector meson (D) polarization crucial to R T T A T R B A B
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Charm mesons polarization in pp

PYTHIA 8: only considering the direct component ALICE

e LA A I A B B B B T S SN

8 o T , ) 1._ @ /v, PYTHIAB, pp (5 =7 TeV, 25 <y <4.0 T O w(25), PYTHIAS, pp 5 =7 TeV, 25 <y <4.0 -

B Helicity Frame T Collins-Soper Frame ® ) L . + o

L I \____/—f‘—'—’_— ’ 5 A JMw. PYTHIAS, pp f5 =8 TeV, 25 <y <4.0 4 /\ w@s),PYTHIAS pp (=8 TeV,25<y<4.0 -

0.5~ T n > - - __:-‘-‘-‘-‘@::'-'-: - 0.5-_ W /v, PYTHIAS, pp f5 = 13 TeV, 25 <y <4.0 1 [] w(@s), PYTHIAS, pp f5 = 13 TeV, 25 <y <4.0 -

: 1 -0 = : T ;

— — L— - = . -

DD - —— p— B - I N n

< I T : &£ Oﬁ_; pi B »

o — - = = il B R R I R ) [

: 1 ] : Bty -----ee- Qreneneees - pe———= ;

™ == - - -

_0.5:-_ _--_ _-‘ _O‘Sm‘ ““““ ﬁ ''''''' -y =

_ 1 i C Helicity Frame T Collins-Soper Frame ]

-1 T - 1= e -

’ ' t t t t t i : t y Ay B A B B e e } -+ ]

e — . 1_ I —

- T  J/w, NRQCD (CS+CO), NLO, pp Vs =7 TeV, 2.5 <y < 4.0 - 4 .

— T —— -

- T == J/w, NRQCD, (CS), NLO, pp s =7 TeV, 25 <y <4.0 1 - ; + -

0.5 e - - > « =T = 0.5 =

- im" ————— T . gz e FEPTT T :.'.'.':.'.'.'.'::: .

: :: : S -T 7 -

< O e 1 - < o= . i}s _________ -1 R ©) S =

B g— £ - : . :: % EEEEEEEE L] .r.r.r.r.r.r.r.r.rl:

- _ T - - - 2T ! -

05 J/W, ALICE, pp s =7 TeV, 2.5 <y <4.0 1T 2 0.5k g@ﬂ 7

C J/W, ALICE, pp s =8 TeV, 2.6 <y <4.0 I i C I ’

- J/¥, LHCb, pp s =8 TeV,3<y <35 I i C I ’

-1 R SRR TP TP T ' P | —l A N SR ol T T T T T AT T iR TR TR TP TR TR TR T T

1_! L] l L] L] L} l L] L] L] l L] 1 J L] I L] l-_l | | I L L] L I L | | | l | | L} I L] | J | I - 1_ L] l L § I L l L l L N B I LI I 2 I' LI I L l Ll l_-' LI | l LB} I LELELI I LI l L ] LI l : L] l LB I L] '-

i @ J/v, PYTHIAS, pp Vs = 7 TeV, 2.5 <y <4.0 T O w(28), PYTHIA8, pp s =7 TeV, 25 <y <4.0 - T e Y CETPEPPRE .

i A J/W, PYTHIAS, pp Vs =8 TeV, 2.5 <y < 4.0 I A w(28), PYTHIA8, pp (s =8 TeV, 25 <y <4.0 i I ]

05F . T . 0.5F = + .

i W J/¥, PYTHIA8, pp Vs = 13 TeV, 2.5 <y < 4.0 ’ [] W(28), PYTHIAS, pp \s = 13 TeV, 2.5 <y <4.0 ) [ sesecscaa- AREETEEERY 1 .
ot o ] : R eeeeeas &
s ok — ] - g 0 ¥
(< - . .D‘ .____?____‘ - o (< - - - i) ‘
sk o i - osf b

_1- 1 1 1 N l_l-. 2 2 1 2 M 2 | 2 2 2 | . e . 1 2 » 2 1 = _1_ | 1 | | || | 1 saala s lassles sl sl e dlisslaaslas

| 2 s 2 2 T 2 2l . PR 2 2 2 2 2 3 2 2 3 PR 2 2 3 2 2
4 6 8 10 2 4 6 8 10 O 20 40 60 80 100 120 140 160 ) 20 40 60 80 100 120 140 160
p. [GeV/c] p_[GeV/c] N, N,

yanchun.ding@cern.ch



Introduction: quarkonium as a probe of QGP

Charmonia nuclear modification factor R, o
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TAMU: Rapp et al, Nucl. Phys. A943 (2015) 147-158
SHMc: Andronic et al, Phys. Lett. B 797 (2019) 134836

part

& Transport model (TAMU) is in good agreement with results as a function of Pt and centrality

‘&) Statistical hadronization model (SHMc) tends to underestimate w(2S) in central collisions
L In SHMc, charmonia are produced (regenerated) from deconfined charm quarks at the QCD phase boundary

whereas TAMU includes regeneration in the QGP phase
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Introduction: quarkonium as a probe of QGP

ALICE

Bottomonia nuclear modification factor R,
ALICE Collaboration, Phys. Lett .B 822 (2021) 136579
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https://arxiv.org/pdf/2011.05758.pdf

Data sample

ALICE

y

&' Dataset: collected in 2016, 2017 and 2018 in pp collisions at \/E =13 TeV

L) Event selection:
'~ Unlike-sign dimuon (CMULY) trigger and minimum bias (MB) trigger
'~ Physics selection with default pileup rejection
= SPD vertex selection (V.. ibutors > 0, 0, < 0.25 cm, |z

thx

v | < 10 cm)
&) In this analysis:
'~ The signal Y is measured at forward rapidity (2.5<y<4.0), the charged-particle multiplicity is
measured at central rapidity (|7 | <1)

"~ The Y yield (dNVy/dy) and the pseudorapidity charged-particle multiplicity density (dV,,/dy) are both
measured for INEL > 0 events
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Analysis strategy

L) Signal extraction

Y analysis is performed measuring the
number of produced resonances

After the standard muon and dimuon

selections, invariant mass spectra muon
pairs are built

The invariant mass spectra are fitted with a
combination of phenomenological functions
for peaks and background

The number of produced resonances is
extracted through the integral of the peak

yanchun.ding@cern.ch
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Data sample and analysis strategy

ALICE

=) Data sample: collected in 2016, 2017 and 2018 in pp collisions at \/E = 13 TeV, dimuon trigger +
quality criteria used to select the events

‘LY Analysis procedure:
Signal extraction: the number of Y(1S) candidates is obtained via a fit procedure on the dimuon invariant
mass distribution in each angular interval considered in the analysis

Acceptance x efficiency correction: the raw number of Y(1S) extracted from the fit procedure is
corrected for a factor quantifying the geometrical acceptance and reconstruction efficiency effects,

estimated via a MC simulation

Polarization parameters determination: the polarization parameters /4, , 4, and 4,,, are extracted by

fitting the acceptance- and efficiency-corrected angular distributions of Y(1S), in both the Helicity and

Collins-Soper reference frames

09/11/2023
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Analysis strategy

Polarization parameters determination ALICE

“ Ay, /I(p and /1960 extracted by fitting the A X e-corrected Y (1S) angular distributions in both frames

simultaneously
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ALICE 2 - LS2 upgrade

Run 1 Run 2
2009. LS1 201 5 = 201 8 NDD _ DNOR ,
' LS: Long Shutdown

Significantly higher statistical data sample compared to Run 1 and 2 is expected (L, = 10 nb~!in Pb—PDb,
200 nb~ ! in pp)

<

ALICE

&Y Prospects for Run 3:

&) During the LS2 in 2019 - 2021, all detectors have been upgraded
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ALICE 2 - LS2 upgrade

Y Muon Forward Tracker (MFT, 2.5 <7 < 3.6)

Stop charged particles magnet
. . . . other than muons
I Installed in the forward area near the interaction point = _ g o =

% Matching muon track with MFT tracks T\ S / P | == s

' LT
Ve?ex@/ absorber
I~ New silicon chips with MAPS technology (ALPIDE)
TRK3

L Pixel size = 27 x 27 ym? TRR4 TRKS

magnet

“ High-precision vertexing capabilities

“ Position resolution ~ 5 ym

) My
«10° MUONonly : 1.0 <p,” <10.0 GeVic 10" MUON + MFT : 1.0 < p* < 10.0 GeV/c

g e o x::l'-‘”.‘ § 1 #55 Epecwasuciert < r0m’
. L -~ m o 2 o] —==
I Physics motivations 5 SShne ° e B
. . . 2 200 - = i

Y Prompt and non-prompt charmonia disentangling : § 601
5 £ A

& Precise measurement of low-mass dimuon E &
= 100 o

20 -] N | °-\{°°' .‘\-"

-—

Both Central China Normal University and Institut de Physique des 2 Infinis [l et aaN_— ] P=A N
: . : : 0 02 04 06 08 1 12 14 L L B B W S s
de Lyon are involved in this MFT project Mass [GeV/c?] AR .
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Ultra-relativistic heavy-ion collisions

e e g . final detected
Relativistic Heavy-Ion Collisions particle distributions

made by Chun Shen Kinetic
freeze-out

Hadronization
Initial energy

-4
J density
~

,J'
QGP phase

v+
v
'/‘\
o) i 3
,

re-
egu?librium . .
ynamics viscous hydrodynamics _ | free streaming
collision evolution =
t~0fm/c tT~1fm/c Tt ~ 10 fm/c T ~ 1012 fm/c
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ALICE data taking history

ALICE

Recorded L, e - — .
System Year(s) Vs, (TeV) ¢ A o - ALICE Performance - Run2 - pp \s = 13 TeV ‘o 800" ALICE Performance Run2, PbPb \s,, = 5.02 TeV
(for muon triggers) (=" " Min. bias: 0.098 pb™' (3200 M full-B, 730 M low-B evts) = - Di-y, single  high-p._, fwd UPC: 787 b’
£ 50 High Mult. (SPD): 1.1 pb™ (530 M evts) > 700: Single u low-p_: 47 ub
0\ " High Mult. (V0): 13 pb™' (1700 M evts) K7 _~ EMCal stdalone: 640 ub
{ LS -1 o » \ . O - EN \ . : b
2010,2011 2.76 75 Wb = " Di-y, single p high-p. : 36 pb’’ = C  PHOS stdalone: 621 ub
g 40 Single p low-p_: 2.5 pb” £ 600 emcal: 372 ub!
Pb-Pb 2015 5.02 ~0.25 nb! = . TRD:2.0pb = - PHOS:373pub"
o E/DCal high: 16 pt B 500 Barrel UPC: 388 ub
@ 30 E/DCallow: 1.5 pb’ T @
2018 5.02 ~0.55 nb? =2 - PHOS: 14 pb” S 400
E | £
Xe-Xe 2017 5.44 ~0.3 ub 20[- 300t
; 200
2013 5.02 ~15 nb? 101~ .
p-Pb B 100:—
2016 5.02, 8.16 ~3 nb?1; ~25 nb! 0 - ————— O: : I
Jan15 Jan16 Dec16 Dec17 Jan19 Novg, . Yec;, Nov,, Novy, Novg,
'2075 ’20,5 ’2078 '2078 ’2078

~200 pb?; ~100 nb;

2009-2013 0.9,2.76,7,8 ~1.5 pbt: ~2.5 pb*

PP 2015,2017 5.02 ~1.3 pb

2015-2018 13 ~36 pb?
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Charm mesons polarization in pp

ALICE
e /b YUS) [P =17"]
W For a vector meson (v) the total angular momentum (J, J,) state can be expressed as:
- IV!],]Z) = b+1|1, “1)+b0|1,0)+b_1|1,—1>
quarkonium t
st fraine Spin-alignment < decay products angular distribution
o
9 £ & EPJC69 (657-673), 2010, Faccioli et al.
production
plane e - Dilepton decay angular distribution
, 2 . 2 :
- . \y W (cos, ) x 3+ 20 (1 + Agcos® 0 + Ay sin” 6 cos2¢ + Ag4Sin26 cosep)
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