A Large lon Collider Experiment

ALICE

J/y Production
in Pb-Pb Collisions
at Vsnn = 2.76 TeV

Julian Book
for the ALICE Collaboration

ALICE | Quark Matter 2014 | 20.05.2014 | Julian Book




A Large lon Collider Experiment

Motivation: J/y in Heavy-lon Collisions nLiéE

Quark-Gluon Plasma (QGP): Deconfined state of strongly interacting matter
¥J/l~p Suppression proposed as a Signature [T.Matsui, H.Satz, Phys.Lett. B178(4), 416-422 (1986)]

= Melting due to Debye-like color screening |

¥Temperature dependent sequential suppression of states |
[F.Karsch, H.Satz, Z.Phys. C51, 209 (1991)]

¥Cold Nuclear Matter effects (Nuclear absorption |, Shadowing |)

¥Possible (re)combination of (un)correlated cc could play a major role at LHC 1

[P.Braun-Munzinger, J.Stachel,
Phys.Lett. B490, 196—202 (2000)]

[R.L.Thews, M.Schroedter,
J.Rafelski, Phys.Rev. C63, 054905
(2001)]
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A Large lon Collider Experiment

Inclusive J/y Measurements in ALICE ALICE

) MUON
TPC gl spectrometer

1

JIy — e*e"in |y|<0.9 Jiyg — p*pin 2.5<y<4

Tracking and particle identification Tracking and trigger chambers
with ITS + TPC behind hadron absorber in the
in the Central Barrel Muon spectrometer

J/p acceptance down to pr=0
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A Large lon Collider Experiment

J/y Reconstruction in Pb-Pb Collisions ALICE
Invariant mass spectrum for all e*e- or y*u- pair combinations

mid-rapidity |y|<0.8 forward rapidity 2.5<y<4

. N : o Pb, |5,,=2.76 Te " ALICE Pb-Pb ys,, = 2.76 TeV
Mixed eventand 5 | -guoese e ¥ " 0<p <1 GoVie
L . = L centrality 0-40% 3
fitting tekchnlque for 21 0.0ep, <25 Govle g A pr<1 GeV/c
o 30000
b:;ir?];?[ilg;]d g 90000 p1<2.5 GeV/c o
3 20000} D o
o L 0 Signal = 9762 + 411
o () 2/ndf = 1.
10000 = windi=1.1 ~
. L. r c 10 ¥
Signal description © §
by MC (ly[<0.8) % tso0 e ool | 2
or extended Crystal 2 | zseemotecoue L1C — Fit signal 2
o 1000 s =2076+4%8 2111012013 - --Fit background | ©
Ba” (25<y<4) ; . S/\S7B: 5.9 21/10/2013 1500} mf
g 5005 1000k 0< P, <1 GeV/c E(;
I H ¢ E Signal = 9341+ 455 é:;
Signal extraction 0 soof indi =06 o
in rapidity, pr and : E
- -5005, E
centrality i . i mvt o S
My, (GeV/c2) 25 3 3.5 4 4.5

m,, (GeV/c?)
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Prompt and Non-Prompt J/@ Separation

ALICE

via secondary vertex identification exploiting the ITS capabilities

primary

vertex o _b_-_f]f:_l_(?_r_o_n_ -

£ 10*
& E data 2.92 < M(e*e’) < 3.16 GeV/c?
% r — f!t, all
o [ e fit, prompt J/y x2/dof = 0.982
E — — fit, J/y from b-hadrons
w 10’ = ——— fit, background
- ALICE Pb-Pb, s, = 2.76 TeV
102 2<pT<1O GeV/c
E centrality 0-10% ALICE
I PERFORMANCE
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T TT ‘ T T
-@- ALICE Preliminary Pb-Pb, |/s=2.76 TeV lyl<0.9, 0-80%
—A— CMS PbPb, |s,,=2.76 TeV lyl<2.4, 0-100%

o ALICE pp, (s=7TeV, IyJ/wI<0.9
v ATLAS pp, (s=7 TeV, IyJ/wI<0.75
a CMS pp, {s=7TeV, |th|’|<0.9
+ CDF pp, {s=1.96 TeV, |me’|<0.6

B

fraction of b-hadron decays obtained down to prJy = 2 GeV/c
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Nuclear Modification Factor Raa ALICE
R dN/dy
AA =
<TAA> X da‘gz/?w/dy

¥YDifferential in pr, rapidity and centrality

Wuclear Overlap <Taa> from Glauber simulation

pp Reference

¥mid-rapidity: Interpolation of measured inclusive J/y cross sections

[PHENIX, Phys.Rev. D85, 092004 (2012),
CDF, Phys.Rev. D71, 032001 (2005),
ALICE, Phys.Lett. B718, 295 & 692 (2012)]

¥orward rapidity: ALICE measurement of J/y cross sections
[ALICE, Phys.Lett. B718, 295 (2012)]
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A Large lon Collider Experiment

Inclusive J/@y Raa versus Event Centrality

ALICE

Comparison to results by PHENIX (Vsnn = 0.2 TeV)

mid-rapidity |y|<0.8

Inclusive J/s A e*e’, Pb-Pb (Syny =2.76 TeV and Au-Au s, =0.2 TeV
@ ALICE (arXiv:1311.0214), lyl<0.8, pT>0 GeV/c global syst.= + 13%

O PHENIX (PRC 84(2011) 054912), lyl<0.35, p >0 GeV/c  global syst.= = 12%

50 100 150 200 250 300 350 400
N e

part

0.8f

0.2}

forward rapidity 2.5<y<4

Inclusive J/iy — u*w, Pb-Pb \s =2.76 TeV and Au-Au VSNN =0.2 TeV
W ALICE (arXiv:1311.0214), 2.5<y<4, O<pT<8 GeV/c global syst.= + 15%

] PHENIX (PRC 84(2011) 054912), 1.2<lyl<2.2, p >0 GeV/c ~ global syst.= = 9.2%

0.6

0.4F

M

50 100 150 200 250 300 350 400

<Npart>

[submitted to Phys.Lett.B, arXiv:1311.0214]

No strong centrality dependence (for Npart > 70)
Significantly different than at lower collision energy
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A Large lon Collider Experiment

Inclusive J/@y Raa versus Event Centrality ALICE
Comparison to theory calculations

mid-rapidity |y|<0.8

forward rapidity 2.5<y<4

< 1.4
Inclusive J/y — e‘e’, Pb-Pb \s,, =2.76 TeV m< L Inclusive J/y — p*w, Pb-Pb \s,, =2.76 TeV
@ ALICE (arXiv:1311.0214), |y|<0.8, pT>0 GeV/c global syst.= + 13% 1 2 B ALICE (arXiv:1311.0214), 2.5<y<4, 0<pT<8 GeV/c global syst.= + 15%
| e .. L s BB
D NN NN o 0.6 W
L === Stat. Hadronization model (A. Andronic & al., JPG 38 (2011) 124081) : ----- Stat. Hadronization model (A. Andronic & al., JPG 38 (2011) 124081)
— Transport model (Y.-P. Liu & al, PLB 678 (2009) 72) 02 I~ Transport model (Y.-P. Liu & al, PLB 678 (2009) 72)
Transport model (X. Zhao & al., NPA 859 (2011) 114) : Transport model (X. Zhao & al., NPA 859 (2011) 114)
Shadowing+comovers+recombination (E. Ferreiro, arXiv:1210.3209) L Shadowing+comovers+recombination (E. Ferreiro, arXiv:1210.3209)
]llll]llllllllllllllll]llllllllllllllll Olllll]llll]lllllllllllllll]]lllllllllll
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(N_.0 (N__.J

part [submitted to Phys.Lett.B, arXiv:1311.0214] part

Statistical hadronization and transport models with

recombination

component can describe the trend in data
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Inclusive J/@y Raa versus Rapidity ALICE
Results integrated over prt and centrality

< 147
Up tO 400/0 more m< - Inclusive J/y, Pb-Pb | s, =2.76 TeV
suppression 1.2 W ALICE (arXiv:1311.0214) centrality 0%~90%, 0<p <8 GeV/c global syst.= + 8%
at forward rapldlty [ @ ALICE (arXiv:1311.0214), centrality 0%~90%, |y|<0.9
1 “".".“.".“.".“.".".“.“.“.“.“.".".“.“.“.”.“.“.';‘;“.".“.".“.“.‘:::::::::::;::::::;;:::---'~~'~'~'~~'~~'-~'-"-~'<~‘~'~-'~~"-'~7~'~'<’~
0.8 B

Shadowing calculations
consistent with Raa 0.6

T 1 7T I T 1 7T I L I L ] T T 7T ]

Only Wlthln |y| 3 O 4 Shadowing in Pb-Pb | s, =2.76 TeV B E
— EPS09 shadowing (PRC 81 (2010) 044903), pT>0 GeV/c
) 0 . 2 nDSg shadowing (NPA 855 (2011) 327), p_ >0 GeV/c
Charm density
increasestowards 01[111|||||||111111|||[||||[|1||||||||||11|
0 0.5 1 1.5 2 2.5 3 3.5 4

mid-rapidity
y

[submitted to Phys.Lett.B, arXiv:1311.0214]
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Inclusive J/y Raa versus Transverse Momentum

ALICE

Comparison to results by PHENIX (Vsnn = 0.2 TeV)

mid-rapidity

1 4 [ Inclusive J/isAe'e
' [ W ALICE Preliminary, Pb-Pb, s\ =2.76 TeV, lyl<0.8, centrality 0-40%
¢ PHENIX, Au-Au, \s,,=0.2 TeV, lyl<0.35, centrality 0-40%
1.2
| — @ ------------------------------------------------------------
0.8F H
0.6 [I]
B T
0.4 —f——t—f— ]
0.2F
: 1 1 1 I 1 1 1 I 1 1 1 I
0 2 4 6
P, (GeV/c)

<
<
c

1.4

0.2

forward rapidity

: Pb-Pb \s,, =2.76 TeV and Au-Au |s = 0.2 TeV

1.2}
:
0.85
0.63

0.4F

LR !

H ALICE J/y — p*w, 2.5<y<4, centrality 0%—20% global syst. = + 8%

¢ PHENIXJhp — ptu’, 1.2<lyl<2.2, centrality 0%—20%

global syst. = + 10%

.

1 2 3 4 5 6 7 8
[submitted to Phys.Lett.B, arXiv:1311.0214] Pt (GeVi/c)

Similar pt dependence in both rapidity ranges
Less suppression at low pr compared to RHIC
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A Large lon Collider Experiment

Inclusive J/y Raa versus Transverse Momentum

Comparison to theory calculations

mid-rapidity |y|<0.8

ALICE Preliminary, inclusive Jhy—e*e"
B Pb-Pb, \s\=2.76 TeV, |y|<0.8, centrality 0-40%

[Z2] Transport model (Zhao et al., Nucl.Phys.A859(2011)114)

= = Primordial J/y (w/ shadowing)
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forward rapidity 2.5<y<4

Inclusive Jiy — p*w, Pb-Pb \s, =2.76 TeV

W ALICE (arXiv:1311.0214), centrality 0%—20%, 2.5<y<4 global sys.= + 8%

\\\\\\
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[submitted to Phys.Lett.B, arXiv:1311.0214] P (GeV/c)

Transport models with suppression and regeneration components
Recombination contribution important at low pr
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R AA

A Large lon Collider Experiment

Inclusive J/y Raa versus Transverse Momentum ALICE
Comparison to theory calculations

mid-rapidity |y|<0.8 forward rapidity 2.5<y<4
1.4

I ALICE Preliminary, inclusive Jiy—e*e"

1 4 [ M Pb-Pb, {sy\=2.76 TeV, lyl<0.8, centrality 0-40% 19
1 2 C Transport model (Zhao et al., Nucl.Phys.A859(2011)114)
= Transport model (Zhou et al., arXiv:1401.5845)

Inclusive Jiy — p*w, Pb-Pb \s, =2.76 TeV

R AA

W ALICE (arXiv:1311.0214), centrality 0%—20%, 2.5<y<4 global sys.= + 8%
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[submitted to Phys.Lett.B, arXiv:1311.0214] P (GeV/c)

Transport models with suppression and regeneration components
Recombination contribution important at low pr
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Comparison to Cold Nuclear Matter Effects ALICE

Hypothesis: J/p production mechanism dominated by 2—1 kinematics and
shadowing as main CNM effect
Similar gluon-x in Pb for p-Pb at Ysnn=5.02 TeV and Pb-Pb at Vsnn=2.76 TeV

forward rapidity

1.4 - ALICE inclusive J/ip—u*yw

H
:

u ® p-Pb: 2.03<ycms<3.53, \'Sy= 5-02 TeV (preliminary)
02 __ @ p-Pb: -4.46<ycms<-2.96, \'Sy= 5-02 TeV (preliminary)
B A Pb'-Pb: 2.5<ycms<4, \'Syw= 2.76 TeV, 0-90% (arXiv:1311.0214)

\a\K P, (GeV/c)
see P \artin Strong suppression at high pr
w{\i( \uneh Hint for enhancement at low prrelative to combined pPb
a
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Comparison to Cold Nuclear Matter Effects

ALICE

Hypothesis: J/p production mechanism dominated by 2—1 kinematics and
shadowing as main CNM effect
Similar gluon-x in Pb for p-Pb at Ysnn=5.02 TeV and Pb-Pb at Vsnn=2.76 TeV

mid-rapidity
g - Inclusive —e'e
I< 1.4r¢ ! AI szjF/’t, {5=2.76 TeV, ly__1<0.8, centrality 0-40%
c\’,_: 12: [ p-Pb, |5,=5.02 TeV, -1.37<y,__<0.43 |i‘
< l.c[
< r H ________________
0.8F i
0.6:—@ _%T
0.4F
T
r PR@LLIEISHERY
C v o b b b by
0 2 4 6 8 10
GeV/c
2k Py )
ec P o :
SbV ‘)-Maﬁ.\r\
a“.e( \U

» Rpopo

backw
Pbp

X R

forw
pPb

forward rapidity

- ALICE inclusive J/y—u*uw
__ ) Rppb (2.03<yms<3.53) X RpPb (-4.46<ycms<-2.96), \Sy= 502 TeV

(preliminary)
__ A Ropes (2.5<yms<4, \Sy= 2.76 TeV, 0-90%)
(arXiv:1311.0214)

I- hypothesis: factorization of shadowing effects from the two
I~ nuclei in Pb-Pb and 2->1 kinematics for J/y production

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 1 2 3 4 5 6 7 8

Strong suppression at high pr
nch Hint for enhancement at low pr relative to combined pPb
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Comparison to Cold Nuclear Matter Effects

ALICE

Hypothesis: J/p production mechanism dominated by 2—1 kinematics and
shadowing as main CNM effect
Similar gluon-x in Pb for p-Pb at Ysnn=5.02 TeV and Pb-Pb at Vsnn=2.76 TeV

mid-rapidity

:E 1 4 [ Inclusive Jhy—e'e
I . A Pb-Pb, \s,,=2.76 TeV, ly <08, centrality 0-40%
c\’,_: L [ p-Pb, {5,=5.02 TeV, -1.37<y__<0.43

< 1 2 B

o
: |!|
A [ L LT | | | T L L LT T | | PR |

0.4F
TAmS
<t JALICE,
0 S S 'é'((’;'gﬁ')
p. (GeV/c
\o\a\K T
S‘O\] PN\ N
aftel r\u

forward rapidity

P e —

- nuclei in Pb-Pb and 2->1 kinematics for J/yp production

_ Rpopo
Jhy T forw backw
Hpr x R pPb

ALICE inclusive J/iy—u*w S

Rospyt [Suy=2.76 TeV, 2.5<y__ <4, 0-90% (arXiv:1311.0214)
R:,P': Vs\=5:02 TeV, 2.03<y_ <3.53 (preliminary)

ppbk F =5.02 TeV, -4.46<y__ <-2.96 (preliminary)
[Jtotalu

T

THfH

I- hypothesis: factorization of shadowing effects from the two

certainty

1 2 3 4 5 6 8
pT(GeV/c)

Strong suppression at high pr
nch Hint for enhancement at low pr relative to combined pPb
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Inclusive J/y — p*y- Production at very low pr

ALICE

Signal extraction with the Muon spectrometer at forward rapidity

Intriguing excess of low-pt J/y :ZZ+ :z + + H—ﬁ J( #H—H{
for peripheral events 1000f: 5

20

25<y<4

o SEELELELE B AL B AL B AL B A Se
§ 18 ALICE Preliminary b e :OOSter F
o : Pb-Pb |5,y = 2.76 TeV y L,/\/]a ~32
E 16 25<y <4, p_<300 MeV/c thl SSaCI'ier
o — Centrality 70-90% S af i
D 14F €rno
8 12f on
g . F pt< 300 MeV/c
c — .
3 GF centrality 70-90%
= =
£ 6 ! 0000 prrr T T T ARAN RARY RALE LR RARE RALE LAY ALY RERF
4 n ! = E Centrality 0-10% F Centrality 70-90% ]
4| | u {J/ 2 9000F o 28<m,, <3.4Gevic F ', 28 < m,., <3.4 GeV/c? E
2T {50\ S 8000 .
il I PR T 1 B 1 |\¢ A 1 P ‘q:.) E e ALICE Preliminary 1
2 2.5 3 3.5 ¢ & 7000 Nag +++ Pb-Pb Sy =276 TeV 3
Lonf '
8
=
s

Hint of e.m. production process ?

1 121416 1.8 0 02040608 1 121416 1.8

P, (GeV/c) P, (GeV/c)
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<pt> and Elliptic Flow v2

(o) .
o Inclusive Jhp
> 3.5
O - A ALICE, pp Vs=2.76 TeV, 2.5<y<4
) | e ALICE, Pb-Pb |5, =2.76 TeV, 2.5<y<4
= 3 " A PHENIX, pp Vs=200 GeV, 1.2<|y|<2.2 PRELIMINARY
2 °[ ¢ PHENIX, Au-Au |5,,=200 GeV, 1.2<|y|<2.2
" o PHENIX, Cu-Cu /s, =200 GeV, 1.2<|y|<2.2
2.5F
- & @
L £
2r @
i ; ¢ }
L A %} ¢ 9 ¥ ¥
15
1 1 llllllll 1 llllllll 1 I
1 10 10 (N )
part

In-medium J/p <pt> lower than
in pp collisions
Not observed at lower collision energy

ALICE

20 Significance in 2<pt<6 GeV/c

>N 0.3 - @ ALICE (Pb-Pb m =2.76 TeV), centrality 20%-60%, 2.5 <y < 4.0
| —— Y. Liuetal., b thermalized
Fommaeas Y. Liu et al., b not thermalized
0-2__— + X. Zhao et al., b thermalized

-0.1- global syst. = = 1.4%

_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'I—IIIIIIIIIIIII

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

[ALICE, Phys.Rev. Lett. 111, 162301 (2013)] Pr

Non-zero J/y v2 observed at
intermediate pr
Well described by models including

recombination
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Conclusion ALICE

JIy Production in Pb-Pb Collisions at \sxn = 2.76 TeV
¥o significant centrality dependence (for Npart > 70)
¥ ess suppression at low pr

¥Hint for enhancement at low pr with respect to a simple
extrapolation of CNM effect estimated from p-Pb results

¥ ower <pt> in Pb-Pb collisions compared to pp
¥on-zero elliptic flow at intermediate pr
Results significantly different to lower collision energy results

— Clear Indication for (re)combination contribution at LHC
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