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% Introduction
> Heavy quarks and quarkonium
> Prompt and non-prompt charmonium
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Heavy quarks and quarkonium

J/p

Heavy quarks (charm ¢ and beauty b):
% Produced in initial hard partonic scattering G:s:zwmwwmwwwewmax;!s'mw.;waG

Quarkonium:
< Bound states of heavy-quark pairs (charmonium cc, bottomonium bb)
% Produced in a two-stage process:
> heavy-quark production (pQCD, gg — qQ)
> subsequent bound-state formation (non-perturbative QCD) Y(1 S)
%  Sensitive to medium produced in heavy-ion collisions

I
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Prompt and non-prompt charmonium

Prompt charmonium: Prompt
% Formed from cC pairs produced directly in the ‘"oq’z‘
initial hard scattering iy L =
< Produced through feed down from excited \ ="
charmonium states & —._ £ Non-prompt

= Jly

Non-prompt charmonium:

<  Produced from the decay of beauty hadrons Pvrgptgiy \ £ = Decay length

Inclusive charmonium:

e t + non-prompt component Secondary )
Promp on-prompt components TETER X
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Outline

% Physics motivation
> Hot nuclear matter effects on charmonium production
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Hot Nuclear Matter effects on charmonium production

Pb—Pb collisions at LHC energies — hot nuclear matter effects:

7
0’0

7
0’0

quarkonium suppression (color screening [1])
regeneration (enhanced c¢ production [2,3]) are expected.

O/
0’0

Studying @(2S) and J/y production in Pb—Pb collisions
provides insight into QGP properties through their
different suppression and recombination dynamics.

[1] T. Matsui and H. Satz, Phys. Lett. B 178 (1986) 416
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[2] P. Braun-Munzinger et al., PLB (2001) 518 [3] R. L. Thews et al., PRC 63 (2001) 054905
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Hot Nuclear Matter effects on charmonium production

Pb—Pb collisions at LHC energies — hot nuclear matter effects:

7

% quarkonium suppression (color screening [1])

7

% regeneration (enhanced cc¢ production [2,3]) are expected.

7/

% Studying @(2S) and J/p production in Pb—Pb collisions
provides insight into QGP properties through their
different suppression and recombination dynamics.

Quarkonium sequential suppression:
«» # quarkonium states — # dissociation temperatures
«» Quarkonium states with weaker binding energies dissociate first

— sequential suppression
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1 & PRD 64.(2001) 094015
0 ‘ : ‘

0 05 1 15 2 25 3

T,
Jiy Xe Y(2S)
Mass 3.10 3.53 3.68
(GeV/c?)
E,MeV) | ~640 | ~200 | ~60

\ J
Y(2S) is less tightly bound w.r.t. J/y

Y(2S) more suppressed
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Hot Nuclear Matter effects on charmonium production

Quarkonium regeneration [2,3]:

< Enhanced cc pair production at LHC energies
< Recombination of uncorrelated heavy-quarks
pairs

Studying various quarkonium states in Pb—Pb
collisions provides insight into QGP properties
through their different suppression and
recombination effects.
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Outline

«» ALICE detectors in Run 3
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ALICE Run 3
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I
:@ITS | Inner Tracking System
1 Used for tracking and vertexing

:@ FTO | detectors
| Centrality estimation
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ALICE Run 3
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:@ MCH | Muon Chambers
: Used to reconstruct muons
|

-
(2)  mID | Muon IDentifier

I Used to identify muons
|

|

1

I@MFT | Muon Forward Tracker :

Improves tracking and vertex |
|
I

finding (not used for this analysis)
-3.6<n<-25
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% Y(2S)-to-J/y ratio
> in Pb-Pb
> in 00
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Analysis procedure

“To measure the W(2S)-to-J/y ratio:

Ny (as) /
BR * 0ypasy _ Axgy(2s)
BR*O']/#, N]/tp/Ax£
i

1) Signal extraction:

7

%  After event selection, data processed to obtain
opposite-sign dimuon invariant-mass
spectra
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Analysis procedure

“To measure the W(2S)-to-J/y ratio:

Ny (as) / 5
BR * Gw(zs) i Ax&p(zs) %1 O 2 | I L T | I I L | | B RN O ) | I L 5L I . & 4 d | T b & 0 g
BR* gy N]N)/ S - ALICE Preliminary, Pb-Pb, {sy, =5.36 TeV
Axgl/w O, - Jhy—-pte, 2.5 < }:1< 4, 0-20% 1
i . - p_ <20 GeVie, 0.7 GeV/
1)  Signal extraction: 810 T R M ;
S
%  After event selection, data processed to obtain %107 - S ]
opposite-sign dimuon invariant-mass *g g
spectra D108
%  To reproduce combinatorial background :
shape: mixed-events spectra normalized 10%
(ME)
10*E E
same-event - 3
dimuon mixed-event dimuon ]
I — | ' | ! | 1 | ]
17 L2 £7 17 L1t ¢ | [ ) [N | | | I O . | 111 1 | B N [ |
00606 6 |6 O 0000 2 25 3 35 4 45 5
eventi eventi+1 event i+2 eventi+n wa. (GeV/ Cz)

ALI-PREL-605349
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Analysis procedure

“To measure the W(2S)-to-J/y ratio:

Nw(zs)/ 5
BR*O‘w(ZS) a3z Ax€¢(23) {810 EI LI | L IS L I | B T ] | | I L 5L | LI L | by § Ig
BR * gy, T Ny = - ALICE Preliminary, Po-Pb, |s,, =5.36 TeV ;
/ Axgppy % 5 F Jiyoptu, 25< y <4,0-20%
- s GO 10°F p_<20GeV/c, p*>0.7GeV/ic i 3
1) Signal extraction: § I Samonr —— ot | Zhid
. . : — Fit o W
%  After event selection, data processed to obtain 107k R - e
. . . . . 2] [y, o
opposite-sign dimuon invariant-mass N —ee N
- 'I:,;-J?% ............ background M, (Gevie) ]
spectra @ 10° .
%  To reproduce combinatorial background
shape: mixed-events spectra normalized 10%¢
(ME)
<% Subtract from opposite-sign invariant-mass 104 PN e ,
spectra the normalized ME spectra E ol e
. - . . Ll | | [ . | | L B i ] i L) I LA I | ‘
% Determine J/ly and tp.(ZS) ylglds by fitting o 25 3 3.5 4 45 5
subtracted spectra using various signal + M... (GeV/c?)
. Ty
background functions ALI-PREL-599781
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Analysis procedure

“To measure the W(2S)-to-J/y ratio:

0.025¢
3 W(2S) / Jiy = 0.0089 +0.0028 (31.54 %) +0.0015 (16.89 %)

Ny(as) /
0.015}
BR * 01,[)(25) - Ax€¢(zs) 0.01} : i : [L£

— = 1T
BR * g; 1 N] b /Axs 0.005F ¢
1/

L bbbttt iiiilll
T T T T T T T T T T T T T T T T T T e R T
0 DO D0 0D WO 1D 060D W VD DD DD DIDD O DD DD D WDV DO D DDDDODHD

i :
1) Signal extraction: el oy LA M T L o B A resnsa

S3355355553533353533555533555555555355333333333555555

%  After event selection, data processed to obtain

t dim t-m 58

opposite-sign dimuon invarian ass 0 R0 R 900 R R0 R R RO R R99999990999990009 SOt &R
S ectra 0P SnoE Sowno s B0 B EEEN0 S Pinoin000InnONoNoNoNo S S
Y 1530387283437 038727 93803 LS EEEINEILA SIS LIT 0%
o3 dded daddod ddodiddodIdotoooddododonads SITEY,
& T d binatorial back d 8500008 0000500505000 15 5858002 000000000 85 5500

* O reproauce combpinatoria ac roun WX X X XnwSSs333 22 X XLNLULLLLLS S SS S S S ol X0 %
SRULSSHUY YSSSSS S22 YT YTy YSSooSSSSyuSSS
. . B T T T K e e
shape: mixed-events spectra normalized R R R SRR R R R SO L L AR

- 8888888888 88§§§§§§§3222222228888

(ME) S 48 trials
%  Subtract from opposite-sign invariant-mass Estimation of final yield of J/y and

spectra the normalized ME spectra W(2S) — average of results

%  Determine J/p and @(2S) yields by fitting %  Systematics uncertainty — RMS of
subtracted spectra using various signal + the distribution
background functions
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Analysis procedure

2) Estimate the detectors Axe using the MC:
a) MC input kinematics tuned on real data from previous
measurements
b) Charmonium signals injected in Pythia 8

3) CorrecttheratioN __/N by Axe obtaining BRo

W(28)  Jly w(2S

Sara Garetti GDR QCD

)/BRGJ/LIJ
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Analysis procedure

4) Systematic uncertainties:

0
L X4

Sara Garetti

Dominated by signal extraction

GDR QCD

Source Centrality P;
Signal extraction 8-17 % 10-29 %
MC realism 2% 2%
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W(2S)-to-J/y relative suppression

(/8107§IIII]IITIITIIIIIITIITIIIIIIIIE
= £ ALICE Preliminary, Pb-Pb, |sy, =5.36 TeV
[ Jp—ptu, 25< y <4,0-90%
. . (O]
What should we observe without g(2S)-to-J/y relative (0] 108 L Pr <20 GeV/c, p!>0.7 GeV/c |
suppression? SR + Data ]
PP g F — Fit
= I —Jhp
% Y(2S) rescaled according to what we should expect B, 5| —Y(29) |
. . . . . c10°¢ background
without QGP formation (as in pp collisions) o pp OVerlaid
% Extrapolated ratio in pp at energy of L

Vs =5.36 TeV [6]

% Y(2S) relative suppression observed to be a factor ~ 2
less than in rescaled pp collisions
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W(2S)-to-J/y ratio as a function of centrality and p-.

Comparison with Run2:

% Run 2 points are shifted to better see the results

< Run 3 has the same binning as Run 2 both in p. and centrality
< Ratio vs centrality and p. — no significant dependence within the uncertainties
% Results obtained in Run 3 in good agreement with the ones obtained in Run 2!
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W(2S)-to-J/y ratio as a function of centrality and p-.

Comparison with:

% TAMU model: hierarchic suppression of charmonia in the QGP + regeneration [7]

% SHMec: no quarkonium survive in the QGP — charm recombination at chemical freeze-out [8]
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Physics motivation

PP

% Theoretical models (TAMU [3], SHMc [4]) = 005
predict a steep decrease of the g b;i
(2S)-to-J/y ratio from pp to peripheral L 0.04
Pb—Pb o

\&: 0.03F
©
OO0 allows one to probe quarkonium % 0.02
behavior in a medium characterized by %E i
intermediate conditions between Pb—Pb 0.01F
and pp collisions i
0

oo Pb-Pb Pb—Pb
j' — {g. : "‘fg%‘i {:’)’;",}
Ok & -

T T T T T TT |
" ALICE Preliminary
L Jy—ptu, 2.5 <y < 4, p, <20 GeV/c

L {s = 5.02 TeV {5y = 5.36 TeV
[ ¢ Pb-Pb ¢ Pb-Pb
TAMU ¢ pp extrapolated
””” shile % 00 10-100%
.

?M g
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Measurement of the @(2S)-to-J/y ratio in OO

6
N A‘IO E || | T 1T T T ‘ T T T T I LI L | 1T T T ] T T T T E
, Y(2S) : ]
To measure the W(2S)-to-J/y ratio:  BR xoys /Axew(zs) %’ F ALICE Work in progress, OO, {5, = 5.36 TeV
BRvayp - Ny o [ J—pw,25<y<4,10-100% =
Same procedure as Pb-Pb /Axs,,w O o5 L 03 <P, <20 GeVic i i
8 E Same event —¢— Data f%f |
1) Signal extraction: = —FR oz
B Event mixing —— Jiy DZ h ¢
% Normalize the mixed events (ME) spectra S (25)
o, . . . . > background
% Subtract from opposite-sign invariant mass T

spectra the normalized ME spectra
% Determine Jly and @(2S) yields by fitting
subtracted spectra (48 trials) using various signal
+ background functions
2) Estimate the detectors Axe using the MC

[ / \
3) Correct the ratio Nlp(ZS)INJIlp by Axe obtaining B R I S

1 | 111 | ] I

2.5 3 3.5 4 4.5 5
/BRo, GeV/c?)

(28) u*y (
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W(2S)-to-J/y ratio

7 7
0‘0 0‘0

% (N__ ) computed as:

part
2,2
2 WiX; \lzi(w" %

< Npart>=—<—— ONpgpe =
P 2w part 2 w;

where X, is N of the bini and W, the %
width of the Iatter

Centrality range 10-100% chosen because
of fit instability due to low y(2S) statistics
and large background including 0-10%

7
0’0
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Systematics box on x axis is arbitrary large

Uncertainties on (N__ ) reported like stat unc. in x (not visible)

2— 005 L T T T LI |
o . ALICE Preliminary
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W(2S)-to-J/y ratio

oo Pb-Pb Pb—Pb
PP P Q’{%@? ”%~
2@ @
> 0.05[ e — ]
o . ALICE Preliminary 4
? Ly, 2.5 <y <4,p_<20 GeV/e
= 0-04 s = 5.02 Tev VS = 5.36 TeV
m L @& Pb-Pb ¢ Pb-Pb
o | . . \Q 0.0z HE TAMU ¢ pp extrapolated ]
% The ratio in OO is compatible with the one > = - SHMc % 00 10-100%
obtained for peripheral Pb-Pb collisions 2 -
L 002§ -
g ]
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0.01 O $ H ﬁ ﬂ @‘
0 i Lol N
1 10 10
<Npart>
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Outline

< Conclusion and outlook
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Conclusions

% Charmonium as a QGP probe
> J/y probes the interplay of suppression and regeneration
in Pb—Pb collisions at LHC energies
> Y(2S): more fragile and more suppressed than J/y,
sensitive to late-stage medium effects
% Perspectives
> Run 3 Pb—Pb:
m Improved precision at low p.. and for excited states

m Join together different years of Pb-Pb data taking
= Y(28) R,, extraction as well as J/y one is ongoing

m Allows us to study intermediate conditions between
pp and Pb-Pb

m  QGP suppression observed in OO studying J/y R, ,
m  Y(2S)-to-J/y ratio compatible with the one
observed for peripheral centrality bin in Pb-Pb
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