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Quarkonium production in pp collisions
ALICE
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x Two distinct steps for quarkonium production process:

C Q'Epairs evolve into the colorless bound state (non -perturbative )
C Heavy-quark pair ( Q"B produced in initial hard -scattering process ( perturbative )

1. Color Evaporation Model [ phys.Rev.D 12 (1975) 2007]

2. Color Singlet Mode [phys. Lett., 1028:364 5370, 1981] %

3. Non Relativistic QCD (NRQCD) [ pnys. Rev., D51:112551171, 1995] g
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JIr polarisation in pp collisions at 8 TeV
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U ALICE measurements show little to no p; dependence and are compatible with zero
U CSM and NLO NRQCD predictions do not describe the polarisation parameters




5 B O Ectoss kection in pp COIIlSlons at5.02 TeV .
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Multiplicity dependence of quarkonium production in pp

ALICE
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Charged-particle multiplicity dependence is an important S
- eInclusive J/y *

observable to study the production mechanism, multi  parton
interactions and interplay between soft and hard processes
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C Linear increase with multiplicity for different
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quarkonium states o PP 1s=13TeV - B
C 5.02 and 13 TeV results show similar trends, no strong 3¢ e T ;
energy dependence is observed. Jsh /’//r”)f’
C J / Opy>ncreases with increasing multiplicity with a 5/()/*’ —a
little saturation towards higher multiplicity ) A T T T
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p-Pb collisions in ALICE

13/05/2019

p-Pb collisions : study Cold Nuclear Matter effects ( CNM)

Initial state effects: before creation of Q'E

C Shadowing and anti  -shadowing
modification of the PDF

C Parton energy loss
gluon radiation by scattering

A
e
>

[

2.03<y,,.<3.53

Final state effects: After the Q“Epairs creation

C Interaction with hadronic medium

A Breakup by comovers
A Nuclear absorption

Quarkonium measurements at forward rapidity with

ALICE at the LHC,SQM19, W.Shaikh

-4.46<Y ;s <-2.96
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C JII suppression consistent with initial state effects

C [ ¢ 3shows a strong suppression compared to J/ [ especially at backward rapidity

C Initial state effects models can not explainthe [ ¢ 3data

C Models including final -state effects reproduce [ ¢ 3 behavior at both forward and backward
rapidity
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| (1S R, ppa t s \@=8.16 TeV
oPb NRE
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C Indication of | (1 S9uppression both at forward and
backward rapidity. Stronger | (1 S9uppression observed
at low p-.

C Models including shadowing and energy loss describe
the data at forward rapidity within uncertainties while
they overestimate the data at backward rapidity

C No evidence for centrality dependence
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C The two resonances show similar suppression, slightly larger for | (25).
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C A Model which includes shadowing + interaction with comoving particles describes the data.




JIIelliptic flow v, in p-Pb collisions at 8.16 TeV
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C Atlow p; (<3GeV/c) v, compatible with zero in both rapidity intervals o3

C At high p; (>3 GeV/c) positive v, of the same order as that measured in Pb -Pb
C Transport model does not describe the data in Pb -Pb and p-Pb (p-Pb prediction not shown)




Quarkonium production in Pb -Pb (Xe-Xe) collisions

ALICE

13/05/2019

Quarkonium as a probe of the deconfined medium (QGP) created
In the heavy -ion collisions.

Suppression : dissociation via color screening [prLs 178 (1986) 178]

Enhancement : recombination of Q 1 [rLB 490 (2000) 196, PRC 65 (2001) 054905 |
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Charmonium in Pb -Pb and Xe-Xe
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O e'e, ly|<0.9, preliminary ﬁ

shows an interplay of suppression and (re)generation
C Transport Models (TM) describe the data within uncertainties - .
C The Jd/ 7 'Y s found to be of similar magnitude in Pb  -Pb and [ ogo EH] $ Ogo0np0 ]
Xe-Xe collisions 0.5 $ B
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Triple -differential J/ [ yields in Pb-Pb collisions at as,, = 5.02 TeV
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C Fit rapidity spectra in bins of p; and centrality with exponential  function
C Rapidity spectra soften towards higher p;
C pp reference for triple -differential R,, underway , stay tuned!!!
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r ALICE, Pb-Pb VSN =5.02 TeV
12 m mmﬁweTﬁsyaum125<y<4J%<1SGeWc
1 .
\ Transport models
0.8 Du et al. (TM1) with .7/ without regeneration
T Zhou etal. (TM2) [Jwith S§without regeneration
0.6
0.4
02 [ Hydro-dynamical model T ~=———_ _ _ _ _
I Krouppa et al. == heavy-quark potential uncertainty ==
0_.\..\.\.\I\..IH.I\.\.\....\.H.I.\H

150 200 250 300

Centrality

RAA

0.8

(1 S )n Pb-Pb

PLB 790 (2019) 89

E ALICE, Pb-Pb \s, = 5.02 TeV
[ M Inclusive Y(18) — u'y, p, <15 GeV/c, Cent. 0-90%

[ Hydro-dynamical model

I Krouppa et al. —— heavy-quark potential uncertainty

Rapidity

R AA

1.2

0.8}

02F

ALICE

- ALICE, Pb-Pb {5, = 5.02 TeV
B Inclusive Y(18) — u'uw, 2.5 < y < 4, Cent. 0-90%

Transport model
L Du et al. (TM1)

with 7/ without regeneration

Hydro-dynamical model
Krouppa et al. —— heavy-quark potential uncertainty
1 1 Il ‘ Il Il 1 I 1 1 1 ‘ Il 1 L | 1 | 1 I 1 Il ‘ Il
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p_(GeV/c)

Pr

C Stronger suppression is observed in central collisions than in peripheral events

C No variation of R ,, is observed as function of p + and rapidity

C Transport models (TM) with and without (re)generation describe the data within uncertainties.

Adding the 2018 and 2015 data allows to increase the statistics by a factor 3, will give more precise

measurements
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[ (1 Selliptic flowv ,in Pb -Pb collisions at 5,02 Tev o
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C Measurement includes both 2015 and 2018 Pb-Pb data sets. o £3
. . . _ € c
C T(1S) v, is compatible with zero (all other hadrons exhibit non -zero flow) S 23
C Compatibility with zero consistent with no recombination expectations @ 50
o<

C Available theoretical model predictions describe the data within uncertainties
C Excludinglow p,| (1 Sy,i s 2. 6R | ower with respect

—
o




Summary

C pp collisions ALICE

1 ALICE results are  consistent with the other LHC experiments.  New 5.02 TeV results will serve
as reference for heavy ion collisions

1 Theoretical predictions describe the cross section data over all 1 but polarisation is still a puzzle.

1 The quarkonium production increases linearly as a function of charged  -particle multiplicity in
different rapidity region

13/05/2019

x Exhibits no strong +/i dependence and also found to be similar for charmonium and
bottomonium.

C p-Pb collisions
1 The nuclear modification factor can be explained by Cold Nuclear Matter effects.
1 Final state effects required to explain the [ (2S) Rypy
f I U isnon zero at high p 1 in central p -Pb collisions.

C Heavy -ion collisions

1 I Ras results at LHC form an interplay of two main mechanisms : suppression and
(re)generation whereas for | (1 S9uppression plays a dominant role with negligible (re)generation.

fTWeak or no J/ G0 polari zati on Il s found.
1 The measured zero elliptic flow of | (1 Spoints to negligible (re)generation.
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ALICE
3_IIIIIIlll]lllllllllllllllllll ? llll]lllll.ll'lllllllllllllllllllllllllll:
- ALICE Preliminary ] 0 20 F ALICE Preliminary :
— o5k Y(1S),Jly > u'w,25<y <4 ] 3 18L PP, \s=13TeV -
"= [ Mult classes: [n|<1 ] O1® 16F Mult. classes: |n|<1 .
Z 2ofF - Z|€ 14F « Inclusive Jiy — e'e’, |y | < 0.9 c
~ [ epp, \s=13TeV 1 e =
2 | PP, 18 © i 2 pu,25<y<4 + .
Z1S 3 ; 10F e inclusive Jiy 4 " F
; é s 8 ] Steresy . Tl e :
L R R e * """"""" E SF ax(2s) . ;
5 5 4 . :
0.5 N 7] 2 ..Q‘ -
[ 1 0 iigiliisaligielisailiagaaliasiliiis
O [ 1 L L L I L L 1 1 I L L 1 L I L L 1 1 I 1 1 L L I L L L L ] O 1 2 3 4 5 6 7 8
0 1 2 3 4 5 6 AN, / dy |NE>O
dN_ /dn [NERO @N_ /dm) i<
<chh / dT]) Inl<1

C Linerincrease of J/ [ H1(p 31(2S) at forward rapidity. However deviation from linear increase
for J/I at mid rapidity.
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Jrhr (2,80 Sproduction Cross section
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o

C CGC+NRQCD model describes the pT dependent results 26 28 3 32 34 36 38
C I ( 2/8)) increases with p 1 and flat as function of rapidity
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C Cross section has been measured at all available LHC energies : ; &<
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. g p-Pb {5, = 8.16 TeV o ; go ALCE.p-Pb VS =816TeV, 446 <y <-2.96 o 1 g AUCE p-Pb 5= 8.16 TeV,2.03 <y__<3.53 HLICE §
12; : fl:‘c?:;:::twi:/?;m774(2017)159) 1.6; InCIUSNeJ/wBaCkward > 1.6; Inclusive J/y
I —————— | e Yems Forward -y s
N 1.2F

081

1.2F
: 1 o re—— s AH_'
0.6 EPSO09NLO + GEM (R. Vogt) + 0.8¢ g —o— =
[ [ 1nCTEQ15 (J. Lansberg et al.) TE 0.8 :
0.4 [ 7] EPPS186 (J. Lansberg et al.) 06F 0.6 =
L CGC + NRQCD (R. Venugopalan et al.) F U | |EPS09NLO + GEM (R. Vogt)

r CGC + CEM (B. Ducloue et al.) 04 } ~ EPS09NLO + CEM (R. Vogt) 0.4 [ nCTEQ15 (J. Lansberg et al.)
02+ Energy loss (F. Arleo et al.) . .

= Transport (P. Zhuang et al.) 0.2F

JHEP 07 (2018) 160

|nCTEQ15 (J. Lansberg et al.) [ CGC + NRQCD (R. Venugopalan et al.)

i i — . . 0.2 f CGC + CEM (B. Ducloue et al.)
0 L \-\ .\-\ |C|D\m\0\\,e\r5\; \(E\\F\erlelwm\)l voa v by by by by 0 :\ T BRI R B TrTnlsFl)O:'l |(P\ %hlualn\g |el|a|‘)| [ R B 0 L | | ‘—Tr:‘:msporl “(P ZhUE‘l"g et EI‘) | |
-5 4 3 -2 -1 0 1 2 3 4 5 0 2 4 6 8 10 12 14 16 (138\”20 0 2 4 8 8 10 12 14 16 18 20
ycrns pT (GeVic) pT (GBV/C)

E [ T I T T T I T T T I
"3-1 A ALICE preliminary
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Forward -y s

ackward

G J/T stronger suppression is observed at & T T
aq4 ALICE preliminary B

coll
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forward rapidity, while Y is compatible F Inclusive iy - Me| ] qpf Meewvorr 455 .~ 20 G B
Wlth unit at backward ra |d|t 1-2:‘ p-Pb |5, =816 TeV, 446 <y <-2.96, p <20 GeV/c ‘ r PP Sw= 810 TeV, 208 <y, <899, Py < evic 1 = f‘s
y pidity . Ao @BEI ..... I e I 2%
a [o 1 08p . £ o
oot @ L 1% o s

. . i ] r f & ®m B g £ =
C The nj dependenceresult of 'Y shows an osf 1 %% S 0O
. . \ L ] - . Ny
increase from low to high n at both o4f EPS09S NLO + CEM (Vogt et al, PRG 87 (012)0s4010) 1 - | EPS09s NLO + GEM (Vogt et al,, PRC 87 (2012) 054910) S 2
forward nd backward rapidit L Energy loss (Arleo et al., JHEP 10 (2014) 073) 1 oo Energy loss (Arleo etal., JHEP 10 (2014) 073) ] E;'J
orwa a aCkwa apiaity . 0.2F Transport Model (Du and Repp, NPA 943 (2015) 147) ; Transport Mode! (Du and Rapp, NPA 943 (2015) 147) ==
. . 2 4 1 12 14 =<

C Models based on different shadowing 0 ° & N N, g O
o<

calculation , CGC, energy loss, transport

) C Centrality estimates using Zero Degree Calorimeters (ZDC)
models and comovers describe the data.

G Qpa increases peripheral to central collision at backward rapidity
while opposite trends is observed at forward rapidity.




D (2S) Q, Vs centrality inp -Pb 8.16 TeV

ALICE
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Backward Forward

C In centrality classes P (2S) suppression observed both at forward and backward rapidity
C Final state effects fairly described the D (2S) Q,, at forward rapidity
C Some tension in data and model at backward rapidity.
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