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FROM SUPPRESSION TO RECOMBINATION IN 1 SLIDE!

ﬂSequentiaI melting
depending on the binding energies of the quarkonium states

a ~ ) )

Digal,Petrecki,Satz PRD 64(2001) 0940150

ﬂ(Re)combination 2]
Increasing the collision energy the cc pair £
multiplicity increases §
Most central SPS RHIC LHC = RN
AA collisions 20 GeV 200GeV 2.76TeV _g X
Nopo/EVent ~0.2 ~10 ~75 <
2
- enhanced quarkonia production via - energy density

(re)_comblnatlon at hadronization or P. Braun-Muzinger,J. Stachel, PLB 490(2000) 196 3
during QGP stage R. Thews et al, Phys.Rev.C63:054905(2001)



OTHER EFFECTS

‘ On top of these mechanisms related to hot
matter effects, other effects have to be
taken into account to interpret quarkonium
A-A results:

® Role of feed-down from higher states

® Role of cold matter effects (CNM)

investigated through pA collisions




QUARKONIUM STUDIES IN HEAYY-ION COLLISIONS

® Quarkonium as a probe of the hot
medium created in the collision (QGP)

® Suppression vs regeneration

® Investigation of cold nuclear matter
effects (shadowing, energy loss...)

® Crucial tool to disentangle genuine
QGP effect is AA collisions

®* Reference process to understand behaviour
in pA, AA collisions

® Useful to investigate production mechanisms
(NRQCD, CEM models...)




LOW ENERGY RESULTS: J/yv FROM SPS & RHIC

m) SPS (NA38, NA50, NA6O) M) RHIC (PHENIX, STAR)
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ﬂ suppression, strongly rapidity
~30% suppression compatible dependent, in Au-Au at
with w(2S) and y,. decays Vs= 200 GeV



LOW ENERGY RESULTS: J/\y FROM SPS & RHIC
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‘ Comparison of SPS and RHIC results

Ran / Raa(CNM)

0.6
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N.Brambilla et al. (QWG) EPIC71 (2011) 1534

EKS98 CNM baseline

s PHENIX Au+Au y=0
& MNAGD In+In
MAS0 Pb+Pb

U

| Marrow boxes: correlated 5YS5
— Wide boxes: CNM baseline sys

0 100 200 300 400 500 600 700 800
dN/dn|

ﬂ Good agreement between SPS and RHIC patters if cold nuclear
matter effects are taken into account

- Compensation of suppression/recombination effects?

ﬂ Understanding cold nuclear matter effects and feed-down
is essential for a quantitative assessment of charmonium physics
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LOW ENERGY RESULTS: y(2S) FROM SPS & RHIC

Eur. Phys. J. C 49, 559 (2007)
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ﬂ v(2S) is more suppressed than

J/vy already in pA collisions and
the suppression increases in
Pb-Pb
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PRL 111, 202301 (2013)
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ﬂunexpected v(2S) suppression,

stronger than the J/y one in
d-Au



LOW ENERGY RESULTS: Y FROM SPS & RHIC

SPS (NA50) pA, Vs\=29 GeV

0.7
fi8 I:II _-:'ill'l VA

LB}

B_ o1 Drell-Yan}

0z

0.1
0.0
.08
007
0.0 -

0.05 | .
0.0&

B ol T)aDY)
0.0 ‘

2
1 10

A

ﬂ First Y measurement at SPS
energies.

Hint for no strong medium effects

on Y(1S+2S+3S) in pA
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ﬂY R, compatible with
suppression of excited states
but large uncertainties
prevents further insights

A. Adare (PHENIX Coll.), 1404.2246
L. Adamcz (STAR Coll.) PLB 735 (2014) 127
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QUARKONIUM IN ALICE

ﬂ Quarkonium (J/vy, y(2S)
and Y) has been measured

in ALICE in:

° pp @ Vs= 2.76, 7 and 8TeV

| * Pb-Pb @ Vsyn= 2.76TeV

° p-Pb @ Vs\y= 5.02TeV

10



QUARKONIUM IN ALICE

Central Barrel J/y Dete-
=) Quarkonium in ALICE can (1Y1a8] <0.9)
be measured in two ways: Electrons tracked using ITS and TPC

Particle identification: TPC, TOF, TRD

Forward muon arm J/vy, y(2S)>utp-
(2.5<yAp<4) T Sprp

Muons identified and tracked in the
muon spectrometer

Acceptance coverage
in both y regions down
to zero p;

ALICE measures
inclusive J/y at mid
and forward-y and

prompt J/y at mid-y11



EVENT AND TRACK SELECTION

Event and track selection details are specific to the various analyses, but
general features are:

e

80!

® Rejection of beam gas and EM ®* 1n.1<0.9, pr>1GeV/c
interactions (VZERO and ZDC) ® Rejection of tracks from photon
® SPD for vertex determination conversion
E 100 JSE \( LR L

60

40?"‘-”'- o pact Ol o ga S

20

* Electron analysis: MB trigger p (Gevio)
®* Muon analysis: dimuon trigger,
i.e. coincidence of MB with two
u*, u* tracks in the Muon * Muon tracking-trigger matching
Spectrometer trigger chambers ® -4<n,<-2.5, 2.5<yM \pg<4
®* 17.6<R,,s<89 cm (R,,,= track radial
position at the absorber end)

® VZERO classes for PbPb 12



QUARKONIUM NUCLEAR MODIFICATION FACTOR

Y J/w ‘ The J/y Y, production in b-Pb, with respect to
RI/V _ AA binary scaled pp yield, is quantified with the
AA <T > o v nuclear modification factor
AR i (nuclear overlap T, from Glauber model)

pp reference at \s = 2.76TeV pp reference at Vs = 2.76TeV

ALICE pp data at Vs=2.76TeV
LHCb pp data at Vs=2.76TeV

ALICE, Phys. Lett. B718, 295 (2012) LHCb, Eur. Phys. J. C74(2014) 2835

_ (for y-differential results, a
Interpolation of measured y-interpolation has been
inclusive J/y mid-y cross sections performed)

(PHENIX, CDF and ALICE)

Phenix, Phys. Rev. D85, 092004 (2012)
CDF, Phys. Rev. D71, 032001 (2005)
ALICE, Phys. Lett. B718, 2958692 (2012) 13



J/v IN PB-PB COLLISIONS

14



J/w SIGNAL EXTRACTION

AOO0E centrality; 10% = 40%
i v4NDF (1.5, 5.0) = 1.3
i T, ALICE
L i Pb-Ph ys,, =2.76 TeV
4000
2000+ .
"7l —SE opposite-sign T
[ — -ME ooposite-sign g\k\*
1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1
[ —=— Data signal: 1271+ 1
400F __ 4 S/B: 5.6+ 0.7 %
F SYS+E: 8.2+ 1.0
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O<p <1GeVie | |

0<p_<1GeVic |
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Charmonium yields extracted with

3

l . . .
3
i

a counting technique, after

subtraction of the combinatorial
background (via mixed events

technique)

5

ool = 69411 48E |
Signal = 8762 + 4 Signal = 83 495 L

oo Jindt - 0.6

-r-i' eTald

=1.1

Charmonium yields extracted fitting
the opposite sign dimuon invariant
mass spectrum

Signal: extended Crystal Ball function
Background: background evaluated
through fitting or via mixed-event
technique



PROMPT AND NON-PROMPT J/vy

ﬂ Separation via secondary vertex identification exploiting the ALICE

ITS capabilities

Entries/40um

10° E=
- :’ift:" 2.92 < M(e'e) < 3.16 GeV/c®
[ e fit, prompt J/y x?/dof =0.982
— — fit, J/y from b-hadrons
10° &= fit, background
EALICE Pb-Pb, \ s, =2.76 TeV
o 2<p,<10GeVic
= centrality 0-10% A IEICn Ec
— H PERFORMANCE
10 = *f |I‘ ! f\\ Ilr"'- i
- T e I i
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C iy N Ll
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...but for the moment ALICE R,, results are for inclusive J/y
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ALICE Coll., JHEP11(2012)065

T T 1T ‘ T T
-@- ALICE Preliminary Pb-Pb, | s, ,=2.76 TeV |y|<0.9, 0-80%
—A— CMS PbPb, |s,,=2.76 TeV |y|<2.4, 0-100%

o ALICE pp, 15=7 TeV, |yW|<0.9
v ATLAS pp, 1s=7 TeV, |yM|<O.75
a CMS pp, 1s=7 TeV, |me|<0.9
« CDF pp, \s=1.96 TeV, IyW\<0.6

i

Fraction of b-hadron decays
obtained down to py,;,= 2GeV/c
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and forward rapidities

ALICE Pb-Pb |5, = 2.76 TeV

@ Jiv —e'e |vl|<0.8, p_=0 GeVic global syst =1+ 13%
I B My — piy, 25<y<4, D=p_<B GeVic global syst= % 15%
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J/v Ry, VS CENTRALITY

‘ Centrality dependence of the J/y inclusive R,, studied in both central

Clear J/y suppression with
almost no centrality
dependence for N,,.>100

Less J/y suppression at mid-y
wrt forward y for central
events

Small effect of non-prompt contribution on the inclusive Ry,

no B suppression = RppPMPt~(0.94R 50
full B suppression>Rp PPt~ 1.07Rp5 M

no B suppression>R,\PromPt~(0,93R, N
full B suppression>R,,POMPt~1,17R 510

L



J/v Ry, VS CENTRALITY: COMPARISON WITH PHENIX

1.4 1.4
:E: i Inclusive Jiy — p*u’, Pb-Pb |s, = 2.76 TeV and Au-Au \s,, = 0.2 TeV 2:: i Inclusive Jiy — e*e’, Pb-Pb \s,, =2.76 TeV and Au-Au \s,, = 0.2 TeV
m 12 g W ALICE (arXiv:1311.0214), 2.5<y<4, O<p <8 GeV/c global syst.= + 15% D: 12 - @ ALICE (arXiv:1311.0214), |y|<0.8, p. >0 GeV/c global syst.= + 13%
““HE| O PHENIX (PRC 84(2011) 054912), 1.2<|y|<2.2, p >0 GeV/c  global syst.- + 8.2% "TF O PHENIX (PRC 84(2011) 054912), |y<0.35,p >0 GeV/c  global syst=+ 12%
1 ‘- .................................................................................................................................................. 1 e
o ALICE 2.5<yy,,<4 o
8 PHENIX 1.2<|yy,|<2.2 - :1L ! !
0.6 @ @E » . 0.6F % @

o.4§— @ﬁ@ 0.43— i B

- ALICE |y, |<0.8

0-2¢ g B 021 PHENIX |yw|<o.35
_I 111 I 11 1 | N | | 11 1 I L1 1 1 | | I | | [ | I _I 11 | | | N | 11 1 | I | I I 1 1 | | 11 1 | |
% 50 100 150 200 250 300 350 400 % 750 100 150 200 250 300 350 400
ALICE Coll. PLB 734 (2014) 314 N ot N ot

ALICE results show weaker centrality dependence and smaller
suppression for central events
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J/y R\ VS CENTRALITY: THEORY COMPARISON

R AA

1.47 < 147
Inclusive Jiy — p*u’, Pb-Pb |s,, =2.76 TeV f Inclusive J/y — e*e’, Pb-Pb \s,, =2.76 TeV
1.2 H W ALICE (arXiv:1311.0214), 2.5<y<d, O<p <8 GeV/c global syst.= + 15% 1.2 B @ ALICE (arXiv:1311.0214), |y|<0.8, p >0 GeV/c global syst.= + 13%
17

0.8f

0.6}
0.4f
: ----- Stat. Hadronization model (A. Andronic & al., JPG 38 (2011) 124081) : ----- Stat. Hadronization model (A. Andronic & al., JPG 38 (2011) 124081)
0.2 33 Transport model (Y.-P. Liu & al, PLB 678 (2009) 72) 0.2 XX Transport model (Y.-P. Liu & al, PLB 678 (2009) 72)
i s Transport model (X. Zhao & al., NPA 859 (2011) 114) i sy Transport model (X. Zhao & al., NPA 859 (2011) 114)
| ||||||||I Shadowinchomoverszcombinationl(E. Ferreiro, |arXiv:1210.3|209) o ||||||||I ShadowingTcomovers+rt|acombination|(E. Ferreiro, IarXiv:1210.3|209) |
0 1 Ll Ll 1 1 1 Ll 1 Ll 1 L Ll 1 1 1 1 L L Ll 1 1 1 1 Ll 0 1| 1 11 1 Il 1 11 11 1 L 1 11 Il 11 1 L 1 11 Il 1 1 1
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
( part> < part>

Models including a large fraction (> 50% in central collisions) of J/y
produced from (re)combination or models with all J/y produced at
hadronization provide a reasonable description of ALICE results

Still rather large theory uncertainties: models will benefit from a
precise measurement of o.. and from cold nuclear matter evaluation



J/w Rpyp VS TRANSYERSE MOMENTUM

J/v production via (re)combination should be more important at low

transverse momentum p+ region accessible by ALICE
1.4

<C L
[ft L Pb-Pb \s,, =276 TeV
1.2 W ALICE Jiy — 'y, 2.5<y<d, centrality 0%=90% global syst. = + 8%
1 __ .....................................................................................................................................
0.8 H
0.6 - H

0.2F

O_IJJJ‘lllllllllllllLlllIIJIJII|IIIL|IIIIJILII|IIJJ
0 1 2 3 4 5 6 7 8 9 10

P, (GeV/ce)

ﬂ Different suppression for low and high p; J/vy

ﬂ High p; J/v in agreement with CMS results (but different y

range, CMS 1.6<|y|<2.4) 20



J/w Rpyp VS TRANSYERSE MOMENTUM

2
As

J/v production via (re)combination should be more important at low

transverse momentum p; region accessible by ALICE
1.4
| Pb-Pb {5y, = 2.76 TeV and Au-Au s, = 0.2 TeV 2 1.4 [ Inelusive Jvete
o U: "' M ALICE Preliminary, Pb-Pb, \Sw=2-76 TeV, |y|<0.8, centrality 0-40%
1.2  ®  AUCEJy - i, 25<y<d, centrality 0%—20% global syst. = + 8% i

¢ PHENIX, Au-Au, \'s,,=0.2 TeV, |y|<0.35, centrality 0-40%
¢ PHENIXJhy — pw, 1.2<|y|<2.2, centrality 0%—20%  global syst. = + 10%

Z::- [b 0.8_— $ —H—
W

1.2F

: EI 0.6:— @
0.4 0 . 0.4 —f—H— g
c2bw w  H 4 [f 0.20 E}j
e R e T T S I T
p_ (GeV/c) B (GeV/c)

ﬂ Different suppression for low and high p; J/y

ﬂ Striking difference between the PHENIX and ALICE patterns, in
particular at low p;and central collisions (where PHENIX suppression
is 4 times larger)



J/w Rap VS TRANSYERSE MOMENTUM

J/v production via (re)combination should be more important at low

transverse momentum Pt region accessi ble by ALICE
< 1.4 L :E  ALICE Preliminary, inclusive J\y—e+e
D:< L Inclusive Jiy — p*’, Pb-Pb | s, = 2.76 TeV Q: 1 4 L H Pb-Pb, \syy=2.76 TeV, |y|<0.8, centrality 0-40%
1.2 N - W ALICE (arXiv:1311.0214), centrality 0%—90%, 2.5<y<4 global sys.= + 8% 1 2 o £77 Transport model (Zhao et al., Nucl.Phys.AB59(2011)114)
C % Transport model (X. Zhao & al., NPA 859 (2011) 114) = Transport model (Zhou et al., arXiv:1401.5845)
15 ‘

==« Primordial J/wy (w/ shadowing)

| — o

= = Primordial J/y (w/ shadowing)

0.8

----- Regenerated J/y (w/ shadowing) 0.8

?
0.6 %/%/////%y// primordial 3/y 0.6

o Regeneration J/y (w/ shadowing)

04 %////////J#L///////WM R T
0 _ regenerated 3y 0.2 “.
N ST i A SR e .
o 1 =2 3 4 5 6 7 8 0 2 ’ ¢
p. (GeV/c) Py (GeY)

ﬂ Models with a large regeneration component (at low p;) are in
fair agreement with the data

ﬂ Multi-differential studies show that the difference low vs high p;
suppression is even more important for central collisions

22



J/w <P.> AND <P 2>

{p_) (GeVic)

35 Inclusive J/ y _& [ Inclusive J/ ¢
5 o~ L
- A ALICE, pp Ys=2.76 TeV, 2.5<y<4 % Q 3| 4 ALICE, pp {s=2.76 TeV, 2.5<y<4
|« ALICE, Pb-Pb '\{S_M\J:Z'?G TeV, 2.5<y<4 ALICE c:]‘,—il_ | e ALICE, Pb-Pb ys,,=2.76 TeV, 2.5<y<4 PR&‘HEEW
- q " A PHENIX, pp ¥5=200 GeV, 1.2<|y|<2.2 PRELIMINARY 8 [ 4 PHENIX, pp ¥s=200 GeV, 1.2<|y|<2.2
L & PHENIX, Au-Auyfs =200 GeV, 1.2<|y|<2.2 2.5 « PHENIX, Au-Au s =200 GeV, 1.2<|y|<2.2
[ o PHENIX, Cu-Cu s, =200 GeV, 1.2<|y|<2.2 - & NABD, p-A ¥s=17.3 GeV, O<y<1
L - o NAS5O, Pb-Pb m=1?.3 GeV, O<y<1
2.5 2r
A 3 :
E 1 51 oo OOOC'CPO
21 * ¥ I o © { {
B -:r:- T { _— L] iiﬂ }
. gt b s + .
1.5 I I @
0.5
1_ 1 Lol 1 R 1 1 [ ] Lol ] Lol ] ]
2
1 10 102 1 10 10 N
(N2 (N part

ﬂ The J/y <p;> and <p:?> show a decreasing trend as a function of
centrality, confirming the observation that low p; J/y are less
suppressed in central collisions

ﬂ The trend is different wrt the one measured at lower energies, where
an increase of the <p:> and <p;?> with centrality was observed 23




J/w <P.> AND <P 2>

' |
(b) Forward-Rapidity

I ! I ! I ! o I

‘I.E:— (a) Mid-Rapidity _E] 1.6 =
=} — 7] : :
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A 14— ] 14__ l | =
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: o NASO Data |y|<1 ®  ALICE Data 2.5<|y|<4.0
0.4~ o PHENIX Datalyl<0.35 = LH':J | 04r . o o o
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ﬂ The J/y <p:> and <p+*> show a decreasing trend as a function of
centrality, confirming the observation that low p; J/y are less
suppressed in central collisions

ﬂ The trend is different wrt the one measured at lower energies, where
an increase of the <p:> and <p;?> with centrality was observed

‘ Patterns described in transport models including J/y suppression and
regeneration Tang et al. arXiv:1409.5559



R AA

14

12}

0.8}

0.4

0.2}

J/y R, VS RAPIDITY

0.6

ALICE (PLB 734 (2014) 314) Pb-Pb | s, = 2.76 TeV
— e Jw - e'e, centrality 09%=90%, p >0 GeV/c

m J'wv - p'u, centrality 0%=90%, O<p_<8 GeV/c global syst.= + 8%

Cold nuclear matter effects in Pb-Pb | 5, = 2.76 TeV
—— EPS09 shadowing (PRC 81 (2010) 044903)

— nDSg shadowing (MPA 855 (2011) 327)

p vy v by v v s bsv v o s s v bvw w v by v by vw b byogw g |

0 0.5 1 1.5 2 25 3 35 4

Y

‘ Up to 40% more
suppression at
forward-y

ﬂShadowing
calculations are
rather flat vs
rapidity >
consistent with
Raa ONnly within
lyl<3
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The contribution of J/y from (re)combination should lead to a significant
elliptic flow signal at LHC energy

ALICE, Phys. Rev. Lett. 111, 162301 (2013)

o 03
= - @ ALICE (Pb-Ph S, = 2.76 Tew), centrality 20%-60%, 2.5 <y = 4.0
[ —— % Liu et al, b thermalized
- mmmaa- Y. Liu et al, b not thermalized
0.2

— .« . Fhaoetal, hthermalized

. ‘ Hint for J/y flow at forward
y and semi-central collisions
(contrary to v,~0 observed

- at RHIC!)

global syst =+ 1.4%

porr v by b b b v rna I s brn g b

I N B S RS - SRR RT)
pT(GeWc)

ﬂ Significance up to 3c for chosen kinematic/centrality selections

ﬂQuaIitative agreement with transport models including regeneration
(same as Ru,) 26



ROLE OF CNM EFFECTS

ﬂ CNM effects evaluated from pA data

forw backw
Roro X Regp s Rpgep

®* 2->1 kinematics for J/y production
®* CNM effects factorize in p-A and are dominated by

Hypothesis: shadowing

* CNM evaluated as Rj) X Ry, (similar x coverage as Pb-Pb)

14 [ ALICE inclusive J/y—u'w % 1 4  Inclusive Jiy—e*e
T[T @ Ry, (203<y  <353)x R, (-4.46<y_ <-2.96), |S,= 5.02 TeV 'y 4T A POPD, [5yr-2.76 TeV, [y___i<0.8, centrallty 0-40%
(preliminary) - B (e .
1 2 __ A PRows (2_5<ycms<4, \Suy= 2.76 TeV, 0-90%) (E_\ 1 2 r p-Pb, \ISNN:S.OE TeV, -1 ‘3?<ycms<0'43
’ (arXiv:1311.0214) %‘_ -

N e R, - S
0.8 _m_=H=_H__H——H— p-Pb 0.8/

061§ n 0.61
0.4 ———f— | ; 0.4
02 _ 0.21
I- hypothesis: factorization of shadowing effects from the two

[ nuclei in Pb-Pb and 2->1 kinematics for J/y production C

ALICE

PRELIMINARY

1 1 L1 | 1 1 1 1 | 1 1 L1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 L1 1 | 1 1 1 1 L L L 1 1
% 1 2 3 4 5 6 7 8 0 2
P, (GeV/ce)

Sizeable p; dependent suppression still visible

. 1\0 !
P; (GeV/c)
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ROLE OF CNM EFFECTS

m) CNM effects evaluated from pA data

®* 2->1 kinematics for J/y production

®* CNM effects factorize in p-A and are dominated by
shadowing

* CNM evaluated as Ry, X Ry, (similar x coverage as Pb-Pb)

18—
U)_j r ALICE inclusive J/y—u*u’ s

1.6
1.4

Hypothesis:

_ Rpgen
Jy T plow backw
Roen * Rgpy

T

Ropep: | Spp=2.76 TeV, 2.5<yms<4. 0-90% (arXiv:1311.0214)

[.
T

Rm | S,0=5.02 TeV, 2.03<y _ <3.53 (preliminary)
Roeckw.

1 2 I b - \Sy =502 TeV, -d.46<y5m<-2.96 (preliminary)
: [ total uncertainty
L | E
0.8F
0.6F
JEHH_ :
0.2F

PyDOI'ESS factorization of shadowing effects from the two
iclei in Pb-Pb and 2->1 kinematics for J/y production

O_I\IlII\LIIII\\I\I\II\Il
0 1 2 3 - 5 6 7 8

pT(GeV/c)

Sizeable p; dependent suppression still visible

From enhancement to suppression increasing p;
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COMPARISON D VS J/y

Open charm should be a very good reference to study J/y suppression

(a' la Satz)
I':'::1|2_IIII IIII|III_I|_III'II|IIII|IIII|IIII|IIII
EE‘I i 2<pr<d GeV /¢ ALICE i
1— Pb-Ph, .J - =276 Te"u"_—
B r Y IJ.'I“IIIE-Ep <h GeVic -
B *lnC'Ual'vE-"q_l'lP 2'5< y=<4.0, 2< .= <5 Ge\ic
0 B'_ — Correlated syst. un-::ertamne;. _'
L — ClUncorrelated syst. uncertainties |
[]G_l$ ¥ [ ] _
™ |9 g L
I{::I-'q'_ = - Ll v [o g i -
0.2\ = -
: common normalization uncertainty: 73 (penpheral) to 42 (central) :
|:::|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 50 100 150 200 250 300 350 400
-:_ )

Caveat:

complicate to compare J/vy
and D R,, at LHC because of
restricted kinematic regions.
Low p; D not accessible for
the moment
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v(2S) IN PB-PB COLLISIONS
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v(2S)/]1/y VS CENTRALITY

ﬂ The y(2S) yield is compared to the J/y one in Pb-Pb and in pp

2457

[w(2S)ny],  /w(2S)1hy]

ALICE Preliminary: inclusive J/y and y(2S)
Pb-Pb, |\ s,,=2.76 TeV and pp, \5= 7 TeV
° 0<pT<SGeV/C,2.5<y<4
A 3<pT<BGeV/C,2.5<y<4
CMS Preliminary: prompt J/y and y(2S)
Pb-Pb and pp, | 5= 2.76 TeV

m 3<p_<30GeV/c, 1.6<y| <24
6.5 < p_ <30 GeVc, |y| < 1.6

95% CL (ALICE)

95% GL (CMS)

Reference: pp@vs=7TeV
(small \s- and y-dependence
from [y(2S)/1/v],, results by
CDF, LHCb and CMS taken
into account in the syst.
uncertainty)

Main systematic
uncertainties (some sources
cancel out in the double

- ratio) are the signal
extraction and the choice of
the MC inputs for acc.

L calculation

0

O:Ilrl‘llllllllllllII|\III|IIII|III|II

50 100 150 200 250 300 350

(N

CMS-HIN-12-007

400
)

part

ﬂ Improved agreement between ALICE and CMS data (new pp CMS reference)

‘ Large statistics and systematic uncertainties prevent a firm conclusiogl

o

n the y(2S) trend vs centrality



Y IN PB-PB COLLISIONS
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Y(1S) PRODUCTION IN PB-PB COLLISIONS

ﬂ LHC is the machine for studying bottomonium in AA collisions
arXiv:1405.4493

Main features of bottomonium
production wrt charmonia:

o, TH

° 1} B ALICE, 0%-90% Pb-Pb |s,, = 2.76 TeV

= L. =69 ub™
L L T

E E Inclusive Y{18)=n'u
o E - 20 yad, P, = 0

E’ woindf = 0.99

=
o D

w [

1III:— _I_ +
: A LI LN e e e

with a drawback...smaller phre g e e b f”l-ﬁ+ é
production cross-section m,.. (GeV/c7)

) ALICE measures inclusive Y(1S) in Pb-Pb 23



Y(1S) PRODUCTION IN PB-PB COLLISIONS

< 1.40
= | ALICE: Pb-Pb |z, = 2.76 TeV, L, =69 ub” _ _
1.2 |nclusive Y(15), 25 < y<4, p_=0 ﬂ Strong 'nCIUS'Ve_
1: T Y(1S) suppression:
u Raa =
0.8~ 0.304+0.047(stat)+0.042(syst)
0.85 0% 90% (integrated over centrality)
0.4 - qﬂ 0°%-20%
0.2F g0

v v v v v v v v v v v v v v v byvvv v by vy g
DD 50 100 150 200 250 300 350
‘N

L] Fl m I'I

ﬂ Suppression increases towards most central collisions and it is
compatible with the in-medium dissociation of higher mass bottomonia

Estimate of CNM effects and precise measurement of feed-down
from higher mass bottomonia needed
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COMPARISON WITH CMS RESULTS

<14
<
iy
1.2
1
0.8
0.6
0.4

0.2

Pb-Pb | s, = 2.76 TeV, inclusive Y(1S), p, > 0
®ALICE: L =69pub’,25<y <4
HICMS: L. =150 ub, |y| < 2.4 (PRL 109 (2012) 222301)'

0

-

O L1

"
¢ d
o
I‘II\III\II‘III\II\II|III\|I\II|\II\|II
50 100 150 200 250 300 350 400
<Npart>

In most central collisions
suppression seems stronger at
forward rapidities

<
<
c

1.4

1.2f

1

0.8

0.6

0.4

0.2

‘ Comparison with CMS mid-rapidity results (PRL 109 (2012) 222301)

[ Pb-Pb \s,,, =2.76 TeV, inclusive T (13), p.> 0
e ALICE:L =69 ub™, 0-90% (open: reflected)
m CMS: L =150 ub™, 0-100% (PRL 109 (2012) 222301)

ipm:a -
I I R
Y

ﬂ Stronger suppression at

forward rapidity than at mid-
rapidity
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COMPARISON WITH THEORY

—
i\) .
II||I\I

e ALICE: Pb-Pb | Sy = 276 TeV, Lint - 69 ub-1 CEI - Pb-Pb \ San = =2.76 TeV, inclusive T(1S), ,D_I_ >0
1 _2; e ALICE: L, =69 ub™’, 0-90% (open: reflected)

Inclusive Y(18), 2.5 <y <4, p, >0 m CMS: L, = 150 ub", 0-100% (PRL 109 (2012) 222301)

LN
-®
-
-
.'
--
-
-

0.8
0.6 /
0.4:_ M. Strickland, arXiv:1207.5327 T
- Boost- invariant. plaﬂgajn !Ga:allrus[;\;-ian grﬁﬁle ::*] :_@_’@_ M. Strickland arXiv:1207.5327 H
0.2 "jm;;g mls 0.2 Boost-invariant plateau = = 4nn/s = 3 47n/s = 2==4nn/s = 1
C —4m]/s 1 | —47:11/5 | | ‘ :‘ Gausl,sian pr?file | ——4|m]/s=9: 43m/?=2—4|1m/s=1I
%~ ""B0 100 150 200 250 300 350 e R - B
(N y
4 | ® Evolving QGP described via a dynamical model including suppression
g of bottomonium states, but not CNM nor recombination
o . . . . o
s |® Two different initial temperature rapidity profiles: boost invariant or

Gaussian (three tested shear viscosity)

ﬂ In all cases, the model underestimates the
measured Y(1S) suppression at forward-y 36



COMPARISON WITH THEORY

< 1.4
- e ALICE: Pb-Pb s, =2.76 TeV, L, = 69 ub”
1'2:_ Inclusive T(1S), 2.5 < y < 4, ,oT>0
oo
N A. Emerick et al., EPJ A48 (2012) 72
0'8:_ /////////// [ Total [ Primordial - - Regenerated
0.6 ////
- “
04 dﬂ R
0.2 2
0:. ----- el sl il Bl bt il il
0 50 100 150 200 250 300 350
- <Npart)
d
Ll
a -
e
(0-2 mb)

< 1.4

<
Ay

1.2

0.8

0.6

0.4

0.2

~ Pb-Pb\s,, =276 TeV, inclusive Y(1S), p.> 0

A. Emerick et al., EPJ A48 (2012) 72

e ALICE: L, = 69 ub™, 0-90% (open: reflected)
m CMS: L, =150 ub™, 0-100% (PRL 109 (2012) 222301)

i_ [ Total Primordial - - - Regenerated

® CNM effects included via an effective absorption cross section

ﬂ The measured R,, Vs centrality is slightly overestimated by the
model (even if the decreasing trend is reproduced)
Constant R,, behavior vs y is not supported by the data

e
- '.'3? i 'L"I‘-
y

® Transport model accounting for both regeneration and suppression




CONCLUSIONS

ﬂ First round of quarkonium experimental observations at LHC!
Results now complementing the large wealth of data from SPS, RHIC!

ﬂ Very interesting observations, qualitative understanding
of the main J/y and Y features:

. ® important role of charmonium
\ - (re)generation processes at low p;
J/ ¥ ¢ st h i jon f
‘N \|l | C strong charmonium suppression for
| central events at high p;

regeneration N |

= ¢ strong y-dependent Y(1S) suppression
...however the picture is complicate
because of the interplay of many
mechanisms!

now move towards a quantitative
understanding, addressing CNM
influence, results description over 2
order of magnitude in Vs, behaviour
of all quarkonium states...

ﬂ Results from LHC Run2 eagerly awaited! 38



BACKUP SLIDES

39



Pb-Pb 2.76 2010 ~10 pbt

2011 ~100 pb-t
p-Pb 5.02 2013 ~30nb-t
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 13_15 ) 2026 2027 2028
170304l oilazias nalaiior o3 nslar a2 a3 loa o1 oz a3 s o1 a2 a3 o4 lal a2 a3 loalal o203 lodlnl o2 o3 adlar oz 03l lal ozioilosoiioz o ndlollaz 03 0d ol o o3 iod

Q10203 Q4010203 Q4]01{02 03 /0401 Q203 0401107 Q3 Q4|01 Q205 Q4|01 Q407 Q401 Q7105 0701 (U703 Q4101 102 Q5,04 |01 07 ;05 040107 /0904 Q1702103
NJectors

‘ RUN2 (2015-2017): complete the heavy-ion program:
* improved detectors, readout and trigger

* higher LHC energy (Ns = 13TeV for pp, 5.1TeV for PbPb)
* pp, p-Pb, Pb-Pb runs with much larger statistics!

ﬂ RUN3+4 (~2020): major detectors upgrade

* operate ALICE at high rate (increased by a factor 100!), preserving
unique tracking and PID

* improvements in vertexing capability and low p; tracking
(new ITS and TPC readout)

* focus on rare probes (heavy flavor,quarkonia,low-mass dileptons,jet&.o)



Measured / Expected

1.6

1.4

1.2

0.8

0.6

0.4

0.2

=

[(rrryrrryTrTTTTTTTTTTT T T T T T T T T T T T T
L Sy DY, pr ]
C O Ph 208 x 158 GeVic -Pb 1
L O 5032 x 200 GeVigll
N & p(450 GeVic, LIFA 1
C A pl450 GeVie, HI-A ]
3 ¢ pl400 GeVic, VHIA
FRITN VO
r i T "5 %rr ]
o u| b
i Doer .
L /DY, + [:% ]
L m Ph{208 x 158 GeVic)-Pb ]
C» 532 x 200 GeVic)=U + -
[ % p(450 GeVic, LIA ++ i
4 p(450 GeVic, HIA + .
C Y pl400 GeVic, VHIFA 1
PR T S U WU A T N U U A T N U U T T [N U T T O A

Q 1 2 3 4 5 2] 7 2] 9 1

L (fm)
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J/w R,, VS. centrality in p; bins

» J/v production via (re)combination should be important at low p;

<14
<L

o A Inclusive J/y, 2.5<y<4 ;
12 oo Comparison of the Ry,
1 ,17/”/ -------------------- centrality dependence of low
osf /'7%// 0<pr<2 GeV/c (0<p;<2 GeV/c) and high
/////// (5<pT<8 GeV/c) p; J/v
0.6 / ///////// T T
04F ./ T R 1 _ .
02_|or| ordial .. e ] e m) Different suppression for
o | lllrecombma{lon - low and high p; J/y
0(’J 50 100 150 200 250 300 35? 400 ‘
"y ot Smaller Ry, for high p; J/y
o L % Inclusive J/y, 2.5<y<4 ;
1.2 - FlI.I\CE Pl;)l-;: L::,:ijs TeV, L= 70 ub x ?hpa: ;:[I; ::;. :Pa 859(2011) 114
o S 7
AN m) In central collisions, these
e ><pr<8 Gev/c models (X. Zhao et al, Y.P. Liu et
°°F § %@% al, E. Ferreiro) predict ~50% of
04 /f’%/%%?m%%, > low p; J/\|_/ to _be proc]uced via
ool Prifordial T (re)combination, while at high
- recombination ) ) ) ..
bt p+ the contribution is negligible

0 50 100 150 200 250 300 35(2 400
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~ 7 A

p-Pb |s,, =5.02 TeV %
o Inclusive Jiy-»u'y, p_> 0 (JHEP 02 (2014) 073)
e Inclusive Y(1S)=u'u’, p_ >0 (preliminary) ALICE

PRELIMINARY)

TI]TTT1I

08|~
06|
04—

- Shadowing: Y(1S): Eur, Phys. J. C (2013) 732427
02—

- | Shadowing: J/p: arXiv:1305.4569

o

0” { BTl Pererdl | il | Pasnalasanlia

4 a3 2 -1 0 2 3 -
Y oms

<

Ferreiro et al. [EPJC 73 (2013) 2427]
— Generic 22 production model at LO

— EPS09 shadowing parameterization at LO

— Fair agreement with measured Rpeb

» Although slightly overestimates it in the
antishadowing region

S 14

R

1.2

08
06
04

02

» Vogt

p-Pb |s,, =5.02 TeV

lil[l

ALICE

PRELIMINARY

-

o Inclusive JAip—-u'w, p_>0 (JHEP 02 (2014) 073)
o Inclusive Y(1S)—p"u, P> 0 (preliminary)
EPS09 at NLO (Vogt, arXiv;1301.3395 and priv.comm.)

2777 Y(s)
oy JAp

III]IIII1IIIIIIIITI

P EPEPETEP TS BRSPS

ILA l - L
4 3 2 -1 0 1 2 3

[arXiv:1301.3395]

— CEM production model at NLO
— EPSO09 shadowing parameterization at NLO

— Fair agreement with measured Rppp Within
uncertainties

» Although slightly overestimates it
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1.2

0.8

0.6

0.4

0.2

+ L

ALICE
Ly 446 < __ «-206) =B8N0, L,, (203« y__=353) =60 no’

ol

p-Po 5, - 502 TeW

. . ._*

T ¢

- & inclusive 1{1S)a'm, g = 0

— ®  InClusie Jy—pep, p = 0

_II II L1 11 II L1 II L1 11 II Ll II L1 11 II Ll II L1 11 II L1 II L1l
- -3 -2 -1 0 1 2 3 4

'FDI'HE
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0.8
0.6
0.4

0.2

p-Pb \s,,= 502 TeV
ALICE (JHEP 02 (2014) 073): inclusive J/w—ww’, 0<p <15 GeV/e
L., (-4.46<y_ <-296)=5.8 nb",L_ (2.03<y__ <3.53)= 5.0 nb"
ALICE Preliminary: inclusive Jiy—e“e’, p =0

Ly (-1.37<y__<0.43)= 52 ub"

global uncertainty = 3.4%

-----

- [ EPS09 NLO (Vogt)

-l CGC (Fuijii et al.)

‘-ELNs,q[ 075 GeV*/fm (Arleo et al.)
_ [0 EPS09 NLO + ELoss, g =0.055 GeV’/fm (Arleo et al.)
\——— EPS509 LO central set tFmimatal}

- =:-- EPS09 LO central set + a,, = 1.5 mb (Ferreiro et al.)
[ ---.EPS09 LO central set + a,, = 2.8 mb (Ferreiro etal.)

4 -3 -2 A 0 1 2 3 4
Y ems
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iy

CMS: high p+ J/v

The high p; region can be investigated by CMS!

1.4
- Pb-Pb\s, =276TeV
1.2 m ALICE Jiy — u'y, 2.5<y<4, centrality 0%~90% global syst. = + 8%
L ® CMS Jiy — p'y, 1.6<|y|<2.4, centrality 0%—100% global syst. = + 8.3%
0.6 - E

0-42— EE$*$ ¢

0....1....2....3....4....5....6....7....8....9....10
pT(GeV/c)

s

o
o

_I T TT T TTT | T TT | T TTT | T TT | T TT | T TTT | TTT I_
14— PbPb Preliminary \/s,, =2.76 TeV ]
= B CMS: prompt JAyr -
1.2— Iyl <2.4 —
- pH 6.5< p_ <30 Gev/e ’7
B t
0.8:— $ =
0.6:— E%EI -
0.4 -
CAUAU \,'s =200 GeV m - ’
L 4 STAR: JAy (arXiv:1208.2736) m -
0.2 yl<1.0 ]
i p, » 5 GeV/c ]
1 | L1 | | I 11 | | | | L1 11 | I 11 | | L1 11
00 50 1 00 1 50 200 250 300 350 400
Npart

Good agreement with ALICE (at
high p;) in spite of the different
rapidity range

High p;: stronger J/y

suppression at LHC wrt to RHIC

(re-combination should not
play a role)
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J/w vs D in AA collisions

Open charm should be a very good reference to study J/y suppression

(a' la Satz)

2< pT ‘pGeVHc
Po-Pb, 'IS =276 TeV -

0.

.p..

0.2_

# D", 1yl<0.5, 2<p <5 GeVlic

W Inclusive Jiy, 2'5<y=4.0, 2<p <5 GeWc
= Correlated syst. unoenamtes
[OUncormelated syst. uncartainties

Eﬂl

| common non mallz,a‘bmurnertamy T {peripheral) to 4% {central)

50 100 150 200 250 300 IS\JSO 400

part

§1_2_||||| |||||||||||| L L L |||||_
e i pT“ﬁ GE‘V fe ALICE
- Pb-Pb, {S,,, = 2.76 T2V
[ $ Average D°, D', D", 6<p.<12 Ge\Vl/c
B i CMS prompt Jig, pT>6_5 GeVic b
08 B ZCorrelated syst. uncertainties N
) [Juncorrelated syst. uncertainties
0.6 H @ =
04 o f ; .
0.2F @ L.
COMMON RO allzation uncertalnty on ALICE date: 7% (peripharal) to 4% (central n-
(56700 150 200 250 300 350" 400
( Npart

A

04
200 Gev

[ AuAu ||||SNN

oof © PHENIX e <D (s >0.3 Gevis, Iyl <0. 359
“L o PHENIX Jhw (v <035) Inclusive JAp

(PF!C 84 ﬁZDﬁ) 044905 PF||L98 ('EDD|?) 23‘230|1)

111 II|
OO 50 100 150 200 250 300 850

N

part

11
40

Interesting comparison between ALICE
and CMS J/y compared to D

Caveat:

complicate to compare J/y and D R,, at
LHC because of restricted kinematic

regions.

Low p; D not accessible for the moment

Different trend observed
at low p; at RHIC.

At high p; trend is similar
to the LHC one
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COHERENT J/y PHOTO-PRODUCTIONS

da/dy (mb)

Studied in ultraperipheral PbPb collisions

---—— AB=-MSTWOE
—--- CcsS
AB=HEMNOT
- — — STARLIGHT
E - GM
LNef|PSat

|

1

1
b=
'y
m
=
n
=
-]

RSZ=LTA

AB-EPS08 .

Pb+Pb — Pb+Pb+Jhy |5, = 2.76 TeV

» ALICE Coherent J/y
-=«... @ Reflected

H,IIIlIIII|IIII|IIII|IIII

Pb+Ph—Pb+Ph+Jfy |5, = 2.76 TeV
lvl<0.9
—=— Opposite sign pairs
—=—  Like sign pairs
N, = 505 =48
My = 3.098+0,002 GeV/c?
o, = 25+0.2 MeV/c®
N, =17+ 10
m,, = 3,653+0.009 GeV/c?
o, = 25:0,5 MeV/c’

a)

250

200

di/dM(counts/40 MeV/c®)

150

100

(o8 . 'H-i- et b 1 F|r R = e s WP S
- 25 3 35 4 4,5 5 55 ]

i/
¥
=
B

Tool to constrain gluon shadowing distributions

ALICE Coll., Phys. Lett. B 718 (2013) 1273
ALICE Coll., Eur. Phys. J C (2013) 73 48



The contribution of J/y from (re)combination should lead to a significant
elliptic flow signal at LHC energy

ALICE, Phys. Rev. Lett. 111, 162301 (2013)

o 03

0.2

- ® ALICE (Pb-Ph |5, = 2.76 Tew), centrality 20%-60%, 2.5 <y = 4.0
[ —— . Liu et al, b thermalized
Fommm--- Y. Liu et al., b not thermalized

— « #. fhaoetal, bthermalized

01k

global syst. =+ 1.4%

IIIIIIIIIIIIIIIIIIlIIIIlIIIIlIIII|1'III|IIII|IIII

0

17 2 3 4 5 B 7 8 9 10
pT(Gerc)

ﬂ Significance up to 3o for chosen
kinematic/centrality selections

‘Qualitative agreement with transport
models including regeneration (same

as Rpa)

ﬂ Hint for J/y flow at forward y and

semi-central collisions (contrary

to v,~0 observed at RHICI!)
CMS-PAS-HIN-12-001

0.05

LR

I

Q-EE_III|IIIIII|III|III|III|III|III|III|III_

- PDOPD sy, =2.76 TeV CMS Preliminary -

L _ A ]

0oL Ly = 150 ub & Prompt Jiy ]

T lyl<2.4, 6.5<p <30 GeVic

N - Prompt Jiy i

= - 1.6yl 4, Bep <30 GeVic

015— - —]

- [W ALICE Inclusive Jiy, 20-60%

B 2 5<y=4.0, p <10 GeVic 7]

o - B STAR Inclusive Jhy, 10-30%
= 01

0 I L\J

- Cent. 10 - 60 %
N Cooalvaa bl Lo b bvabvn by baa T
EI'DEE' 2 4 6 8 10 12 14 16 18 20

P, GeVic

Non-zero v, observed also by
CMS~- path length dependence
of energy loss? 49



