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Outline

ALICE

o« ALICE detector

o p-Pb results at Vs = 8.16 TeV

« Rapidity, p,and centrality dependence of quarkonium (J/Ap, P (2S) and Y’

(new JAp results at mid rapidity)
o Multi-differential study of JAp

o Azimuthal anisotropy of J/i

o Pb-Pb results at Vs, = 5.02 TeV

o Multi-differential study of JAp

« Azimuthal anisotropy of J/ip

Elliptic flow of Y(1S)

Centrality dependence of (2S)
Rapidity, p,and centrality dependence of Y(1S)

NEW!!

New results on the polarization of J/ip will be presented by Luca in the next talk
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A Large Ion Collider Experiment ®

ALICE

—> Quarkonia in ALICE are measured in two rapidity ranges:

THE ALICE DETECTOR E i§§§§§<§n§j Central barrel:
chvp Jhp = ere ([y| <0.9)
Electrons tracked using ITS and TPC
u Particle identification: TPC (+TOF)

ITS
FMD, TO, VO
TPC
TRD

TOF Y= > @ (®
HMPID ¢ e —-y
EMCal \ 5

DCal

. PHOS, CPV
10. L3 Magnet
11. Absorber

12. Muon Tracker
13. Muon Wall

14, Muon Trigger
15. Dipole Magnet
16, PMD

17.AD
18.ZDC
19. ACORDE

coNonsLNE

Forward muon arm:
Jhp = wrp (25 <y<4)

Muons identified and tracked in the
muon spectrometer

—> Acceptance coverage in both y regions is down to zero p
—> The ALICE results presented in this talk refer to inclusive J/
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cold nuclear matter effects:




p-Pb collisions in ALICE

ALICE

—> To understand Cold Nuclear Matter (CNM) effects such as nuclear parton shadowing/color glass condensate, energy
loss and comovers absorption

= No Quark-Gluon Plasma (QGP) is expected in pA collisions.
= The measurement of CNM effects in pA collisions is important to quantify the QGP effects in AA collisions

-~ ALICE has collected p-Pb data at Vs = 5.02 and 8.16 TeV

- ALICE data are collected with two beam configurations: p-Pb and Pb-p, with Ay=+/- 0.465

Forward rapidity Mid rapidity Backward rapidity

—riiRieheielric

—rrietehehrialnicA

ti :
2.03<y,,<3.53 -1.37<y,,.<0.43

-4.46<y,_ <-2.96
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JAP R oy, VS Y at Vs = 8.16 TeV

ALICE
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(2 Energy loss (F. Arleo et al.)
 — Transport (P. Zhuang et al.)
0 e Cl)omolvers I(E. Flerreirlo) | | | |

ALICE, p—Pb |s,, =8.16 TeV
® inclusive J/y — e*e (Preliminary)

e inclusive J/y — u* (JHEP07(2018)160)

O S J
"\\ !

1

CEM EPS09NLO (R. Vogt)
JnCTEQ15 reweighted (J. Lansberg et al.)

CGC NRQCD (R. Venugopalan et al.)
CGC CEM (B. Ducloue et al.)

[III

o4 32002 S 4o

ycms

JHEP 07 (2018) 160

Nuclear modification factor:
Jw
(Topb) Opp

Stronger suppression is observed at forward
rapidity, while R, is compatible with unity
both at mid and backward rapidity

Models based on different shadowing
implementations, CGC, energy loss, transport
models and comovers fairly describe the data
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JAp R 1, Vs pr atVsyy = 8.16 TeV

ALICE
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Q:Q' 18 F ALICE, p-Pb VS_NN =8.16 TeV, —4.46 < Vo< —2.96 -ﬂg_ F A||_|CE Prleliminarly1 p—Pbl \'San =‘8.16 T(:LV E ,I"‘ 18 I ALICE, p-Pb VS_NN= 8.16TeV,2.03<y_ <3.53
[ Inclusive Jiy c 1 82_ * Jy —e'e ~1.37<y, <043 7 1.6 F Inclusive J/y
1.61 1.6t | pp uncertainty - br
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F 0.6 \\\ 0.6¢ [ ] EPSO9NLO + CEM (R. Vogt)
L k\ = 0.4F [ InCTEQ15 (J. Lansberg et al.)
04r [~ EPS09NLO + CEM (R. Vogt) 0.4t (] cem EPS09NLO (R. Vg e o r [ 1CGC + NRQCD (R. Venugopalan et al.)
2 F [ InCTEQ15 (J. Lansberg et al.) 0 2—_ :J nCTEQ15 reweighted (J. Lansberg et al.) _: 0.2+ CGC + CEM (B. Ducloue et al.)
0. F — Transport (P. Zhuang et al.) = ] EPPs16 reweighted (J. Lansberg et al.) 0: | | Lol preeen P Zhadngiel !
I RO 0 A IO WO MRV i 0 S el 3 T o i e Tl | R T T AT T e TR AT T A R T A T T E T
% 2774 6 & 10 12 14 16 18 20 Yie 2 A5 6 O s e St il By Silep 6 (égwcz)o
p. (GeVic) p. (GeV/c) Py
JHEP 07 (2018) 160
e R, shows a p,; dependence, with an increase from low to high p, at both forward and backward rapidity
« Atmid rapidity R, is compatible with unity with almost no p, dependence
« Run?2 results are more precise than the Runl measurements at Vs, = 5.02 TeV [JHEP 06 (2015) 55]
« Uncertainties on the theoretical predictions are large compared to data
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Jhp O pyat Vs = 8.16 TeV

ALICE

Qpr
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coll

« We use the symbol O, instead of R, for nuclear modification factor due to potential bias from the centrality estimator

o Two sets of Zero Degree Calorimeters (ZDC) have been used for the centrality estimation

 Q.p, decreases slightly from peripheral to central collisions at forward rapidity, while trend is opposite at backward-y
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Multi-differential study of IAp Q paty SNN =8.16 TeV
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o Clear evolution of Q ,, vs p;in different centrality classes

216
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At backward rapidity, enhancement in most central collisions for p, > 3 GeV/c

ALICE
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ALICE prellmlnary ]
Inclusive J/y — pw ]
p-Pb \S,=8.16 TeV,2.03<y__<3.53 ]
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o At forward rapidity, stronger suppression at low p; in most central collisions and Q , is compatible with unity for
pr > 7 GeV/e within uncertainties for all centrality intervals
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ALICE

Multi-differential JAp Q ,, compared to theoretical models
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In central collisions:
— shadowing predicts a weaker p;

dependence w.r.t. the one
observed in data

— energy loss predicts an increase
of O, with a different steepness

than the measured one

In peripheral collisions:
both theory models show no p
dependence, consistent with the
Q p, measurement, within

uncertainties

The models can not describe
simultaneously all aspects of J/
suppression (rapidity, p,. and
centrality)
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Azimuthal anisotropy (v,) of J/A

ALICE
= C
3N [ p-Pb, (0-20%)-(40-100%), | 5,,=5.02,8.16 TeV ALICE
—e— 2.03<y"V<3.53
02 o -4.46<y"Y<-2.96
T Pb-Pb, 2.5<y""<4, | 5,,=5.02 TeV
- —e— 5-20%
L ——6—— 20-40% [{5:]
o In a strongly-interacting medium, pressure gradients convert any
initial spatial anisotropy into a momentum anisotropy
« Anisotropy is quantified by the 2" order coefficient v, of the
Fourier expansion of the particle azimuthal distribution
; 1 | Transport model, Pb-Pb, 20-40%, 2.5<y""<4, | 5,,=5.02 TeV
d°N 1  d°N - B Inclusive J/y
E—=——"——1|14+) 2v,cos(n(¢p—¥ L imordi
dp3 27[ppoTdy< n;l : (((p n))> I\I\|III\l\PrII"IIO\rdlla:J\llllllll\\IIV\I\‘IIII‘II\I
(cos (10— B.))) 0 i 2 3 4 5 6 7 8
vy = (cos (n(¢ — J/
" " pTIlr (GeV/c)

PLB 780 (2018) 2

« Observation of non-zero v, in p-Pb for p; > 3 GeV/c!
« Total significance (forward + backward, 5.024+8.16 TeV, 3 < p.< 6 GeV/c) ~ 50
« Values are similar to the ones obtained in Pb-Pb for p. > 3 GeV/c

« In Pb-Pb collisions, non-zero J/ip v, suggests charm quark participation to the collective expansion of the system
o Common mechanism in p-Pb and Pb-Pb?

Biswarup Paul QWG 2019 - Torino, Italy 11



P(2S) Ry VS Y, AtV = 8.16 TeV

ALICE
Ly s 181
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o YP(2S) suppression is stronger than the J/1p one, especially at backward rapidity
« Theoretical predictions based on shadowing and energy loss can not describe the stronger Y (2S) suppression

« Models including final-state effects reproduce {(2S) behaviour at both forward and backward rapidity
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R pPb
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o Similar Y(1S) suppression at forward and backward rapidity

« Y(1S) and JAp R, agree within ~ 10 both at forward and backward rapidity

« Theoretical predictions based on shadowing and energy loss describe the forward rapidity results but slightly
overestimate the backward rapidity results

o Y(2S) suppression is consistent with Y(1S) but a small hint of being more suppressed (as also observed by CMS and
ATLAS at mid-y, and by LHCb at forward-y)
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Y(1S) R, Vs pr at Vs = 8.16 TeV

ALICE

« Similar behaviour at both forward and backward rapidity with a hint of a stronger suppression at low p.,

« Theoretical predictions based on shadowing describe the forward rapidity results but slightly overestimate the

backward rapidity results
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hot matter effects:




ns at Vs, = 5.02 TeV

JAp R, , in Pb-PDb collisio

ALICE
< L - LN IR AL BRI I < f L I L L L L ]
o 14 Inclusive Jiy — puu ] o 14 [ Inclusive J/y — p'u’, 0-20% centrality 7
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PLB766 (2017) 212
Iy
RJ/W _ YA{A
. . . . . AA —
Forward-y J/p suppression measured precisely in fine bins of centrality (Tan) oY

Clear J/ suppression with almost no centrality dependence for N__ > 100

part

Weaker low-p,. suppression measured by ALICE compared to PHENIX

Different behaviour in RHIC and LHC R, , is related to the interplay of suppression and regeneration mechanisms
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Comparison with theoretical models

ALICE
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12 25<y<4,03<p <8 GeVic B N: W Pb-Pb |5, = 2.76 TeV, 0-20%
L TR TT PR TR I 08k
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0.8 C ] [
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Co-movers (Ferreiro) B §§ 0.8
O | | | I B . i . l | . l )i T i I ol l [ I F R o m 0.6 -
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N
PLB766 (2017) 212 TM1: Nucl. Phys. A859 (2011) 114-125

TM2: Phys. Rev. C89 no. 5, 459 (2014) 054911
Stat. hadronization: NPA 904-905 (2013) 535¢
Co-movers: Phys. Lett. B731 (2014) 57-63

* All models fairly describe the data but large uncertainties associated to charm cross section and shadowing
* Precise charm cross section measurement and more differential analyses needed
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Multi-differential J/\p R, , in Pb-Pb collisions at Vs, = 5.02 TeV

ALICE
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Constraints to the theoretical models can be imposed by more differential R, , studies

The suppression is stronger at high p; and for central collisions
R, , decreases by 60-80% at large p, and for most central collisions

TMI1 prediction agrees with data within uncertainties
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Elliptic (v,) and tr1angular (v,) flow of JAp in Pb-Pb at Vs, =

= 5.02 TeV

ALICE
E 0.25 : T LI | T T : E 0 25 C T - -
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e Prlimordial Jhp,l 25<y <4 | Primord]ial Jhp | . r ®20-40% ] 2 4 6 8
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e Jhp v, at mid-y shows agreement with forward-y result within uncertainties
e Non-zero J/ v, is consistent with that of open-charm mesons
e The transport model predictions are not able to describe the data in higher p, region
* A significant fraction of the observed J/i comes from charm quarks thermalized in the QGP
» First observation of positive J/ v, in Pb-Pb collisions (3.7 o significance)
» v,1s sensitive to fluctuations of initial nucleon distributions in the overlap region
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P(2S) R, , in Pb-Pb collisions at Vs, = 5.02 TeV

ALICE
} 2 : | S I : S [ N I 1 1 I | O i S I : - L I T T [ | [ T L S ¢ I [ S | T I S\‘ 2_5 [ LI I LI L | LI I B | T T T | 1T T 7T I T 1T 17T I T 1 T I L T I_
o 1.8 ;— ALICE inclusive J/y, y(2S), Pb-Pb s, = 5.02 TeV, 2.5<y<4, O<pT<8 GeV/c 5,4: i Jv, y(2S), Pb-Pb VS = 5.02 TeV ]
16 F m< 2 B ALICE, 8<p_<8 GeV/c, 2.5<y<4.0, Inclusive (Preliminary) —
1.4 E — y(2S) (Preliminary) % I CMS, 3<p <30 GeV/c, 1.6<y<2.4, Prompt only (arXiv:1611.01438) | 5o, 1
12 i —— J/y (arXiv:1606.08197) N ’ L Upper limits include global uncertainties 0-90%
B . . Upper limits include global uncertainties ‘-Ej(- 2 :_ 1
' o i ]
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part parT

o (2S) shows a stronger suppression, in semi-central and central collisions, than the J/1 one

« However, the low significance limits the precision of the measurements
[95% CL is provided for bins with too low significance]

e Results are compatible with CMS

o The 2018 data sample with ~ 3 times increase in statistics will give more precise measurement, stay tuned!
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Y(1S) R, , in Pb-Pb collisions at Vs, = 5.02 TeV

ALICE
-3 = =
o C ALICE, Pb-Pb ﬁ =5.02 TeV \y E ALICE, Pb-Pb ﬁ =5.02 TeV o r ALICE, Pb-Pb ﬁ =5.02 TeV
1.2~ m Inclusive T(1S) —» u'w, 2.5 < y < 4, p, <15 GeV/c 1.2~ m Inclusive Y(1S) - u'w, 2.5 < y < 4, Cent. 0-90% 1.21= m Inclusive Y(1S) - u'w, p, < 15 GeV/c, Cent. 0-90%
1k I if ] n
B Transport models B Transport model [ Hydro-dynamical model
0.8 [ Du et al. (TM1) with 77/ without regeneration 08+ Du et al. (TM1) with 7/ without regeneration 0.8 Krouppa et al. E heavy-quark potential uncertainty
i Zhou et al. (TM2)  [Jwith XS without regeneration F B
06} 06F 06F
04j 0.4: ﬁ—‘ ________ B_ _________ 04 @ e @ ——————————
: N A 77 i R e
iSRS 8 e o SR SR e G R e e s
Krouppa et al. == hieavy-quark potential uncenainty. | T T [ Krouppa etal == heavy-quark potential uncertainty r
O_IIllllllllllll—‘_lllllllll\lllllll]llllll O_I‘I|‘Illllll‘lllllll‘ll‘llll‘ 0_ ‘ | | |I I | I
0 50 100 150 200 250 300 350 0 2 4 6 8 10 12 14 26 2.8 3 39 34 36 38 4
Npart> P, (GeV/c) y
PLB790 (2019) 89
« The suppression is stronger in central collisions than in peripheral events
« R,,does not show a significant dependence on pand y
« Amount of direct Y(1S) suppression is an open question since feed-down fraction to Y(1S) is not precisely known
« Transport models describe the results with and without a regeneration component within uncertainties
o Only upper edge of hydro-dynamical model agrees with data
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$@4 Elliptic flow (v,) of Y(1S) in Pb-Pb collisions at Vs, = 5.02 TeV

ALICE

0 15— ALICE Preliminary Pb-Pb |s,,=5.02TeV 4 ™ [ ALICE Preliminary Pb—Pb {syy=5.02TeV 1
I Z| 0.2 e
e ® Y(1S) 1 = <_4 5-60% 1. The Kent State University (KSU) model
[ 25-y<4 m Inclusive Jiy | r W Inclusive Jiy 1 calculations consider only the path-length
0.1 4 015 e 1(19) & dissociation of initially-created bottomonia
i = = 1 L —— Y(1S), TAMU model, PRC 96 (2017) 054901 inside the QGP medium
_ e = ] e Y(1S), KSU model, arXiv:1809.06235 ]
i ¢ 0.1 1 o The Texas A&M University (TAMU)
0.051 | r L [+1 ] model incorporates in addition a
- 1 0.050 b regeneration component originating from
£ [‘] ] e T R N e et 1 the recombination of thermalized bottom
L T - B - T """"""""""" ] quarks
2 a o | IR e —
i (o] 1 B T ? i
—0.05_— 1 00 5:_ _:
i | | 7 1 | 7 A O .l e |
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« Y(1S) v, is compatible with zero and with the small values predicted by the available theoretical models within uncertainties

« Excluding low p., Y(1S) v, is 2.6 o lower with respect to that of inclusive J/p

o This Y(1S) result includes both 2015 and 2018 Pb-Pb data sets. This is the first result coming out of this new data set
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Conclusions

ALICE

- We have shown quarkonium production results measured in p-Pb and Pb-Pb collisions
- Run2 results increased significantly the precision of the measurements
- Models face difficulties in describing consistently all results

p-Pb:

= J/p shows a stronger suppression at forward-y than at backward-y, where R, is compatible with unity

- Theoretical models based on CNM effects qualitatively describe J/ results

- P(2S) shows a stronger suppression than J/p, final-state effects needed to explain the {(2S) behaviour

—> Similar Y(1S) and Y(2S) suppression at backward and forward-y

- Shadowing and energy loss models describe Y(1S) behaviour at forward-y results while they overestimate backward-y results

Pb-Pb:

- Jp R, , at LHC shows an interplay of suppression and (re)generation
—> Differential R, , results put strong constraints on the models

—> Non zero JAp elliptic flow agrees with regeneration picture
—> Clear suppression of Y(1S) with no indication of a significant regeneration component
- Y(1S) v, is compatible with zero and with the current model predictions within uncertainties
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Comparison with theoretical models

ALICE
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* All models fairly describe the data but large uncertainties associated to charm cross section and shadowing

* Precise charm cross section measurement and more differential analyses needed
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Y(2S) O, Vs centrality at Vs, = 8.16 TeV

ALICE
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o The (2S) suppression is stronger than J/ one, especially at backward rapidity

o At forward rapidity the Q ,, of Y(2S) follows the same trend as J/ip while at backward rapidity trend is different

« At backward rapidity, final-state effects needed to explain the \(2S) behaviour. Some discrepancies between the data
and the model in the peripheral region
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Y(1S) Q. vs centrality at Vs, = 8.16 TeV

ALICE
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o Almost no centrality dependence of Q , both at forward and backward rapidity

A hint for a stronger suppression at forward rapidity
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J/l]) R, , in Pb-Pb collisions at Vs, = 5.02 TeV (Mid-y)

ALICE
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* No significant v s-dependence also at mid-rapidity, confirming observation at forward-y.

e Small R, , increase in most central collisions, wrt forward-y, as expected in a (re)generation scenario
(but fluctuations cannot be yet excluded).
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JAp R ,and Q o, at Vs = 5.02 TeV (mid-y)

ALICE
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« Run2 analysis with increased luminosity (L

« R p,increases with p;

(2016) = 256 ub,

int

« No centrality dependence of Q , is observed

ALICE-PUBLIC-2018-007

L

int

(2013) =51 ub') shows increased precision
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ALICE
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« Theoretical models based on shadowing and/or energy loss, CGC and comovers are in fair agreement with the data
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Azimuthal anisotropy (v,) of J/Ap in p-Pb collisions

Low multiplicity
Clear away-side
correlation presumably
due to recoil jet

High multiplicity
Additional enhancement
at both near and away
sides

Low multiplicity
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Jet correlations

eliminated via
subtraction

Normalized yields Normalized yields

Normalized yields

40-100% VOM

ALICE p-Pb | s,,,=8.16 TeV, Preliminary
3< p:’w <6GeV/c

1.5 <|An| < 5.0 [ ]

0-20% VOM

3.3
—— 446 < y"V <296 ]

—=—203<y”"V <353

3.2

T LTS T L P e e I

---
-

¥ ¥
' L]

3.

-

Bl BN { el S I I T 5 T A

i (0-20%) - (40-100%) VOM

a,+2a,cos(Ap)+2a 2cos(2A(p)

— — a,+2a,c08(2A9)
NN a,+2a,cos(A)

ALICE
Forward-y Backward-y
> =
° | —— ALICE p-Pb, Preliminary ® |s,,=5.02 TeV B |5, =5.02 TeV
02 i
= (0-20%)-(40-100%) VOM 2.03<y”¥<3.53 -4.46<y”V<-2.96
i v¥{2,sub}, 1.5<|An|<5.0
0.1 —
C 01} l$ C
R T . S
: $ Global syst. uncertainty 7% Global syst. uncertainty 5%
= 1 1 1 1 1 1 1 1 1 1 & 1
%;'O #le —&— ALICE Pb-Pb ¢ |5,=8.16 TeV L + |5,,=8.16 TeV
. I o ! 0, —
3 T e i e 2.03<y"¥<3.53 -4.46<y""<-2.96
E vyY{EP} |An|>1.1
F 2.5<y"¥<4
0.1 I@ -
; n $ L e [f] A
1 B . LB S G A St Bl
: Global syst. uncertainty 5% Global syst. uncertainty 5%
1 | 1 1 1 1 1 PRSE I T W S0 0 U (0 S OO U000 (ST 00 TG O ) [ RSN T T

(=]
-
N
W
N

b

6

7 80
pl¥ (GeVic)

2 3 4 5 6 7 8
P (GeVic)

e pr <3 GeV/c— v, compatible with O

In line with expectation of no recombination
e 3<p;<6GeVic=v,>0
Total (forward+backward,5.02+8.16 TeV) significance

about 50

Values comparable to the measurements in central Pb-Pb

collisions

Biswarup Paul

QWG 2019 - Torino, Italy



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31

