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* Quark-Gluon Plasma (QGP) and J/{ production in heavy-ion collisions
* J/Y production mechanisms in pp collisions
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J/U as a probe of the QGP in heavy-ion collisions
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Hard probes including prompt J/ J/U (re)generated either during QGP

produced in the early stage of the phase and/or at the hadronization stage
collision and cross the QGP at the LHC energy

* Color screening of cc pair in QGP = J/{ suppression

Temperatyre T<Tg  Temperature ToTg J/P (re)generation in QGP — J/Y enhancement

o ‘? Jhy
|' | ® °®
r

r Satz, Matsui. Phys.Lett. B178(1986) 416-422

P. Braun-Munzinger and J. Stachel, Phys. Lett. B 490 (2000) 196

. . . R.L. Thews, M. Schroedter, and J. Rafelski, Phys. Rev. C 63 (2001) 054905
* Parton energy loss by multiple scaEter!ng in QGP> M. Spousta, Phys. Lett, B 767 (2017) 10
energy loss by quarks, gluons or cc pairs? F. Arleo, PRL 119 (2017) 062302
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Observable in Pb-Pb: nuclear modification factor R4

J/v
Yaa

PP
<Taapa> U]/lll

Ryqa =

YA]/{lp is the J/ invariant yield in nucleus-nucleus collisions (AA)
ajp/'fp is the J/ production cross section in proton-proton (pp) collision at the same energy
< T4y > is the nuclear overlap function which quantifies the average nucleon-nucleon luminosity per AA collision

central collision peripheral collision

$—8 B—g

°* Ry4 >1-2>J/P enhancement
* Ry4 = 1 -2 No significant medium effect
°* Rya <1->J/Y suppression
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J/WU R44(p7) at RHIC (PHENIX) and LHC (ALICE, ATLAS, CMS)
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p, (GeVic) p>12GeV

* pr < 6 GeV: Ry, increases towards low p;: hint of regeneration. Interplay between color screening and
regeneration.
© 6< pr <20GeV: Ryjy~0.2 — 0.3 and increases slightly at larger p+. Indication of color screening mostly.

« pr > 20 GeV: R££¢~Rjﬁarged: energy loss signature. Interplay between color screening and energy loss.
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J/U production mechanisms in pp

Three main models describe the quarkonium production in pp.

* Colour evaporation model (CEM): it considers all the cC pairs hadronizing into a charmonium state. It
assumes the cc color “evaporates ” through gluon emission

e Colour singlet model (CSM): the color charge, the spin of the cc pair and the J/{ are unchanged.

* Non-relativistic QCD (NRQCD): it includes the colour singlet and the colour octet contributions.

T | T T T I T T T | T T T I T T T T T T I T T T
= Inclusive Jhy, 2.5<y<4

—_
o
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5_ —e— ALICE, BR uncert.: 0.6% =
é ] CEM, Nelson, Vogt and Frawley + ]
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do/dy (ub)

L R A R < B LI = I B s - I (e}
T T

o 2 4 6 8 10 12 11
Vs (TeV)

27/11/2019



The Large Hadron Collider (LHC)

* LHC at CERN (Geneva) is the largest and most
powerful particle collider for pp (currently up
to /s = 13 TeV) p-Pb (currently up to \/Syy =
8.16 TeV) and Pb-Pb (currently up to 1/syy =
5.02 TeV)

*  Three types of collisions:

° pp: investigate the quarkonium
production mechanism

* p-Pb: explore the cold nuclear matter
effect

*  Pb-Pb: study the properties of quark-
gluon plasma
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ALICE detector

*ALICE (A Large lon Collider Experiment ) detector is
designed to study the QGP in heavy-ion collisions

*Muon spectrometer

* Absorber system: stop m, k and low momentum p EMCal
particles

SPD SDD SSD TO0C VOC

* Tracking system: provide the 3D position information of
particles HMPID

* Dipole magnet: bend particles to obtain momenta and
charges (3 Tm) Pb

* Trigger system: trigger on opposite-sign dimuon and
identify the single muon (2 trigger p; thresholds: 0.5 & 1 7oA, voa
GeV/cor1l &4 GeV/c) PMD

ZDC

*Other ALICE detector used for muon analysis ™

* SPD: vertex determination

* VO (VOA & VOC): centrality estimator in Pb-Pb, luminosity
determination in pp , minimum bias trigger and S
background event rejection PHOS '*’
absorber

* TO (TOA & TOC): luminosity determination in pp L3iselenakd diptie

» ZDC (= 100m before / after IP): background event
rejection in Pb-Pb
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Data taking in 2018 Pb-Pb collisions

central collision

Event display on November 8, 2018
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Data samples: pp 2017 and Pb-Pb 2015+2018

pp 2015 (published)  Pb-Pb 2015 (published) pp 2017 Pb-Pb 2018
Luminosity =107 nb~1 ~225 ub~1 ~1223 nb~1 =537 ub~1!
SNN 5.02 TeV
Lzrzéj,Pb—Pb ~ 2.4 Xz(l;zé)éLS,Pb—Pb
L. PP~ 114 xL; PP
pp 2017:

*J/ signal extraction

*Acceptance x Efficiency (Ag) correction

*Normalization and luminosity

*Reference cross section measurement
Pb-Pb 2015 + 2018:

*J/\ signal extraction

*Acceptance x Efficiency correction

*Normalization

J/b Raa
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J/W differential cross sections in pp

4010

dprdy  BR-LPP .Ae(pr,y)-Apr-Ay

* BR: branching ratio of J/{ decaying into dimuon, (5.93+/-0.06) %
* Njy(pr,y): raw number of J/y
« PP . integrated luminosity

int:
* Ag(pgy): acceptance times efficiency
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J/Q signal extraction in pp

Signal functions (for invariant mass of dimuons* Mu*u‘):
* Extended Crystal Ball (CB2), tails from MC (Geant3 & Geant4) and 13 TeV pp data
* NA60 function, tails from MC (Geant3 & Geant4)

dNidM / (50 MeV/c?)

Background functions: R
* Variable Width Gaussian (VWG1)

e Polynomial ratios (Pol1/Pol2)

0 2 4 6 8 10 12
M) (GeVic?)

Extended Crystal-Ball (CB2)

% TF E
Fitting ranges of invariant mass: S
* pp:[2.0, 4.8], [2.2, 4.4] GeV/c?
Total methods in pp: (3 +2) X 2 x 2 = 20 107F I ;
*: invariant mass m? = E2 — ||p||? 24 26 28 3 a2 '3.4;

X : the mean. o: the width. (a,n, a’, n’): 4 tail parameters fixed from MC
simulation and from free tails fit to large statistics pp data
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J/Q signal extraction in pp

fitFuncCB2VWG_geant3_2.00_4.80
N, , = 103486 + 441

Mass = 3.0975 + 0.0004
5, =0.0706 +0.0004
N,. = 1986 = 121

x2/nDoF = 2.29

10000

Fit Status = 0
Fit Validity : good
Fit Cov Matrix Status = 3
Background Normalization factor: 31515 + 4268
al: 0.641 + 0.072
a2: 0.453 +0.011
a3:0.125 +0.015

8000

—}— Rawevents
——}—— Fitted J/y events
———— Fitted y(2S) events

= = =} = = Fitted background events

6000

4000

= Fitted J/y v (25) and background events

0<p;<12GeV/c

2000 2017 pp at+/s =5.02 TeV
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J/Y signal: extraction and systematic uncertainty

p,< 120 GeV/ic N, = 101136 +459 (stat) + 2936 (sys)
3 (statyN  =0.45 %; (sysyN, =2.90%

. 12080
Z =
115E- <N,,,>= 101136 +/- 459 (stat) +/- 2936 (sys)
110E-
110 o] Sttt Siwilppy :
1005' e == == - <N]/‘“>=Z—w gives an equal weight to
— i i
e = = e = T e = = = = === - = — . . .
OB~ — - - = - m m the tests with pp and MC tails. Dominant
90E- T T source of uncertainty from the tail choices.
— — Z rEms
85
% %l %I % %l % % %I %I ;i %I %I %I %I %I %I %I %I %I % . .
E s 8 F g8 & 2 & ¢ 5 ¢ & 8 & & & & & 4 ¢ Systematic uncertainty:
AN RN 2iwi X Niypy — Xgwi X Nijpy

ANy = I

ZiWi ZiWi
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J/U Ag as a function of run in pp

J/P Ag in 2017 pp data

g o —hE s L » To correct for detector effect and
020 0 = pr <12 GeV/c Mean | 0 geometrical acceptance
0.282— Mean AEO =0.2372 +/' 0.0001 (CL) ° Acceptance X Efﬁciency
0275— A recy _ Ni°“(p7%°)

. €; (pT ) — Ngen(pgen)
0.26 <|, i T
0.25 ++++ ++++ ot ++ _+_+++++ 4T ++ ++++*+++ ++++++
0.24

- -+
0.23:—
0.223— " +_,_

— +$

0.21—

Lttt ettt rtrtrretetd

0.2

—————————

282008 [ TTTT
282016
282021
282025
282031
282050
282051
282078
282098

*Ae€; varies run by run: a loss of efficiency is observed at the end of the data taking period because of
high voltage trips in muon tracking chambers
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Luminosity in pp

of. NMB NMULXFnorm s °-°'§ LHC17p o — OMB LHC17q
lnt - o - o018 |— MUL Fl : +
MB OMB = norm b T+ + 14 4
* gyp: the minimum bias trigger cross section w4 e gt g e
* Nyg = E,prm X NypL: number of minimum bias events, CE |
. . = MUL Cross-Section 6,y = 6you/From § Ent'i‘":"cm'm"’“ =
computed from the number of dimuon triggered events e T Py Ofine2GNTT) ;| Eno o
) ) _ ' o = L FramSCAIRCOTVY) N { | AMs 14.28
* Npyyi,: the number of opposite-sign dimuon triggered events WE Ratio ;
. . . . uE_ $— CINT7 o/ COTVX '
* F,orm: Normalization factor to obtain the number of equivalent E : +H +
: : E I : MRS
MB events from dimuon triggered events O:LHH..++‘++,+++* '*q:tﬁ'#*;wr{*;;;:%':'#**‘?”;% ............ + #+
08 + : MUL Cross-section
' i [ Entries 51
07 | Mean 25.79
) S T S A N N [ N N N O [ I I [ [ I | E IFlthilS 1 |1I4‘5|2|
R R IR

L..=1219 +/ 22 (Syst) nb1 OcmuLy @S @ function of run
int — -
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Inclusive J/Y di

‘erential cross section vs pr

1I:"“‘\. 1 0 E L) L I L I L) I L I L) I L L) I T 1T I L I L I LI L I | I ) I L I L) I | I DL
‘>-> - ALICE,pp \s=5.02TeV,25<y <4
((b] - Inclusive J/y
g 1 - —— L[, =1.23+1.8%pb", preliminary 2017pp
O 3& o —&— L, =106.3+2.1%nb", Eur. Phys. J. C77 (2017) 392 3 2015 pp
3 - 1 Ssystuncertainty (Uncorrelated) .
> L = BR uncert.: 0.6% -
© —1 B
—107" E E
Q. = - =
% = & = .
N 5 i = )
= —.=- =
o ——= = .
B -
10° =5
- —
1 0—4 L1 L l L1 1 l L1 1 I L1 1 I L1l 1 I L1 1 I Ll 1 I L1 L l L1 1 l L1 1
0 2 4 6 8 10 12 14 16 18 20

p; (GeV/c)

Good agreement between the 2 data samples with more precise measurements in 2017 pp
2017 measurements extend the p; reach to 20 GeV/c
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Inclusive J/ differential cross section p-

1I:—"“- 10 1 ] | | | ) I | | ) I | | 1 I LI L I 1 i I | | | I L] LI | I L] | | l | | 'I'g
g ALICE Preliminary, pp 1s=5.02TeV,25< y <4 3
8 1 ~4- Inclusive J/v, BR uncert.:0.6% —;.
3;_ [_]Syst uncertainty (Uncorrelated) E *  NRQCD: the prompt J/y production is
- Liyy=1.23+1.8% pb” 7 dominated by color octet diagrams at
5,107 E | d the singlet col
o = S arge p; and the singlet color ones
lg - ] dominate at the low p-.
o 107 E E » Colour Glass Condensate (CGC): it
- - describes the saturation of the small-
10—3 = 1] NRQCD, M. Buteqsc_hoen et al. X gluons in the proton.
= + FONLL M. Cacciari et al. . .
- @ NRQCD, Y-Q. Ma et al. * FONLL: non-prompt contribution
104 - + FONLL M. Cacciari et al. (B—=>J/¥) added to compare the
= [ NRQCD+CGC, Y-Q. Ma et al. - -
: + FONLL M. Gacoiai ef 4l models to the inclusive J/ data.
10_5 L1 1 I L1 1 I L1 1 I L1 1 I 11 1 I 111 I L1 1 I L1 1 I L_1_1 l L_1_1

2 4 6 8 10 12 14 16 18 20
pT(GeV/c)

o

Within model uncertainties, good agreement with the data
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J/Q differential cross section vs y

— 8 LI I LI I LI I LI L] I LI | I LU I | I LI I LI I L) 14'-"\ 1 I T L) T I T T T I T L) T I T L] T I T L) T I T L] T I T L) LI
0 — . . : ' B . . . _
= . ALICE Preliminary, pp \s =5.02 TeV 3 3 [ ALICE Preliminary, Inclusive J/y, pp \s = 5.02 TeV ]
%-\ 7 —4- Inclusive J/y g 8 10° F —4— 03<p_<2GeVic [ NRQCD+CGC, Y-Q. Ma etal.
= o - = - D<p <«4GeV/c + FONLL M. Cacciari et al. ]
O o -1 —— 2<p

= Liy=123+18%pb" 3 ) : 4<p! <6 GeVio @3 NRQCD+CGC, Y-Q. Ma etal. 7
= - = R T + FONLL M. Cacciari et al. i

- BR uncert.: 0.6% . ~ —4+— 6<p_<12CGeVic [ NRQCD+CGC, Y-Q. Ma et al.
5F 5 S 10 [ Systematic uncertainty + FONLL M. Cacciari et al. =
i . o 2 L, =1.23+1.8%pb [ NRQCD, Y-Q. Ma et al. 3
— 3 KS) C BR uncert.: 0.6% + FONLL M. Cacciari et al. ]
4 :_ ] Nb i ’
: R S e e e
3E E —— .
2 [C]NRQCD+CGC, Y-Q. Ma et al. = 10k -
n + FONLL M. Cacciari et al. .
: : _2 g
[ 11 1 I L1 1 I L1 1 I L1 1 I L1 1 I Ll 1 I L1 1 I L1 1 I L1 1 . 1 0 F I I I I I I I a
Y y

ALI-DER-328437 ALI-DER-334551

* Good agreement data / NRQCD+CGC+FONLL calculations: same y-dependence but large uncertainty.
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Nuclear modification factor R4 4in Pb-Pb collisions

_ Niu' o1, y)

<Taa > g, BR APT Ay

The most central collisions 0-20% are studied

central collision

$—@

Ty = 18.83 +/- 0.142 (syst) mb™ from centrality determination: https://cds.cern.ch/record/2636623
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J/W signal extraction in Pb-Pb

Centrality 0-20%, 2.5 <y < 4, fit range: 2.2-4.5 Event mixing technique, 0< p; < 20 GeV/c, 0-10%

—
T

1 000 :—# fitFuncCB2VWG_geant3_2.20_4.50 I
| - N, =611746 +4487 IE A0

XimDoF = 173 - e Normaized Wixec-2vents
- ——t—— Rawminus Mixed events

T

SiB,, =012

800— & 5.8 -38.11 400

Fit Status = 0
=502 TeV Fit Validity : good
Fit Cov Matrix Status = 3
t1: 0.95
0<pr<2ﬂ eV/c p1:3.95

600— ot 300

p1: 286
— centrality 0-20%

Events per U.0Z2o GeVv
I

2018 Pb-Pb only

Background Normalization factor: 1094985 + 13420
al: 1.687 +0.025
a2:0.729 +0.020
a3:0.139 +0.020

25<y <4
a4: 0.037 +0.004

400— mn

——+— Rawevents
—}—— Fitted J/y events
——d—— Fitted v(25) events ]

= = =} == Fitted background events

— _l_ Fitted J/w v (25) and background events

B L | | | | | I L _..--'I- L Fe | | I I I Il | | | | | | M T T |
0 1 | 1 | ‘ 1 1 ‘—AJ 1 l 1 L 1 1 J 1 L 1 1 | | | 2.:5 3 35 4 {5 5

2 25 3 3.5 4 45 5 "
M,, (GeV/c?) W, (Gl

200—

L

Event mixing technique used to describe the uncorrelated background by mixing muons from different events
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Events per U.0Z2o GeVv

1000

800—

600—

400—

200—

0

J/W signal extraction in Pb-Pb

Centrality 0-20%, 2.5 <y < 4, fit range: 2.2-4.5

— centrality 0-20%

~ 25y <4

fitFuncCB2VWG_geant3_2.20_4.50
N, =611746 - 4487
Mass = 3.1014 +0.0004
oy, = 0.0663 £0.0005
N,. = 6605 + 1680
z%inDoF = 1.74
S/B,, =012
s/ VS4B =38.11
Fit Status = 0
Fit Validity : good
Fit Cov Matrix Status = 3
t1:0.85
pl: 395
12: 226
p1:296
Background Normalization factor: 1094985 + 13420
al: 1.687 +0.025
a2:0.729 +0.020
a3:0.139 +0.020
a4: 0.037 +0.004

——+— Rawevents
—}—— Fitted J/y events
et Fitted v(25) events

[
_l_ Fitted J/w v (25) and background events

Fitted background events

_Illl‘llA_AJ|lll

1 1 J 1 L 1 1 | | |

2 25 3 3.5

Event mixing technique used to describe the uncorrelated background by mixing muons from different events

4 4.5 25
M,, (GeV/c?)

Events per 0.025 GeV
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70

60

50
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N
o
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n 7T

2l

o
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Event mixing fitting, 0< p; < 20 GeV/c

;IIII'IIIIIIIII'IIII|II|I|I\II|IIII|I

x=
—+
-+
4+
-+

Pb-Pb, s, = 5.02 TeV
0<p_ <20 GeV/c
centrality 0-20%

25¢y <4

ﬂ

fitFuncNAG0Exp_geant3_2.20_4.50
N oy = 600089 + 3843
Mass = 3.1057 + 0.0004
o, =0.0620 + 0.0005
N, = 9426 + 1628
;g;'gDuF =1.46

5, = 27.82

S/ 191-8 =114.05
Fit Status = 0
Fit Validity : good
Fit Cov Matrix Status =3
p1:0.22
p2:1.20
p3: 0.05
p4:0.18
p5: 1.38
p6: 0.10
t1:-0.45
t2: 2.12

—|— Raw events
—}— Fitted J/y events
wd Fitted y({25) events

[ -
_|— Fitted J/ v v (2S) and background events

Fitted background events

— ]

|
3.5 4 4.5

M,, (GeV/c?)
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J/W signal extraction in Pb-Pb

O<p_<20 GeVic N, = 591968 i 4294 (stat) + 14172 (sys) Centrality 0-20%
(stat)N, =0.73 %; (sys)N =2.39%

25<y<4
z 680 0< p; < 20 GeV/c
660
640
e S B et S
600 e
580 N WS [ I
150] Sttt
540 = T oo T
520 = = e
500 lq.. M m_' r-_. % f‘*.‘ '-u' e i - — ] u:!" 5 r-: 1 wr i II w e [ e - ] — " i
;. | i. 5 % ;| é §| m. m. m| §| ;] m| §| §| ;| i
s 8§ 8 ¢ 8 ¢ & 8 &8 & Bz 8 : % % 3 |Mixed-eventmethods
I A O I O A A & IR

Total fitting methods: 18.
N,,, = 591968 +/- 4294 (stat) +/- 14712 (syst)
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J/W Ry 4 as a function of p;

% 1 .4 [ LILIL I LI I LI I LILEL I LI I LI I LI I LI l LIBLEL I LILEL ]
@ " ALICE, Pb-Pb \s,,, = 5.02 TeV, 0-20% ]
125 55<y <4, inclusive oy B
s A
N ——— L, ~ 780 ub", preliminary ]
0.8 E —&—— L, ~225ub’", Phys. Lett. B 766 (2017) 212-224 —
ﬁ: |:I Syst uncertainty (Uncorrelated) :
0.6~ ﬁ:@ —
- il )
0.4 -E—E: H -
5 EEndu] SR
0.2 -
:I L1 I L1 1 I L1 1 I L1 1 l L_1_1 I L1 _1 I L1 1 I L1 1 l L1 1 I L_1_1 :
0 2 4 6 8 10 12 14 16 18 20
P, (GeV/c)

*  New measurements (pp and Pb-Pb): more precise data and extension of the p; reach up to 20 GeV/c
* R, increases towards low p;
* Ry, is constant for 6 < p;< 20 GeV/c
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JJU R4 4 comparison

( 1 '6 B L L LI L L I L L L I LI L L l L L l L) I LI L I L L |
lft [ Pb-Pb\s,, =502TeV .
14 } ALICE preliminary, inclusive Jiy, 2.5 < y < 4, 0-20% —
N ] CMS, prompt J/y, 0 < ¥ < 2.4, 0-10% ]
1.2 — E ATLAS, prompt J/y, 0 < ¥ < 2, 0-20% —]
C :l Syst uncertainty (Uncorrelated) r
I: 1
N CMS, Eur. Phys. J. C (2018) 78:509 7
0.8 Iﬁﬂ ATLAS, Eur. Phys. J. C (2018) 78:762 -
0.6 -1t E

B — 1
0.4 —
0.2 =
[~ L1l 1L 1 l L1l L 1 l Ll L 1 I L1 L 1 l L1 1 1 l Ll 1 1 l L1 1L 1 l Ll L 1 7

0 5 10 15 20 25 30 35 40
P, (GeV/c)
ALTI-DER-335189

Good agreement ALICE with ATLAS and CMS despite different rapidity regions
Note that ATLAS and CMS measurements are prompt J/{
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JJU R4 4 comparison

1.6 L LI LI LELEL LI LI LELE LI LI | LI |
D? - AL'|CE Pr'e"mina',y‘ pb_;,b \SN; _ 5_091 TeV., (',_20% | | ; In transport model, good description on data for the
1.4 25<y <4, inclusive J/y ~ full p; range.
' 3 2015+2018 Pb-Pb 1 * p; <6 GeV/c dominated by J/{ regenerated
' : . from cC pair in the QGP phase
s - * p;>6 GeV/c dominated by primordial J/{ that
I Data, L, ~ b’ ] i i
0.8 5 S;lé?un.c% rt;ift’yu(Uncmrelate ) = are suppressed in the QGP by color screening
[H Transport (Du et al.) N
= ‘E‘E_ Statistical hadronization (Andronic et al.) A ) )
0.6 ~ In the stat. hadronization model:
0.4 - -E’rﬂ E * all the initially produced J/y in the nucleus
- ﬂwﬂﬁﬂﬁ_ =l core are suppressed. Good description of the
0.2~ ~ p; dependence of the data for p; < 4 GeV.
aPEPET PEPEP AP AP AN AN NN B AP R * initially produced J/{ survive in the nucleus
0

2 4 6 8 10 12 14 16 18 20

corona where there is no QGP: this
[N (GeV/c) Q

contribution gives a non-zero R,, that
underestimates the data for p; > 4 GeV
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JJU R4 4 in double-differential bin

q 2 N L] L] I I ) T L] I L] L] L] I L] L) I I T L] L] I 1 1 1 I L) L) L) I L]
' , g F_ALICE Preliminary, Inclusive J/, Pb-Pb | s, = 5.02 TeV
“F 0-20% --35<y<4 ~#- |y| < 0.9 (2018), 0-10%
1.6 —4-3<y<35 [] Systematic uncertainty
- —4-25<y<3 Global uncertainity 0.72 %
1.4 [] Systematic uncertainty
15 = Global uncertainity 2.5 %
1 ;ﬁ ------ H ------------------------------------------------------------
0.8 IH
08F g E Iﬂi
0.2F w® 2
0 : 1 L L I L L [ I 1 1 1 l L L L I L [ 1 l 1 1 1 I L L 1 l L
0 > 4 6 8 10 12 14

P, (GeV/c)

*  With 2017 pp cross section measurements: more precise data allow for a double-differential study
* Ruais larger towards mid-rapidity for central collisions where charm quark density is expected to be larger
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Conclusion and to do

*Measuring J/{ production cross section in 2017 pp collisions at 4/s=5.02 TeV is important to
study J/U production mechanisms

*It is also an important reference for the new J/{ R,, measurement in Pb-Pb with 2015 + 2018
data which allow one to reach larger p;and perform double differential analysis in p;/y

eInclusive J/{ R,, measured for the most central collisions:
* Ry, as a function of p;
* J/P less suppressed towards low p; (< 6 GeV) in line with J/ regeneration contribution

* Ry, ~0.25 and constant for p; (> 6 GeV) in line with J/ suppression from color screening (transport
model calculations)

* Ry, as a function of y
* J/U less suppressed towards mid-rapidity where charm quark density is expected to be larger

Todo:

*To measure J/y R,, accumulating 2015+2018 Pb-Pb data in other centrality classes
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Back up
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Prompt and non-prompt J/

e Inclusive J/{:

* Prompt J/P (~“85%):
0 direct J/ production (75%) pp collisions
0 J/Y feed-down from decays of charmonium excited

states (25%)

 Non-Prompt J/Y (~¥15%):

e J/Y from beauty (B) mesons
e.g. Eur.Phys.J. C76 (2016) no.3,107

Non-prompt J/{
Prompt J/{ K,

J /b

> < >

beam beam beam
collision collision

27/11/2019 30 of 28



QCD phase diagram

early universe

xALICE quark-gluon plasma
% RHIC

e

Te ~ 170 MeV (90 Gross
‘ 3

quark matter

<y >0

hadronic fluid

ny= 0 n>0
vacuum nuclear matter neutron star cores
W~ 922 MeV
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Relating Glauber to real collisions

Impact parameter of the collision: b

. - X
peripheral collision central collision
18— g @ L*Z
X

Overlap regio

Centrality describes how large the overlap area is
Centrality (in %) can be mapped into <T,,> by Glauber model*

< Ty, > is higher if the overlap area is large
*:https://alice-notes.web.cern.ch/system/files/notes/public/711/2018-06-18-ALICE_public_note.pdf
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Luminosity at the LHC in 2018

ALICE Performance 2018, PbPb is,, = 5.02 TeV
2018-12-02 17:11:56

Di-u, single u high-p_, fwd UPC: 536.723 ub’™
Single p low-p_: 19. 361 ub™

EMCal stdalone: 501.862 ub™

EMCal: 240.948 ub™

PHOS stdalone: 487.548 ub™

PHOS: 246.598 b
Barrel UPC: 243.894 ub™

Fill: 7481 E: 6369 Z GeV t(SB): 05:08:40 28-11-18 16:09:24

ION PHYSICS: STABLE BEAMS

6369 Z GeV I(B1): 6.65e+12 1(B2): 6.90e+12

Inst. Lumi [{(b.s)A-1] IP1; 1598.15 IP2: 1013.89 IPS: 1640.13 IP8: 256.52

D
o
o

500

400

FBCT Intensity and Beam Energy Updated: 16:09:23 Instantaneous Luminosity Updated: 16:09:22

| - : 300
- ﬁ 200
' s ) ~] 100

J T T T T T
0 1900 2200 01:00 0400 0700 10:00 1300 16:00
T 1 T T T T T T
19:00 22:00 01:00 04:00 07:00 10:00 13:00 16:00 — ATLAS — AUCE — CMS — LHCb

Integrated luminosity [ub™
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Energy @ GeV)
Luminosity / 1e24 cm-2s-1

e | |
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o=
&
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ck —ch1

o 20— number of Tracks /CMUL7-B-NOPF-MUFAST for all collisions ________
S Bl R R M AR A e R C1a Optimum number of clusters per I
o 8¢ P <6 track per chamber > 1 o ens
165—.— &EC HEE —cha
- L ; - ch5
14:.- |— Altracks [P . -=ch6
12:_ | —— Tracking (only) tracks - ch7
: = Matched tracks ; -ch8
105—-— -{ = Trigger (only) tracks —cho
8—_-* ,,,,,,, ~ch10
T N R R nsn
WER e rnnaranranstes i eanmnindnn bt inn s Ehte s e
2
L
3 IR RN RN NN RN

* Matched tracks: Matching of tracking tracks with trigger tracks with p; threshold of 1 GeV/c
e Stable trending plots in 2018
e Chamber inefficiencies are reproduced in MC simulation
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op Data and MC samples: event and track selections

Data samples:

. li ran hecked run
Quality assurance checked runs The extrapolated track e

‘ Ty scaltering
T L o

A

Event selections:
. Trigger selection: opposite-sign dimuon triggers
. Physics selection: to reject the background events

Primary
verlex

Track selections:

Low-7 ) ngh-_z
° O, 2-10 degree EomE B o)
. p*DCA cut: to reject beam-gas tracks
. Pseudo-rapidity N: 2.5 — 4.0: the geometrical acceptance of the muon spectrometer

. Matching of tracking tracks with trigger tracks with p; threshold of 0.5 GeV/c

Dimuon selection:
. Rapidity: 2.5<y<4.0
. Opposite-charge muons
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Analysis of inclusive J/ in 2015 and 2018 Pb-Pb data

Data samples
137 QA checked runs (2015)

228 QA checked runs. 2018 data taking reconstruction finished in January,2019

Event selection

= Trigger selection: Dimuon trigger
=  Centrality selection: With VOA and VOC
= Physics selection: To reject background events

Track selection (Single muon)

= Pseudo rapidity selection: 2.5-4.0. The geometrical acceptance of the muon spectrometer
0,y selection: 2 — 10°

= Matching of tracking tracks with trigger tracks with p; threshold of 1GeV/c

= p X DCA (momentum times Distance of Closest Approach) selection: To reject beam gas tracks

Dimuon selection

= Rapidity: 2.5 <y < 4.0: The acceptance of the measurement
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J/W signal extraction in pp & Pb-Pb

Signal functions (for invariant mass of dimuons Mﬂ+u—):
o Extended Crystal Ball (CB2), tails from MC (Geant3 & Geant4) and 13 TeV pp data
o NA60 function, tails from MC (Geant3 & Geant4)

Background functions:
> Variable Width Gaussian (VWG2 & VWG1) Extended Crystal-Ball (CB2)

° POlynomiaI ratios (POlZ/PO|3 & POIl/POIZ) Signal functions (for invariant mass of dimuons M+ ,,-):

> Extended Crystal Ball (CB2), tails from MC (Geant3 & Geant4) and 13 TeV pp data

o Exponential function — for mixed-event method only « NS0 unction tallsrom M (Geant3 & Geant]

eat . . . Background functions:
Flttlng ranges Of Invarlant Mass: ° Variable Width Gaussian (VWG2 & VWG1)
o Pb_Pb [2 2 4 5] [2 4 4 7] GeV/CZ > Polynomial ratios (Pol2/Pol3 & Pol1/Pol2)
’ Ty S » Exponential function - for mixed-event method only
° pp [201 48]1 [22; 44] GEV/CZ Fitting ranges of invariant mass:
° Pb-Ph:[2.2,4.5], [2.4,4.7] GeV/c?
Total methods in pp: (3 +2) X 2 X 2 = 20 ' PER0AZL 22 A1GRYE
Total methods inpp: (34 2) Xx2Xx 2 =20
Total methods inPb-Pb: (3 +2) X 2 X 3 =30 Total methods in Pb-Pb: (34 2) X 2 X 3 = 30

X : the mean. o: the width. (@, n, a’, n’): 4 tail parameters fixed by
MC simulation and data

27/11/2019 37 of 28



J/P sequential suppression

[ J/U regeneration ]

~

statistical regeneration

J/U production probability as a function
of energy density

i

sequential suppressk

Energy Density

J/Y Production Probability

[ Color screening

27/11/2019 38 of 28



J/ Ag as a function of prandy
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Fit functions

Extended Crystal-Ball (CB2 . . .
Y (CB2) Variable Width Gaussian (VWG2)
exp(—; o x)z) for a' > "? > - This function has a normalization factor N, and four parameters (x, a, S, y):
CB2(x)=N-{A(B-:57" for=t<-q
- _: —(x—x)* x—x\?
C.D+E5™" for =2 =q' VWG2(x)=N .exp oo |’ ,where o = as+ﬁ +y|—
o
with n 2
n || n
A=|— L B DL
[al ”p[ 2 ) ol 1
n' n' }ar}z n'
C = | — - D = == ! - .
[|a’|) exp 2 |’ la!| ] Polynomials ratio (Pol2/Pol3)
NAG0 In addition to the normalization factor N, this function has 5 parameters (a1, ag,
9 b1, ba, bs) and it is defined by:
NAGO(x):N-exp[—Oﬁ[ti) ) L 5
0 _ +ai1x+asx
Pol2/Pol3(x)=N. b1z 1 bya® 1 bar?
x—X

to=1 +p‘i‘(a’l‘ —t){p%_pé' Val=t)  for t < ok

th=1 for al <t < a®

to=1 +pf(t _aR){pE—pg" Vi=a®)  for > ol
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Weight in calculation of A*g

Run number Weighting

Lj .

i NépuL: A€ij

i ’
XiNeymur

Weighted Acceptance x Efficiency A_E] =

i'j 2 2
%i(Nemur) *Oeij

i g
i Nemur)

the weighted uncertainty o, ; =

’

Centrality Weighting

J T
2 NemuLA€j

Weighted Acceptance x Efficiency Ae = ;
2 NemuL

where Nci‘,l{;IUL is the number of events in run number i in centrality bin j for
CMUL trigger from real data.
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Monte-Carlo(MC) simulation of Pb-Pb collisions

*  High occupancy of the detectors in central Pb-pp ~ PeriPhera! collision central collision

collisions -> decrease of the detector efficiency bI @—p @ @ —q—.—@
A

Principle of an embedding MC simulation

MC simulation Raw data

The centrality bin width of 10%
11/ per event MB trigger 'ty b Wi °

Merge at hit level in the .
Reconstruction
detector

Embedding MC simulation: merge at hit level raw data and pure signal = allow to simulate
the high occupancy of the detectors

\ 4

Analysis code

AXEff estimated for each run, centrality, y and p; bins
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J/U Ae as a function of run

w =
< n .
> 0.16/— 0-90% centrality class
25<y<4
0'14_ Jhﬁ*ﬂ'ﬂ WW #{I’M‘J M.W *l* 0 < p; < 20 GeV/c
B +1* | 1‘
012 f " The average AxEff: 0.131 +/- 0.0001
N } + by
01— i [
- ! [
0.08— ; Y
0.06—
0.04 :_ LHC150, LHC18q, LHC18r
— Centrality 0 - 90%
B 0<pT<ZOGeWc
002 — -40<y<-25
: A=: 0.131377 +0.000116
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J/ Ag as a function of prandy
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Effect of non-prompt J/{ on R,,

RPTO — an +fB( mc _ npro
AA T

fg is the fraction of non-prompt J/U to prompt J/ measured in pp collisions

RXETO is the suppression factor of B-hadron production in Pb-Pb collisions

0.4

F-Q — T T T T | T T T T | T T T T e—
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Figure 7: Fraction of J/y from b as a function of pr, in bins of y. Eur. Phys J.C71 (2011) 1645
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CNM effects (shadowing, gluon saturation, energy loss, ...) studied by measuring the nuclear
modification factor R,g in light systems
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Newest Ru, vs prin LHC and models

E -| T T T l T T T T | T T T T l T T T T I T T T T | T T T l- i ) i I ! i ] : . . l : l l l : . . . : . . .
oc 1.4 Prompt J/yp CMS | 0314 ALICE Preliminary, inclusive Jiy — 1", Pb-Pb S = 5.02 TeV, 25 < y < < 1.2 ILIA L L e B
. Cent. 0-100% N ¢ 0-20% Transport (TM1, Du and Rapp) C Gantrallt}lr 0-20%
1.2 B 12 ¢ 2040% o 20.40% - F‘mmpt Jhp, lyl <2 @l correlated systematic uncer. |2

$  40-90% [ ]40-90% -"_ .....................................................

- mmm Color screening [Phys. Lett. B778 (2018) 384]

1 - :
0.8F ® lyl<0.6 _: 0 B'_ +=+» Color screening [Phys. Rev. C81 (2015) 024911] ]
L ¢ 18<lyl<24 . "“F wm Energy loss [Phys. Lett. B767 (2017) 10] |
0.6F - i Energy loss [Phys. Rev. Lett. 118 (2017) 062302 |
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