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ALICE at the LHC
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Tracking with ALICE
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High precision vertexing and
high resolution on track
impact parameter with the ITS
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PID with ALICE (examples)

ALICE
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Muons with ALICE

ALICE
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Data samples

ALICE

Energy Vsyy Integrated
SR (TeV) VLTS luminosity
2010 ~10 pb - Study the properties
Pb-Pb 2.76 of hot and dense
2011 ~100 pb QCD matter
2012 ~0.8 ub-"
* Assess cold nuclear
p-Pb 5.02 ~15 nb! of p-Pb matter effects
2013 « ... and much more
~15 nb' of Pb-p

In addition (not covered in this presentation)

» pp collisions at V¥s=0.9, 2.76, 7 and 8 TeV
=’reference for Pb-Pb (and p-Pb)
&’genuine pp physics program



p-Pb and Pb-p samples

o p-Pb
& proton going
towards muon arm

o Pb-p

= Pb nucleus going
towards muon arm




p-Pb and Pb-p samples

o p-Pb

& proton going
towards muon arm

Most of the results
shown in this
presentation from
the p-Pb sample

o Pb-p

= Pb nucleus going
towards muon arm




Centrality in p-Pb ?

SPD
[n<2.0 » Estimator: VOA
& in p-Pb: multiplicity in Pb hemisphere
v ) & in Pb-p: multiplicity in p hemisphere

Multiplicity -> geometry (Glauber)
& number of binary collisions —

VoC

-3.7<n<-1.7
n 5 0\:0’:‘5 ’ & large r.m.s. -> events with same N,
N =9. fall in different multiplicity classes

C. Oppedisano, Thu 13:30 » Bias in binary scaling for multiplicity
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SPD
[n[<2.0

Centrality in p-Pb ?

» Different bias on binary scaling

ﬂ i for different multiplicity estimators
_ v :>corr_e|atio_ns between high p+

VOC particles in the tracker and
-3.7<n<-1.7 measured multiplicity
v’ jet-veto effect at low multiplicity
& bias reduced by n gap
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Centrality in p-Pb

N

ALICE

» Different bias on binary scaling
for different multiplicity estimators

o correlations between high p+

VOC particles in the tracker and
-3.7<n<-1.7 VOA measured multiplicity
2.0<n<5.1 v’ jet-veto effect at low multiplicity
& bias reduced by n gap
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ALICE

Global properties
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Recap: Pb-Pb global properties

L ALICE, PRL 105 (2010) 252301

Q ALICE, PLB696 (2011) 328
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A [EB89527, 33,38, 4.3 GeV
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250F @  ALICE 2760 GeV
200F
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100} E A
50F
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Volume ~ 2 X Ve

Lifetime ~ 20% larger

than at RHIC
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10 0-40% Pb-Pb, \sy = 2.76 TeV

10g ALICE
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0 —— Exponential fit: Ax exp(-p/T), T = 304 £ 51 MeV
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Multiplicity ~ 2 x Ngyc
Energy density ~ 3 X egyc
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T = 304451 MeV ~ 1.4 X Tryic

ALICE
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Hadron species of
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Larger flow than at RHIC
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larger radial flow velocity
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Identified particle v, in Pb-Pb

o L op o Pb-Pb \SNN=2'76*TeV 22-40°/+ N ALICE, PLB 719 (2013) 18
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Hadron-hadron correlations in p-Pb

ALICE

High multiplicity
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Double ridge

described by both
hydro and CGC
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More on the double ridge qi

h - T,K,p correlations
ALICE, PLB726 (2013) 164

O L B B B BN T T

—_ I I
= - ALICE |An] > 0.8 (Near side only)
L"; T p-Pb |5, =5.02TeV
ot 021~ (0-20%) - (60-100%) ]
;"-’“ : mh AT :-_'_0—':
0.15— _+_ —
- *K op 3
C —_— —-
0.1_— =*= + !
C == + N
osf a4 £
=
0'....|....|....|....|....|....|....|....|
0.5 1 1.5 2 25 3 3.5 4

o V, extracted from two-
particle correlations
&> Mass ordering at low p+
& Crossing at p=2 GeV/c
& Qualitatively similar to Pb-Pb

HF decay e*- h correlations

ALICE

PRELIMINARY

p-Pb, | S,y = 5.02 TeV

(1/N) (N, / dAndA¢) (rad™)

e NEw
o Double ridge seen also in the
correlation of heavy-flavour
decay electrons with hadrons

& Suggests that the mechanism
generating the double ridge is
at work also for heavy flavours

16




Identified particles in high
multiplicity p-Pb

o R e 3o Models:

Krakow

........... OPMOET = Blast-wave fit = locally
thermalized medium expanding
with collective flow velocity

= EPQOS LHC = full event

m +7 (100x)
"+ K (10x)

d2N/(dedy) [(GeV/c)?]

T

g S Com generator including
oo ST AR 00w hydrodynamical evolution
= o A = Krakow = 3+1 viscous
' hydrodynamics (expected to
work at low p)

5 = DPMJET = PHOJET pp +nuclei
g via Glauber-Grybov approach
g o Models including

hydrodynamics give a better

description of the spectra

0 2 4 6 8 10
ALICE, arXiv:1307.6796 P, (GeV/c)
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Baryon/meson ratios

'—IIIII]IlIIIlI]I[IIIlIIIIII[IIII
s % p-Pb, | 5, = 5.02 TeV

i —¢- 0-5% VOA multiplicity
—4— 60-80% VOA multiplicity

0<y ,o<0-5 for p, < 3.0 GeV/c
Y s <0-3 for p_> 3.0 GeV/c

T I L [ LI | LI I LI [ LI I L [ U
1 Pb-Pb,\s, =276TeV
—+4-0-5% ]
- 60-80%

1Y gel<0-5 for p_ < 3.0 GeV/c |
¥ ¢mel<0-8 for p_>3.0 GeV/c

0.8

0.6

0.4

(p+pP)(m+7)

il

0.2

P, (GeV/c)

o Similar evolution of baryon/meson ratios vs. py with
multiplicity in Pb-Pb and p-Pb collisions
= Enhancement at intermediate p+

= Pb-Pb results commonly understood in terms of collective radial
expansion and hadronization via quark recombination

= Magnitude of the effect significantly different in p-Pb and Pb-Pb 18
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Mini-jets in p-Pb

Mini-jets: bundles of particles from semi-hard

partonic scatterings

How: from associated yield in near and away sides
& Subtract the double ridge in p-Pb to remove the non-jet-

related yield
0.4
0.35 i— o?zt:l:::;::f‘;.u GeVic p-P b
0 3 E VOA Multiplicity Classes (Pb-side)
I Near side associated yield
0.25;_ .....'.ibgc'f I .
0.2+ i
E .
C e
s [NEW!]
0.1¢ ALICE
0 05 F PRELIMINARY
0 E 1 1 1 I 1 1 I 1 1 1 I 1 1 Il 1 I 1 11 1 I 1 11 1 \ 11 1 1 | 11
0 10 20 30 40 50 60 70
( VOA

N
ch>m| <09,p_>02GeVic

( Nassoc, near side )

Ratio MC / Data
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- h
- N s

ALICE

|An|<1.8
NS 1.2<|An|<1.8

| ——oe— PYTHIAG Perugia-2011 (350)

—e— ALICE

= PHOJET PP @\s =7 TeV
0.9
—+«— PYTHIAB 4C ::' 0 Gevie
PYTHIAG Perugia-0 (320) o '”950 >0.7 GeVic &

charged, [n| < 0.9, p_> 0.2 GeV/c

High multiplicity p-Pb events not built by a higher number of
associated particles in the jet peaks

= Different from what observed in pp

19



Mini-jets and MPIs

» Uncorrelated seeds = number of independent sources of

particle production <N. >
N _ trigger
< uncorrelated seeds >=
<1+N assoc,near+away >

= In PYTHIA strongly correlated with number of MPls

A 22F T 27— —*— ALCE  [I] ALICE, JHEP 09 (2013) 049
w22 p-Pb |5, =5.02 TeV t —=— PHOJET
8 ool i B gl —+ PYTHIAB4C
@ - 0.7< [ <P < 5.0 GeV/e ks 0 PYTHIAG Perugia-0 (320)
2 18[ -assoe g z — & PYTHIA6 Perugia-2011 (350)
5 14F § 2 —__
< : _ ~ 10—
v 120 ALICE .+ p-Pb PP =
r PRELIMINARY i ol pp @\s=7TeV
10 E [} ¢ S 22, : ml < 0.9
8 :_ [ ] pT’ wrig > 0.7 GeV/c
6 Lk g
R INEW!| 2
ar .o o
20 L.° VOA Multiplicity Classes (Pb-side) =
E |. T T I T T Ll T T R S T S e e e T it e
%% 10 20 30 a0 50 80 70 € 0 10 20 30 40 50 60 70

VOA N
(Nc,,)h“ <08, p, » 02 GeVic charged, n| < 0.9, p_> 0.2 GeV/c

o Number of MPIs and multiplicity scale linearly in p-Pb
= Different from what observed in pp 20



ALICE

Jet quenching

Pre-Equilibrium
Phase (< 1)

21




Nuclear modification factor

1 dN,,/dp,

RAA (pT ) — < > dN / d

coll pT [ ALICE, PRL 110 (2013) 082302

E | LI B rI T 7 T T | | T | [Trr[yrrr[yrrr[prrr[rrryrrorprrrprrrprroprri]

o ALICE, Pb-Ph, |'s,,, = 2.76 TeV _ 1.8  ALICE, charged particles i

charged particles, || < 0.8 norm. uncertainty r i

] - 16 - e p-Pb \s,, =502TeV, NSD|n |<03

- . - = Pb-Pb \s,, =2.76TeV, 05/centra||n|<08 .

C — 1 4[4 Pb-Pb \s, =2.76 TeV, 70-80% central, | | < 0.8 -

— :a. - -: - -E- f - : :
N g b @

*o' - ‘#."‘H‘ » p.\-l"""‘""-mm“ITI‘IIT.-“'”TITI: m 1* _____ H ________ E _______________ ]

- " — ““I“,,,....‘..-_--_-;".‘!‘L‘-"' _ - ]

P .- et e 0 -

,.?:--/d'"" ....... m= = HT {Chen &t al,) lowsr dansity a 0.8 ]

n*?‘" ‘.-"' ===« HT (Chen et al.) higher density i E Il H n

100\~ e e HT (A M) — 0.6 -

O w7 T ASW (T.R.) ] ' 7]

- * +* m— YaJEM-D (TR _ -

L === elastic {T.F(l.}la%ge P _ 0.4 4 —
L ® ALICE (0-5%) === elastic(TR)smallP__ - 5 Chs )

| oy mmmmm WHDG (W.H,) n° upper limit | r C -

| | W M3 [UJT_”"]' ----- [WHDG (WH}r:“Iowcrllmlt | 0.2 e L L ]

: : : : : : : : : : : 11 111 1 11 L1 1 1 11 L1 1 L1 1 | L1 1 | 111 | L 1]

1 2 4
0 0 0 % 0 >0 0 2 4 6 8 10 12 14 16 18 20

ALICE, PLB 720 (2013) 52  Pr (GeV/0)
CMS, EPJ C 72 (2012) 1945

» Charged particle spectra strongly modified in Pb-Pb w.r.t. pp

» p-PDb results confirm that jet quenching is a final state effect
22
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Identified particle R, ,

] - o H ] o
@) cCentrality: 0-5% @) Centrality: 40-60%
EE:E 156 Pb-f’b_\sNN=2.76TeV 0-5% CC§ 1 5L Pb-f’b_\sNN=2.76Tev 40-60%
e TT4T ® 4T
R iE
LoD e . I LoD e
[ sys. uncert. ALICE L [ sys. uncert. ALICE
1 1
A; —t
i 1 — =1zl ¥ 5
0.5 Hal il e YL 1)
olum t—l—T_AL
: 33—:— |
JIIIIIIIIIIILL O_I 11 I 11 | | 11 | J 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 | | L1 |
14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
P, (GeV/c) P, (GeV/c)

o For p>8 GeV/c pions, kaons and protons are equally
suppressed within uncertainties

= Particle composition at high-p; not affected by the medium

23



Jet reconstruction

Energy in EMCal

(corrected for energy of

Tracking in TPC + ITS charged particles)
Charged constituents » JETS « Neutral constituents
24



7 107 Pb-Pb s, = 2.76 TeV
&) NN :
% 0-10% Centrality
g 103 k£ Charged+Neutral Jets
-g'_ L Anti-k; R = 0.2 [n|<0.5
Q.
O ®  Leading charged track p, > 5 GeV/c
Z10*F .
'Dg - . Prconst > 0.15 GeV/c
> L
E i -
= 105k .
- ALICE '
PRELIMINARY
10‘6IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
30 40 50 60 70 80 90 100 110120

Jet cross section in Pb-Pb

pehtem (GeV/c)

T,jet

< 1.5

14

ALICE

Pb-Pb M =276 TeV
0-10% Centrality
Charged+Neutral Jets
Anti-k; R = 0.2 n|<0.5
Leading charged track p, > 5 GeVic

Pr s 0.15 GeV/c

T,con
ALICE

Biased pp reference
PRELIMINARY

A

0 40 50 60 70 80 90 100110120

pehtem (GeV/c)

T,jet

» Strong suppression of jet yield in most central Pb-Pb
collisions

&> Moderate increase of R,, with increasing p+

25



Jet structure in Pb-Pb

— 2

™ 1.8:— Pb-Pb | s,,=2.76 TeV ® PbPb 0-10%
Cﬁ 1 6; % Y PbPb 50-80%
b Pythia
OC " ALICE MREAL
~— 1.4— PRELIMINARY
L2 12
N e ¢
o - = e———
Il 0.8 = = —+—+
T oer —— '
© 0.4:_ Charged Jets
- |:] correlated uncertainty Anti-kT
0.2 - shape uncertainty p'T"“" >0.15 GeV/c
— 1 I 1 1 1 l 1 1 1 l 1 1 1 I 1 1 1 I 1
00 20 40 60 80 100

p" ! (GeVic)

» Ratio 6(R=0.2)/c(R=0.3) of jet cross sections in Pb-Pb
compatible with fragmentation in vacuum (PYTHIA)

= Sensitive to the profile of the jet energy density
=’No evidence of jet shape modification in jet core

26



Hadron-Jet correlations in Pb-Pb

» Trigger on high p hadron and look at recoil jet

", trigger

‘ES'; 0'04; :—[1:1;2:{)[9\’;:1 Sezv:; TeV, 0-10% (uncorrected) ‘ N EW! ‘ e
%003_ ~ PYTHIA (VB.421)emb:ided in Pb-Pb N Had ron-reCOiI Jet A(P jr::o"

g B antlkT R=04 . .
< % oo soee | CONSistent with PYTHIA

N T a5 = No indication for medium-induced
0.1 ﬂ ﬂ \ acoplanarity, also at low p+
g7 i 30se,
2 25" 3 35 Ao = I(ng 0, (rad)

® o Ao = difference of recoil jet spectra
o R —$— ALICE data . .
e B oo ey for two intervals of trigger hadron p-

©®  ALICE Il PYTHIA Perugia:Tune 0,10 &11

O e eSS 1 dN 1 dN
. INEW! | St (N d ) _{N d ]
g 0'8; . e - trig pT,trigger TT[20-50] trig pT,trigger TT[8-9]
M o £ f . .
™ P == | o Ao Fatio consistent with PYTHIA

80.4 8. I —— . C .

£ 8 s = No significant energy redistribution

0.2 £ p$°“s'>0.15 GeV/c anti-k, . ] _
C £: Pb-Pb |[5,,,=2.76 TeV 0-10% within R=0.5
00L I110I - I210I - l3|lill - I4{OJ - I5|0I - kIOI . ITIOJ - It?yJ(IlI - L9J0I I l'ilIIO 27
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Jet cross section in p-Pb ALTCE

S10* E .
o ALICE charged jets p-Pb 5.02 TeV
%._ anti-k; jets R=0.4, ||<0.5 | dN b / de
= s s Systematic uncertainty R ( p ) — P
%10-5 pr T
: 5-Pb (Nooy) dN,, [ dp,
©10® — - 2 2 -——
0 — 2 . - —e— ALICE charged jets p-Pb 5.02 TeV
— £ [ anti-k; jets R=0.4, |1)|<0.5
107 - Reference: Scaled pp jets 7 TeV
_ = . . -
I ==memm Systematic uncertainty
FlLICﬂI::w
10-8 —_—a . L PR | —a 1 .
20 40 60 80 100 120 1
p;t‘iet (GeV/c) s
1 g?cebrtainty reference +
10- E_T | LI | T 17T [ L ‘ T 1T | LI | LI ‘ L ‘ T 1T ‘ l_E | au er
S +R=02(x3) - - A2
of = = P +R=03(x3) %% ] ALICE
; 10 ? = = = :E = 8 g E X gsg é PRELIMINARY
QJEEEEEEEE =0.b{x : P T SR S
8 o LT = L %0 40 60 B0 100
2 E == T B R 3 pT,iet( evic)
- = === B _—— 2 ‘
E 10 EEEEEEEE@ 3 o ] ]
o [ = =" 4 No modification of jet
© Q:O'5:— T 09-R == Ek——.—‘? t. I Pb
© E | nj(g;_ ) 2 TeV == == E—— E CrOSS SeC Ion In p-
- PpP@ Vs=7Te == | -
10'65— p:[ack > 0.15 GeV/c Charged jetS _E relatlve to pp
:J | L1111 I - l L1111 ‘ L 111 I 1111 I L1 ‘ I - ‘ - ‘ I: H H
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Jet structure in pp and p-Pb

FrrrrrryprrrryrrrorgT LA L B I

t o L L] L] I L L L I L L L I L L L}

0.9* p"aCk > 0.15 GeV/c — =] —e— ALICE charged jets p-Pb 5.02 TeV

1 8 [ anti-k, jets, [7]<0.5 - l

C pp @ \s=7TeV ] o 1 —e— ALICETcharged jets pp 7 TeV p Pb VS. pp'

i<t 0.8— | 7) | <0.3 - @ anti-k, jets, |17/<0.3 .
dE - >
(@] N 8 - -
Ifn ; TA — 5

0.7 (=

L i I L
ECLII - i R E
© - ‘+L N IS B P
N 0.6 %‘Et 1 9 0.5 ===
oo 4 @ L
g 5; 3 \
clec U F %_—% +pp@\s 7 TeV . %%
| [I‘]] — . .

0-4; + A A PYTHIA Perugia-2011 e - [ Systematic uncertainty ALICE 1
= A HLICE . PRELIMINARY
= ‘ ‘ ‘*}‘ HERW'G | PRELIMINARY 7 02 —

08 g g 0 40 60 80 100

20 30 40 60 70 80 90 100 p_:;r;Et (GeVi/c)

pJet <" (GeV/c)

. Ratio 6(R=0.2)/c(R=0.4)
= Sensitive to the profile of the jet energy density

&> Compatible in p-Pb and pp (and PYTHIA)
v' NOTE: comparison between different \s

=’ No indication of jet structure modification due to CNM effects
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Di-jets:

kT — pT,trigger Sln(A(Ddijet)

k- in p-Pb

Increasing Pr yigger

P Gevy/e
Thl Tht

60<p" ggj <80 GeV/c

Anti-ky R=0.4; 1Ap, -] < /3 20<passo
40<p!"9er <60 GeV/c
T.chjet

oo 8-
R ARG
—©- -

pl.?ad track>5 GeV/c 3
80<p"% <110 GeVic |
T.ch jet -

— 1g
= p Pb 15=5.02 TeV 0-20% (VOA)
% [ 20<pt 99, <40 GeV/c
G 10,
o F = ¢ ALICE p-Pb
Kol o .
=l = Systematic
Sl 102k == o PYTHIAS8 pp
= F
©
+
~ T 10%F
= : o ,
d:l T T T T ::|
1.8F .
< 16 ::
L 14p ALICE ¥
- 1.2F PRELIMINARY  —F
2 B 0 L I S 3
s ot
T oef 3
O o4 i
0.2F —ZZ
CO nnnnnnnnnnnnnnnnnnnnnnnnnnnnn

..........................................................................

................................

..................................

................................

k| (GeV/c)

k| (GeV/c) k| (GeV/c)

10 20 30 40 50 60 700 10 20 30 40 50 60 700 10 20 30 40 50 60 700 10 20 30 40 50 60 70

lk;| (GeV/c)

» (Good agreement between data and PYTHIAS (tune 4C)

= No indication for additional k; in p-Pb collisions

-> No significant cold nuclear matter effects observed in

jet measurements in p-Pb
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ALICE

Heavy flavours

g: colour triplet _y
u,d,s: m~0, Cg=4/3

g: colour octet
g: m=0, Cc=3

Q: colour triplet _/

c: m~1.5 GeV, Co=4/3
b quark b: m~5 GeV, | Co=4/3

Pre-Equilibrium
Phase (< 1)

- ‘QCD medium’

Dokshitzer and Kharzeev, PLB 519 (2001) 199 34




Heavy-flavours: R, , ALTCE

O 2_| 1T | T 17T T 17T | T T 1T | T T | T TT [ T T1T I ] ﬁ 2 : T T | T ‘ T I T T T | LI | L ‘ T ‘ T T T 17T I:
S g aD° - T8 .
E "L mp ] i ALICE |
g_ 1.6 ep™ IyI<0-5 ALICE = 16L Pb-Pb, \Snn = 276 TeV  ereuimineny E
< b oD} 0-7.5% centrality . - A Hg:zy ﬂ::gﬂ[dgzgy *; 0:10:/: Egztg"z'i‘y“"o
o 1.4 Pb-Pb, |\ s, =2.76 TeV 1'4:_ ° };'vith g;l ref. frodm sc):aledcz::oosg sect:onl‘e{ty I\so.=67 TeV E
N ] - % with pp ref. from FONLL calculation at 1s = 2.76 TeV .
1.2 Filled markers : pp rescaled reference ]| 1.2 7]
i Open markers: pp pT»extrapoIated reference . ALlCE, PRL 109 (2012) 112301 ]
el = ] [memtivtos ittt i S .
B e B L ;
0.8 — 0.8 ]
0.6F - 0.6 J@- %
0.4F Im 3 0.4F 'H'% -H:EIH' -E-{H- .
0.25 mj _f 0.2F 1
0:|||I|II1I|II11|JIIL|JII : 0:\II|\II‘\II|I\\lllll\ll‘\ll‘l\lll\l
0 5 10 15 20 25 40 0 2 4 6 8 10 12 14 16 18
p (GeV/c) p.(GeV/c)
[] '] L] . T
Strong modification of prompt D- , - HF decay lepton yield
meson yield suppressed in 3<p;<18 GeV/c
Cannot conclude on expected | gimilar R, for heavy-flavour

enhancement of D /D at
decay electrons (]y|<0.6) and
low/intermediate pT muons (2.5<y<4)

Kuznetsova, Rafelski, EPJ C 51 (2007) 113 32
He, Fries, Rapp, arXiv:1204.4442



Heavy-flavours in p-Pb

D 2.4_ T T T T | T T T T | T T T T | T T T T I T | T T _]
— L 0 oty n . 3
Q 22— ¢Average D', D', D % — S L .
E C —pQCD NLO (MNR) + EPS09 shad. ] S B —4— ALICE b,c — (e" + €)/2, TPC-TOF, ALICE reference
(@] = frel
ot 2? -.CGC (Fuiii-Watanabe) ALICE —] g : —— ALICE b,c — (" + e)/2, TPC-EMCal, ALICE reference
o C PRELIMINARY ] = 25— —#~ ALICE b,c — (e" + €)/2, TPC-EMCal, FONLL reference
n‘g1 8; p_pb’ \SNN =5.02 TeV ? % B | normalization uncertainty
o 1.6:_ _0'96<ycms<0'04 _: E - Il FONLL + EPS09 shad. H F d ecay ei
: ] 8 21
1.4 - s [
.25 E 15
1 e —'T_——:—_:._' -
0.8 l J - Y 0 PO "SRG Sen e s
0.61- = - +
0.4/~ D - 0.5 i
0_2:_ m eSO n S = B ALICE p-Pb, \ sy = 5.02 TeV, min. bias, -0.14 <y_ < 1.06
r ] B PRELIMINARY
0— [ T T N TR T T O T TR N N T T T N T T T [ AN T S SO SO S AN T SN T N TN N S TN SO TR AN SN SO TN NN S N
0 5 10 15 20 2 0 2 4 6 8 10 12 14
p. (GeV/c) p, (GeVic)
T

o R,p, of prompt D mesons and heavy-flavour decay
electrons compatible with unity in the measured p; range

& Data described both by EPS09 parameterization of nuclear PDFs
and by Color-Glass-Condensate approach

FONLL: M. Cacciari et al, JHEP0407 (2004) 033
EPS09: K. J. Eskola et al., JHEP 0904 (2009) 065
CGC: H. Fujii, K. Watanabe, arXiv: 1308.1258



Heavy-flavours in p-Pb

ALICE
02,4_|r||||\\|||\\|||\1|||\|\_ ,(-; 20 A e By s s s B B B B
ol 2.2 ¢Average D°, D', D" % — - - DODD meson - 2<pT<5 GeVic .
€ [ -pacD NLO (MNR) + EPS09 shad. . > - p-Pb, {5=5.02TeV 5<p,<8 GeV/c N
S 2 ..cGC (Fuji-Watanabe) ALICE - 0] - NN —— 8<p,<16 GeV/c T
o o PRELIMINARY . o 10°
o4 gl 7
%1 8t p-PDb, \ sy = 5.02 TeV =
046 0.96<y_ <0.04 ] -
- . ©_
1.4 - o
C ] T 10°
1.2 - -
ool ol s . cub
1 S — e — T]—-———: ©
0.6 E N, .
: . ZZA X g—G(FONLL) x R (MNR+EPS09) ]
0.4— D m e SO n S -] | Systematic uncert. y
r ] [ from Data
0.2~ ] 10 = [ from B feed-down subltr. ‘ N EW! ‘
03 T T T = Normalization (+ 3.4%) and BR syst. unc. not shown -
0 5 10 15 2OG v/ 25 o | | p—>‘<—Pb |
e C | 1 1 1 | | | | 1 | 1 1 1 1 | |
pT ( ) -1.5 -1 -0.5 0 0.5
yCI’T'IS

o R,p, of prompt D mesons and heavy-flavour decay

electrons compatible with unity in the measured p; range

& Data described both by EPS09 parameterization of nuclear PDFs
and by Color-Glass-Condensate approach

FONLL: M. Cacciari et al, JHEP0407 (2004) 033
EPS09: K. J. Eskola et al., JHEP 0904 (2009) 065
CGC: H. Fujii, K. Watanabe, arXiv: 1308.1258



D mesons: p-Pb and Pb-Pb

ALICE
O 2-4: T T T T | T T T T | T T I T | T T T T I T | T T : D 2 '_, L B B e e e e e e S |_
Q. 2.2F ¢Average D°, D", D" % - ol 18 ~ Average D°D*,D"* E
€ [ —pQCD NLO (MNR) + EPS09 shad. . = Ok 05 ALICE
o o --CGC (Fujii-Watanabe) ALICE ] (@) C ly|<O. PRELIMINARY ]
joF o PRELIMINARY . ol 1.6— Pb-Pb TeV —
£1.8- p-Pb, | 8, = 5.02 TeV 1 < = -PD,\ $y=2.76 TeV -
oC 1.6 -0.96<y_ <0.04 = o 1.4 E_ 0-7.5% Centrallty _:
1.4 3 1.20 ]
125 E L. v W e ———
18- N : e S S e J - Open markers: pp p_-extrapolated reference_—
i, === 0.8F =
0.8 7¢I ] -
- H ] 0.6 —_
0.6— —] O 4 i _
O4:i { ' - - ’:
oo D mesons E 0.2 == =
EILIIlI\\IlI\\IlI\JIlI\I\E 0:'"'|'"’I""I""l""J"l"l""J.T-'.":
% 5 10 15 20 2 0O 5 10 15 20 25 30 35 4
P, (GeV/c) P, (GeV/c)

Vitev et al.: PLB 713 (2012) 224
WHDG: Horowitz et al., J Phys.
G38 (2011) 124114

~———— NLO(MNR) with EPS09 shad.
Rad+dissoc (0-20%)

BB

-> the suppression

I ' i . WHDG rad-+coll
observed in Pb-Pb is POWLANG: Alberico ot o, EP | ™ 0RSE
d final state effect [ BAMPS: Fochler et al., J. Phys. BAMPS i
G38 (2011) 124152 | " BDMPS-ASW rad §=25
BDMPS: Armesto et al. PRD71 | =~~~ Rappetal.
(2005) 054027 Djordjevic
FONLL: M. Cacciari et al, JHEP0407 (2004) 033 TAMU: Rapp, He et al., PRC 86

EPSO09: K. J. Eskola et al., JHEP 0904 (2009) 065 (2012) 014903 35
CGC: H. Fujii, K. Watanabe, arXiv: 1308.1258 Djordjevic et al.: arXiv:1307.4098
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Open charm R,, and v, .

» Simultaneous description of open charm R,, and v, is a
challenge for theoretical models

- L ALICE, JHEP 1209 (2012) 112 Q) ALICE, PRL 111 (2013) 102301
< . l'; T !ﬂ V T | L [ LI | LI | T T | LI | LI | T [aV] N T T ‘ 171 | 1T [ LI | LI | LI | T T T | T 1T T | T _l
< - u — > - ) n

oc _::/V ;i \ ALICE DO, D*, D* average, |y|<0.5 0.4 - . ALICE D°D*, D™ average Pb-Pb, | Sy = 2.76 TeV ]
1%\;\ ............................................................................................................................ — ’ i\:l SySt' from data Centl’a"ty 30_50% :
v Pb-Pb, | s, = 2.76 TeV 1 -] Syst. from B feed-down .
—; Centrality 0-20% _ 0.3 —:
0.8+ WHDG rad-+coll ] : —
B — - POWLANG ] 0.2F ]
L. ———— Cao, Qin, Bass i e . ]
0.6 “ o N vy e Aichelin et al, Coll+LPM rad | N _
LS R N e BAMPS 1 - & ]
B 1 TSNS TAMU elastic hhe 0.1= = / .
= — — UrQMD , > - A 9
04? R _-,:-‘.'-1"":"""' i O‘o‘f-’// "
- = N WHDG rad-+coll ]
o RUPTIOIL - — . POWLANG y
0.2~ S D e e TN TR T © — e e . -0 [ EEE Cao, Qin, Bass T
i e a1t e e g 2B B APy 1] " [ === Aichelin et al, Coll+LPM rad - -=-- TAMU elastic 7
B ] R ICIY BAMPS - UrQMD .
0 1 1 1 | 1 1 1 | 1 1 1 ‘ 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 B | 1 1 ‘ 1 1 1 | L 1 1 ‘ 1 1 1 | 1 1 1 | 1 1 1 | Il 1 1 | 1 1 1 | 1 1

0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
P, (GeV/c) P, (GeV/c)

WHDG: Horowitz et al., J Phys. G38 (2011) 124114

POWLANG: Alberico et al., EPJ C71 (2011) 1666

Cao, Qin, Bass, arXiv:1308.0617

Aichelin et al..PRC79 (2009) 044906, J. Phys. G37 (2010) 094019

BAMPS: Fochler et al., J. Phys. G38 (2011) 124152

TAMU: Rapp, He et al., PRC 86 (2012) 014903 36
UrQMD: Lang et al, arXiv:1211.6912, arXiv:1212.0696
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Hierarchy in energy loss?

ALICE

» Expectation from radiative energy loss: AE; > AE,, 4 > AE_ > AE,,

o Could be reflected in an hierarchy of Ryx: Raa(B) > Raa(D) > Rya(7)

2 T T TT T 1T T T TT T 17T T TT T T TT T T 1T T TT
< - | I I | I I |

< [ pp. _276T
o 15 POPDIS=276TeV

RRRRRRRRRRR

1.6~ X
~ eAverage D° D*, D |y|<0.5, 0-7.5%

D meson 1.4~ owith pp pT-extrapoIated reference
. - = Charged particles, [n|<0.8, 0-10%
and pion RAA 1.2+ Charged pions, |<0.8, 0-10%
VS. p7in
central Pb-Pb

collisions

-> RAA(D) and
RAA(r) found to be
compatible within

uncertainties

-> measurement
not yet conclusive

lII]Ill|lll|Ill}lllIIIJIlIIIIJIIllIllII

O:IlttlIIII|IIII|IIII|II1IIIIII|II |

0 5 10 15 20 25 30 | I35I - 40
P, (GeV/c)
& NOTE: comparison of D and © R,, complicated by different fragmentation,

different p; spectra, and by soft = production (scaling with N ) at low p 37



Hierarchy in energy loss?

ALICE
» Expectation from radiative energy loss: AE; > AE,, 4 > AE_ > AE,,
o Could be reflected in an hierarchy of Ryx: Raa(B) > Raa(D) > Rya(7)
;((1.4_IWII|IIII|III['lAlLllc;lEIFJIrII.[|I\DII|WIII|IIII
oo " B<p.<16.GeVic, ly[<05
1.2 0 Correlated systematic uncertainties
D m es on an d B [ Uncorrelated systematic uncertainties

| -> clear indication
¢ CMS Preliminary Non-prompt J/y 1 for RAA(B) > RAA(D)

6.5<pT<30 GeVle, ly|<1.2
m [ Systematic uncertainties ]

Jhy<—B (from
CMS) Rja VS. 0.8
centrality in py

CMS-PAS-HIN-12-014

->consistent with

0.6 N :
ranges tuned - H H n : the expectation
to have o4~ [ N0 g
<p-|-(B)> Pb-Pb, | s, = 2.76 TeV Z
O I\II|IIII|III\|I\II|III\ | | . | L 111 | | |
] CMS-PAS-HIN-12-014 oo 15(0 szaiowéﬁgohte%)?wit%al)\l i)o ’

> @

Centrality 38



Hierarchy in energy loss?

ALICE
» Expectation from radiative energy loss: AE; > AE,, 4 > AE_ > AE,,
o Could be reflected in an hierarchy of Ryx: Raa(B) > Raa(D) > Rya(7)

§1.4_|||||||||||\||||||\|||\||\|||‘|||\|||||
c u m  ALICE Preliminary D mesons
s ol 8<p_<16 GeV/c, |y|<0.5
L ® CMS Preliminary Non-prompt J/y
Dmesonand| | e e |
CMS) RaaVs. | ot T WBEE | _
centrality in py | [l — e IRV ->Consistent with
ranges tuned o5 [l H ............ B e the expectation
B e . P AE_ > AE
to have 04f- e ™ —
B ~ ' :,__."" .
<pq(D)> = 02l s i IRl > first clear
<p(B)> C PbPb, |5 <276TeV T Eah-alBl indication of a
—||I||||||||lll|l||l|||l||ll||J|||l||l||_
R TV - T o T Ry U P Eendence on
Vitev et al.: PLB 713 (2012) 224 (N, weighted with N_ ) heavy quark mass

WHDG: Horowitz et al., J Phys.
G38 (2011) 124114

BAMPS: Fochler et al., J. Phys. '

G38 (2011) 124152 Centrality

> @
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ALICE

Quarkonia

T/T¢
2

1ir) [fm]

[S(hy)  statistical
recombination

- X.b(lp) N
12 [l I/w(1S)
(25) 9 N
<T, [l Y'(35) 7, (2P) thermal
Pre-Equilibrium C(IP) ]{ﬂ(zs) dlSSOC|at|O
Phase (< 1,)
/ \ o figure from A. Mocsy SPSRHIC LHC
/4\\ Matsui, Satz, PLB178 (1986) 416
A 3 Digal et al., PRD64 (2001) 094015

Braun-Munzinger, Stachel, PLB 490 (2000) 196 40



J/w production in Pb-Pb

1.4 .
v m::( " Pb-Pb m= 2.76 TeV and Au-Au m= 0.2 TeV m:’é r Inclusive Jiy — pw, Pb-Pb {5 = 2.76 TeV and Au-Au {5 = 0.2 TeV
> 1 2 = B ALICE Jlw — p*y, 2.5<y<4, centrality 0%—20% global syst. = + 8% 1 2 W ALICE (subm. fo ariv, 2.5<y<4, O<pT<8 gevie glonal syst= = 19%
V F O PHENIX (PRC 84(2011) 054912), 1.2<|y|<2.2, p >0 GeV/c  global syst.= + 9.2%
ln L 4  PHENIX Jiy — p*p’, 1.2<|y|<2.2, centrality 0%—20% global syst. = £ 10% I N EW' |
1 1
: : i | J I s i i
N ALICE, submitted to arXiv ol ALICE, submitted to arXiv
: : gl
+3. 0.6 - ALICE 0.6 @ E‘j
L (] =
2 | PHENIX ouf  CHER ALICE
LN . . N: 2w , . PHENIX
- Tl ¥ # #] T Hj Eﬂ
ﬁ 07\\\\ll\\\‘I\\Il\\\\l\\\l‘\\\ll\\\\‘\\ll 07\\\||\\\I|\\II‘\\\I‘\\I\‘\\II‘\\I\‘\II\
0 1 2 3 4 5 6 7 8 0 50 100 150 200 250 300 350 400
p. (GeV/c) . (N__ )
T Centrality > 2=
<< . .
< [ Inclusive Jiy—e'e N EW! | ‘) ‘
w CC 1 4 B ALICE Preliminary, Pb-Pb, | 5,,=2.76 TeV, |y|<0.8, centrality 0-40% I

¢ PHENIX, Au-Au, | 5,,=0.2 TeV, |y|<0.35, centrality 0-40%

o J/y less suppressed at low
S e p: than at high p;

—- . Different p; and centrality
dependence of J/y R,, at
ALICE RHIC and LHC

ALl -> new regime for J/y production!

0 2 4 6
p_ (GeV/c) 41

—
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o
e

o
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I
-

o
o
I

Jiy—>e'e  |y|<




R AA

Jiyoptu 2.5<y<4

R

Jly—>e*e  |y|<0.8

| | |
J/w production in Pb-Pb %
1.4 .
L Inclusive Jiy = ', Ph-Pb \/%=2-76 TeV m:(( 4 r Inclusive Jhy — p*u, Pb'-Pb \Syy = 2.76 TeV and Au-Au s, = 0.2 TeV
1 2 [~ B ALICE (subm. to arXiv), centrality 0%-20%, 2.5<y<4 global sys.= + 8% 1 2 ; ]::ISEI)((S:::;::(;);I:T)20.::::)', 0:2;/8'::6;//: 20 GeVie ;}:Z::: ::::i;i“;
| 7/ Transport model (X. Zhao & al., NPA 859 (2011) 114) I N EW' | 1 .
== Primordial J/y (w/ shadowing) I - i ALICE, Smeitted tO aI'XiV
08 ----- Regenerated J/iy (w/ shadowing) 08 - E
0.6 / // L) ALICE, submitted to arXiv 0.6F @ I
0.4~ ////%/ y 0.4 e a & ALICE
By g : - PHENIX
0.2r " 0.2 3 5
O:II\\‘\I\\‘\\\\‘I-\---\---\--.r-r-r-\-"T"}"r--r-~w‘lww||\\\\ 0:\\\Il\\\Il\\ll‘\\\I‘\\I\‘\\II‘\\I\‘\II\
0 1 2 3 4 5 6 7 8 0 50 100 150 200 250 300 350 400
p (GeV/c) : (N
| Centrality > 2=
_I 4 [ Inclusive Jiy—e'e’ I N EW! | " ‘)
M ALICE Preliminary, Pb-Pb, | 5,,=2.76 TeV, |y|<0.8, centrality 0-40%
1 2 r ¢ PHENIX, Au-Au, | 5,,=0.2 TeV, |y|<0.35, centrality 0-40%
[ — @ ------------------------------------------------------------ » As expected in a scenario
0.8} - with cC (re)combination
06F L = (Re)generation contribution
0.4+ I
g ALICE important at low p+
0.2
: PHENIX Liu, Qiu, Xu and Zhuang, PLB678(2009) 72
0 5 R Zhao, Rapp, NPA859(2011) 114 42

P, (GeV/c)

Andronic et al.,

arXiv:1210.7724



J/w production in p-Pb vs. y

[ ALICE, arXiv:1308.6726 ° RpPT(Close to unity at
backward rapidity
ALICE arXiv:1308.6726: inclusive Jiy—p*y, 0<pT<15 GeV/c

Ly (-4.46<y, <-2.96) =538 nb’, Ly (2.03<y,, <3.53) = 5.0 nb’ 2 S U p p reSS i O n at m id =
ALICE Preliminary: inclusive J/y—e'e’, pT>0 GeV/ie a n d fo rwa rd ra p i d ity

Ly (-1.37<y  <0.43) =52 b’

1 » Models of CNM effects

----------- ™ = CEM(NLO)+EPSO09:
describes well the
backward rapidity,
strong shadowing
favoured by data at
forward rapidity

Rpr

14F p-Pb |5y, = 5.02 TeV

1.2

\l\llllll‘l\l‘l\l:

0.2 _é-; ELoss, g,=0.075 GeV?m (Arleo et al.)
- — EPS09 NLO + ELoss, q_=0.055 GeV2/im (Arleo et al.) &> Coherent energy loss:
Oj\l‘I\\I‘Ill\l\l\\|\I\I|IIII‘I\I\|IIII|\I\I|III reprOduceswe”they
L R dependence
& CGC-based
calculations disfavoured
by the data

Vogt, arXiv:1301.3395
Arleo et al., arXiv:1212.0434

Fuji et al., arXiv:1304.2221
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J/w production in p-Pb vs. pT

Backward rapidity Mid-rapidity Forward rapidity

ft%‘ 1.4 —_ z::;i:::: z‘.: ;“: ':::"9 o :_ z-P:):;ﬁ,: 5.02 TeV EI ::::;; JC: g:s)e»e; 1.37<y_ <0.43 ; ::;:jgi:i:;tr::‘s e e
1.21 -
1h . [enmemmmeseessssseesssssssssannssessssssses Ul sie s nssnssss
i,
INEW!| T -
0.4 - :
022_ EIE::::i:ho::z?sGeV"Hm(Aneoetal.) ; ‘ N EW! ‘ HLICHE E;EEFEEE‘;}::TSGe\‘eifm(ArIenelal)
N _EPSDG NLO+E!.osswill| qu:OA[ISBGEVZilm (Arleo et al) i PRELIMINRRY L L N ‘—EP?‘OQIIILOTHEIL-IOs‘st‘h T}aTﬂlosﬁ‘GeIV:f:lT(Ar‘leo ellall.)
O e Ty s e e 2 4 e s i00 1 2 3 4 5 & 7 8
P, (GeV/c) P, (GeVi/c) P, (GeV/c)
» Backward rapidity (Pb-going side): Vogt, arXiv:1301.3395
= . Arleo et al., arXiv:1212.0434
R pp Close to unity, small pr dependence Fuji et al., arXiv:1304.2221

o Mid-rapidity:

= R,pp, lower than unity, more precision needed for clear p; dependence
» Forward rapidity (p-going side)

= More significant p; dependence, R 5, lower than unity at low py

= Data tend to favour strong shadowing, CGC-based model disfavoured
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p-Pb and Pb-Pb

Jhy—-ptu- forward/backward y

L ALICE inclusive Jiy—py’

p-Pb, backward y

0.6

0.4} —H——f—
; ® p-Pb: 2.03<yms<3.53, \ S\= 5.02 TeV (preliminary) -
02 L @ p-Pb: -4.46<ycms<-2.96, \ Syn= 5-02 TeV (preliminary) Pb Pb
: A Pb‘-Pb: 2.5<ycms<4, \ Syn= 2.76 TeV, 0-90% (submitted to arXiv)
0IIII{LIIJ|IIII|IIIIJJIII|IIII|IIII|IIII
0 1 2 3 4 5 6 7 8
p_ (GeV/c)

RAA

pA’

1.4F
1.2F

ALICE

Jly—>e*e- mid-rapidity

Inclusive Jiy—e'e’
A Pb-Pb,\s,=2.76TeV, |y_ [<0.8, centrality 0-40%
B p-Pb,\s,,=5.02TeV,-1.37<y__ <0.43

» In a2—1 kinematics, assuming that shadowing factorizes:
= Compare Ry, in Pb-Pb with R 5, (Y>0)xR p,(y<0)

» Small CNM effects at high p; (> 4-6 GeV/c)
o At low p+: similar (or lower) suppression in Pb-Pb relative to

shadowing expectation
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w(2S) production in p-Pb

O
D_ [
o w(2S) O_J/ W 0:Q1 4 —P-Pb {S,= 5.02 TeV, inclusive J/y, y(28)>u*w, 0<p <15 GeV/c %é%
P
R‘//(zs) =R Iy —pPb Pp L (-4.46<y_ <-2.96)=5.8nb", L, (2.03<y_ <3.53)= 5.0 nb" LALICE
pPb pPb Iy O.w(2S) 12\ _ I
pPb = pp AN 4 NEW!
o o il e
> 0.04r T
o [ Inclusive Jiy, w(2S)—p*w L
=20.035[- E B
?’ E RRRRRRRRRRR 0_8 _
3 0.03F i
o s L
om L
Goos.  —ff— - 08 —F—
b 0.02 =
) i _E]_ i $
$0.015F 0.4 (ZS)
?u; . 01:_ —$— - D EPS09 NLO (Vogt) \li
g ’ E ® pp 1s=7 TeV (open symbol; reflected around y=0) | == ELoss with q =0.075 GeVzlfm (Arleo et al ) [ ] J/\lf
0.005 |- 0<p_<20 GeV/c, L, (2.5<y__ <4) =1.35 pb” 02 j 0
B S oA i Ii("cT_oacymca_sa,=5_0,,.,4, TS | — EPS09 NLO + ELoss with ¢ =0.055 GeVZ/im (Arleo etal) 4 ¥(25)
oo bbby by b by baaa o 1y I | L
0-5 -4 -3 -2 -1 0 1 2 3 4 5 OIII|II\I‘\I\I‘\\\\‘I\II|IIII|IIII|IIII|IIII|I\I
Yous -4 -3 -2 -1 0 1 2 3 4

cms

o Stronger suppression of y(2S) in p-Pb relative to J/y
=’ Not described by initial state CNM effect and coherent energy loss

= Similar observation by PHENIX in d-Au at Vsy, = 200 GeV
= Final state effects? PHENIX, arXiv1305.5516
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HPb

1.2

0.8

0.6

0.4

0.2

Y'(1S) production

p-Pb \sy, =5.02 TeV

o Inclusive T(1S)—u, pT>O (preliminary)

+

EPS09 at LO: Ferreiro et al.
|| Shadowing: Y(18): Eur. Phys. J. C (2013) 73:2427

|:| Shadowing: J/y: arXiv:1305.4569

e Inclusive Jhy—u-p, pT>O (arXiv:1308.6728) ™

-4 -3 -2 -1 0 1 2 3

o p-Pb:
= Similar R p, of J/y and Y

= EPS09 shadowing in fair
agreement with both J/y
and Y within uncertainties

o

ALICE

£ D

Pb-Pb\s,, =2.76 TeV, inclusive T(1S), pT>0 GeV/c
A ALICE:L =69 ub, 0%-90%
- ALICE _ B
preuminary W CMS: Lint =150 ub™, 0%-100%

P
&

Open: reflected

B Uncorrelated syst. [ | Correlated syst.

,L—ll|||

-3 -2 -1 0 1 2 3

<H=

Pb-Pb:

&Y (1S) yield suppressed
relative to binary-scaled pp

& Similar suppression at mid
(CMS) and forward rapidity
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Conclusions ATee
o P-PDb:

=>More than just a control experiment

= Quantify Cold Nuclear Matter Effects, constrain
shadowing/saturation at low x

= Intriguing results from high multiplicity events, y(2S)
» Pb-Pb

& Significant progress in the studies of the properties of the
hot and dense medium formed in the collision

= Decisive role of hard probes: jets, heavy flavour and
quarkonia crucial to quantify the density, transport
properties and the temperature of the medium
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ALICE at HP2013

» ALICE plenary talks:

= R. Reed: Jets

= J. Otwinowski: Light flavours

= D. Caffarri: Heavy flavours

= A. Dobrin: Azimuthal correlations

& C. Hadjidakis: Quarkonia

» ALICE parallel talks:

= C. Oppedisano: particle production and centrality

= A. Ortiz: Identified particle production

& S. Li: Muons from heavy-flavour decays

= A. Rossi: D mesons in pp, p-Pb and Pb-Pb

= E. Pereira: Electrons from heavy-flavour decays

& L. Cunqueiro: Hadron-jets in Pb-Pb

= M. Verweij: Di-jets in p-Pb

= E. Leogrande: Minijets in p-Pb

& T. Schuster: Two-particle correlations

= A. Uras: Low mass dileptons

& M. Winn: J/y and y(2S) in p-Pb

& F. Bossu: Y production in pp, p-Pb and Pb-Pb
... and also 8 ALICE posters

Tue 9:30
Tue 12:00
Wed 9:00
Thu 11:00
Fri 11:30

Thu 13:30
Mon 16:40
Mon 13:30
Mon 14:50
Tue 14:30
Thu 13:50
Thu 14:30
Thu 14:10
Thu 14:50
Tue 13:50
Thu 16:20
Mon 16:20

ALICE
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Backup
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Mean pT In pp, p-Pb and Pb-Pb ﬁ

0.45 ———

0.65F

06L&

0.55 @&

05[

—n
ALICE charged parhcles _
|n7|<0.3, 0.15< p,<10.0 GeV/c |

epp\s=7TeV

= p-Pb\ s, =502 TeV

=2.76 TeV :

APb-Pb\s,,

40 60 80 100

ch

Three different Vs for
pp, p-Pb and Pb-Pb

= but Vs dependence
expected to be weak

Much stronger
iIncrease of <p>in p-
Pb than in Pb-Pb
p-Pb follows pp up to
N.,~14-15

N.,>14 corresponds to

= ~10% of pp x-section:
v’ pp already highly biased

= 50% of p-Pb x-section
v’ only centrality bias
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Baryon/meson vs. multipicity

[ ALICE, arXiv:1307.6796

r—‘\ B IIIII L] L] L] L] I L] L I i
& [ —e— p-Pb\s,, =5.02TeV i
++ i Pb-Pb |5, = 2.76 TeV 290 <p, <3.00GeV/c (2x) |

E | y=Ax® o--20°
—~ 1F B0 —
ol - *E@fi‘&éj e ]
+ - B - - -
o — *-' 1.50 < p < 1.60 GeV/c (1x)
~ — -0 B eel2---Q--0--@--0-CO -1
| e 9--0--0-00-9 i

) .. e,
10T e e E
L al ' -
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- C-oe .
: 0.75 < p, < 0.80 GeV/c (1x) :
IIII L Il L L IIIII L L 1 IIIIII L 'l 1 Ll Ll
10 10° 10° 10*

dN,y/dn

» Ina given p; bin, the ratio p/n as a function of dNch/dh
follows a power-law behavior
= Same power-law scaling eponent in p-Pb and Pb-Pb collisions

» Same feature observed also in the K/KY ratio -
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D meson R, ,:

| ' | '
AutAu— D' + X @ 200 GeV y10+y1T)

m 0-10%

Ca= 0-12%

(R S
TR E—
pT(GeV/c)

<
<
o

LHC vs RHIC

ALICE

Pb-Pb,\ s, =2.76 TeV

ALICE

PRELIMINARY

e Average D°.D*,D*, |y|<0.5, 0-7.5%
o with pp pT-extrapoIated reference
o Charged particles, n|<0.8, 0-10%
= Charged pions, n|<0.8, 0-10%
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D meson Ry,: LHC vs RHIC

| 2 LI TTTT LI T TT T T T T 1T T T T TTT

22 - AutAu—s D + X @ 200 GeV y10+y11j o e ]
¥ o 0.80% ] S 15[ POPDASy=276TeV E
o 5 m 0-10% 1 e F ALICE .
L i o 1.6 PRELIMINARY ]
01 5 -- He 0-80% ] 216 , : ]
T — He 0-5% ] 1.4k * Average D°, D*, D* 0-7.5%, |y|<0.5 -
- == Gossiaux 0-80% A ¢ D; 0-7.5%, |y|<0.5 ]
"™ S N 1.2 r Filled markers : pp rescaled reference ™|
B N Open markers: pp pT-exlrapoIated reference ]
Un 2 b T TAMU aXivi12044442 T
: Y * 0'8 :_/ - D _:
- VPNG Y .
s u, ~ . 0.6 ]
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i e N 0.4 B
- \ i 0.2 N
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p. (GeV/c) |

same theoretical model

o D meson R,, quite different for 1<p;<2 GeV/c

&Recombination + radial flow?
v’ Stronger effect at RHIC because of steeper dN/dp ;?

= Different role of shadowing at low p; at the two energies? 54
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Heavy flavour decay electrons R
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Heavy Flavour decay electrons:
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i Pb-Pb, \ s\ =2.76 TeV, 0-10%
C e pp ref (scaled cross section at 7 TeV)
:_ * pp ref (FONLL calculation at 2.76 TeV)
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D!/ D°
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D /D’ and D /D*
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D°: Pb-Pb Preliminary, pp JHEP 01 (2012) 128

: Pb-Pb Preliminary, pp arXiv:1208.1948 ALICE

PRELIMINARY

Pb-Pb at \s,, = 2.76 TeV
—$— stat. unc.
[ syst. unc.

ppatis=7TeV
—4$— stat. unc.
(] syst. unc.

+ 5.4% BR unc. (not shown)

D! / D'

ALICE

6
D*: Pb-Pb Preliminary, pp JHEP 01 (2012) 128

5; D;: Pb-Pb Preliminary, pp arXiv:1208.1948 ALICE

[ PRELIMINARY
4‘_ Pb-Pb at s, = 2.76 TeV
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i + 5.7% BR unc. (not shown)
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do* “HF/dp (pb/0.5 GeVic)

data/FONLL

Heavy flavours in pp

Heavy flavour

pr-differential

Cross sections
well described by
pQCD calculations

Charm cross section
on the upper side of
the FONLL uncertainty
band, as at lower Vs
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J/w production in pp

ALICE

o Inclusive J/y production cross-section measured in pp at s

of 7and 2.76 TeV (1 ALICE, Phys.Lett. B718 (2012) 295
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[ = V8= 2.76 TeV, CS+CO NLO - .
- (M. Butenschoen et al., priv. comm.) 2_ E %! ]
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» Results in agreement with NLO NRQCD calculations
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Y (1S) vs. J/y Ry,

RA
T TT
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~  ALICE

% ALICE: Pb-Pb|s,, =276 TeV,L =69ub", 2.5<y<4
A Inclusive Y(1S), p_>0 GeV/c - Uncorrelated syst.
veny ¥ Inclusive J/y, 0<p_<8 GeV/c |:| Correlated syst.
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part

o No straightforward interpretation:

= different contribution of (re-)generation for charmonia

and bottomonia

= different feed-down from higher mass-states for J/y

and Y(1S)

ALICE
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