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e Probing the Quark Gluon Plasma with open heavy
flavour and quarkonia
e Selected results in pp, p-Pb and Pb-Pb collisions
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Ultra-relativistic heavy-1on collisions

Nuclear matter at high temperature and high
density = Quark Gluon Plasma (QGP)

Space-time evolution of an URHIC
- Partons are deconfined (not bound into

composite object) ) i R
- Chiral symmetry 1s restored (partons are V- A T
(0]
massless) 2 T s~ Jen
3 %
¢
ke
S

Studying the Quark Gluon Plasma at the LHC

e Pb-Pb collisions at Vsxn = 2.76 TeV—
Characterize the QGP phase properties (energy,
density, size, lifetime, temperature, ...)

e p-Pb collisions at Vsxn=5.02 TeV— Cold
Nuclear Matter effects (initial and final state Hydrodynamic

effects) Evolution i;‘:f:z"?o')ium
e pp collisions at Vs =2.76 and 7 TeV — test of -
pQCD predictions and reference for Pb-Pb and a) without QGP b) with QGP
p-Pb
A g
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Probing the QGP with open HF and quarkonia

Properties of heavy flavour
- mass = hard scale (m.= 1.5 GeV/c?, my= 4 GeV/c?) — can be described with pQCD

- produced 1n the 1nitial hard partonic collisions (z = 1/ mqg = 0.05-0.15 fm/c) — sensitive to
the hot medium

__y
qg: colour triplet .

. . = ﬁ“}
Open heavy flavours: energy loss of heavy quark u,d,s: m~0, Ce=4/3 S

in the hot medium
- AE depends on color: AE; > AEuds Q: colour triplet _—D.B
- AE depends on quark mass: AE (light
hadrons) > AE (charm) > AE (beauty) e %;Zj’,i
- prediction: suppression larger for light, charm
then beauty hadrons

g: colour octet VESS SN0
g: m=0, Cg=3
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Probing the QGP with open HF and quarkonia

Properties of heavy flavour
- mass = hard scale (m.= 1.5 GeV/c?, my= 4 GeV/c?) — can be described with pQCD

- produced 1n the 1nitial hard partonic collisions (z = 1/ mqg = 0.05-0.15 fm/c) — sensitive to
the hot medium

ggr_?
q: colour triplet __—))*Gﬁ/y .

u,d,s: m~0, Ca=4/3 S
K0

Open heavy flavours: energy loss of heavy quark %

in the hot medium
- AE depends on color: AE; > AEuds Q: colour triplet _— DB
- AE depends on quark mass: AE (light | .
hadrons) > AE (charm) > AE (beauty) T na 8;1;12
- prediction: suppression larger for light, charm
then beauty hadrons

g: colour octet VSN
g: m=0, Cg=3

statistical regeneration

[e—

family

- heavy flavour cross-sections increase with energy:

sequential Suppresk recombination of heavy quark pairs (specially for the charm)
in the QGP or at the phase boundary: quarkonium

2S) / &(1P 1S '
9B o Density ) (re)generation

J/W Production Probability

Quarkonia: sequential suppression or quark pair combination?
- Debye screening: melting of quarkonia in the QGP depends
on the binding energy: sequential suppression of quarkonium
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A Large Ion Collider Experiment
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A Large Ion Collider Experiment

Central barrel: [n| <0.9
Tracking: ITS+TPC

Vertexing (+secondary): ITS
PID' TPC+TRD+TOF+EMCAL

-\ D—oe+X/B—e+X

D5 Ka/DP-Knrn/D"—DOx"
m \
—~ Dg" —>(|)(—>K+K)T[

Jyw—e"e /B—oJy(—ee)
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~116m from |.P
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AV, Lk i | — ZDC
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A Large Ion Collider Experiment

ACORDE

( ABSORBER )

( TRACKING )

CHAMBERS

/ MUON
FILTER

| TRIGGER
HAMBER
ZDC
— ~116m from |.P.

I

Muon Spectrometer: -4 <n <-2.5
Tracking: 10 chambers
Sipo; Hadron rejection: absorbers
MAGN D, B - n+ X
Jhy, y(2S) — p
Y'(IS), Y (2S), Y(3S) —» u" w

4
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A Large Ion Collider Experiment

ACORDE

( ABSORBER )

( TRACKING )

CHAMBERS

/ MUON
FILTER

-
el ; _vf"‘-u;__: y
Triggers Nle] ;7  HSS L | I/ TRIGGER
Minimum Bias VI | e i s 7
-VZERO scintillator hodoscopes S o s | ' = \
VOA 28<q<5.1 _ Ny, 5 -
VOC -3.7<n<-1.7 S
-Silicon Pixel Detector
SPD In| <2
Electron
-Calorimeter

EMCAL 1 <0.7]

DIPOLE
MAGNET

Muon

-Muon trigger chambers
MTR -4<n<-25
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Centrality of the collisions in AA

Centrality of the collisions

semi-central coll. central coll.
o v Npart =2 NcoII =1
A% A e aaa

;"’:{‘—ﬁ . " e W Npart = 9 Neon =

“ A $ b A —€—>—1" b=0 _ _

v € KA W “ Pb-Pb cent. N,,;=380 N.,=1700
Spectators ‘:3" p-Pbcent. N,= 16 N ,=15
Participants

Bi 1l1si
Ty COTHRIONS — Glauber model used to determine the geometry of the collision
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Centrality of the collisions in AA

Centrality of the collisions

semi-central coll.

proN
\V':" “A
"’ ‘-A‘\A:'
o
Spectators W
Participants

Binary collisions

central coll.

aAOa aAOa
AA AA

\‘XA \‘XA
X9 a N X9 AN

b 'y AHA a —_—

\ | | \ | |
v v \
.,y .,y
v v

((
L

((
L

Pb-Pb cent.

p-Pb cent.

Npart = 2 Neoy =1
Npart = 9 Ny =6
Npar = 380 Ngo = 1700
Npart = 16 Negy =195

— Glauber model used to determine the geometry of the collision

art

3 LI L LI L T T
210 E ppPb at\ s = 2.76 TeV |
. . . e + Data
Centrality determination a — Glauber fit
10° NBD x f N, + (1N
f=0.194, n=29. 003 k=1.202
Multiplicity measurements with 10

forward or central detectors

Relate the measured multiplicity in
A-A collisions to Npart and Neol 10
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Observables

e Invariant yield and/or cross-section

N
Y — —
N A c o=Y oug
e Yield ratio
Between different species, rapidity domain, etc.
e Nuclear modification factor
dY*A /dprdy

Raan —
AT (Taa) dovp /dprdy

Raa # 1 — nuclear effect in AA
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pp measurements

RS - Forward rapidity /A7 g ——
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ALICE, JHEP 1201 (2012) 128 arXiv:1111.1553

D mesons

1AdLICE JHEP 1207 (2012) 191 arXtv 1205 4007
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8 » D’ ppVs=7TeV, L. =5 nb™ 0] 102 ALICE, JHEP 1207 (2012) 191 arXiv:1205.4007
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Cross-sections measured for all D mesons channels in pp at Vs = 2.76 and 7 TeV

pQCD calculations in agreement with the data

Reference at 2.76 TeV (Pb-Pb) and 5.02 TeV (p-Pb) interpolated from data and based on
pQCD-based calculations
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Single lepton

Single muon
ALICE, PRL 109 (2012) 112301 arXiv:1205.6443

Single electron
ALICE, PLB 721 (2013) 13

Data/FONLL
&

pQCD calculations in agreement with data

o © A, '. .
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Quarkonia

Inclusive J/y at forward rapidity Prompt J/y at mid-rapidity Y at forward rapidity
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o [ppis=7TeV,L =1.35pb'+5%, 25<y <4.0 forward rapidity

- Inclusive J/y, y(2S) — p'w

Z 0.06] Prompt J/y and B—J/y at mid-rapidity

0.05 |- imsie ‘ | Jhy cross-sections well described by NLO NRQCD

004f Jﬂ, %}_ﬁ but not the polarization (not shown)

: Jﬂf v(2S), Y(1S) and Y(2S) in agreement with LHCb
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o
~
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T E S T a—T Y at 2.76 TeV (Pb-Pb)
[N (GeV/c)
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p-Pb measurements

Jan/Feb. 2013 data sample ®

- p (Ep=4TeV)+ Pb (Epp = 1.58 A‘TeV) collisions at ALICE
Vsnn = 5.02 TeV: center of mass shifted in rapidity in ‘
the proton beam direction by Ay = 0.465

- 2 beam configurations (p-Pb and Pb-p): two rapidity
ranges for the Muon Spectrometer — possibility to
measure forward to backward yield ratio

Fill: 3056
Run: 188362

Muon Spectrometer in Pb-going side Muon Spectrometer in p-going side

.1 Forward rapidity: 2.03 < <3.53
Backward rapidity: -4.46 < pems < -2.96 pidity Yems
aritwdiC RapEy 4 Mid-rapidity: -1.37 < yems < 0.43
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Open heavy flavour

O 2.4 N 1 1 I 1 I I 1 1 I l 1 I I 1 I I 1 1 I I 1 I 1 I l 5 3
— - . . . ‘g B —4— ALICE bc — (e" + e)/2, TPC-TOF, ALICE reference
CEJ- 2.2[~ %AverageD, D", D = “é - —#- ALICE bc — (e' + €)/2, TPC-EMCal, ALICE reference
(@) 2 - —pQCD NLO (MNR) + EPS09 ghad. 7 w 25— -#§~ ALICE b,c — (e’ + €)/2, TPC-EMCal, FONLL reference
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- . S5
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1.4 — -
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1_ — I —— - | ————
0.8F - = e L e ey s s [ 8-
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0.6 :’u —] —
0.4 -~ 0.5
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0 5 10 15 20 25 0. (GeVIO
T

P, (GeV/c)

Rppb consistent with unity within uncertainties
MNR or FONLL calculations with EPS09 NLO in good
agreement with the data
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Open heavy flavour
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= : - (Fujii-Watanabe) DRI ERY . £ - | normalization uncertainty
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0.2k E - alice PG [P NSwo02TeY e <t6Gevie ALICE
.OE 1 1 1 1 l 1 1 | 1 l 1 1 1 1 l 1 1 1 1 I 1 1 1 1 E n prllMllN“lRY * l : -g. 1 04 —E._ ............. -—é
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Electron-hadron correlations

S EAUCEp-Pbat|sy=b5.02TeV
L e Data
: : : : 2102 N b oas
Correlation function between trigger particles g T T
(electrons from heavy-flavour decay) and associated 10° B
particles (charged hadrons) o
Cog. : : 10° § 2 § g |8
Event multiplicity measured with VOA (Pb-side) 8%/ & <5
o o0 200 30 @00 500

VZERO-A amplitude (a.u.)

—~ 2
':o | p-Pb, \s,,, =5.02TeV ——e— p-Pb, VOA Multiplicity class: 0 - 20 % p-Pb, |5, = 5.02 TeV
S | (e from ¢,b)-h correlation ——— p-Pb, VOA Multiplicity class: 20 - 60 % (0-20%) - (60-100%), M.ultipliclty Classes from VOA
= L . ———te— p-Pb, VOA Multiplicity class: 60 - 100 % (e from c,b)-h correlation i
3 i 1.0< pT < 2.0GeVic _ Syst on ped. estimation 10< p. <2.0GeVic
<] 15/-05<p)<20GeVic [ Syst. from secondary particles Ao.s <p)<20GeVic ALICE
o - P~ .
- = Inl<0.9, |An| < 1.6 — pp, 1S = 7 TeV g PRELIMINARY
Z'g - e pp, stat. uncertainty \l.-’
O s rér =
P Global normalization uncertainty = 0.06 rad™ %
>° ToT .y =
S DT <
=~ B T
e - - ~
~ =
o5l - . ALICE 2 30
' -8 PRELIMINARY
- ~ 15
_—
= Q
- =
~
’ o
0 S ——
' A F
1 0 1 2 3 4 5 6 15
Ao (rad)

Low pr triggered HF decay electrons: enhancement in the away and near-side

peak for the highest multiplicity events

Double-ridge structure as observed in hadron-hadron correlations
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Electron-hadron correlations
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O L cos pnj<ts R g - 10<p; 2.0 GeV/c ALICE
® - e pp, stat. uncertainty — 33 _05< p: < 2.0 GeVic PRELIMINARY
Z - < "L
T - oreér 8 [ Il <0.9, |an| < 1.6
P . Global normalization uncertainty = 0.06 rad™ n _ .
o N Tor.r \_c _ Global normalization uncertainty = 0.022 rad
Z i - :- - - Z 3‘2 -
~ E =
N— - -~ L
i - ALICE > [
0.5 n sl PRELIMINARY E 3.1 + 4 -+
: ‘ = [ + + ++
i -, - -+ +
ok 30—+ -, 4 ]
L L A A I i ' 1 l L l A l L 1 A A l A l A ' 1 A L
1 0 1 2 3 4 5 6 -1 0 1 2 3 4
A¢ (rad) A (rad)

Low pr triggered HF decay electrons: enhancement in the away and near-side
peak for the highest multiplicity events
Double-ridge structure as observed in hadron-hadron correlations
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Jv Rrp integrated and vs pr

R pPb ()’cms ) - ypr (}’cms )

RFB(|}/cms|) — =
R pPb ( — Yems ) Ypr( — Yems )
ALICE, arXiv:1308.6726 wl.6
*1" - B
P-Pb Sy= 5.02 TeV, inclusive J/y—up @ | p-Pb |s,,=5.02 TeV, inclusive J/y—u'w, 2.96 < |y | <3.53
2.96<ly, |<3.53, 0<p <15 GeVlc 14K ome
Z ALICE i
________________________________________________________________________________________ 1.2
- EPS09 NLO !
(Vogt) 1
- EPS09 LO i
(Ferreiro et al.) 0.8
=l nDSG LO "
(Ferreiro et al.) 06 i
EPS09 NLO and ELoss, q =0.055 GeV*/fm
» (Arleo et al.) " % 04 i
e - EPS09 NLO (Vogt)
B fb‘l’::-e‘tlo;f’)ﬂ"s evim 02F ------ ELoss, q,=0.075 GeV*/fm (Arleo et al.)
PR T (| PR TR NN TR SR TR NN TN SO TR NN TR SO TR SN N SN S N . EPS09 NLO + Eloss, q°=0.055 GeV¥fm (Arleo et al.)
004 006 0-8 1 1'2 1'4 106 O i L L L l 1 1 l l 1 1 1 l 1 1 1 l L L L l L L 1 l 1 1 1 l 1
Res 0 2 4 6 8 10 12 14

P, (GeV/c)

RrB decreases at low prdown to 0.6 and 1s consistent with unity for pr> 10 GeV/c
B feed-down does not contribute much to this ratio
LHCb, arXiv:1308.6929
Pure shadowing models tend to overestimate the data
Shadowing + energy loss model reproduces fairly well the data but with a steeper pr dependence at
low pr
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Jy Rppb vs rapidity

o
o - . . .
= 1.4F P-Pb) s, =5.02 TeV Systematic uncertainties

| ALICE arXiv:1308.6726: inclusive J/y—u*y’, 0<p_<15 GeV/c boxes: uncorrelated

1 2 :— le ('4.46<ycm'<'2-96) =58 nb'1. L"“ (2-03<ym'<3.53) =5.0 ﬂb" Shaded area: (partially) Correlated
=L ALICE Preliminary: inclusive‘J/wae‘e,p?o GeV/c box at unity: fully correlated
:‘ Ly (-1.37<y,_ . <0.43) = 52 ub’
Ll e

0.8

.
0.6

!
0.41 "] EPS09 NLO (Vogt)

| [E7] CGC (Fujii et al.)
0.2 - - ELoss, q=0.075 GeV?/im (Arleo et al.)

- —— EPS09 NLO + ELoss, q°=0.055 GeV?/fm (Arleo et al.)

0—1llllllllllllllllllllllllllllllllllllllllllllll
4 3 2 1 0 1 2 3 4
y cms
>
, - *
10-2 10-3 10 X Pb

* Momentum fraction of probed gluons in nucleus assuming 2—1 J/y production mechanism

Shadowing: backward rapidity data well reproduced, strong shadowing favoured at forward rapidity
Coherent energy loss: y-dependence well reproduced, better agreement with pure energy loss
CGC calculations underestimate the data
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JAy Rppp VS transverse momentum

backward rapidity mid-rapidity forward rapidity
Ctég 1.4 - ’ PrPD \Sui= 502 TeV., Inclusive Jiy-w'w Ccnd 1.4 :_ p-Pb Vs_NN =5.02 TeV -m- inclusive J/y — e*e’, -1.37<y __ <0.43 CELCLL 1.4 :_ :_-:; ):,::;::2;:?;.:‘::'5‘“ e

-4.46<y_ <-2.96, L,,=5.8nb"

L, =52ub’ [3] ePso9 (R. Vogt)

12F

o.sf—
0.4
: EPS09 NLO (Vogt) : - : EPS09 NLO (Vogt)
0.2 - = ELoss with _=0.075 GeV?/fm (Arleo et al.) 02F ALICE o [ Bl CGC (Fuji etal) o )
— EPS09 NLO + ELoss with g =0.055 GeV¥/fm (Arleo et al.) . PRELIMINARY - = ElLosswith q,=0.075 GeV'/im A"e“'v'::;m Avleo ot a
) T N P AT T S T S T T S S N ST i e wel AR
o 1 2 3 4 S5 6 LS o 2 4 6 8 10 o 1 2 3 4 5 6 7 8
py (GeVic) p_ (GeVic) p, (GeVic)
]
Backward rapidity
Rpypb shows a small pr dependence and 1s close to unity
Mid rapidity
Rppo tends to increase with pr
Forward rapidity

Rppb Increases with pr and 1s compatible with unity for prlarger than 5 GeV/c

At forward rapidity data favours a strong shadowing
Coherent energy loss model overestimates the suppression at forward rapidity for pr <2 GeV/c
CGC calculations underestimate the data in the full pr range
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J/y pr broadening vs event multiplicity

A<p1*>> = <p1¥>ppb - <PT1°>pp fOr different event multiplicity measured with VOA

<p1?>pp from interpolated pp distributions at Vs =5.02 TeV

Systematic uncertainties
boxes: uncorrelated
box at unity: correlated

:8 5 E— inclusive J/y—p*y S
% - ® P-Pb|s,,=502TeV, 4.46<y_ <-2.96,0<p <15 GeV/c JALICE
G 4f
~ 3k
N - N
Q -
T2f
~ @ ¥ g @
Q
<~ 0 I ............. oo L
AE backward rapidity
Ry
| | | | l |

80-100% 60-80%  40-60%  20-40% 10-20%  5-10% 0-5%
VOA multiplicity (p-side)

&
Ng 5 — inclusive J/y—p*y’ 7//“:
>
8 AL P-Pb | S,= 5.02 TeV, 2.03<y__ <3.53, 0<p <15 GeV/c JALICE
~ i
Q 5
Q. -
~ 3t
o 3
Q - H] Iﬂ
T 2F [] ¥ [#]
5 b []
~~ -
o+ N
Q
- O [ --vrererererererenintnieietennnaieiatetetennenesintnietetenenenananas ]

4F ® forward rapidity

| l | | I |

80-100% 60-80%  40-60% 20-40% 10-20%  5-10% 0-5%
VOA multiplicity (Pb-side)
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J/y pr broadening vs event multiplicity

A<p1*>> = <p1¥>ppb - <PT1°>pp fOr different event multiplicity measured with VOA

<p1?>pp from interpolated pp distributions at Vs =5.02 TeV

S s
D
S 4
~ 3
o
Q
~ 2
&
qu—
~ 0
1
-2

A<p1?> larger at forward rapidity

Systematic uncertainties
boxes: uncorrelated
box at unity: correlated

inclusive J/y—pu*uw

e p-Pb\s,=502TeV, 4.46<y_  <-2.96, 0<pT<15 GeV/c

ALICE

PRELIMINARY

g 1]
. ..................... T ¢
g backward rapidity
3 | | | | | |
80-100% 60-80%  40-60% 0-5%

VOA multiplicity (p-side)

& -
Ng 5 — inclusive J/y—-p*u 71N
> . m p-Pb\s,=502TeV,203<y_ <3.53, 0<p <15GeV/c JALICE
S 4r
Q .
Q. -
~ 3t
o 3
Q : LI
, 2 4] [#] []
5 .
5 F Ll
N
NQ!—
- 0] TSRS
4F ® forward rapidity
-2
| | | | | |
80-100% 60-80%  40-60% 20-40% 10-20%  510%  0-5%

VOA multiplicity (Pb-side)

A<p1®> increases with event multiplicity but saturates at 20-40% VOA multiplicity
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V(2S) measurements 1in p-Pb: [w(2S)/J/y]

RS RS
> p-Pb | 5= 5.02 TeV % p-Pb | 5= 5.02 TeV
= 0<p <15 GeV/c, -4.46<y_ <-2.96, L, =5.8 nb™ LJLICE | = 0<p, <15 GeV/c, 2.03<y_ <3.53, L, =5.0nb’ ALICE
5 10°F backward rapidity | 3 forward rapidity
8 8 10°
2 . 2 -
= Expected y(2S) in =
3 p-Pb at 5.02 TeV 3
- - - fitto data [ - -- fittodata
—— assuming [v(2S)d/v] , = [w(2S)W/y] —— assuming [w(2S)Iv],, = [W(2S)WIv] —=
NN T T N T T I T A T NN RN NN NN NN N A A
33 34 35 36 37 38 39 4 41 4c 33 34 35 36 37 38 39 4 41 42
m,, (GeV/c?) my, (GeV/c?)
dIPN Cynthia Hadjidakis GDR 2013  November 262013
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V(2S) measurements 1in p-Pb: [w(2S)/J/y]

Inclusive J/y, y(2S)—-p'y
<y_ <353, L, =50nb" ALICE

ALICE PRELIMINARY
PRELIMINARY forward rapldlty

counts per 50 MeV/c?
2

l]]l]I]]]llllll]]lllll]l]llll]
—( )—
— —

! 2 +
3.
10.015
- -~ fitto (((J)
R assu ; O O 1 =[w(2S)/J/w]w +
| g - ® pp \s=7 TeV (open symbol: reflected around y=0) | | | | I

0<p_<20 GeV/c, L,, (2.5 4) = 1.35 pb™

o O im (2:3<Y ;<) P 37 38 39 4 41 42
- ® p-Pb\s,,=5.02TeV

L 0<p_<15 GeV/c, L, (2.03<y_ <3.53)=5.0 nb", L, (-4.46<y__<-2.96) = 5.8 nb"

O C L1 11 | L1 11 | | I L1 11 I 111 I L1 11 I L1 11 I | - I L1 11 I L1 1|
5 4 3 -2 -1 0 1 2 3 4 5
yCMS

33 34  0.005 My, (GeV/c?)

[w(2S)/J/y]ppb clearly suppressed as compared to pp @ \s =7 TeV
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counts per 50 MeV/¢?

V(2S) measurements 1in p-Pb: [w(2S)/J/y]

o 1
p S_' C Inclusive J/y, y(2S)
\ b
0 2 0.9 C <y <353, L =5.0nb" ALICE
3 —_ - ALICE cms int PRELIMINARY
10° £ @ 0.8F PRELIMINARY forward rapidity
| 5 gt
< -
o -
S06F
s - i
> 050 7
\ -
=2 04F Systematic uncertainties
) T boxes: uncorrelated
---fit O u shaded area: correlated
____ as 2 0.3 - = [v(2S)WIvy]
0.2 @ ALICE, p-Pb, \s,,=5.02 TeV (preliminary)
||||l| - : IIllllIllllllllllIlllIllIl
33 34 T m PHENIX, d-Au, | s,,= 0.2 TeV (arXiv:1305.5516) 37 38 39 4 41 42
0.1F m,, (GeV/c?)
O:llllllllllllllllllllllllllllllllllIllllIlllllllll

5 4 3 2 1 0 1 2 3 4 5
ycms

[W(2S)/Ty]ppo clearly suppressed as compared to pp @ Vs =7 TeV
v(2S) to J/y suppression also observed at RHIC at mid-rapidity

Relative y(2S) suppression not described by initial state CNM and coherent energy loss — final state

effect?
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Y'(IS) measurements: Rppb

0
m% ' 4 p-Pb |s,, = 5.02 TeV %
e Inclusive Jiw—u*u’, pT>0 (arXiv:1308.6726)
~ " i ALICE ' inti
15 e Inclusive Y(1S)u'w, p >0 (preliminary) ~ ALILE | Systematic uncertainties

boxes: uncorrelated
shaded area: (partially) correlated
box at unity: fully correlated

—‘lll!lllll
i

0.8/ $ R S
0.6 lbgﬁ
04— EPS09 at LO: Ferreiro et al.
- Shadowing: Y(1S): Eur. Phys. J. C (2013) 73:2427
0.2
- Shadowing: J/y: arXiv:1305.4569
0_1-1111llllllll[lllllllllllllllllllllllllllllllll
-4 -3 -2 -1 0 1 2 3 4
ycms

Y'(1S) seems more suppressed than predicted by shadowing (CEM+EPS09 NLO and
CSM EPS09 LO shown here) or coherent energy loss models but in agreement within
the large fully correlated uncertainty from pp cross-section energy interpolation

diPN Cynthia Hadjidakis  GDR 2013 November 2612013 19

ORSAY
ALICE



[ atest Pb-Pb measurements
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Heavy flavour decay electrons and muons

ALICE PRL 109 (2012) 112301 arXiv:1205.6443

§2_['[llll]ll]lllllllllllllll]llllllll_‘ <2_lllllII]l]l]l]]Ill]lllllll]llllllll_‘
<ol - RN - |
1.8 0-10% centrality . ] @, gt 40-50% centrality 0
: Ay | ALICE |
16 - Pb_Pb, \SNN =2.76 TeV PRELIMINARY 16 - Pb_Pb’ \SNN =276 TeV PRECIMINARY -
A Heavy flavour decay “f 0-10% central, 2.5<y<4.0 [ A Heavy flavour decay u* 40-80% central, 2.5<y<4.0 ]
1.4+ Heavy flavour decay e” 0-10% central, |y|<0.6 - 14F Heavy flavour decay e* 40-50% central, |y|<0.6 .
- ® with pp ref. from scaled cross section at \s =7 TeV ] "I e with pp ref. scaled cross section at \s = 7 TeV )
12 - % with pp ref. from FONLL calculation at \s = 2.76 TeV ] 10 o % with pp ref. FONLL calculation at \s = 2.76 TeV E
1] 1
0.8} 0.8}
0.6} 0.6}
0.4} 0.4f
0.2} 0.2 .
O-IIIIlllllllllllllllllllIlllllllllll- OhlllllllllllllllIlllllllllllllllllll-
0O 2 4 6 8 10 12 14 16 18 6 2 4 6 8 10 12 14 G16V/18
p.(GeVic) p,(GeV/c)

Clear suppression observed in most central collisions
Similar suppression in central (electrons) and forward (muons) rapidity
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D mesons

D 2 _l | L L L L L | L I L I I l_
O [ BD" lyi<05 ALICE -
O 1.6 ep* PRELIMINARY —
= r 0-7.5% centrality :
T 14r Pb-Pb, Sy, = 2.76 TeV
12 :— Filled markers : pp rescaled reference —:

. Open markers: pp pT-extrapolated reference 7]

- _
0.81- -
0.6 -
04 E :
(1225_ .-1gb-é::ﬁ&:: _E

0 :l L1 1 I L 11 l I 11 I I L 11 l I L 11 l I L1111 I L1 1 l I L1 1 l:

0 5 30 40

P (GeV/c)

Suppression up to a factor of 5 at pr ~ 10 GeV/c for central collisions
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D mesons

N

Average of prompt f, D*, D™
op-Pb, \s,,, = 2.02 TeV

min. bias, -0.04<ycms<0.96 ALICE
APb-Pb, |5, = 2.76 TeV T

0-7.5% centrality, ly_1<0.5

—
(o0]

—
®))

—
N

IIIIIIIIIIIIIIIIII

Filled markers : pp rescaled reference
Open markers: pp pT—extrapoIated reference

llIllIIlIlIlllIlll

1
— =

Nuclear modification factor
NN

=

Illllllllllllll=

0.4 H !
02t ﬂh“—g——@— } H :
O :I | .| I I .| I | | | | I | I I | I L1 11 I | .| | 1 1 | l:
0 5 10 15 20 25 30 35 40
P, (GeV/c)

Suppression up to a factor of 5 at pr ~ 10 GeV/c for central collisions

p-Pb measurements show that the observed suppression in Pb-Pb comes from a final
state effect
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D mesons vs light hadrons

2IIIIIIIIIIIllllllllllllllllllllllllllll

< - _ < 1 T T ‘ LI l LI ] LI ] IR I T I T I FrrT4
< - _ - i < | 1
oC 4 gf Pb-Pb, \ s, =2.76 TeV B (C1.4~ Pp-Pb, | Sy = 2.76 TeV N
I iy - ~ ® D’meson, |y|<0.5 SISE, ]
1.6F : - -  uncertainti N
- eAverage D°, D', D |y|<0.5, 0-7.5% - 1.2 — gncorrelated syst. uncertainties i
| . - i orrelated syst. uncertainties i
1.4 owith pp pT-extrapoIated reference ] i o 1t lyl<08 )
- = Charged particles, |<0.8, 0-10% N L o
1.2~ o Charged pions, [n|<0.8, 0-10% - - 2<p,<3 GeVie )
1]- .......................................................................... ] (18:_ n
0.8 = 0.6 + + + b
0.6] ﬂ = o - : ¥ :
. 4 . -
0.4 . - i H q -
: ome @ * ¢ - s -
0.2F- - 0.2 B
0:1||1||1|1|11|||1||1I|11|||111|11|1|1||1: 0_111111111111111111111111111111111111111_

c 5 10 15 20 25 30 35 40 0 50 100 150 200 250 300 350 400
P, (GeV/c) (N weighted with N__

@ O

AE (q,g) > AE (c) expected from color-charge dependence of energy loss
n and D mesons: comparable suppressions for within uncertainties — not
conclusive yet
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High pr D mesons vs J/y from B

§.4IIII IIIIIIIII|IlII|IIII|lIII|IIII|IIII

c | m ALICE Preliminary D mesons i
i 8<pT<1 6 GeVlc, lyl<0.5 i
12+ Correlated systematic uncertainties —
- [ Uncorrelated systematic uncertainties -

- ¢ CMS Preliminary Non-prompt J/yp
B 6.5<pT<30 GeVlc, lyl<1.2 =
0.8 B [ ] Systematic uncertainties N
F H CMS-PAS-HIN-12014 -
0.6 H H —
oa- |8 & [a B -
0.2 L L.
- Pb-Pb, VSNN =276 TeV -
O—llllllllllllllllllllllllIllllllllllllll_

0 50 100 150 200 250 300 350 400

( Npa - weighted with Nco")

Quark-mass dependence of energy loss: AE (¢) > AE (b)
ALICE D mesons more suppressed than CMS B—J/y with B and D mesons <pt™> ~ 10 GeV/c
— 1ndication of a larger suppression for charm than beauty

@
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Fraction of non- prompt Jhy at m1d rapldlty

L I L L L ] _
E -@- ALICE Preliminary Pb-Pb, |s,,,=2.76 TeV |y|<0.9, 0-80% E
0.9 [ &~ CMS PbPb, |s,,=2.76 TeV |y|<2.4, 0-100% =
E10'E - o ALICEpp, \s=7TeV, |y, |<0.9 .
s F —— ::t:" 292 < M(e'e’) < 3.16 GeV/c? 0.8 o ATLAS pp, 15-7 TeV, I;: 1<0.75 =
@ [ e fit, tJ/ _ - - <" .
% L g;\:r;\rgm :.hadrons x?/dof = 0.982 3 a CMS pp, 1s=7 TeV, |leIV| 0.9 E
& 10° = —— fit, background 0.7 & COF pp, 1s=1.96 TeV, ¥,,/<06 { ! .
CALICE Pb-Pb, |5y, = 276 TeV | 06 =
10? -_ 2<pT< 10 GeV/c __—_ E
= centrality 0-10% ALICE 0.5 — F = —
- ' PERFORMANCE : - :
10 - A \ 04 % E
- 1 : ALICE :
’ fl z\\ 0.3 PRELIMINARY -
E I u | I|| . ]
f 0.2 -
N I Il \ 1l ‘ ~ I —
-6000 -4000 -2000 0 2000 4000 6000 » I ]
pseudoproper decay length (um) 0.1 _‘_‘%;é‘f o=
0 : 11 11 l | | 1 | 1 1 11 l 1 | 1 11 l:
1 10 p, (GeV/c)
ALICE measured fraction of non-prompt J/y at mid-rapidity in Pb-Pb for 2 < p1 <10 GeV/c
— Similar value and pr dependence in Pb-Pb and pp
— B feed-down contribution has a negligible effect on inclusive J/y nuclear modification
factor at low pr
Raa on beauty will come shortly!
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Jy Raa vs centrality

1.4
2:: i Inclusive J/y — e*e’, Pb-Pb (s = 2.76 TeV and Au-Au /s, = 0.2 TeV :E 1.4 Inclusive Jiy — 1y, Pb-Pb {8y = 2.76 TeV and Au-Au Sy = 0.2 TeV
C 1oL © ALICE (arXiv:1311.0214), |y|<0.9, p >0 GeV/c global syst.= +13% Ay W ALICE (arXiv:1311.0214), 2.5<y<4, 0<p_<8 GeV/c global syst.= + 15%
' i f)?%HEWNIX (PRC 84(2011) 054912), |y|<0.35, p >0 GeV/c  global syst.= +12% 1.2 [] PHENIX (PRC 84(2011) 054912), 1.2<[y|<2.2, p >0 GeV/c  global syst.= +9.2%
o o
0.8F 0.8 1
: @ @ i
06| @ @ 06} @@
0.4} H i : 0.4+ & 5 a
0.2 d 0.2 @ H g .
O:III||||||||I|||I|||||||I|I|I||IIII||||| O_IIII|IIII|IIII|IIII|IIII|IIIIIIIIIlIIII
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 352‘;\/ 4;30
(Npart> part
Forward rapidity: clear J/y suppression with no centrality dependence for Npare > 100
Mid-rapidity: no significant dependence with centrality but large uncertainty
Larger suppression at forward rapidity than mid-rapidity
Different centrality dependence of Raa at LHC and RHIC energy
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C

JAy Raa vs ptfor most central collisions

1 4 " Inclusive J/y—e'e’ :E 1.4 -
*TF W ALICE Preiiminary, Pb-Pb, | 5,,=2.76 TeV, |y|<0.8, centrality 0-40% o - Pb-Pb sy, =276 TeV and Au-Au s, =02 TeV
1 2 o ¢ PHENIX, Au-Au, \s,,=0.2 TeV, |y|<0.35, centrality 0-40% 1.2 B B ALICE Jy — p*u, 2.5<y<4, centrality 0%—20% global syst. = + 8%
' E mld_rapldlty it T & PHENIX Jy — pw, 1.2<|y|<2.2, centrality 0%—20%  global syst. = + 10%
1 . T RPN [
: forward rapidity
0.8 [ ‘I’ 0.8 I
0.6F m 0.6 " H
0.4 —f———— 04 "
0.2 i 02-w & B 4 [f
— L L 0:1...11...|....|[H.| | | |
0 2 4 (GeV/?:) o 1 2 3 4 5 & 7 8
Py P, (GeV/c)
Jhy less suppressed at low prthan high pr
Different pr dependence of Raa at LHC and RHIC
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C

JAy Raa vs ptfor most central collisions

1 4 " Inclusive J/y—e'e’ < 1.4 i .
M ALICE Preliminary, Pb-Pb, | s,,=2.76 TeV, |y|<0.8, centrality 0-40% qu i Inclusive Jiy — p’, Pb-Pb ysy, = 2.76 TeV
1oL ¢ PHENIX, Au-Au, |5,,=0.2 TeV, |y|<0.35, centrality 0-40% 1.2 - ®  ALICE (arXiv:1311.0214), centrality 0%—20%, 2.5<y<4 global sys.= + 8%
I mld-rapldl‘[y - N\ Transport model (¥.-P. Liu & al, PLB 678 (2009) 72)
| S AU [ 10 o
- i forward rapldlty ----- Primordial J/ v (w/ shadowing)
08 N ‘:I:‘ 0.8 N U e [ Regeneration J/ y (w/ shadowing)
0.6 m 0.6
0.4 —f—H—f— | 04 " \ A AN
0.2} 0.2} * \\\\ .............. AN
: : : : l : : : l : : : l O:IIlIIIIIIIIIIIIIIII+|P+ILJLJ|IlLJlL [
0 e 4 (GeV /%) 0 1 2 3 4 5 6 7 8
P P, (GeV/c)
Jhy less suppressed at low prthan high pr
Different pt dependence of Raa at LHC and RHIC
Model:
- Transport (Zhao et al.): suppression and regeneration, with or without shadowing
— Regeneration contribution important for pr < 3 GeV/c and negligible at larger pr
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J/y p-Pb measurements extrapolated to Pb-Pb

Hypothesis
_ J/y production mechanism (2— 1 kinematics) = similar x, in Pb for p-Pb@\sxn=5.02 TeV and Pb-Pb@Vsnn=2.76 TeV
despite different energies and rapidity domains Shad Shad
- Factorization of shadowing effects in p-Pb and Pb-Pb = Rpvpr = Rppb(1V>0) x Rppo(V<0) = Si¢ = Rpvpb / Rpbpb

Shad
Note: Rpupy 1s Integrated over centrality and is compared to Rpppy for different bins in centrality [0-40%] and [0-90%]

§ 1 4 " Inclusive Jiy—e’e’ § - ALICE inclusive J/y—u'y’
Q: i A Pb-Pb,\s,=276TeV, |y_ |<0.8, centrality 0-40% — 0:& 1.4 [~ @ R, (203<y__<3.53)x R, (-4.46<y_ <-2.96), |S,,= 5.02 TeV
o i p-Pb, |5,,=5.02 TeV, -1.37<y__ <0.43 - i (preliminary)
) Ny 1 2 = cms E 1 2 | A Rouor (2'5<yam<4' \ Sy= 2.76 TeV, 0-90%)
g. ' i § _8‘ ' (submitted to arXiv)
. o i
C : |
~ T T T T e ECTTTTrrrrsreee e —
1F x Ir
0.8 1] E g 0sl |i| (p_Pb)forwx(p_Pb)backw
. : (p_Pb)z c O F —B—
gL~ Pb-Pb

0.6 - IIJ Pb-Pb 0.6 E @ forward rapidity
0.4F @ _m_ 04F —H—f— | $

: mid-rapidity i
0.21 02 ,
i PRELIMINARY - hypothesis: factorization of shadowing effects from the two
i l . l , l l l | l . l | l l l | l . l | l :nuclenn PtI-Pband2->1IkmemalocsfoiJﬂwp«oducmin | | I
0 2 - 6 8 10 % 1 2 3 4 5 6 7 8
P, (GeV/e) p. (GeV/c)
At pr>7 (4) GeV/c at mid (forward) rapidity, small %fctl‘ects from extrapolated shadowing
. . a
At low pr, less or same suppression in Pb-Pb than Rbbpo
— Rpopp enhanced 1f corrected by such shadowing effects
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J/y p-Pb measurements extrapolated to Pb-Pb

Hypothesis
_ J/y production mechanism (2— 1 kinematics) = similar x, in Pb for p-Pb@\sxn=5.02 TeV and Pb-Pb@Vsnn=2.76 TeV
despite different energies and rapidity domains Shad Shad
- Factorization of shadowing effects in p-Pb and Pb-Pb = Rpvpr = Rppb(1V>0) x Rppo(V<0) = Si¢ = Rpvpb / Rpbpb

Shad
Note: Rpupy 1s Integrated over centrality and is compared to Rpppy for different bins in centrality [0-40%] and [0-90%]

18—

Q:§ 145 Inclusive J/y—e'e | ) o : ALICE inclusive J/y—u*y S, = 'F'P—bpback

- A Pb-Pb,\s,=276TeV,|y_ |<0.8, centrality 0-40% —_— 16F 'y R:P': X Rgpb‘"
o T s p-Pb, \s,,=5.02 TeV, -1.37<y__ <0.43 i
— - e ! Ropon: | S,0=2.76 TeV, 2.5 4, 0-90% (submitted to arXi

> 1 .2 14L pope’ | S =276 TeV, 2.5<y <4, (subm o arXiv)
n:o- . ) i ™ R | $,,=5-02 TeV, 2.03<y,_,<3.53 (preliminary)
~ | Rt | e e T PP P T PP PEPTTEERETTTE | EECEEEETTTREREEE 12F Ripo " | $)y=5.02 TeV, -4.46<y__ <-2.96 (preliminary)
: : [ total uncertainty
0.8F ( _Pb)z 1 e e

: 0.8 1
0.6 5 IIJ Pb-Pb e : 4H> forward rapidity
o.4i—@ o o —-

0ol mid-rapidity 0.4F H H
' -_ PRELIMINARY 02 -_h thesis: fact tion of ing effects from the tw
: : nm1 v?\s‘;bgg g:?éiﬁu::r?%m; f%re Jiy ;K;:ucnoi °
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 0 TR I T T T T AT e
0 2 4 6 8 10 0 1 2 3 4 5 6 7 8
P, (GeV/ce) p_(GeV/c)
At pr>7 (4) GeV/c at mid (forward) rapidity, small %fctl‘ects from extrapolated shadowing
At low pr, less or same suppression in Pb-Pb than Rbbpo
— Rpopp enhanced 1f corrected by such shadowing effects
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Y'(1S) measurements at forward rapidity

<14 <1.4 ) -
m< : ALICE: Pb‘Pb \SNN - 2-76 TeV, Lim - 69 l.lb-1 m< : Pb'Pb \SNN - 2.76 TeV, |nCIUS|Ve T(1S), pT>0 GeV/C
1.2 Inclusive Y (1S), 2.5<y<4, p_>0 GeV/c 1.2 A ALICE:L =69 ub™, 0%-90%
- ~ ALICE
- HLICE Uncorrelated syst. [ | Correlated syst. [ eacummnary ¥ CMS:L =150 pb™, 0%-100%
Afme e T s L] LR R T e R RR TR RO P REEERRRRRPPRR
0.8| 0.8
0.6~ m 0.6 I
0.4 — 20%-90% m 0.4 — $ _$_ _$_ |
0.2 :_ 0.2 :_ Open: reflected
T 0%-20% T B Uncorrelated syst. [ | Correlated syst.
0_""I'"'I'"'I""I""I"'II""I 0_|||||||||||||||||||||||||||||||||||||||||
0 50 100 150 200 250 300 3?0 -4 -3 -2 -1 0 1 2 3 4
<Npart y
Suppression increases for most central collisions
Small rapidity dependence as compared with CMS
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RAA

Y'(1S) measurements at forward rapidity

1.4 1.4
- A ALICE: Pb-Pb\s, =276TeV,L =69 ub” & Pb-Pb \s, = 2.76 TeV, inclusive Y(1S), p_>0 GeV/c
1.2— Inclusive T(1S), 2.5<y<4, pT>0 GeV/c 1.2 [ A ALICE:L =69 le-1 0%-90%
- ALICE r int ’
[ PRELIMINARY Uncorrelated syst. [ | Correlated syst. " paecmivary W CMS:L, =150 ub™, 0%-100%
1 e e
0.8 0.8
0.6 0.6 I
0.4 04 _ﬁﬁu 43}44}
— A. Emerick et al., Eur. Phys. J. A48 (2012) 72 B
0.2 — and private communication - Open: reflected
. — . . . . 0.2 I
[ - Hggéeﬁérg?éé’ "ption — 'II?chItg}ordlal B B Uncorrelated syst. [ | Correlated syst.
0_'—""_'-l-'--'-'-'_T-'-'-'-T-I-'-'--'-'-I_'--'-'-'-T-'-'-'--'-l-'-'--'-'-l- 0_|||||||||||||||||||||||||||||||||||||||||
0 50 100 150 200 250 300 <N35§) -4 -3 -2 -1 0 1 2 3 4
y
part

Models:

- Rate equation approach (Emerick et al.): suppression from dissociation and Y'(1S) regeneration (small contribution), various
absorption cross-sections (0 and 2 mb)

- Hydrodynamic model (Strickland): thermal dissociation and dynamic model, different hypothesis for the initial temperature
profile suppression and the shear viscosity, no initial or final state cold nuclear effect

Rate equation model in good agreement with ALICE data
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Y'(1S) measurements at forward rapidity

A ALICE: Pb-Pb\s,, =2.76 TeV, Lint =69 ub™’ m::‘ i B Pb-Pb s, =2.76 TeV, inclusive Y (1S), pT>0 GeV/c
Inclusive Y (1S), 2.5<y<4, p_>0 GeV/c 1.0 A ALICE:L,_ =69 ub", 0%-90% (open: reflected)
B HI.ICE — ﬂI.ICE v CMS:L = 150 ub™, 0%-100%
. PRELIMINARY Uncorrelated syst. [ | Correlated syst. . PRELIMINARY - Uncorrelated syst. [ Correlated syst
0.8 8
0.6 AN
0.4/ M. strickland, arXiv:1207.5327 _m 0.4 _—$ _ﬁ\ /${$
~ Boost-invariant plateau Gaussian profile ~ M. Strickland arXiv:1207.5327
0.2 — 4nn)/s = 3 -=-=4mm/s =3 0'2::_ _ _
L ——4nn/s =2 - == 4nn/s =2 & Boost-invariant plateau —4n/s=3 ——4m/s=2 —4nn/s=1
[ — 4|»7|:T]/S =1 | | - l47L”T]/S =1 | | | ~ Gaussian profile -=4mm/s =3 - = 4nn/s = 2 = =4nn/s =1
e e e R —l L B L vovovv bvv v v by v v v b v v v v bvov v v b by o
% 50 100 150 200 250 300 N35§) L S S S 0 1 2 3 4
part y

Models:

- Rate equation approach (Emerick et al.): suppression from dissociation and Y'(1S) regeneration (small contribution), various
absorption cross-sections (0 and 2 mb)

- Hydrodynamic model (Strickland): thermal dissociation and dynamic model, different hypothesis for the initial temperature
profile suppression and the shear viscosity, no initial or final state cold nuclear effect

Rate equation model in good agreement with ALICE data
Hydro model reproduces well ALICE data but not both ALICE and CMS data
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Azimuthal anisotropy

Initial spatial anisotropy of the overlap region — anisotropy
of the particle momentum distribution

AN 1 d3N o0
E = 1+ ) 2v,cos[n(¢g—W"
d3p 27 pedpedy ( nX_:l n(¢ R)])

Y
Zp)? The elliptic flow (n=2) is defined as:

va(pr) = (cos2(¢ — Wr))(pr)

Elliptic flow (n=2) expected at low pr if heavy quarks participate to the collective
motion of the QGP
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Open heavy flavour flow

ALICE PRL 111 (2013) 102301

>N 04 7 T T T T I T | T T T T T T T T T T >N 035 - o ] .
| ALICE Pb-Pb, |,y = 2.76 TeV _ 03 3 Pb-Pb collisions, \'s,,=2.76 TeV, centrality 20-40%
i {E Centrality 30-50% ) 0.95 E = heavy-flavour decay p= in 2.5<y<4
02— <§9 ) O N é ——a— heavy-flavour decay e~ in |y|<0.7
4 aoo $ 02 ALICE
i o . h [~ PRELIMINARY
] 0 0 o . 0.15
a - -+ 3
i ¢ Charged particles, v,{EP,|An|>2} i | 0.05 :— : — = ] T
" = Prompt D°,D*, D" average, |y|<0.8, v,{EP} ) - 4
~ [_] Syst. from data ] O o o o e o s e s e e e e S S o — —— —— —
-0.2—[] Syst. from B feed-down B -
' | 2 | 1 | , | i | , | \ | y | . | _0.05llLJlllllllll11111111111111111111111111111llllll
0O 2 4 6 8 10 12 14 16 18 o 1+ 2 3 4 5 6 7 8 9 10
p, (GeV/c) P, (GeV/c)

Non-zero vz observed for all open heavy flavour channels
Similar v for charged hadrons and D mesons

— 1nitial azimuthal anisotropy transferred to charm quarks (as for light particles)

— suggest that low pr charm quarks participate to the collective motion of the system
Similar v2 for HF decay electrons and muons for different rapidity
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D mesons Raa and v»

ALICE JHEP 1209 (2012) 112 arXiv:1203.2160 ALICE PRL 111 (2013) 102301
51.2 ‘ illll|IIIIIIIIIIIIIIIIIIIIIIII >(\l :T]IlI"]or:I.IIII]TTI]]"]'IIIIIIII:
c [ Average D°, D', D*, |y|<0.5 | 0.4~ = ALICED'D',D"average  Pb-Pb, \sy, =276 TeV -
\ 2 i “*[T] Syst. from data i . i
1E """ g — [ ] Syst. from B feed-down Centrality 30-50% .
HRp ALICE - X ' 3
K \ 2 0-20% centrality ] ]
0.8 L5 Pb-Pb,\ s, =276 TeV  — -
R WHDG rad + coll i —
[,/ - Langevin HTL2 ] 7
0.6; ‘ <=« Coll + LPM rad —] _
- BAMPS - - =
f l L -- Rappetal h;k‘ ] 3 5 §
0.4/ e e — | [ .  S— =
i T * i - WHDG rad+coll §
] ' ﬂ* l;l U - — . POWLANG -
0.2 et L I S5 R [_I - -0 1'_- ------ Cao, Qin, Bass — -
s Vo, e e LT : : " [ ==« Aichelin et al, Coll+LPM rad - ==+ TAMU elastic ]
) o St g e e gt - === BAMPS — - UrQMD :
| PP RPN I AR AR A A S ‘,'Zi e L ""1'2' : '1'4' : '1'6'
0 2 4 6 8 10 12 14 16 0 6 8 10
p, (GeVrc) p, (GeVic)
Simultaneous description of v2 and Raa 1s challenging
Raa and v2 give constraints on heavy quark transport coefficients of the medium
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Inclusive J/y vo and Raa vs pr

03 ALICE, PRL 111(2013), 162301
UL o ALcE (Pb-Pb Sy = 2.76 TeV), centrality 20%-60%, 2.5 <y < 4.0

| —— Y. Liu et al., b thermalized
~ wEmm Y. Liu et al., b not thermalized

- X./Zhao et al., b thermalized

0.2

global syst. =+ 1.4%

IIII|llII|lIII|IIII|IIII|IIII|IIIII'1—IIIIIIIIIIIII

(; 1 2 3 4 5 6 7 8 9 10
P, (GeV/e)

Indication of a non-zero J/y v, at intermediate p; for semi-central collisions

v2 complements Raa: both are qualitatively well described by transport models including
regeneration where J/y inherits from the charm elliptic flow
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Inclusive J/y vo and Raa vs pr

ALICE, PRL 111(2013), 162301

ALICE

~ 0.3 < l4r
> - ® ALICE (Pb-Pb (S, = 2.76 TeV), centrality 20%-60%, 2.5 <y <4.0 D:< | Inclusive Jiy — pew, Pb-Pb {5, = 2.76 TeV
- — Y.Liuetal, bihermalized 1.2 W ALICE (arXiv:1311.0214), centrality 0%—20%, 2.5<y<4 global sys.= + 8%
~ mEmma Y. Liu et al., b not thermalized i
0.2 ~— . X.Zhao etal., b thermalized 1 - w Transport model (Y.-P. Liu & al, PLB 678 (2009) 72)
i ] I Primordial J/ v (w/ shadowing)
— 0.8 N = Regeneration J/ v (w/ shadowing)
I 0.6
i 0.4 —
: i m\X\\\\\\\\\\\\\ LMY
-0.1—  global syst. =+ 1.4% 0.2 j_ .....................
_IllllllllllllI|IIII|IIII|IIII|IIIII'1_‘IIIIIIII[IIII O_l[]1|1]||I][[|I|~[|1+1r4..|..l_J__LJl|ILJlLIIII
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8
p; (GeVic) p_ (GeV/c)
Indication of a non-zero J/y v, at intermediate p; for semi-central collisions
v2 complements Raa: both are qualitatively well described by transport models including
regeneration where J/y inherits from the charm elliptic flow
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Conclusions

Quarkonium and open heavy flavour as a probe of the cold nuclear matter effects in p-Pb and of the hot medium formed
in heavy-ion collisions

p-p measurements
- Open heavy flavour cross-section in good agreement with pQCD calculations
- Quarkonium measurements bring new constraints to test the hadroproduction mechanism

p-Pb measurements
- Open heavy heavy flavour R,pp, compatible with no suppression and in agreement with pQCD models + shadowing

- Low pr heavy flavour decay electron-hadron correlations show similar structure as for h-h correlations for most
central collisions (double ridge)

- J/y measurements at forward rapidity support a strong shadowing and/or the coherent energy loss model
- y(2S) suppressed relatively to J/y by up to 45% at backward rapidity: final state effect? Other mechanism in p-Pb?

Pb-Pb measurements
- All heavy flavour channels show a large suppression in central Pb-Pb measurements: p-Pb results confirm this is a
final state effect
- Quark-mass ordering suppression confirmed from D and B«—J/yy Raa.
- Non-zero v2 for HF at low pt suggest that charm quarks participate to the collective motion of the system

- J/y : Raameasurements show a different behaviour wrt lower energy measurements. Models including J/y
production from deconfined charm quarks in the QGP phase reproduce well the Raa. The indication of a non zero
v2 1s also 1n agreement with expectations from (re)generation models.

- Y(1S) Raaat forward rapidity: combined with CMS data, results show a suppression with a small rapidity
dependence

More results to come soon from Runl, more statistics in Run2, Upgrade for Run3 (2018)

\\\\\\\\\\\\\\\\\\\\\\\\\\\
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Y'(1S) measurements: RB

‘g 150 p:;ti | Sun =3 55;22 TeV S
2  ALcE DAY s < — < Y(1S): ALICE preliminary
S ||, o Ny s = 290433 S T ALICE
f\g’ 100~ M, ;s = 9.45£0.02 GeV/c? 2 - PRELIMINARY
2 - Wlﬂ Or1s) = 0.1610.022 GeV/c e - EPSO09 at NLO (Vogt)
YT ¥2Indf = 1.07 =
50— 1[ e
i | - ° Eloss (Arleo et al.)
A A -.t+111+1T*TT.1 1++ 3 =
e e e e e s - ° EPS09 at LO PDF central set
2 - n central se
M, (GeV/c?) - (Ferreiro et al.)
- ) nPDF low shadowing set
E—- o} nPDF high shadowing set
= ® nPDF low EMC set
- nPDF high EMC set
- 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l L 1 1 1 1 L 1 1 1
0.5 1 15 2 2.5 3
Reg
RrB 1s compatible with unity and larger than the J/y Rrg = 0.600.01(stat)£0.06(syst)
Limited statistics does not allow to discriminate among models
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V(2S) measurements in p-Pb: Rppb  (uew )

Y(25) J
$(2S) ot/ TpPb . Opp
RY(29) _ p
pPb = FpPb —J75 (25
pPb PP

0
Q. -
Q:Q"I 4 :-p-Pb \ S,= 5.02 TeV, inclusive J/y, y(2S)-u"w, 0<pT<15 GeVic ZIS Systemati C unc ertainti es

\L,, (4.46<y__<-2.96)= 5.8 nb", L, (2.03<y__<3.53)= 5.0 nb" ALICE boxes: uncorrelated

! shaded area: (partially) correlated

box at unity: fully correlated

1.2

L
1 boosd
.

0.8

0.6

0.4

EPS09 NLO (Vogt)

0.2 |- - - ELoss with ¢,=0.075 GeV?/fm (Arleo et al.) o Jiy
[ — EPS09 NLO + ELoss with g =0.055 GeV?/fm (Arleo etal) 4 V(2S)

0-11111111111111111111111111111111111111111111111
4 -3 -2 - 0 1 2 3 4
ycms

The stronger suppression of y(2S) relatively to J/y 1s not described
by 1initial state CNM and coherent energy loss
— final state effect? Other mechanisms?
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do/dy (ub)

J/y cross-sections vs y and pr

Ny jp—r+1-

0J/

" LinA€BRy 4o

Systematic uncertainties

boxes: uncorrelated

New shaded area: (partially) correlated New
1200 —
i p-Pb\s,, =5.02 TeV ) i
- L, =52ub" (e'e) > 102
1000 i L, =5.0 nb™ (u*y’, forward) (3 g
: L,, = 5.8 nb" (u*y’, backward) Py ":!:_.__@_ ALICE
800 B ~ i PRELIMINARY
i -
- g iy g S
600 I m ! © 10F p.pbys,=502Tev  -—m=-
. o O - L, =5.0nb" (u*y, forward)
R o) i
i B,'B B@ L L, =5.8nb" (u*y, backward) e
400 |- Ly =52 b (e"e) o
. ALICE Preliminary: 1 | -e-inclusive J/y — u*u,2.03<y__ <3.53
- —a— Inclusive J/y — e'e’, p >0 GeV/c E e inclusive J/y — p, -4.46<y  <-2.96 -~
200 __ ALICE arXiv:1308.6726: ) - inclusive J/y — e'e’, -1.37<ym<o.43
. —e— inclusive J/y - 'y, 0<p <15 GeV/c . cme 5
= L 1 l 1 1 1 l 1 L 1 l 1 L 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 L
Ll 1-141 Ll 1-131 - 1-121 Ll 1-111 Ll 161 b ‘; Ll lél - lél Il lil Ll 0 2 4 6 8 10 12 14
y P, (GeV/c)
cms
Forward rapidity: lower cross-sections and harder in prthan at backward rapidity
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Centrality of the collisions in pA

g UL IR LR UL LU UL IR IR LI L~

- ALICE p-Pb at | s, = 5.02 TeV .

. e . 8 0-5% ’

Lower multiplicity wrt Pb-Pb — low 2 106 : SLICE, ]
. . . . cC 03/05/2013 3
resolution on binary collisions extracted 2 -
from a Glauber fit 10° .
Correlations between signal and 102 =
measured multiplicity -
10 E
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pp cross-section interpolation at 5.02 TeV

J/\y cross-section
Forward rapidity:
Energy interpolation of pr and y-dep. with ALICE forward rapidity data (@ 2.76 and 7 TeV
Rapidity extrapolation due to rapidity shift (0.5) in p-Pb
CEM and FONLL calculations used to validate the empirical functions used
ALICE + LHCb, public note in preparation
Mid-rapidity:
Energy interpolation at mid-rapidity with PHENIX @ 200 GeV, CDF @ 1.96 TeV, ALICE @ 2.76 and 7 TeV
<pr> interpolation and pr extrapolation with both forward and mid-rapidity data from PHENIX @ 200 GeV,
CDF @ 1.96 TeV, ALICE @ 2.76 and 7 TeV, CMS @ 7 TeV, LHCb @ 2.76, 7 and 8 TeV
FE. Bossu et al., arXiv:1103.2394

[w(2S)/J/y] ratio Systematics
No energy and rapidity dependence of [w(2S)/J/y] in pp assumed. Systematics
evaluated with CDF @ 1.96 TeV and LHCb @ 7 TeV Iy (y0) 6-17%
- 0
Y'(1S) cross-section Thy (y~0) 16-27%
Energy interpolation with mid-rapidity data from CDF @ 1.8 TeV, DO @ 1.96
TeV, CMS @ 2.76 and 7 TeV [w(2S)/I/w] (y>0) 4 9%
Rapidity extrapolation: Pythia tunings selected with rapidity dependence of
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Jy Raa vs centrality
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J/W Raa vs 'y

< 1.4
m< | Inclusive J/y, Pb-Pb {s,, = 2.76 TeV
1 2 — B ALICE (arXiv:1311.0214) centrality 0%—90%, 0<pT<8 GeV/c global syst.= + 8%
i @® ALICE (arXiv:1311.0214), centrality 0%—90%, |y|<0.9

0.4 B Shadowing in Pb-Pb (s, = 2.76 TeV E E

— EPS09 shadowing (PRC 81 (2010) 044903), p_>0 GeV/c

0 2+ nDSg shadowing (NPA 855 (2011) 327), p_>0 GeV/c
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Suppression more important at forward rapidity

Shadowing models do not account for this rapidity decrease of Raa

% .diPN Cynthia Hadjidakis ~ GDR 2013 November 2612013

ALICE



p-Pb measurements extrapolated to Pb-Pb

Hypothesis
2—1 kinematics of J/y production Shad
Factorization of shadowing effects in p-Pb and Pb-Pb = Rpupb = Rppb(X1) x Rppb(x2)

Kinematics
p (x1) + Pb (x2) = JAy (v, pr) with x12= N(m?+p12) / Vsxn exp (£Vems)

Rppb (Vsnn= 5.02 TeV, y<0, pr) = G(x1)
Rppb (Vsnn= 5.02 TeV, y>0, pt) = G(x2)

gluon x 1n nucleus X1 X2
p-Pb @ 5.02 TeV and -4.46<yems<-2.96 | 1.2-5.3 102 i = gluon momentum fraction
p-Pb @ 5.02 TeV and 2.03<yems <3.53 - 1.9-8.3 105 X1, x2 probed 1n nucleus similar
Pb-Pb @ 2.76 TeV and 2.5<y<4 1.2-6.1 102 2.0-9.2 10° in p-Pb @ 5.02 TeV and Pb-Pb

2.76 TeV
p-Pb @ 5.02 TeV and -1.37<ycms <0.43 [ 4.0 104-2.4 103 | 4.0 104-2.4 103 @

Pb-Pb @ 2.76 TeV and -0.8<y<0.8 5.0104-2.5103 | 5.0 104-2.5 1073

Cold nuclear matter contribution in Pb-Pb

Rpops (Vsnn=2.76 TeV, », pr)
= G(x1) x G(x2)
= Rppb (Vsnn= 5.02 TeV, y<0, pr) x Rppb (Vsan= 5.02 TeV, y>0, pr)
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Inclusive J/y 1n p-Pb:

comparison to LHCb

51400 =10°
= p-Pb \s,,= 5.02 TeV, inclusive J/y—pu*y § - p-Pb \Sun= 5.02 TeV, inclusive J/y—p*
> 1200 ALICE: 0<p_<15 GeV/ iv: @
) i . : O<p < eV/e, (arXiv:1308.6726) . -
S I « LHCb: O<p <14 GeV/c, (arXiv:1308.6729) S —.— o ALICE: 2.03<y_ <3.53, arXiv:1308.6726
o] L T o] 2| e LHCb: 2.0<ycm'<3.5, arXiv:1308.6729
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J/¥Y polarization 1n pp at forward rapidity

ALICE PRL 108 (2012) 082001

Polarization is a critical observable to < 5E  /cr o NS=7TeV 2.5<y <4 - helicity
test the hadroproduction mechanisms 0.6 F- - Collins-Soper
0.4
Unknown polarization results in large ~ °2E SN
uncertainty on acceptance correction 02F '_(f%i_.‘l;ﬁ‘ e
04F T
First measurement at LHC: 06
B smalllongitudinalpolarization A-O.8§:;:'::::'::::'::::'::::'::::'::::'::::'::::'::::
that vanishes when increasing pr =~ < osE A
- azimuthal component compatible 0.6 -
with zero 8"21 3
0 z_ ........................... E% o
0.2F
In the following analysis (Pb-Pb and 0.4 F
p-Pb), the polarisation of the 0.6 5:
quarkoniaisassumedtobezero -0.85....1....1....1....1....1....1....1....1....1....
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