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Quarkonia measurements:
Jhy—ete”
(prompt/non-prompt separation)
Midrapidity: |y,,| < 0.9

Time Projection Chamber:
Charged particle tracking
Particle identification

JIy,w(28), Y(nS) = p*u~
(inclusive quarkonium states)

Forward rapidity: 2.5 < y,, < 4

Inner Tracking System:
Particle tracking
Vertex reconstruction

Vo:
Trigger detector

Event characterization Muon Spectrometer:

u Muon tracking

M )
Time Of Flight: uon trigger

Charged particle identification
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Sequential dissociation
o Sensitive to medium temperature

o Static vs. Dynamic suppression T/Te 1/(r) tfm1]
. - | Y(1S
o Stronger suppression of ground states w.r.t 20|
. — | %,(1P
excited states Lk
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Regeneration
o Strong effect at LHC energy

Development of

Start of collision quark-gluon plasma Hadronization
Low A
2 D
(RHIC) A - 7 — @t
o
energy co—> “ D
A \
-7 <atit
z Vol \°°/’\ 7 NI & O LS
High S A % Roe * ..y L~J@" = O e
'8 q ¢ g % o\ oce f 9\ _— . @D so“j/w:
(LHO) i ° - 77 L
energy 2 A «° *\g ®P.@D :
¥ %> * 9D

Braun-Munzinger, P, Stachel, J. The quest for the
quark—gluon plasma. Nature 448, 302-309 (2007)

o When does it occur?
» Phase boundary and/or during the QGP phase ?

o Excited-to-ground state ratio useful to disentangle various

scenarii
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Energy loss : charm versus beauty
o Heavy quark (b & c) produced early during the collision via hard
parton scattering
» Energy loss in QGP via collisional & radiative processes
» Dead cone effect reduces radiative losses for beauty

< T T T T | T T T T | T T T | T T T | T T T T |

214
« i % ALICE ly| < 0.5

Mass dependence of Il Pb-Pb, (S =502 Tev
Centrality 0-10%

parton energy loss N "

expected from light to » Average D’ D', D

heavy-flavor

ot

° Charged particles
* Jhy, 0-20%, |y| < 0.9
Prompt J/y, |y| < 2.4, CMS
Non-prompt J/y, |y| < 2.4, CMS

| ﬁﬁ'@-ﬁ——ﬁ——ﬁ— = CH]

o Accessible via bottomonia
or non-prompt charmonia °2

I1Ollll2|0||||3|0||||4|OIIII
JHEP 01 (2022) 174 p, (GeVic)
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Inclusive J/Ap uba

Suppression vs. regeneration
o More regeneration at mid-rapidity w.r.t forward
» in more central events
> atlow p;
o No strong conclusion from model comparison on pheno.
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Inclusive J/i uba

Suppression vs. regeneration

o More regeneration at mid-rapidity w.r.t forward
in more central events

> atlow p;
o No strong conclusion from model comparison on pheno.

>
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i [ ]Syst. (uncorrelated) ] i ® Data 0-10% ® Data 0-20% |
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Regeneration : quest for its origin
o Compatible with regeneration scenario
o Inclusive measurement : 10-20% contribution from non-prompt

>- 150 F T ! =
= | ALICE Preliminary i
cE | Pb-Pb, s =5.02 TeV 1

Inclusive J/vy, ly| < 0.9, 0.15 < p. < 15 GeV/c
Prompt D°, |y| < 0.5, p,.>0

100~ e Data _
SHMc (A.Andronic et al.)

= - i
50 = ' —

0-10% 30-50%
Centrality
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.Mmutq’ Prompt J/1) uba

Regeneration : charm only
o Compatible with regeneration scenario
o Dynamic description of the dissociation in agreement
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New results with full Run 2 statistics

o Down to most central events
o Downtop;=0
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Excited states: Y)(2S)

ubo

Regeneration: quest on its origin... returns

o Higher suppression of 1(2S) compared to J/y
o Compatible with regeneration scenario (transport model shown)

RAA
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0.6F

0.2
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Large uncertainties on models...
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,Mm,utq’ Excited states: Y)(2S) ubQ

Smaller uncertainties
o IS effect largely cancels for models
o Ratio theoretlcally weakly dependent on charm production X-sec.

> F | L B

o C ALICE 2 5 < y
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Smaller uncertainties
o IS effect largely cancels for models
o Ratio theoretlcally weakly dependent on charm productlon X-sec.
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W et Bottomonia production in Pb-Pb uba
Cooe s
Weak regeneration effect for beauty
o Y(1S) suppressed by a factor 3 w.r.t p-p
o Y(2S) suppressed by a factor 2-3 w.r.t Y(lS)
S [T % C ! L L L B L ]
T 1.2~  Pb-Pb |5, =5.02TeV,25<y <4.0 -1 T 12 PoPb |5, =502TeV,25<y<4.0 —
f, AUCE -T(S) -v@S) ‘ © ALICE (0-90%) « T(1S) 1
) Transport model ] L g
Y(1S) with 7Zwithout regeneration B Hydrodynamics Transport model ]
0.8 R Y(2S) [ with ZZwithout regeneration 0.8 - 4t /s =3 with 77, without regeneration —
0s Cowld Sl eaeters | s :
0.4 . g — . '
s 5 5o v —
02 e . I
r 0.2 _]
) e S e L e - 1
0 50 100 150 200 250 300 350 400 0 [ | | L | | L [
(N, 0 2 4 6 8 10 12 14
p. (GeV/c)
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Bottomonia production in Pb-Pb

Weak regeneration effect for beauty

o Y(1S) suppressed by a factor 3 w.r.t p-p
o Y(2S) suppressed by a factor 2-3 w.r.t Y(lS)

>

0.15

0.1

0.05

-0.05

0.2:

ALICE Pb-Pb s, =5.02TeV

25<y<4
] Inclusive J/v
e Y(1S5)

Y(1S), TAMU model
——— Y(1S), BBJS model

_E_.

o Beauty not strongly affected by regeneration at LHC

03/05/21 |
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ALICE Preliminary
Non-prompt J/y, Pb—Pb, \/sNN =5.02 TeV, 0-10%

Energy loss : charm vs. beauty <2 N ATIRE
. ° m 2
o Strong suppression at high-p; '8, "V alce v e yik0s

1.6 ¥ CMS, Jly — putu, ly| < 2.4 (EPJC 78 (2018) 509)
14 e ATLAS, Jly — p*u, ly| < 2.0 (EPJC 78 (2018) 762)
O I n C re a S e S towa rd | OW pT 12 ¥ ALICE Non-prompt D, 0-10%, D° — K'n*, |y| < 0.5 (arXiv:2202.00815)__
> hints that heavy quarks are =7 dbpiciaa "=l
0.8 []1 CUJET (Shuzhe Shi et al.) E
pushed toward lower p- E

o Similar trend for J/3 and D°

» # can arise from kinematics_ ,, .
<t ALICE Preliminary

o
(&)
—
o
—
()]
N
o
[\]
(&)
w
o
w
()]
Bl
o

QC 2E | Non-prompt Jiy, Pb-Pb {Su = 5.02 TeV E
[ [ . (] ’ ’ NN : -
o Collisional & radiative E,, 1.85 w  ALICE, 30.50% Jiy > e'e’, | <09 =
1 6El ¥ CMS,30-100%, Jiy — wir, Il < 2.4 (EPJC 78 (2018) 509) 3
. . ' o ATLAS, 40-80%, Jiy — i, y| < 2.0 (EPJC 78 (2018) 762) 3
models compatible with data 14 = S e ot s
1.2 —
2 — SR
0.6 i = , =
0.4 Er Djordjevic M. et al. —
0.2 [[7] CUJET (Shuzhe Shi et a/.)_f
0 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I:
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Related to spin alignment of a particle w.r.t a given axis :

o For avector meson (v), the total angular momentum (/, J,) is :
[v:],J2) = byq|1,+1) + bo|1,0) + b_4]|1, —1)

Az

uarkonium
“rest frame o The angular distribution of the decay
" g products is linked to the spin alighment
production \
plane ~—_ > (A, AQO' /1]9('0) =(0,0,0) = no polarization
; ‘/\_% , > (A, A§0' /119(/,) = (+1,0,0) = pure longitudinal
2 > (A, AQO' /1]9('0) =(-1,0,0) = pure transverse

- (14 A9 cos® 6 + A4 sin® 6 cos2¢ + Ag45in26 cose)

W (cos@, ¢) x 317,
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Various interest depending on system size & centrality
o Bring constraints to production mechanisms, NRQCD in pp

o Sensitive to the feed-down contribution & regeneration in
central AA

o In non-central events, polarization is sensitive:
» to the large angular momentum due to the rotating medium

» the short-living but huge magnetic field formed

k|
Reference frames: j e
o Helicity (HE): direction of the vector lizcs
meson in the collision c.m. frame /; N
o Collins-Soper (CS): bisector of the angle I | .
between beams in the vector meson ,-’ h et
rest frame

03/05/21 | QGP France — Maxime Guilbaud
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J/Y polarization

Small differences between pp & PbPb:

O

O

03/05/21

gubo

Up to 30 in HE compared

0.4
0.3

to LHCb 02

L

Can it be due to ot
regeneration/suppression ? ¢
0.4F
Role of the angular o3t
0.1
momentum and of the N of

magnetic field ? by

-0.4F

0.4F

0.3
0.2

A, O

09 (Of=eeecemahecreads

-0.1

-0.2F

-0.3

-0.4E

T T
Jy — p'u

T
Helicity ¥

) W W )

HHHHHHHHT

T T
Collins-Soper 3

O ALICE,ppis=8TeV,25<y <4
O LHCb,ppVs=7TeV,3<y <35

HHHHHHHHT

HHHHHHHHH

b UL LD L L L

HHHHHHHH
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New measurement using an Event Plane (EP) based frame
o Axis orthogonal to the Event Plane in the coII|S|on center of

mass frame ” ‘

o > 3.5 o deviation from 0 observed

. e . 4
o Full theoretical description needed <
(<CD 0.5:""|""|""|""|""| """" |""|""|"": (<CD 0_6:||||||||...|...|...|...:
o4l ALICE. PO-Pb /Sy = 5- 02 Tev E 050 ALICE, Pb-Pb |5, =5.02 TeV :
I Inclusive J/y — ptu~ 0.4 - Inclusive J/ly — pu'p7,25<y <4 E
03F 2<pT<6GeV/c,2.5<y<4 . T
i : 0.3F -
0.1F ] 0.1F i —$— k
i ] oF _$_ .
OF C*] g N :
_0_1__ ¢ Stat. uncert. E 02_ 4 0-20% ]
E]Syst uncert Event plane 1 U E 4 30-50% Event plane
_ -2 |||||||| | INENIETE AT Lo b b by s by g Ly 0 _0-3 . . vy by ey by by 1
0 0 10 20 30 40 50 60 70 80 90 100 0 2 4 6 8 10 12
Centrality (%) p. (GeVic)
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Y(1S) polarization

No polarization and no p; dependence in pp

—

&S OT_!T_-_T!T_._H.F__“___-__*_.__, _____ ;=== _-
1 - ¢ Stat. uncertainty E
~ '} [JSyst. uncertainty i i
-I L L L ol L L L .- L ol ol L L ol L L .-
_I 1 1 1 T 1 1 1 '_I L L 1 1 T 1 I'_
T T "
s I 4 _ - 8- —— b
&% 0. (g » =T i ha
1 +4 -

03/05/21

ubo

Helicity +

E'%ﬂ ----------- ﬁuﬁh ++

A A MLARRS anssnas
Collins-Soper -

[ ALICE Preliminary 1
— pp, (s=13 TeV T
L Y(1S) > ', 25<y <4

P (GeV/c)

T T T \ ...I...I...I..:I...I...I...I...I...I...I...I..-
0O 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

P, (GeV/c)
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Collectivity in small system
o Finite v, measured in pPb
o Similar pattern compared to PbPb and light flavors
o 1stattempt to measure v, in pp down to 0 p; with ALICE
» Compatible with 0 despite significant signal in the light

flavour SeCtor 3 0.3_' ) ] L] I 1 L] ] I [ L] L] L L l 1 ] L ] I L] L] 1 L] I 1 L L ] I ] L] 1 ] l L] 1 L I_L

o , - ALICE Preliminary 3

> 025 o

g C [ Pb-Pb, |, = 502 TeV, (30-50%) (JHEP 10 (2020) 141) .

0.2 - 25<y_ <40 =

“E o P-Pb, s, = 5.02, 8.16 TeV, (0-20%)-(40-100 %) (PLB 780 (2018) 7-20)

E 15<]an<50,203<y _<3.53 =

015 o pp, fsru= 13 TeV, (0-5%)-(40-100%) 3

- 15<|4n|<50,25<y_ <40 .

0.1 == o

E o T 5F = =

o Kin E%]__________J__E

- 21 ¢ =

-0.05 + -

-0.1f —

= :l AR _§ I Q) l 1 I 1 I 1 I Ll 1 1 l B_ A} l -_T‘
08, i 2 3 4 5
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MPI as the based mechanism to produce collectivity

o Another way to look at collectivity in small systems
o What should we expect ?

|INEL>0

dN,,, / dy
N, Tdy)

dNCh / dT] INEL>0
(AN, 7dn) lyict
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wune  QUArkonia multiplicity dependence gubg
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MPI as the based mechanism to produce collectivity

o Another way to look at collectivity in small systems
o What should we expect ?

E LI L I LI I LI L I LI I LI L I LI I LI L I LI
2

sl | Scale with mean -
2% 2% multiplicity (basic MPI idea)

T | Nypr % Nep, & N

.
.s
.
.
.s
.s
L)
-----
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MPI as the based mechanism to produce collectivity

o Another way to look at collectivity in small systems
o What should we expect ?
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Non trivial correlation in ALICE central barrel
o No model able to reproduce this qualitatively

o Important to understand the interplay soft-hard here

o More results for other systems and particles
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[ ALICE Preliminary
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Non trivial correlation in ALICE central barrel
linear increase for y)(2S) normalized yield vs. multiplicity
o flat behaviour for 1(2S) / J/y ratio vs. multiplicity
o Same behaviour regardless of the system size
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What about the Y (2S) at forward ? ubQ

Non trivial correlation in ALICE central barrel

o linear increase for 1(2S) normalized yield vs. multiplicity
o flat behaviour for 1(2S) / J/y ratio vs. multiplicity
o Same behaviour regardless of the system size
o Models: agreement at low mult. / tension at high mult.
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J/A pair production

Non trivial correlation in ALICE central barrel

o Constraint on:
» DP scattering

» J/y production, NRQCD

ubo

AlP, 1523 (2013) 1

o Good agreement w/ LHCb

> ALICE is inclusive

» # acceptances
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Suppression / Regeneration
o All results consistent so far with strong regeneration at LHC

o Underlying mechanism (when does the regeneration occurs) is
still to be understood

» High precision ground-to-excited state ratio may help
» SHM has difficulty to reproduce the current data
Polarization

o Significant polarization observed in PbPb for J/y in HE and EP
frame

o Full theoretical description is still missing
Small system
o J/Y flow compatible with 0 and

o Quarkonia production multiplicity dependence seems to scale
with multiplicity: standard MPI scenario
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Increased luminosity :
o in AA a factor 10-100 can be expected depending on the observable

New Muon Forward Tracker:
CMOS pixel, MAPS technology
Vertex tracker

Inner Tracking System 2:
CMOS pixel, MAPS technology
Improved resolution

Faster readout . .
New Fast Interaction Trigger:

Centrality measurement
Luminosity
Event plane

New TPC Readout Chambers: y

GEM technology, new electronic
Continuous readout

New computing system (Online-Offline)
Readout upgrade for detectors
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VMY J/W coherent photoproduction in
bt i Pb-Pb UPC events | uba
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» Probing nuclear gluon density

Pb Ph

Jhy crmt:ea’
partwle

Pb Pb

o Cross section sensitive to gluon
distribution function

» New measurement probes low-x
gluon nuclear PDFs

o Extracted gluon shadowing
factor: R, = 0.65 + 0.03,x~107°
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Extraction as a function of centrality down to 30-50%
o Measurement of coherent J/W photoproduction
o May open the door for new probes for QGP
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