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The Obligatory: the detector HOUSTON

a high resolution tracking device in a small magnetic field
with superior particle identification capabilities
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What this detector can do better than any other HOUSTON
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1 Particle Identification ! Why ?
A For the bulk (low momentum): Flavor behavior in the QCD crossover region
% % 1 For the hard probes (high momentum): Hadro-chemistry in medium and in vacuum
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ALICE Data Samples HOUSTON

J Two Pb-Pb runs

Year System  Energy \s,, Delivered /' In 2010 - commissioning
(TeV) Integratc.ad and first data taking
luminosity v" In 2011 — Second run,
factor 10 increase in
luminosit
2010  Pb-Pb 2.76 10 pb-" HmInosty

[ p-Pb occurred this year
v" LHC delivered target

luminosity
2011 Pb-Pb 2.76 0.1 nb?  In addition p-p runs at
VsNN _ 0.9, 2.76, 7 and 8
TeV
- -1
2013 Ingig >.02 12 2E1 O Long shutdown now (LS1)

v" Various upgrades and
maintenance in progress

ALICE
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p-Pb and Pb-p samples HOUSTON

Jp-Pb
— proton going
towards muon arm

p (4 TeV)

JPb-p

— Pb nucleus going
towards muon arm
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Lessons from the bulk in PbPb (1) HOUSTON

3 ALICE, PLB696 (2011) 328 [0 ALICE, PRL 105 (2010) 252301
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1 Volume twice as large as at RHIC 1 Multiplicity twice as large as at RHIC
1 Lifetime 20% longer than at RHIC 1 Energy density three times that of RHIC
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Lessons from the bulk in PbPb (Il) HOUSTON

ALICE

PRELIMINARY
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' The famous Guiness Book of Records entry: T, ,c = 1.4 Truc
1 T, for thermal photons = 304+-51 MeV > T, = 500-600 MeV
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Lessons from the bulk in PbPb (lI) HOUSTON
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1 Larger flow than at RHIC 0 1 2 3 4 5
([ For anisotropic flow: larger pT integrated v2 p; (GeVic)

1 For radial flow: 10% larger expansion velocity (<B> = 0.65c, T,,, = 80-95 MeV)
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Lessons from the bulk in PbPb (V) HOUSTON

o A Pb-Pb (5= 27676V 23' 4004 N [ ALICE, PLB 719 (2013) 18
0.25 EI ’ fab > . ALICE WO h*+h (10-50%)
e 03[—Pb-Pb |5, =276 TeV m  m+m (10-50%)
- Bk B p+p (10-50%)
0.2\ [m]p ‘ 7° PHENIX (10-50%)

- 7 WHDG LHC

0.2 Extrapolation (20-50%)

@ - Fom f:‘.é ...... ¥ .%

AIP Conf. Proc. 1441,766 ALICE
PRC84 044903 PRELIMINARY
1 | 1 1 I L 11 1 11 1 1 1 1 I 1 1 1 | 1 1 1 l 1 1 1 I

T2 25 3 35 4
P, (GeV/c)

1 ldentified particle elliptic flow o
— Mass ordering at low p+

0.15

0.1

0.05

described by hydrodynamics %% b
— Particle species dependence + Jﬂ" * +A +
persists up to p= 8 GeV/c N I
— Val|d|tyOfNCQscal|ng|S :...l...|...|...|...|...|...|...|
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Lessons from the bulk in PbPb (V) HOUSTON

(1 So dynamics are ‘as expected’. Is there anything exciting in the bulk ?
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Thermal model fit, )(2/Ndf 30 9/12 P
..... T=156 MeV, V=5380 fm® (1= 1 MeV fixed)
_— T-164 MeV p _1 MeV V 4499 fm (norm to n*)
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1 Proton yield does not follow the results from statistical hadronization model

when assuming a common chemical freeze-out temperature

ALICE 1



Lessons from the bulk in PoPb (VI)
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1 Possible explanations include an increased proton annihilation cross section in
the hadronic phase (but model generates some tension with strange baryon
annihilation, centrality dependence and lattice results for transition temperature)

[ Potentially more intriguing: separate chemical freeze-out temperature for

separate flavors :> a flavor hierarchy in the freeze-out, which might be
evident in high resolution, continuum extrapolated lattice QCD calculations for
flavor susceptibilities (see talk by C. Ratti, Tuesday, 17:25)
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Bellwied, Borsanyi, Fodor, Katz, Ratti,

PRL 111 (2013) 202302 12



Hadron-hadron correlations in p-Pb
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High multiplicity
2<meg <4 GeVic
1< pt;sm <2GeVic

p-Pb\s,, =5.02 TeV
0-20%

Low multiplicity
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p-Pb\ s, =5.02 TeV
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Double ridge structure
described by both:
hydro and CGC
Bozek et al.,

PLB (2013) 1557

Dusling et al.,
PRD87 (2013) 094034
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Hints of collectivity in cold nuclear matter ? HOUSTON

h - n,K,p correlations

(J ALICE, PLB726 (2013) 164

iy 025 T T
5 ~ ALICE |A7| > 0.8 (Near side only)
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1 v, extracted from two-

particle correlations

— Mass ordering at low p+
— Crossing at p;=2 GeV/c

— Qualitatively similar to Pb-Pb

ALICE
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1.0 <p? < 2.0 GeVig .~
05<p’<20

-1.5

1 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
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More hints: hydro describes spectra

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

T

1/N,, 1/2np

data / model

[ ALICE, arXiv:1307.6796

SR T 1 1
S, — Blast-Wave
=i EPOS LHC
©  Krakow

DPMJET

0
,
“,,

UNIVERSITY of

HOUSTON

_ 1 Models:

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

EPOS LHC = full event
generator including
hydrodynamical evolution

Krakow = 3+1 viscous
hydrodynamics (expected to
work at low p+)

DPMJET = PHOJET pp +nuclei
via Glauber-Grybov approach

J Models including
hydrodynamics give a better
description of the spectra

15
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More hints: Radial flow in p-Pb collisions HOUSTON

[ ALICE, arXiv:1307.6796

E I
3 - 1 2 el Sziee
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:’\ 1.2+ _] l_e 018: ]
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T E N ALICE -
0.8 [ L ] N i
L ] 012 . ppis=7Tev ]
n ? -  — p-PszTlN=502 TeV i
0.6 — 0.1 Pb-Pb |'s,, = 2.76 TeV —
B i B 1 global fit error -
- - ' . 0.08 - total error —
0'4_| 1 IR | 1 1 1 R | ._ N AT AT RN NS RN, Lov s loaan Lol l

10 102 0.2 0.25 0.3 0.35 04 045 0.5 055 0.6 065 0.7
dN_/dn ®,)

d Resembles Pb-Pb: <p.>increases with centrality and mass
v' Blast wave fits <B> ~ 0.5c central p-Pb
v Similar values observed in pp

16
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<p-+>In pp, pPb and PbPb  HousTON

——————— [ Three different s for

§ 0.9F S ,IAL;CE, charged particles ]
> 0855_ ,!l 71<0.3, 0.15< p. <10.0 GeV/c : pp, p-Pb and Pb-Pb
G " - — but Vs dependence
E.- 0.8f expected to be weak
075 1 Much stronger
- increase of <p> in p-
O Pb than in Pb-Pb
0.65¢ NN
R i [ p-PDb follows pp up to
06/ | ; N~14-15
05 o *ppis=7TeV 1 O N_,>14 corresponds to
ok -Pb\s,,,=5.02TeV :
0.5 = P70 | S ] — ~10% of pp x-section:
S .AF.)b.-P.b\.S".‘N.= ?'7.6.Te.V|5 « pp already highly
0-45 20 40 60 80 100 biased
Ny, — 50% of p-Pb x-section

« only centrality bias

ALICE



Baryon/meson ratio in pPb and PbPb
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s

- ALICE

0.8

(p+P)(m+7)

p-Pb, | 8 = 5.02 TeV Pb-Pb, s =276 TeV ] [ ALICE, arXiv:1307.6796
_Ro, inlici —~ T — T — T — T
—4- 0-5% VOA multlpll.cn.y. - 0-5% o T pI—Pb\sNN= o TeIV T ]
+ 60-80% VOA multlpI|C|ty + 60-80% ++ | Pb-Pb\s,, =276 TeV 280 <p, <3.00 GeVie (20 |
0<y <05 for p_ < 3.0 GeV/c 1V ¢mel <0-5 for p_ < 3.0 GeV/c 178 | y=Ax . --0——0__@-09
ly  ]<0.3for p_> 3.0 GeV/c ly. |<0.8forp.>30GeV/ic | = 1F §g 0 ’ =
cms T cms T o Eﬂ*f‘*& ]
;_ C y = 150 <p, <1.60 GeV/c (1x)
~ r ._@...___.._-...;...0----0---@---0--@--0-@-@

Q..
% 0-0o

0.75 < p < 0.80 GeV/c (1x) 7

10*
dN,/dn

10°

1 Similar evolution of baryon/meson ratios vs. p; with multiplicity

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
In a given p+ bin, the ratio as a function of dN_ /dh follows a power-law
behavior with same exponent in pPb and PbF§B

18
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Nuclear modification factor HOUSTON

1 dN,,/dp;
coll> dN / dp T

RAA(pT) = <
ALICE, PRL 110 (2013) 082302
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'.9:.'/ M e === « HT (Chen et al,) lower density . _i s ]
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10—1 - \ R Lol m— HT (AM,) — _]
- L - ASW (T.R.) 7 }
L * m YaJEM-D (T.R.) _ -
- === elastic (T.R.) large P _ ]
L ® ALICE (0-5%) === elastic (T.R,) small P i . W ‘)
i I —— WHDG (W.H,) n° upper limit | = —
| | m CMS (0'? LA WHDG (W.H.) n° lower limit | "Spygw mw m ®E - .
I B | I N | I N N SN N SN SN N SN N I T | ]
O 1 o 20 30 40 50 111 I - I 111 I 11| I L1 1 | 111 | 111 | L1 1

6 8 10 12 14 16 18 20

- p, (GeV/c)
ALICE, PLB 720 (2013) 52 pT (GeV/c)

CMS, EPJ C 72 (2012) 1945

1 Charged particle spectra strongly modified in PbPb compared to pp
J p-Pb results confirm that jet quenching is a final state effect

ALICE 19
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|dentified particle Ry, HOUSTON

‘ Centrality: 0-5% ‘ Centrality: 40-60%

Pb-Pb | Sy, = 2.76 TeV 0-5% 15[ Pb-Pb |y, = 2.76 TeV 40-60%

o T+ o T+
B K'+K % i B K'4K
A p+p I A_p+p
[ sys. uncert. ALICE L [ sys. uncert. ALICE

PRELIMINARY PRELIMINARY

RAA

1.5

RAA

A; _—i
r i i — 3 & | i
0.5 eEipy e s N I L
."' —-——.—T.—‘E—
°i| = |
lI|III|III O—IllIIIIIIIIIIIIIIIIIIIIIIII|IIIIIII|III
16 18 20 0 2 4 6 8 10 12 14 16 18 20
P; (GeV/c) P, (GeV/c)

d For p>8 GeV/c &, k and p are equally suppressed within uncertainties

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

— Hadro-chemistry not modified (excludes certain theoretical hadronization models
based on enhanced gluon splitting, early formation time, and Schwinger di-quark

mechanism
ALICE see R. Bustamante’s talk, today at 15:00 20
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Jet suppression and structure in PbPb HOUSTON

3 1'5_ Pb-Pb {5, = 2.76 TeV ~ 2
o I 0-10% Centrality ™ 18 Pb-Pb | 5y=2.76 TeV ® PbPb0-10%
Charged+Neutral Jets ? 1 6:_ \ Pth? 50-80%
I Anti-k; R = 0.2 n|<0.5 C F ALICE o0 ¢ Pythia
1F Leading charged track p, > 5 GeV/c ‘6’ 1-4:_ PRELIMINARY
P, >0.15GeVic 120 - ,
Biased pp reference N 1:_ l ; + +
O E —— ) ——( r—
ALICE 1 08 === ——t
PRELIMINARY - —
C s —+- !
b 0. 4:_ Charged Jets
] |:] correlated uncertainty Anti-kT
0.2 - shape uncertainty pi“k >0.15GeV/c
C | | | 1 Il | | | | l 1 Il | l 1 1 | | 1
%IIII|IIII|III1|IIII|IIII|IIII|IIII|IIII|IIII 00 20 40 60 ﬁqt 100
0 40 50 60 70 80 90 100 110 120 Y GeV/e
psem (GeV/c) o, (GeVic)

(1 Strong suppression of jet yield in most central Pb-Pb collisions

J Ratio 6(R=0.2)/0(R=0.3) of et cross sections in Pb-Pb compatible with
fragmentation in vacuum PYTHIA)

— Sensitive to the profile of the jet energy density

ALICE — No evidence of jet shape modification in jet core 21
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Jet suppression and structure in pPb HOUSTON

® 2 —— 7 . ___ .
f:f 2 i —e— ALICE charged jets p-Pb 5.02 TeV 1 2 — ALICE charged jets p-Pb 5.02 TeV
P anti-k; jets R=0.4, |1|<0.5 ] o [ anti-k; jets, [7]<0.5
Reference: Scaled pp jets 7 TeV 1 % 1 —e— ALICE charged jets pp 7 TeV -
151 mesm Systematic uncertainty 7 =~ anti-ky jets, [7<0.3
<
o
1l -
1 < 1
N P
- (= 0.5 ===
L Uncertainty reference + ,_g
| Glauber
D
: - I Systematic uncertainty
i PQLI;EIERERY
I TP R S 02 1
020 40 60 80 100 0 40

pﬁt‘iet (GeV/c)

1 No modification of jet cross section in pPb relative to pp
1 Ratio o(R=0.2)/6(R=0.4)
— compatible in pPb and pp (and PYTHIA)
« NOTE: comparison between different Vs

— No indication of jet structure modification due to CNM effects

ALICE 22



D-meson Raa in POPb and pPb:  vwiversity o

a final state effect

D 2""l""l""l""l"""" rrrTTTTTTT
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o) 1 6 |Y|<05 PRELIMINARY ]
S Pb-Pb,\ sy=2.76 TeV 3
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0.8 — Open markers: pp p_-extrapolated reference_—
0.6 . =
0 4 "l‘,o'\l\'ul‘;“‘f' n . ’—:
0.2 H—§~ eane
— AT a1 eee—— ) S— \ —]
0051615 20 25 30 35 40
P, (GeV/e)
. . ———— NLO(MNR) with EPS09 shad.
] Slgnlflcant ——— Rad-+dissoc (0-20%)
=Y o H WHDG rad+coll
mOdIfI Catlon === 1 POWLANG (Beraudo et al.)
of prompt D BAMPS .
R ST BDMPS-ASW rad §=25
meson yield |---- rapeta
Djordjevic

ALICE

O 2 4: T T T T l T T T T I T T T T I T T T T | T T T T :
‘G 2.2F ¢Average D°, D', D* —
e - —pQCD NLO (MNR) + EPS09 shad. n
o 2. -CGC (Fujii-Watanabe) HLICE 3
o - PRELIMINARY .
0-2_1 .8:— p-Pb, \ s =5.02 TeV
T 46 -0.96<y_ <0.04 =
1.4 —
1.2 —
L e —— e
0.8 T] =
0.6 I.J =
0.4 -
0.2F =
0: 1 | | 1 I | | | | l 1 | 1 1 | | | 1 | | | 1 1 1 :

0 5 10 15 20 25

P (GeV/c)

d R,p, compatible with unity

1 Data described both by EPS09
parameterization of nuclear
PDFs and by CGC approach

EPS09: Eskola et al., JHEP 0904 (2009) 065
CGC: Fujii, Watanabe, arXiv: 1308.1258 23
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Open charm R,, and v, in PbPb HousTON

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

- [ ALICE, JHEP 1209 (2012) 112 Q) ALICE, PRL 111 (2013) 102301
< - 'I'; T ﬂ V T T | T I T | T T I T LI | LI T | T LI I T T T | T (aV] [ 1T T | LI | T T | T T I T T | LI | T T I T T I T |
<C Lns ™ | >
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1 Expectation from radiative energy loss: AE; > AE,, ;s > AE; > AE,
1 Could be reflected in an hierarchy of Rya: Rya(B) > Raa(D) > Rpa()
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Jhp less suppressed at low p; than at
high py

Different dependencies of Jip Ry, at
RHIC and LHC

As expected in a scenario with
recombination

Regeneration contribution important
at low p;
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PbPb collisions

v

AN N NN

Bulk production shows the expected strongly collective medium similar to
RHIC

Intriguing hints of a flavor hierarchy in the QCD transition
Jet quenching has little effect on hadro-chemistry and jet structure
Heavy and light quark energy loss very similar, hints of a b/c difference

Jhp pr and centrality dependencies can be explained with dissociation/
recombination model.

pPb collisions

v

v

v

Significant double ridge structure in angular hadron correlations, which can
be explained with hydrodynamics (v,) or CGC approach

More hints of collective behavior in pPb from spectra (radial expansion,
<pT>) and mass dependence of v, term

Jets in pPb are not quenched and similar in pp jets in their structure

Characterising the deconfined phase and the crossover

v

The system shows less flavor dependence in the deconfined phase than
the crossover region
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