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Phase diagram

* Latice QCD: QCD matter undergoes a transition
from a hadronic gas to a quark-gluon plasma at
a temperature T. ~170 MeV

* At small net baryon density, the transition is a

Future LHC Experiments
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HIC: physics motivation

Pre-Equilibrium
Phase (< 1)

Goal: study nuclear matter at extreme conditions of
temperature and density

Heavy ion collisions studied since AGS, SPS & RHIC

Produced QCD matter initially thought as weakly
interacting gas of quarks and gluons but

found as strongly interacting matter:

short mean free path

high collectivity and flows

large parton energy-loss

almost perfect liquid (n/s ~ 1/4n)
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Global properties
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Hadrochemistry / thermal models

g
Hadron yields and ratios up to £,
RHIC energies well-fitted by
statistical model in terms of T,pg

Extracted (T,ug) In good
agreement with transition curve in
lattice QCD phase diagram W

Confirmed/refined by RHIC data on
beam energy scan.

At LHC, some tension with
statistical description

- Hadronic re-interactions?
- Importance of charm contribution
to strangeness production?
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Model re-fit with all data
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W \5,,=2.76 TeV (ALICE, 0-20%, preliminary)
O \s=0-2TeV (STAR)
] \$w=0-2 TeV (BRAHMS)
A \Sw=0-2 TeV (PHENIX)
— Model, T=164 MeV
Model, T=152 MeV
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RHIC energy scan and statistical model
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* Observation of a centrality dependence of the freeze-out
temperature vs. baryon chemical potential (beam energy)

* Radial flow increase from most peripheral collisions at VsNN = 7.7
GeV to most central Au-Au events at VsNN = 200 GeV
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Strong suppression for hadrons

* Stronger suppression at LHC
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RHIC energy scan
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3 regions in p;

* 0-5%  Pb-Pb\[Sy,=2.76 TeV
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ALICE, Phys. Lett. B696, 30 (2011)

Low: p; < 3-4 GeV/c
e Bulk properties and collective radial flow

Intermediate: 3 < p; <7 GeV/c

e Test of valence quark scaling

 Anomalous baryon enhancement and
coalescence

High: p; > 7 GeV/c
* Jet fragmentation, modification of fragmentation
functions in medium
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Baryon-to-meson ratio: p/m
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* p/mratio at p; = 3 GeV/c in 0-5% central Pb-Pb collisions factor ~3 higher than in pp
* the maximum of the ratio is shifted to higher p; with respect to RHIC measurements
* at p;above ~ 10 GeV/c back to the “normal” pp value

* recombination — radial flow?
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Identified particles R,,
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* Strong suppression confirming previous measurements for non-identified particles
* For p; below ~ 7 GeV/c:
—  RpA(TT) < Rya(BF)
= Ran(K) = Raa(h¥)
— Raalp) > Ran(h*)
* At higher p;: Ry, are compatible - medium does not significantly affect the fragmentation.
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Anisotropic

flow

Spatial asymmetry transforms
into momentum space:

0.2

dN
d((pi_lpn)

~ l + 2 ZVHCOS[H(EPI'_WH):I

n=1

Phys. Rev. Lett. 107, 032301 (2011)
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Hydrodynamics and

0.14

« 3+1 dim hydro dynamics reproduces V,, Vs,
V,, Vs In p; and centrality for matter with

same dissipative property
* Most conservative bound:
0.07 <n/s <0.43

* Models increasingly sensitive to initial
conditions and their (quantum) fluctuations
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ldentified particle v,

~ 0.25 o~
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* Mass ordering observed at low p; for =, p, K*, K%, A, ¢ and (not shown) Z, Q

* ¢@-meson follows mass dependence at p; < 3 GeV/c and “meson band” at higher p;
* Overall qualitative agreement with viscous hydro calculations at low p;

* Hadronic rescattering phase improves agreement
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NCQ scaling: RHIC
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NCQ scaling breaking: LHC
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Event Shape Engineering

New tool towards better understanding of elliptic flow
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* At fixed centrality large flow fluctuations

* v, splits by factor of two for semi-central events (30-50%)
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More flow...

CMS Preliminary
PbPb \[s,,, = 2.76 TeV

,_.ﬁo‘03_ == 0-0.2% centrality
o i
% i - VISH2+1 Hydro
| | — Glauber, 1/s=0.08
ﬂ:O'OZ_ . MC-KLN, 1/$=0.2
t B |
m L ||
,D_ .
N 0.01+ e
e L i
= | |
> i —
r »
i - —_—
co0O———m——7—"—"———- -
- | \ \ | \ ' \ | ' '
4 'p,>0.5 GeV ATLAS 'Preliminary ]
_. Pb-Pby5,,=2.76 TeV
Yy g0® 4
10§ ..;éggﬁﬂiigaﬂ L= 8ub” E
E L] .. Ba- .
Cn ]
L ] Onl
e Op=® )
1 7':'-! ] og® =
~ ¢ L ] » O|:|. E
Z \ on .
o ' ° L 1
* \ %o ]
1 L] _
10 I ]
1 o'
102 R .
-8 60-65% | of ]
0 0.2

EVSCIIY NLydnHicui

T ] T T T T T T T T T T T T

J i CMS Preliminary ]

b 0.03C . PbPb \[Sy = 2.76 TeV ]|

J . L 0-0.2% centrali J .

188 T : Yo Talk of Y.Pandit: 1/

1l et A L — —— Glauber, iys=0 i

1et & r __  —— Glauber,/s=0.08

— _3_002_— » - Glauber,/s=0.20
i -f,:U i - i n=5
i o L _ ]
1 001 . .

_ c B —_— N

] > - — .

1" L0.3<p. <3 GeV/ T ] P B

U evic » 1
] 000 =B 2 — ] ;

: _____ C_ 1 | | | | 1 | | | | | T ﬁ_‘__f_i _______
F e, P >0.5 GeV ATLAS Prelithinary 1 L p,>0.5 GeV ATLAS Preliminary 3
| Pb-Pbys,,=2.76 TeV | -

Lin= 8 ub™” i L=8ub" 1
10 E .
1 1off E
o 1 40 .
. 1 1 =
~-0-1% ] F—-0-1% ]
[ 4-5-10% O\ [~ 5-10% .
—-20-25% \\ b e 20-25% ]
10"~ 30-35% = -—e-30-35%
F-=-40-45% ; | =40-45%
[&-5560% | | 10 |
L L L 1 L L L 1 L L 1 L
0 0.05 0.1 0 0.02 0.04 0.06

V3

Mriovinag CIWINMAUDCHAvIvE INAMCJIDIA VIVIMIVUD




Hard probes



Three types of hard probes

Electroweak probes

W/Z bosons, high p; Yy

QGP

Probe the initial state

Quarks and gluons

Jets

QGP Jet

Probe the opacity of QGP

Quarkonium

J/Ip, Y family

QGP

Sensitive to
the temperature of QGP
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Electroweak probes
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Suppression of charged particles

CMS (* preliminary)

PbPby/S,, = 2.76 TeV
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Like for charged particles, high-p;
jet Ry, flatat= 0.5
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Jet quenching

STAR
FERMILAB-Pub—82/59-THY b
Auguat, 1982 D 5 R
3 400~ STAR
Energy Losa of Enargetic Partons in Querk-Gluon Plaama: o) i
Poasible Extinction of High py Jets in Hadron-Hadron Collisions. = pEenuninary -
Q K e
3
o
4. D. BJORKEN g
Ferml Natlonal Aocelerator Laboratary &
F.0. Box 500, Batavia, Illinols BO510

this effect,. An lntereating signature may be evanta in #hiszh  the hard

oallislen oaours near the edge of Ehe averlap region, with ane Jet

espaping witnout absoeption and the other fully absorbed.

. CMS

CMS/ | CMS Experiment at LHC, CERN
Data recorded: Sun Nov 14 19:31:39 2010 CEST
Run/Event: 151076 / 1328520

i il | Lumi section: 249

[Jet 1, pt: 70.0 GeV

-~ 0-10% centr
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Dijet asymmetry
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* Parton energy loss is observed as a pronounced energy imbalance in central PbPb collisions

* No apparent modification in the dijet Ad distribution
(Dijet pairs are still back-to-back in azimuthal angle)

 However information on initial jet momentum is missing + surface bias
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en channe

|II

('_f'My
X

= Bun/Event 185

CMS Experiment at LHC, CERN |
Data recorded: Mon_Dec.-5-23:36:38

51343056273

-

Photon
(191GeV)

14

Jet

(98 GeV)

Photon tag:

_2 S S  Identifies jet as u,d quark jet
RIS » Provides initial quark direction
* Provides initial quark p-
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y+jet: u,d quark energy loss

pt > 60GeV/c

R
_ Y. — /
Pt > 30GeV/e Jr = PP

nucl-ex/1205.0206

11 - | T T T T T T T T | T T T T | T T T T . 1 [ | T T T T T T T T | T T T T | T T T T ]
105/ (a) ;o \Fa278TeV S - (b) , CMS 1
" A0 > L - 0.9 L .
1;A0Jv>8n JLdt 50ub” E :A 78" ]
=3 =150u E - -
ot : 0.8 ]
5—30_85 ;—E O O c O E 07 | o . N -
o8- |t E i z
0.75F + ' E 0.6 -
0.7E = - + .
- y . 051 + + .
0.65F = B )
06 - | 1 | | | | 1 | | 1 | | | | 1 | | 1 | | : : | | | | 1 | | 1 | | | 1 1 | | | | 1 | 1 :
0 100 200 300 400 0 100 200 300 400
Npart Npart
Jet-photon p; balance 20% of photons lose
drops by 14% jet partner
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D meson R,,

R4 prompt D
> ® N

o o o = =
AT N = N - - B S - R

::CJ

Color factor > AE, > AE,
Dead cone effect > AE, >AE,

JHEP 1209 (2012) 112

AE, > AE > AE,

Meson R,,: <D <B

JetR,,,g<uds<c<b

@

pT (GeV/c)

:I | | LI | UL | UL I LI | LI I UL I LU I:
— AD" S 7
- A i
C ED" Iyi<05 ALICE -
T ep™ FHELLM L 4H EY —]
- 0-7.5% centrality ]
- Pb-Pb, Sy =276 TeV
:_ Filled markers : pp rescalad reference _:
B Open markera: pp p_r—anpnInth reference |
L a—— ]
:I 1 1 1 I 1 1 1 I I 1 1 1 I I 1 111 I 11 | I I 111 I I 111 1 I 111 I_
5 35 40

DY D* and D** R,, compatible
within uncertainties.

Suppression up to a factor 5
at p;~ 10 GeV/c.
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D meson R,,.comparison to charged pions

< 2IllI|IIII|III\|IIII|IIII‘\IIIIIII|||\I
<C
T 48 Pb-Pb,\ s =2.76 TeV
ALICE
1 .6 PRELIMINARY
(4 e Average D°,D*,D, |y|<0.5, 0-7.5% Average D-meson Ry,:
) o with pp p_-extrapolated reference M <8 GEV/C hint of sllghtly less
1.2 > Charged hadrons, n|<0.8, 0-10% suppression than for light hadrons
= Charged pions, n|<0.8, 0-10% o
* —p;>8GeV/cboth (all) very similar:

no indication of colour charge
dependence

_ 1I;II|I\I|III[|II|III
II|IIJ|III|lII|JIIiIII|IJI|III\III'III

0 5 10152025303540
P, (GeV/c)
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D meson v,

—_ T 17T | T T | LI LI LI N LI | LI | LI I L |_
0 2T T T T T T T T T T T 004_
G 1 gl Average D"D"D" Pb-Pb\ 5,=2.76 TeV E BT Pb-Pb  {s=2.76 TeV
E r |y|<05 0-7.5% Centrality ALICE E L PRELIMINARY Centra“ty 30-50% ]
9 = PRELIMINARY e 0.3__ __
o 1 .6__ ] & L ]
< L Filled markers: pp rescaled reference - N - -
CC< 1 '4-_ Open markers: pp p_rfep)srapolated reference _: > 02—_ =
. :\ E 01__ ; F:v,‘;,’t_ ‘;““_'::_‘;‘-‘,“ +
1} """"""""""""""" WHDG rad+coll E :,-f*,{ - T .
0 8;\, — . POWLANG (Beraudo et al.) 1 0= .
B BAMPS . - e D° EP2A¢bins A d 7
C --=--R t al. ] ARILEE Aichelin et al, Coll+LPM rad ]
0'62' .'.g _?pp o ] _0'1:— + Beraudo et al, Langevin HTL .
0.4F LA m i C WHDG rad+coll —H .
" F o . -0.2[=- - - Rappetal. Empty box: syst. from data |
0.2 H:E:—E_—_—H_ ||| H - [ I BAMP|S I I ‘ Filled Ibo)!(/: :-*,yst.I rsr’om B feed-dOWFZ
%JIIL5JIll1jdIll15llll21()lllI215ILII31011I13|511II4-0 0 2 4 6 8 10 12 14 1(6a V/18
eV/c
p. (GeVic) Py (GeVic)
Non-zero D-meson elliptic flow observed:
e consistent among D-meson species (D°, D*, D™)
* comparable to v, of light hadrons
Simultaneous description of R,, and v, — challenge for transport models
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Quarkonia



Screening and initial temperature

vacuum Temperature T<Td Temperature T>Td

Jhy o © © ® Matsui & Satz,
PLB168 (1986) 415

Tl

T
T J Y’ v’ 450 MeV |-
b b c ; b : c C
240 MeV
200 MeV

» Different states have different binding energies
Loosely bound states melt first!

* Successive suppression of individual states provides
a “thermometer” of the QGP

1/{r)
Y(1S)
Xb

Jp, Y(2S)

Xer X W'
Y(3S)
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Suppression or enhancement?

* LHC energies : Enhancement via

(re)generation of quarkonia, due to the
large heavy-quark multiplicity (A.
Andronic et al., PLB 571, 36 (2003))

a
Sart of collision
Low
(RHIC) iy
energy %% Sy
o
4 P
. > )
High A i
(LHO) P
<o
energy / O)L
]

Development of

guark—gluon plasma

Ceo

CO\

Hadronization

@@
O°° g

In most SPS RHIC | LHC
central A-A 20 200 2.76
collisions GeV Gevy TeV
N_, . levent ~0.2 ~10 ~60

J/ W Production Probability

f—

statistical regenerat 10m

sm'luential suppressik

Energy Density
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SPS summary plot

=
L2

NA5O (Pb-Pb) and NA60O (In-In) results:

==
N

]
-
|

Measured / Expected J/y yield
o o
.0

o
I

o
T

0.5+

In-In 158 GeV (NA60)
~ Pb-Pb 158 GeV (NA50)

T n

H}

After correction for EKS98 shadowing

0

L WL N L L AL AL N N AL LA RN B
50 100 150 200 250 300 350 400 450
anrt

B. Alessandro et al. (NA50), EPJC39 (2005) 335
R. Arnaldi et al. (NA60), Nucl. Phys. A (2009) 345

=) Anomalous suppression for
central Pb-Pb collisions

=) Agreement between Pb-Pb and
In-In in the common N, region

Pb-Pb data not precise
enough to clarify the details
of the pattern!

Anomalous suppression up to ~30%, compatible with y(2S) and . melting, i.e.
with a sequential suppression scenario!
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RHIC results

Comparison of R, results obtained 14

at different rapidities

m 2004 Au+Au,  Jy[=0.35, globalsys. =+ 12%

e 2007 Au+Au, 12=|y|=2.2, globalsys. =+ 92%

Mid-rapidity

Forward-rapidity \ if |

Stronger suppression at forward
rapidities

1 Not expected if suppression

increases with energy density
(which should be larger at
central rapidity)

. Torwarnd mid
Ratio R,/ R},

oo Qo - o=
=T B == S [ R =
TT

O Are we seeing a hint of 3 : g B ® %] $
] 500 5m0

:"!!,!!!!,!!!!,!!!!,..!!,!!!!,!!!!,.!!
ﬂ global sys. =% 10.7%

oF
Bl b bioden bl

(re)generation, since there are 05000 e e

300 350
N
more pairs at y=07?

O Or may other effects (e.g. cold
nuclear matter effects) explain
this feature ?

part
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RHIC vs SPS

~1.4 _
= I EKS98 CNM baseline
< [ e PHENIX AusAu y=0
SIPPIE _ ® NA60 In+In
> NA50 Pb+Pb
c I
e—
< 1 —
r B 1
0.8 o
0.6
| Narrow boxes: correlated sys
0.4~ Wide boxes: CNM baseline sys
|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

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

N.Brambilla et al., EPJ C71(2011) 1534

|I)

Nice “universal” behavior
Maximum suppression ~40-50%,
still compatible with only y(2S)
and x. melting
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J/y suppression at LHC: Ry, vs (N,,¢)

1.4 1.4
é " ALICE Preliminary, Pb-Pb {s . =2.76 TeV,L =70 ub’' ! B ALICE Preliminary, Pb-Pb {5 =276 TeV, L~ 15ub"
D: HT m Inclusive J/ y, 2.5<y<4, O0<p T<8 GeV/c  global sys.= +14% EE( i @ [nclusive Jiy, |y|<0.9, pT>O GeVic global sys.=+ 26%
1.2 CALICE PHENIX (PRC 84(2011) 054912), Au-Au {5,y = 0.2 TeV 1.2 | ALICE PHENIX (PRC 84(2011) 054912), Au-Au{s,,, = 0.2 TeV

I DH O Inclusive J/y, 1.2<y|<2.2, p >0 GeVic global sys.= +9.2% C O Inclusive Jiy, |y|<0.35, p >0 GeV/c  global sys.=+ 12%
1 1
0.8} 0.8 H
06] @ 0.6 @ @ @ H
i H = i
i i L - @
041 0.4
: Uy g ; B ;
0.2F CR A 021
0:\\\I|IIII‘\III|\\\\‘\I\\‘\\\Illll\lllll 0:\III|\III|\I\\l\l\\lll\\llll\|\II\|\II\
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
<Npar1> part
d Comparison with PHENIX: stronger centrality dependence at lower energy
 Systematically larger R,, values for central events in ALICE
[ Behaviour qualitatively expected in a (re)generation scenario
— Look at theoretical models
BISTRT CTONTRAOBEHII THRS/TBIX MOHOB
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Raa Vs (N

) in p; bins

<1.4 <1.4
o L % Inclusive J/y, 2.5<y<4 o [ % Inclusive J/y, 2.5<y<4
i Pb-Pb | 5,,=2.76 TeV, L= 70 ub™" x. zhao et al, NPA 859(2011) 114 Pb-Pb | 5,,=2.76 TeV, L= 70 pub™" x. zhao et al, NPA 859(2011) 114
1 2 :pﬂ&}EnE” global sys.= #6% === primordial 1 2 :pﬂ&}ﬁsﬂ global sys.= +6% - -~ primordial
— regeneration - — regenearation
- i Iotgal - v Iotgal
1 -\\ """""""""""""""""""""""""""""""""""" L
//// 0<p_<2 GeV/ -
i // / o 0<p <2 GeV/c Y ¢ 5<p_<8 GeV/c
0.8 08f %
L N ‘()_
06 ////////// 06k 1 Q:bfe;
.: __‘___i_%/ﬁ//__T______-.
0.4 0.4 4@.@%_// 7
S 4 iy s
i P e A - o o e e e e e . JZ/E{;:%{/ /,mtﬁ’/j”y,; )'-'m.‘/.rx
0.2f Y A EEN—— 0.2
L ___T . .
i - recombination
O_ i ] AN recomblngtlon O-I. ' | I S AT R R— L —E—M

0 50 100 150 200 250 300 35(2

Smaller RAA for high p; J/w

YV V VYV

A\

Need pA for cold nuclear matter effects

50 100 150 200 250 300 35(2 400
paﬂ

Compare Ry, Vs (N, ) for low-p; (0<p;<2 GeV/c) and high-p; (5<p;<8 GeV/c) J/y
Different suppression pattern for low- and high-p; J/v

In the models, ~50% of low-p; J/\y are produced via (re)combination, while at high
p; the contribution is negligible = fair agreement from N

oart - 100 onwards
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Iy v,

The contribution of J/y from recombination should
lead to a significant elliptic flow signal at LHC energy

~ 0.3 SOl S 2.76 TeV
= r Pb-Pb | s, = 2.76 TeV, Centrality 20% - 60% F Pb-Pb {5y =276Te
I - Jy:25<y<40, 1.5 < p_<10.0 GeVic

Jiy:25<y<4.0, p 20GeVic 0.2
i ALICE

. ALICE iminar. . . i s
0.2h it m ALICE preliminary: 6-A¢ method with VZERO-AEP : PRELIMINARY

[ 0.4 ® inv. mass fit technique
—_ 1 ! ! ! | | | 1 |
L [
I > 350
| = Transport model: R. Rapp et al. (priv. comm.) 8 —_— -+
— B —_—
'U."'F— Transport model: P. Zhuang et al., b thermalizedi{priv. comm.) ‘S 3:_ ——
------ Transport model: P. Zhuang et al., b not thermalized (priv. comm.) 5 r
JLIII]I.IIlILJII]I.IIIIIJLIII]IIIIII.j IIIIIIIIIIII - -
=25 \ , . . . . . . .
o 1+ 2 3 4 5 6 7 8 9 10 o G533 40 50 6 70 80 90
P, (GeV/c) centrality (%)

* STAR: v, compatible with zero everywhere
* ALICE: hint for non-zero v,
* Significanceupto3.5c

* Qualitative agreement with transport models including regeneration
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Sequential suppression

2011 data
é 1_4_ T T T | T T T | T T T | T T T | T T T | T T T ]
arXiv:1208.2826 o " CMS Preliminary 0-100% 7
c:;hBOO:—t L Y N 1—: 12_— Pbpb\/% - 2?6 Tev —_
= T Preliminary ” CMS PbPb s, =2.76 TeV ] i ]
8% . gata Cent. 0-100%, |y| <2.4 - 1 _
S 600:—_ PbPb fit L =150 le—1 _: K Inclusive w(2S) (6.5 < P, < 30 GeV/c, |y| < 1.6) ]
E o pp shape p# > 4 GeV/c ] 0.8 C ¥ Y(3S)(lyl <2.4), 95% upper limit ]
8 500k : E -+ T(2S) (ly] <2.4) .
L%J - E . . m prompt J/iy (6.5 < p, < 30 GeVic, |y| < 2.4) i
4001 s 087 y(15) (yl <2.4) E
—; I
2000 - E I i ]
. " 0.2 —W(2S) Y(2S5) 7
100 T [ $ Y(38) + .
: : O_ 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 ]
oo v bvvnn v b e P L 1007 0 0.2 0.4 0.6 0.8 1 1.2
% 9 10 1 12 13 14 T
M. (GeVic?) Binding energy [GeV]
Observation of sequential Expected in terms
suppression of Y family of binding energy

CMS-PAS HIN-12-014, HIN-12-007

Evgeny Kryshen ®Pur3nKa CTONKHOBEHWUI TAMKENbIX MIOHOB 39



pA highlights



L | | ‘
5| p-Pb, \s,, =
201"

O
E .............
'g P e
15
5
<
©

¥

-

_________
-

-

L
5.02 TeV

Jok HIJING:
« ALICENSD ----2.1 no shad. [6]

2.15,=0.28 [6]

-7 - ey

Iy e

5§a_t'|pl\aﬂ_%d£'f5:] BB2.0 no shad. [4] |
______ KLN [3] BB2.0 with shad. [4]
------ rcBK [7] DPMJET [32] :
| | | | ‘ | 1 1 | 1
02 0 2
nlab

dN_./dn in p-Pb collisions

pp (pP) NSD  Central AA o D15
A ALICE ALICE NN h
o CMS ATLAS ]
* CDF CMS . .
o UA5 NA50 s ]
* UA1 BRAHMS i
x STAR PHENIX .
pp (pP) INEL STAR o1 65
A ISR PHOBOS <SS, |

e UA5 T s //+ :

v PHOBOS ; I %/ﬁ *"'6‘.‘10 ]

n ALICETY : %})Mg{' o< S, ]

P 1 — At -
3 Aﬂf/ e pPb ALICE 5
“mh ¥ dAu PHOBOS |
m pAu NA35 —

1 Lo | Ll | L

T III\IHl I IIIIIIIl T T T TTTT

arXiv:1210.3615 [nucl-ex]

102 10°
(S (GeV)

* pA crucial to discriminate between initial (cold nuclear matter) effects and QGP dynamics

* p-Pbat LHC - probe nuclear wave-function at low x = nuclear gluon shadowing

* CGC: steeper n,,, dependence than the data

* HIUIING (with shadowing) and DPMIJET: describe the n-shape rather well
* mid-rapidity (Npart) normalized (dN,/dn) p-Pb similar trend to pp
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Charged particle R,

_|||||||||||||||||||||||||||||||||||||||_ ': — =
18  ALICE, charged particles i 181 p-Pb sy = 5.02TeV E
L o P-Pb {5 =502TeV, NSD, |n_|<0.3 ] 16 @ ALICE, NSD, charged particles, | < 0.3 -
_ NN ’ ! " ems ’ m Lo .
1.6 Po-pb {5, =276 TeV, 0-5% central, | 1] <0.8 E l4E N
- 4 Pb-Pb 5, =276 TeV, 70-80% central, | | < 0.8 - 128 g E@& E
o T : b R TR
P E E - 57 4 . | 3
o - | : E Saturation (CGC), reBK-MC :
nd BHHEH E E H E ] 0.60 Saturation (CGC), reBK E
- J iy "E """""" E ““““““““ ] 04E Wl Saturation (CGC), IP-Sat B
0 1 C . 7
o 08 B _ 1.8 £~ [ Shadowing, EPS09s (%) =
o H| ] 16E LO pQCD + cold nuclear matter 3
0.6 HHHHHH H H @ @ E m H B_; "-42_ _i
. L 12 ' =
0.4 E 5 12 i =
. o

_ ERE N ¥ TR
0.28 " eesg o wm o mEEE . — 08 4F % -
:|||||||||||||||||||||||||||||||||||||||: 06; _;
0O 2 4 6 8 10 12 14 16 18 20 045 ., e e e -

N 5028
P (GEV,/C) I'ag_ HUING21 DqHC,sg=U.28 E
T 1 '6:_ ey ---- DHC, no shad. 3
14 ; TR ~ — DHC, no shad., indep. frag. —;
* consistent with unity for p; > 2 GeV/c 12F f 3y % 1
. . . 1 _i' _."'I i . v —— E
* the strong suppression observed in Pb-Pb is ost W S * ______________ E
NOT an initial-state but o E
D4:._| ol e b b b by e by by Ly
hot QCD matter effect 0 2 4 6 8 10 12 14 16 18 20

P, (GeVlc)

arxiv:1210.4520 [nucl-ex]
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Conclusions

 Early to make conclusions...

Wealth of physics results from RHIC and first two LHC heavy-ion runs:
* bulk, soft probes: spectra and flow of identified particles, thermal photons
* high-p; probes: jet fragmentation, particle-type dependent correlations
* heavy-flavour physics: suppression and flow of D mesons, quarkonia

* Entering the precision measurement era:
* First studies of cold nuclear matter effects with p—Pb collisions, more next year
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A (valid) analogy

Penzias/Wilson COBE WMAP Planck
1965 2003 2007 2012

DISCOVERY....

... PRECISION
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0.1 % 0.1- B sy {1 0zbaKiN+dms=2 E ‘.. nl<25 ATLAS v, ——
i ++ | Ks (STAR) E9E (STAR) .15 * Glauber + dxrys =1 (1) e N
‘ o ,""'.’ t"-..p 1 0-5%

st | d | ald ]« e v

1 | ® f . % TAal B ; eg 1=
0. +++ - .. . e . . N 3 5
008 - % .:; ] . 2R (€)v,p, =07510GeVIE £ (v, p =17520GeVic - o
0.08 - » 0.05 ty ~ 0.08} - UrOMD ¢ 4=ns = 0 E3 ..‘ 2.0, 3
0.04 o) b o 0. S0ber voufs o 1R k2 .v ""‘!I:::::;C 3
w2 B : o

0 v e | I 1 n 1 1 1 i 1 I i §; y L ¢ | ...

¢onr s e p“(G:VI::) Lo ) 0 002 004 006 008 0.1

t T ST TN PUUTY PRDPTN T I . TN RS PR ek
s B ¢ sum R W B R R T v2

pyin, (GeVic) KE;/n, (GeV)

2001 2004

2012



Backup
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ALICE physics perspectives

Status as of

Reachable for

today approved

Bulk production light flavours, v,, HBT guantitative precision

Intermediate p; v,, correlations, baryon-meson guantitative precision

High-p, — jets Raa, COrrelations, jet fragm. guantitative precision
heavy-flavour in jets hint

PID fragmentation

hint

guantitative

Heavy flavour

D-mesons, Ry,

quantitative

Reach with the

upgrade

guantitative

D-meson v, hint

beauty, D, hint quantitative

charm baryons hint Quantitative
Charmonia J/vy forward, Ry, quantitative precision

IJAVATA hint quantitative

v, Ae quantitative

J/y central, Y family hint quantitative
Dileptons —y virtual y hint quantitative

p-meson quantitative
Heavy nuclei hyper(anti)nuclei, H-dibaryon hint guantitative precision




Example: Heavy-flavour v,

High rate, new ITS No high rate, new ITS
>c\|0.4_”'|"'|"'|"'|"'|'”1*"|"'£ R O o B B B B I B SR &
0353_ D’ — Kn Pb-Pb, 30-50% - - D% Kxt Pb-Pb. 30-50% ]

. N 10 R 0.35:__ ’8 =
. 1.7x 10 " events ] 3 1.7x 10" events -
0.31 > prompt E 0.3 > prompt =
. . f B ] C « from B |
0.25" om 1 025" .
02t o Ioeg
0.15" 4 o0.1sH I ]
. - - i .
0.1-4% " %00 - 0.1F . &
: EEE R T PRAL IR IR T > - y I } ] :

o ! R R TR . o 1 . =
0'0531 Hl}l AALETETFITS: 0.05¢ I ! i } :
0 1?1”11 o d o ool o e e b by 1 —1 \ 1"1 T N N N A A A |:

0 2 4 6 8 10 12 14 16 00 2 4 6 8 10 12 14 16

P, (GeV/c) P, (GeV/c)

* need >>1 nbfor precise measurement of charm and beauty v,
* systematic uncertainties and corrections mostly cancel in v,
*  Other key measurements: A,, =, B decays, virtual y, v/, %, tagged jets...

Evgeny Kryshen LHC on the march 47



