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Motivation

Nuclear matter at extreme energy density forms a Quark-Gluon Plasma

[ ]
December 10-14 2018

Heavy quarks are produced at the first instant of collisions

Interact with the hot and dense QCD medium
Quarkonium Andronic et al., EPJ C 76 (2016) 107

* Suppression due to colour screening Matsui and Satz, PLB 178 (1986) 416
- (Re)generation during the QGP evolution or at the phase boundary

Thews, Schroedter , Rafelski, PRC 63 (2001) 054905, Braun-Munzinger, and Stachel PLB 490 (2000) 196

- Elliptic flow Poskanzer and Volosin, PRC 58 (1998) 1671

- Heavy-Flavour

- Energy loss dependence on a) medium density, b) colour charge and c) quark mass

- Cold Nuclear Matter effects

* Nuclear parton shadowing/gluon saturation Heavy-Flavour : Quarkonia :
- Parton energy loss Ashik Ikbal Sheikh « Anisa Khatun

- Nuclear break-up Bharati Naik  Dhananjaya Thakur
Renu Bala  Hushnud

Djordjevic et al.,
NPA 783 (2007) 493
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A Large Ion Collider Experiment

Year

2009-13

System

JSrw (TeV)

0.9, 2.76,
7,8

Lint (*)

200 b1, 100 nb?
1.5 pb=1, 2.5 pb~1

PP 2015,17

5.02

1.3 pb~!

2015-18

13

35 pb~?

2013

5.02

15 nb™1

Pb
P 2016

5.02, 8.16

3nb™1 25nb?!

Xe-Xe 2017

5.44

0.3 ub~!

2010,11

2.76

75 ub~1

Pb-Pb 2015

5.02

250 b1

2018

5.02

536 ub~1

* Approximate value of luminosity recorded in ALICE

Entries / 5.0 MeV/c?

3
25210
L = 1.8678 £ 0.0003 GeV/c*
[ o=0.0187  0.0003 GeV/c*
20/~ s(:30) = 10822+ 175
E 4,
5= ALICE
1.0F
05 T g
0-80% Pb-Pb, | 5,4 = 5.02 TeV
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counts per 40 MeV/c?
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I
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«Oppasie sign PP | o2 TeV
—Mixed event nt = H
20000/ contrality 0-40%
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15000
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|
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S5/15+B: 6.0
400+,
2001 I
i
o rit
t .‘; £
-200- Y
................

4 5
My, (GeV/?)

Counts per 50 MeV/c?

x10° .

&k ALICE Performance 23/06/2016
800 Pb-Pb, |5, =5.02 TeV, L =225 b’
500 F Centrality 0-90 %

F 25<y<4,p <12 GeV/c
400 x3/ndf =159, S/B_ =0.14

m,,, =3.1002 + 0.0005
300 6, = 0.069 £ 0.001
200F N, = 285202 £ 2787
100
0 1 S L 1 1
25 3 35 4 45
m,, (GeV/c?)

ALICE

10°

Ratio

L L AL L LB

[ ALICE, 0-20% Pb-Pb, 5, = 2.76 TeV
1.65<p_<2.0GeVic

10*E+ Datd —c—e =

E— Conversion electrons

[ — Dalitz electrons
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Heavy-flavour production in pp collisions saiice

PRC 94 (2016) 054908

3 ll[l} T T IW[IHI T T l[ll[l} T T [W[IHI
= | -@ AUCE (totalunc) o
~ 104 (] ALICE extr. unc. -
8" E —o- ATLAS (total unc) o 3
b [ ATLAS extr. unc. , .$ -
| —— LHCb (total unc.) e ’ i
| % STAR L ]
A PHENIX -
103:_ —— NLO (MNR) $," =
) [ HERA-B (pA)
10 F W E653 (pA) E
r Y E743 (pA) ]
r ¥ NA27 (pA) 1
i ) ¢ NAG(pA) |
10 ,"<> O E769 (pA)
: 1 I‘ ' Ll 1 I‘ L] \l :
10 10 10° 10°
/s (GeV)

PLB 763 (2016) 507

=) [ ‘ L LR
=2 5| @AUCEpp 15=276TeV, Iyl<08

%10 ;_ @ ALICE,pp 15=7TeV, |y|<0.9 "
TIQ ¢ 4eCDF.pp 1s=1.96TeV, |yl<06

-8  KUALpp \s=063TeV, lyl<i5

B PHENIX, pp 15=0.2TeV, |y<0.35 ="
— FONLL -

10—
1E
- EALICE extr. unc.
B EALICE extr. unc.
I 1 1 L1111 I 1 1 L1111 ‘
10 10° 10*

\s (GeV)

PRL 109 (2012) 112301

s,

S ’ 08; ALICE pp Vs=2.76 TeV, p*«HF in 2.5<y<4 ]
[0 E™ E
O RN —— data g
2 107 N [ ] piHF, FONLL -
'_g F o — —- p*echarm, FONLL
DAL -SERENN S --- p*ebeauty, FONLL
g .
£ 10°F
& g
2 a1
10°F S
E Se=Swand
(2l L1900 S
1.9% normalization uncertainty not included E
3 25 | 3
=z E 3
O 150 Wx@ Er&ﬁ
ERP: =
“«'-U' 0'5§ I | ! 1 :
© O 2 4 8 1
p (GeV/c)

The production cross section of heavy quarks as measured in ALICE agrees with the world data.
The heavy quark cross section increases as a function of /s in agreement with the theory

calculation.

The differential production cross section of heavy-flavour also agrees with theory calculations

within uncertainties.
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Quarkonium production in pp collisions st

&oi{dp_dy) (pb{GeV/c))

dol{dp_dy) (ub(GeV/c))

dol{dp_dy) (ubGeV/c))

Jhp,/s =13 TeV

- ALIGE nclusive My, 2.5<y<4
pe fs =13 TeV
L =3.2p0" + 3.4%
BR unced.; 0.6%

-
-
[ NROCD, Y-Q. Ma et sl .y
104} + FONLL M, Gacclari et al S
| NAQCEL GG, Y-0. Ma ef al
+ FONLL M, Cacoiari of al.

] 10 15 20 25 a0
(GaVie)
Jnps=502Tev T

10| - ALICE inclusive Ny, 2.5<y<4
t pp e = 5.02 TeV

L, = 106300 +2.1%

BR uncen.: 0.8%

-
1 .l.' - .
10
: | -
107 | NRQCD, Y-Q, Ma of o -
I + FONLL M, Cacclarl of al 5
NRCCD+CEE, -0, Ma of al, |
107 + FONLL M. Cacciar of al
o 2 4 [} ] 10 12
p, (GeVic)
P(2S),v/s = 8 TeV
| - ALICE inclusive w(25)
|| pe s = B TeV, 2 5apad
| Ly = 1.2pb" & 5.0%
| - BR unced.; 11%
107 % 4-\
1o I —— i
EAI\HOCD.YCIMR.-)\‘_-N ' ;

3 + FONLL M, Cacoiari ef al.
1077 | NRQCDLCGE, Y-0. Ma ot al
I+ FONLL M, Cacciarl of al

] 4 [ 8 1w 12

(GeVie
W2S)IY,ys=8Tev P )
—a— ALICE inclusive J'y, w(25)

PR Vo =8 TeV, 2.5<y<d

Ly=12pb

BR uncert.: 11%

| NRQCO, Y-Q. Ma et al,
0.4
0.3
0.2 L ? b4 )

o

o1 ®

0 2 4 6 8 1w 12
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dol(dp_dy) (ub/(GeV/c))

GeVic))

da (0P Oy} (uD:

€

as/(0D,0¥)

©
"b 0.5/

Jhp,s = 8 TeV

10} #- ALICE inclusive J'y, 2.5<y<4
pp e =8TeV
- L, =12pb" & 5.0%
4 - BR uncer.: 0.6%
10 \
-
0% -
.
107 EEINROCD, Y-O. Ma tal i
+ FOMLL M. Cacciari ef ai -
NRGCDCGE, Y-0. Ma ef al.
10
0 2 4 6 & 10 12 14 16 18 20
p, (GaV/ec)
JNP,\/s = 2.76 TeV
10 #- ALICE inclusive J'y, 2.5y <4
pp V8 = 2.76 TeV
L, =199nb"+1.9%
) BR uncer.: 0.6%
——
r -
10’

W NRGCD, ¥-0. Ma of al
L + FONLL M. Cacdiari et al 1
NRGCD+CGE, ¥-0. Ma ef al.
+ FONLL M. Caccari ef af

] T 2 3 4 5 8 7 o8

p, (GeVic)
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- BRuncen.: 11%
-
1o -

B NROCD, ¥-0. Ma et al
+ FOMLL M. Cacciar e al
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—
-

1] 2 4 [] a 10 12
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W@S) I, s =7 Tev  Fr!o8VE
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Ly = 1.4 pb
BRA uncert.: 11%

| NRQCD. Y-Q. Ma e ai

0.4 #__ T
0.3 _+_

1] F4 4 [ ] 8 10 12
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¢ al{dp dy) (nb/{GeV/c))

dfal(dp dy) (b/(GeVic)) 2
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da
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BA uncert.: 0.6%
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) -
10 .
| I NRCCD. ¥-Q. Ma etal
10 + FONLL M. Cacciari ef al
] NRQCDACGC, Y-Q. Ma et al
1o + FONLL M. Cacciari of al

0 2 4 & 28 10 12 14
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1 pp 8= 13 TeV, 25«
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- BA uncert.: 11%
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(25),Vs = 8 TeV

-~ ALICE inclusive w(25)
pp is=8TeV, p <12 GeVie
L= 1.2pb" + 5.0%
BR unce.: 11%

]

[ MRQCD + CGC, Y-0. Ma et al
+ FONLL M. Cacciari ef al.

3 32 34 36 38 4

24 26 28 3 02 34 36 38 4

4.2
¥

4.2

2

0 24 26 28 3

7

daidy {ub)

>

° 24 26 28 3

da/dy (ub)

DZ-! 26 28 3

Jhp,\s = 8 TeV
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L, =12pb" +5.0%

BR uncert.: 0.6%
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T
———
e
] NRQCD « CGC, ¥-Q. Ma ef al
+ FONLL M. Cacciari ef al

32 34 36 38 4 42
¥
P(2S),y/s =7 TeV
- ALICE inclusive w(2S)
pp Vs =7 TeV, p <12 GeV
L= 1.4pb" + 5.0%
BR uncert.: 11%

+
ﬁ"ﬁ‘ﬂ-w—ﬁ*r;

NRQCD + CGC. ¥-0. Ma eral
+ FONLL M. Cacciari ef al.

32 34 36 38 4 42

R

daldy {ub)
s

Jhp,\Js =7 TeV

- ALICE inclusive J'w
pp 5= 7 TeV, p_<20 GeVWc
L, =1.4pb" =500
BA uncert.: 0.6%

I NROCD + CGC, Y-O. Ma o al

+ FOMNLL M. Cacciari of al

0 24 26 28 3 32 34 36 38 4 42

24 26 28 3

(28),v/s =13 TeV

#- ALICE inchasive w{25)
pp 5= 13 TeV, p <16 GeVic
Le=32pb"3.4%
BR uncert.: 11%

J$r++++
<k

| NRQCD « CGC, ¥-0. Ma af al
+ FONLL M. Cacciari ot al

32 34 36 38

An extensive quarkonium study at various energies, thanks to LHC and stable
ALICE data taking.
The model prediction for the ¥(2S)/J/i cross section slope does not cover the
low-pt otherwise in agreement with data.
CGC+NRQCD based model is now able to properly describe the low p;

region.
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Quarkomum productlon 1n pp collisions

§ C - NEW ALICE prellmlnary -
% " e pp Vs =5.02 TeV 1 ~
a1 Bma s Inclusive Jiy, ly|<0.9 | B
g F=+= B~ Ly=193nb"+21% 3§ B
= r —==— 1 =
o f 1 %
=, B 7 9
~ - —e=— . b}
=, oy
S0 =4 °
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© B + FONLL, Cacciari et al (J/y from b) T
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- + FONLL, Cacciari et al (J/y from b) 3
C o o | ]
0 2 4 10
P, (GeV/c)
= 140 RREREREAR RN MRS R R RARERERARE
£ I —e— T(1 S) ALICE L =1 35 pb + 5% -2 Y(2S) ALICE
>, 100 —* Y(1S) LHCb, L'” 25 pb‘+3 5% —Y(2S) LHCb ]
< 32 : T(1S) CMS, L':‘ 36 pb'+ 4% Y(2S)CMS 1
C'; o ' 2 Systematic uncertainty -
al 100 BR syst. unc. not shown p
= 3 ]
> 80 ]
8 [ ]
60 ]
N~ 40+ ppis=7TeV ]
o 0 : I:g:;ﬁ" "E" ]
— L ]
(a 20 Foia-HEH [ . ]
i e *@*:'f“ :
0""”"I|||||||I"""'|
5 4 3 -2 1 0 1 2 3 4 5

Fo,,/(0p.dy)

s,

ALICE

EPJ C77 (2017) 392

— e
7ALICE inclusive J/y, w(2S), 2.5<y<4

—e— 15=13 TeV (prelim), L =3.2 pb”

—e—1s=8TeV,L =1 3pb'

: - \s=7TeV, L _14pb'

I [__] Systematic uncertalnty un
BR uncert.: 11 %

:
2
e
i t
=

L TR B R
12 14 16
P, (GeV/c)

. i

0.05¢

: AlLICE, inclusive lJ/w, w(Z‘S) | ]

—+ 1s=13 TeV (prelim), L =3.2 pb”, 0<p <16 GeV/c =

—o— \s=8 TeV, le =1.3pb”, O<pT<12 GeV/c
[ —@ \s=7 TeV, L =1.4pb, 0<pT<12 GeV/c

,I:l Systematic uncer‘[amty

[ BR uncert.: 11 %

S S
C ] hdIE

P T I [ TS T R SN T SN SN S N NN N
26 28 3 3.2

CGC+NRQCD based model is now able to properly
describe the low p; region.
The cross section ratio for Y(2S)/J/y 1s found to be

independent of colliding energy as a function of pt and

rapidity.

The 2S/1S cross section ratio shows a increasing
trend with pr and no rapidity dependence.

ALICE results are in agreement with other LHC
experiments (shown only for Y production).
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Quarkonium production 1in p-Pb ALTCE[E
)
Q
a 1.4 =
s N p-Pb |5, = 8.16 TeV . . . g 9
< | * Stronger suppression of J/i is observed at forward rapidity, 2
1.2+ ® ALICE inclusive J/y . . . . . R K
: o LHCD prompt Jiy (PLB 774 (2017) 159) while Rypy, 1s compatible with unity at backward rapidity.
R R )
© NI | . ALICE and LHCDb results are in agreement.
goN 08¢ |  Models based on different shadowing implementations, CGC,
& 0.6 ErsoonL0- cew . vom) £ energy loss, transport models and comovers fairly describe the -
- nCTEQ15 (J. Lansberg et al.) e
N~ [i . Lansberg et al. g
o 04p 1l (E:ZTDS: ?\ISQLCD (tlzl. 3entug;czpalan etal) data' . . i
B + CEM (B. Duclou l. e
B oo M Ereroy oss 7 Ao aran) * The pr dependence of R,pp, shows an increase from low to high :
== Transport (P. Zhuang et al.) . . . 2]
= [ eesComovers(EFermero) pr at both forward, mid and backward rapidity. 28
0—5 -4 -3 -2 - 0 1 2 3 4 5 § ;h
JHEP 07 (2018) 160 ome QM-2018 : Biswarup JHEP 07 (2018) 160 § §
E 2 C £ 1-8_ T LI T T T L T T T T T ] 2 C 5 =
('l 18 - ALICE, p-Pb s, =8.16 TeV,2.03 < y_ <3.53 n:“1 6:_ A|_|c||; p-Pb V?,L: 5.02 Tlev | | E 18 _ ALICE, p-Pb s, =8.16 TeV, 4.46 < y_ <-2.96 é E
F Inclusive Jiy "t Inclusive Jly— e'e”, 1.37 <y <043 . F Inclusive J/y I>‘<C
16¢ 14 201658 imi = ! - 161 5 A
E A - ample (Preliminary), L, = 256 ub | C O .
145 -=2013 Sample (JHEP 06 (2015) 55), L,,, =51 pb™' ] 14F i E
- 1.2 — F
120 E o m ] 125 -
r | T e e e E g <
I g -—B—-_El_ -------------- H ---- ! E I ’ § 1 H- 5 ¥
E _H_ 08:# LT _ £ -H- a g
0.8F <H— 83 N . 0.8 Se
0.6 [ EPSO09NLO + CEM (R. Vogt) O'B%Z i 0.6 E 35
04F nCTEQ1S (. Lansberg et al.) 0.4 :— EPS09 NLO (Vogt et al., Int. J. Mod. Phys. E22 (2013) 1330007) —: 041 [ EPSO0SNLO + CEM (R. Vogt)
CGC + NRQCD (R. Venugopalan et al.) n [ CGC (Fujii et al., Nucl. Phys. A915 (2013} 1) u F I nCTEQ1S (. Lansh etal
0.2 CGC + GEM (B. Ducloue et al.) 0.2 ELoss (Arleo et al., JHEP 05 (2013) 155) ] 02F n (J. Lansberg et al.)
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Quarkonium production 1in p-Pb ALICE

QM-2018 : Jhuma
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Q:i; 18 © ALICE, inclusive J/y, y(2S) - pw
1.6 PPolsy=B16TeY A similar suppression as for J/i 1s observed at forward
14 r ° arXiv: | Comovers (E. Ferreiro, PLB 749 (2015) 98) . .
O e ey e rapidity for ¥(2S) and Y(1S). The J/ip and Y(1S) Rpp, are
' | v v I compatible with no modification at backward rapidity.
ok %HEEE At backward rapidity, final-state effects needed to explain .
06k J&} ------- : the ¥(2S) behaviour. E
oab W T * The prdependence of Y R,p, shows an increase from low to E
02f high pt at both forward and backward rapidity, where the § =
e S S R R R S R model prediction suggests flat distribution. g of
ycms S g
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0.2 e J/y (arXiv:1805.04381) 1 02F EPS09NLO + CEM (Vogt et al, NPA 972(2018) 18) ] 0.2 [ | EPS0INLO + CEM (Vogt et al, NPA 972(2018) 18) -
ST T N T T T T T T T 1 ) S EEU T E N SN B BN R R ) T S T S RS R R BRI
Ol Db % 2 4 6 8 10 12 14 o =2 4 6 8 10 12 14




Quarkonium flow 1in p-Pb
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2'2 E_ui<—HF, 2.03<y_ <3.53 (p-going) _5 2 2 E_;R—HF, 446 < y_ <-2.96 (Pb-going) 3
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* The nuclear modification factor is compatible with unity at forward rapidity.

» The Rppy, of heavy-flavor decay muons at high py 1s also compatible with unity at backward rapidity,
but above unity by more than 20 in 2.5 < py < 3.5 GeV/c.

 The NLO calculation with shadowing can reproduce the data at both forward and backward rapidity.

* The coherent scattering model based on CNM energy loss and kt broadening can explain the forward
rapidity Rppp, while for backward rapidity incoherent multiple scattering models can reproduce the

data.
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Heavy-tflavour production in p-Pb

PRL 113 (2014) 232301
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D:CL - ALICE Preliminary  p—Pb, sy, =5.02 TeV
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Average D°, D, D™

measured pp reference at Vs = 5.02 TeV

=== CGC (Fujii-Watanabe)
/ ——— FONLL with EPPS16 nPDF
s Kang et al.: incoherent multiple scattering
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arXiv : 1805.04367
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JHEP 7 (2017) 52

s,

ALICE

\II\If'\IIIIfllf\ll‘lll\ll\ll['\lfl\II\

b(—=c)—e

o p-Pb, |5, =502TeV,-1.06<y__<0.14
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WII\I‘IIIT

ALICE |

December 10-14 2018

%% Blast wave calculation J
Il Sharma et al.: Coherent scattering + CNM energy loss

Il Kang et al.: Incoherent multiple scattering

1101

|\II\JII\I‘IILJ_

8 9 10
P, (GeV/c)

* The average Rypy, of prompt D° D* and D** mesons is compatible with unity and can be

explained by the theoretical calculations that include initial-state effects.
* The v, of heavy-flavour decay electrons in high-multiplicity events are above 50 significance
and found similar to those of forward rapidity heavy-flavour decay muons.
* The Rypy, of beauty-hadron decay to electron is compatible with unity for 1 < pp < 8 GeV/c.

Further : oral presentation by Bharti and Renu and poster presentation by Ashik
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Quarkonium in Pb-Pb and Xe-Xe

PLB 766 (2017) 212

LJNLINL L L L L L L L L L L L L )

o 14 Inclusive Jhy — pip _
' i ® ALICE, Po-Pb|s,,=5.02TeV,25< y <4,p_<8GeVic ]
10 m ALICE, Po-Pb |5, =276TeV,25<y <4.p_<8GeVic h
""HEL. O PHENIX, Au-Au| s, =02TeV, 1.2 <|y|<22,p >0GeVic .

kst
0.8 Il 3
L] e @ ]
C i EI@EI@.
02 O e L o8
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(re)generation.
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NEW

1.5

0.5
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ALICE Xe-Xe |5y, = 5.44 TeV

Inclusive J/y ® iy, 2.5<y<4, PLB 785 (2018) 419
m e'e, |y|<0.9, preliminary

Pb-Pb |5, = 5.02 TeV

O Wi, 2.5<y<4, PLB 766 (2018) 212

O e'e, ly|<0.9, preliminary ﬁ

$ UDDUEH]D[ﬁUDUDDDU

1 'l I 1 1 1 1 I 1 L 1 1 I 1 L 1 1 I L
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( Npart>
J/Y suppression is visible at RHIC whereas at the LHC there is an interplay of suppression and

SJI\pr

1.8
1.6F
1.4F

0.85
0.62
0.4
0.2f

s,

ALICE

1.2}

JHEP 06 (2015) 55

Aloe's | Sy = 5:02 TeV, 2.03<y__ <3.53
RO | 5, = 5.02 TeV, -4.46<y __ <-2.96

Rpypy: | Syy = 2.76 TeV, 2.5<y <4, 0-90%
(Phys. Lett. B734 (2014) 314)

7 8
pT(GeV/c)

Most precise result in Pb-Pb collisions at \/syy = 5.02 TeV and similar to that at \/syy = 2.76

TeV.

The J/y Rpa 1s found to be of similar magnitude for Pb-Pb and Xe-Xe collisions at forward rapidity,
however no suppression is observed at mid-rapidity for Xe-Xe.

A stronger suppression factor <=

Pb forward rapidity results.

Rpppb
RpppXRppp

) 1s found at high-pt by combining the J/i p-Pb and Pb-

December 10-14 2018
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Quarkonium predictions in Pb-Pb

PLB 766 (2017) 212

December 10-14 2018
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* pr > 0.3 GeV/cto suppress the contribution from O All models can describe the data

photo-production but with larger uncertainties.
* The brackets represent the remaining

contribution




Quarkonium in Pb-Pb
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o
- //% nDSg shadowing (NPA 855 (2011) 327) 3 1077
71]]IIIIIIJJIJJIJIIJIIJIIJIIIIIIIIIIIIIIIII 1073-]
0 0.5 1 1.5 2 2.5 3 35 4

y

QM-2018

T T T T

ALICE Preliminary, Inclusive J/w— p*u in Pb-P

e 0-20%

m 03<p_ <2GeVic
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I e e
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3 T a3
£ —a—— 3
'—Eﬂ—l_m__

l 1 I L 1 l 1 l 1 I L 1 1 l L 1 1 I 1 L 1
2.6 2.8 3 3.2 3.4 3.6 3.8 4
Yy

s,

ALICE
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o - ALICE Preliminary, Inclusive J/y — p*u” in Pb-Pb | 5, = 5.02 TeV
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-1k I -
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« A strong rapidity dependence is measured for J/ip Ry, which shows a trend opposite to that of

shadowing predictions.

The multi-differential measurement of J/i Rys as a function of centrality, p;, and rapidity is
ongoing and will provide more insight into the interplay between suppression and (re)generation in

Pb-Pb collisions at \/syy = 5.02 TeV.

December 10-14 2018
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arXiv : 1805.04387 2
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r . . . < C <C C N
- ALICE, Inclusive T(18) — pu'u,2.5< y <4 < | ALICE, Inclusive Y(18) — u*w, Centrality 0-90% == | ALICE, Inclusive Y(1S) — p'i, Centrality 0-90%
i (S = 15 GeV/ S . x _r 5
1.2 W Pb-Pb sy =502TeV,p < eVlic 121~ M Pb-Pb 5, =502TeV,p_<15GeVic 12— W Pb-Pb\s, =502TeV,25<y <4

[ ® Pb-Pbys, =276 TeV (PLB 738 (2014) 361-372) - ® Pb-Pb |5, =276 TeV (PLB 738 (2014) 361-372) L
! L 1 |

[ Transport model (Pb-Pb /syy = 5.02 TeV)

Du et al. (TM1) with without regeneration

Transport models (Pb-Pb /syy = 5.02 TeV)
Du et al (TM1) with without regeneration
Zhou et al. (TM2) [Jwith S35 without regeneration

B Hydro-dynamical model (Pb-Pb /syy = 5.02 TeV)
0.8 Krouppa et al E heavy-quark potential uncertainty

0.8

06

0.6

o ___:__‘__':_‘: ‘H_ O-4I—____.E_—E ————— E _-:_F;_:—:_@;: 04 __7@_'/%@_‘—:*@7___ _________ E_ _________

L —— {3 r. = @@ e —_—— "
0.2 L Hydro-dynamicalmodel " ~——__1 0.2 _= _________ ] e b b bl
Krouppa et al E heavy-quark potential uncertainty T = L =L Hydro-dynamical model
O_\ ol v b v b b b b ‘ 07 T T T T T T T R R T R R R R Krouppa et al EheaVY'ql|a[k potential uncertainty
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14
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* Transport models by Zhou et al. (TM2) and Rapp et al. (TM1) and the anisotropic hydrodynamic model
by Strickland et al qualitatively reproduce the centrality dependence.

* The anisotropic hydrodynamic model by Strickland et al. can describe the rapidity dependence of Rpx,
but hint of different trend is observed.

* The pt dependence of Y(1S) Ry in Pb-Pb collisions is described by the transport model and anisotropic
hydrodynamics model.

* Transport model, with or without (re)generation effect can describe the data.

* The ratio of Rya for Y(2S) to Y(1S) 1s 0.28+0.12 (stat.)=0.06 (sys.) = sequential suppression.
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PRL 119(2017) 24230 arXiv : 1811.12727 2
E0-25_"'I'"I"'I"'I"'I"'_ 6_"‘0-25_"'I"'I"'I"'I"'I"‘_m F L —
i - ALICE Pb-Pb, | s, = 5.02 TeV global syst: 1% 1] - ALICE 20 - 40% Pb-Pb, | 5, = 5.02 TeV 1~ 0.04~ ALICE Preliminary 0-50% ]
o r - o r Inclusive Jhy 1 4
= 02 [%] SR ces. Do on VR, anel ] - Pb-Pb | 5,,=5.02 TeV ]
r . o Ou', 25 < y <4, v(EP, An=1.1} 7 ; *
0.15 [[? [[% = 0.15 - global syst : 1% 4 0.03F Inclusive J/y -
C % ] C ] - 2.5<y<4.0 ]
0.1 H - 01F — i ]
: § $ ] : * 1 0.02 ¥ [ I
0.05F - 0.05F = = .
01 @ ............................................................................................... o — 3 ) e ———— g 0.01- —
n Inclusive Jiy — piu, Prompt D°, D, D * average, . - X. Du et al. K.Zhou etal. (25 <y <4) ] B ]
—0.05 — Vo{EP, An=1.1},25<y <4 VAAEP, %l‘l‘ = 0'?}’ |y| <08 1 ~0.05 [ EZ23 Inclusive Jhy, |y|<09 Inclusive J/y w non-collective _] - -
il & 45-20% * 40-60% 0 30-50%, arXiv:1707.01005 r Inclusive J/y, 25<y <4 Inclusive J/w w/o non-collective I~ 1
C ® 20-40% 7 [ e Primordial J/y, 25<y <4 Primordial J/y ] O mm s —
_01— " R B T BT T B R T B _0-1_. M BT BT T N SR ST | ol T C__1 1 I | I 1 L | I I I | 1 I 1 | 3
"0 2 4 6 8 10 12 0 2 4 6 8 10 1 0 2 4 6 8
p. (GeVic) p, (GeV/c) P, (GeV/c)

* Both the bound state charmonium and prompt open-charm mesons show non-zero
elliptic flow.

* The transport model predictions are not able to describe the data in the high pt region.

* A non-zero v; of J/iy (3.70 significance) has been measured for the first time.

<
+~
o=t
Z
w0
+~
g
£
[}
~
=
wn
oy
(¢}
g
~
=]
[©]
>
o
=
>
>
<
]
<=
e
=}
<
g
—~
=
=}
]
—F
~
<
=
<

w0

<
=
—
w.\
L
e}
(o]
Ay
=
s
=
<
A
(_)'\
s
—

Q
<
)
+

]
=
Q
—
—
<




Heavy-tflavour production in Pb-Pb

NEW
LI|_ 2 :l T ‘ LI I LI I L | 1T ‘ 1T I T 1T I T T T | LI | TT I:
L$ 1.8 Pb-Pb |5y, =502TeV ALICE Preliminary =
A - 25<y<4 ]
1.6 -
E e 0-10% e MC@HQ+EPOS2, 0-10% 1
14 4 20-40%  ooor MC@HQ+EPOS2, 20-40%
 pF —+ 6080%  —— MC@HQ+EPOS2,60-80% 7
1:—--|||- S N =
08F ﬂﬂﬁﬂﬁﬁr : — =
0-6 _:’/j «H- M O v —m:':
0.4 gﬂ Eﬁﬁgﬂgg%%%& __________ u LIHE
- R g ’
0.2 =
0:.‘.\‘.|..| I I T B .
0 2 4 6 8 10 12 14 16 18 20
(GeV/ce)

PLB 753 (2016) 41

2FueHF in 2.5<y<4

- Pb-Pb, \SNN—2 76 TeV

F = i} in 20-40% =
-me. MC@sHQ+EPOS 20-40% ]
BAMPS 30-50% e
S TAMU elastic 20-40% :

» A strong suppression is observed for the heavy-flavour muon R, for central collisions.
* A positive heavy-flavour v, is measured using scalar product and two particle Q cumulants in semi-
central collisions with more than 3¢ significance for 3 < pp < 5 GeV/c.
 The model predictions based on Boltzmann (BAMPS) and Langevin (TAMU) transport equations
consider collisional energy loss, they can explain the elliptic flow measurements.
* Both results can be also explained by MC@sHQ+EPOS which considers collisional and radiative

energy loss.

ALICE
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» A strong suppression is observed for the D-meson Rp, for central collisions and pt > 3 GeV/e. ES
. . . . . o O
* The elliptic flow is stronger in the interval 2 < pr < 4 GeV/c. 5 =
<<

 The Ryp and v, observables together set stringent constraints to model calculations and charm
diffusion coefficient.

Further : poster presentation by Sudhir and Samrangy
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Quarkonium as a function of multiplicity in pp

ALICE

14-12-2018
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* Finite spatial extension (non-zero impact parameter) The high multiplicity pp events are similar to pA.
for elementary parton-parton interactions. NA3 and E866 collaboration results used for :

« Formation of colour ropes or flux tubes—strings. R]p/“llp = N, ;A% [@ = 0.95 from E866]
. isi _ o :
Nparton-parton € Nstrings- Compilation of various hadron-nuclear results

» Strings can overlap in transverse direction resulting [NPA395(1983)482] :
: ) : : dN, .
in a reduction of soft-particle production, dnh ~ R,’ZA =14+ BNy — 1) with [0.5 < < 0.65]
\ Nstrings-

* Hard particle production,
N]/ll) oc N o Nstrings-
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Finally using, N,,; ~ =% A'/3 for pA collisions, the
0

T,
dependency is extracted for Rf/’fp x R,’ZA and applied for pp

collisions
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QM2018 : Anisa, Dhanan]aya Tasnuva, Yanchun
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Heavy-quark as a function of multiplicity in p-Pb aiice
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* A similar increase for heavy-flavour production has been
measured as a function of charged-particle multiplicity.




Summary

- pp collisions
« ALICE results are in agreement with the other LHC experiments and world data.
- Theoretical calculations start to describe data over all pr but polarisation is still a puzzle.

- p-Pb collisions
* The nuclear modification factor can be explained by Cold Nuclear Matter effects.
- A long-range correlation is observed : J/Y v, in central p-Pb collisions.

- Heavy-ion collisions

 Interplay of two main mechanisms : suppression and (re)generation for charmonium, whereas for bottomonium
suppression plays dominant role with negligible (re)generation.

+ Observation of non-zero v, with higher precision and first look at non-zero v5 for J/i.
- A strong energy loss of open heavy flavours in central collisions.
* The elliptic flow measurement of heavy-flavour together with Ra, set stringent constraints for modes.

- Heavy-quark as a function of multiplicity

- The increase of quarkonium production as a function of charged-particle multiplicity exhibits no strong +/s
dependence and also found to be similar for charmonium and bottomonium.

« An increase of bottom quark production compared to charm is observed in dielectron spectra for p; > 3 GeV/e.
* The production of D mesons shows a similar increase with charged-particle multiplicity.

December 10-14 2018
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ALICE upgrade

« ALICE 1s entering LS2 upgrade.
« ALICE will be able to collect pp and p-Pb data at 200 kHz and Pb-Pb 50 kHz in Run3 of LHC.
« ALICE plans to collect 10 nb~?! of Pb-Pb data for a detailed understanding of QGP.

CERN-LHCC-2013-024
CERN-LHCC-2012-012
CERN-LHCC-2015-021
CERN-LHCC-2013-015
CERN-LHCC-2015-006
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Prompt, non-prompt and feed-down
ALICE
Charmonium A Andronic et al., EPJC 76 (2016) 107] Bottomonium
In addition to (10-30)% B-decay production
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Quarkonium and heavy-flavour measurements with

ALICE at the LHC, DAE HEP 2018, [.Das




Prdictions for charmonium v, in p-Pb

HP2018 : R. Rapp

December 10-14 2018
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data consistent with shadowmg
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