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Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:30:46

Fill : 1482

Run: 137124

Event : 0x00000000D3BBE693
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The LHC and Heavy lons

® Particle Physics: energy doubling time ~ 4 years

® Heavy lon Physics: doubling time ~ 2 years
= energy increase by factor 10%in ~ 30 years

= starting 70’- to early 80’s at Beval

& field started by a few dozen physicists from a handful of countries

ac

@ > 2000 physicists active worldwide today .\ o ter-of-mass energy versus time

Field went from the periphery
into a central activity of
contemporary Nuclear Physics

(and now gets even some HEP guys excited !)

/
LHC: At the Energy Frontier of both

Nuclear and High Energy Physics

1.E+06 r LHC Pb
LHC
LE+05 x—15 - _—
c LE+04 mrAtcr 212 fev
: —_1SPPS
G LE+03 3B —— SPS S/Pb
5 x5.5 | ISR :
}5«02’ = AGS Si/Au
AGS/PS B [Bevalac
1.E+01 g ENAL
1E+00 1 1 1 1 1 1 1 1 1
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Exper
Plastic Ball
UAS streamer chamber, LBL Plastic Ball,
UA2 CCD camera, NA3 muon spectrometer,
ISR U-calorimeters, ....

Reusing existing equipment:
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| Generation SPS Experiments |-
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Theory Tools

6 08 1 12 14 16

® | attice OCD

= ideal for thermodynamics(static), EoS, T, 19| Trg o/l
= difficult to get dynamical quantities 4
12 |
® Pert. OCD o ¢
= Cross sections, dynamical coefficients ol i
=‘right theory, wrong approximation’ . '
I o CNL=4
® Phenomenology s &f | o VY 6
= hydrodynamics, thermal models a L] L ooy n

= event generators (Phytia, Hijing, ..)
= many parameters/approximations i G ~

® Duality: AdS/CFT

= 4D gauge theory equivalent to SuSY YMin 5D
= strong coupling => reduced to class. grayity QA
= ‘wrong theory, right approximation’ ® = o PHENKX o o ——
= remarkable results: n/s = 1/4x; e(1,)/e(A)=3/4; sRaHMS! " -
® Color Glass Condensate

= initial state: classsical FT in high dend#y {timit
=/ 'right theory, right approximation, applicabte—?*

\
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1»3 HI @LHC: Constraints and Solutions .

® Extreme particle density : dN,,/dn expected ~ 2000 — 4000
x 500 compared to pp@LHC: x 30 compared to 32S@SPS

= high granularity, 3D detectors
@ Silicon pixels and drift detectors, TPC with low diffusion gas mlxture (Ne-CO,)

= conservative & redundant tracking A "
& up to ~200 space points per track

= large distance to vertex
& e.g.emcal at 4.5 m (typical is 1-2 m 1)

® Large dynamic range in p;:
from very soft (0.1 GeV) to fairly hard (100 GeV)

= very thin detector, modest field 0.5 T (low p,),

& ALICE: ~ 10%X, inr < 2.5 m (typical is 50-100%X)

& vertex detector works as ‘standalone low p, spectrometer’ (tracking & PID)
= large lever arm + good hit resolution (large p,)

& B=0.5T, tracking L ~ 3.5m, BL? ~ like CMS !

8 PLC 20J. Schukraft



P

© H| @LHC: Constraints and Solutions e

® Both partons & hadrons matter:
fragmentation (i.e. hadrons) is part of the signal, not of the problem

= partons (heavy quarks): secondary vertices, lepton ID
= hadrons: use of essentially all known PID technologies
& dE/dx, Cherenkov & transition rad., TOF, calorimeters, muon filter, topological

® Modest Luminosity and interaction rates; short runs
10 kHZ (Pb-Pb), (< 1/10000 of pp@103%) ~ 1 month/year

= allows slow detectors (TPC, SDD), moderate radiation hardness

& moderate trigger selectivity, no pipelines (mostly ‘track & hold’ electronics)
= large event size (~ 100 MB) + short runs => high throughput DAQ (> 1GB/s)

® Single dedicated heavy ion experiment

combine capabilities of a handful of more specialized HI expts at AGS/SPS/RHIC

& 18 detector technologies, several smaller ‘special purpose’ detectors
(HMPID, PHOS, PMD, FMD, zZDC..)

& central barrel (~ STAR) + forward muon arm (~PHENIX)

PLC 20J. Schukraft
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The ALICE recipe: &

10

Take a good dose of STAR

Blend with a generous helping of PHENIX

Stir over medium heat (for a loooong time)

Add a sprinkling of PHOBOS

30/5/2008 NIKHEF J. Schukraft



ACORDE _ N\ <

EMCaI "‘-»_:;—: “:."L-“.-;'i"‘"“i-»:.:." - . :
5 e e B Y ' Chambers
TRD} e Magnet

Trigger
Chamber

Technologies:1
Tracking: 7 — . p—
PID: 6 . T ‘ =zl Collaboration:
) : Detector:
Calo.: 5 S : . > 1000 Members
S =9 Size: 16 x 26 meters W - 100 Institutes

Trigger, Ng,:11 Weight: 10,000 tons J > 30 countries
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Muon Chambers
~ 100 m2, > 106 channels
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&> Detector Status E

G =

Complete since 2008: . . E—
ITS, TPC, TOF, HMPID, EMCAL il S
FMD, TO, VO, ZDC, 4
Muon arm, Acorde
PMD, DAQ

Partial installation (2010): ",
4/10 EMCAL* (approved 2009b
7/18 TRD* (approved 2002) ~__
3/5 PHOS (funding) 4it

~ 60% HLT (High Level Trigger) - ——

2011
10/10 EMCAL
10/18 TRD

Short Status: ‘ /}}f\ \ : \
All systems fully jf////’;xy} NV :

operational C / /Zé’? ;/‘ \. S
AN 7%

‘upgrade to the original setup \

raft

17



O pp physics in ALICE

® Core Business is Heavy lons

® Physics with pp
= collect ‘comparison data’ for heavy ion program
& many signals measured ‘relative’ to pp

= comprehensive study of MB@LHC
& tuning of Monte Carlo (background to BSM)

= soft & semi-hard QCD
& very complementary to other LHC expts
& address specific issues of QCD

= very high multiplicity pp events
@& dN_,/dn comparable to HI => mini-plasma ?

18




fé Fast Forward to

® September 2008:
= LHC starts with a ‘Big Bang’

ITS tracks on 12.9.2008
7 reconstructed tracks, common vertex

® November 2009:
= Start of Physics @ LHC

19 PLC 20J. Schukraft
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: Data Samples e
Beam Energy # of Events
pp 900 GeV 300 k MB 2009, analysis finished
pp 900 GeV ~8 M MB 2010, partially analyzed
pp 2.36 TeV ~ 40 k MB 2009, only ITS, dN_,/dn
pp 7 TeV ~ 800 M MB 2010

~ 50 M muons

~ 20 M high N,
PbPb 2.76 TeVIN |~ 30 M MB 2010
pp 2.76 TeV ~70 M MB 2011, analysis started

~ 20 nb! (rare triggers) '

LHC performed exceedingly well:

- increasing pp L by 10° in 2010 (L > 2x103%?)
- delivering > 8 ubt Pb in 4 weeks (L > 2x10%°, ~ 1/20 L,.,,)

ICPAQGP Goa 2010 J. Schukraft
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L pp Results: A rich Harvest.. e

® Published Results
= N, multiplicity & distributions

A 900 GeV: EPJC: Vol. 65 (2010) 111

A 900 GeV, 2.36 TeV: EPJC: Vol. 68 (2010) 89

o 7 TeV. EPJC: Vol. 68 (2010) 345
= pbar/p ratio (900 GeV & 7 TeV) PRL: Vol. 105 (2010) 072002

= Momentum distributions (900 GeV)\/gDLB: Vol. 693 (2010) 53 7
= Bose-Einstein correlations (900 Ge @D: Vol. 82 (2010) 052001
= (KO,ALE,Q,0) (900 GeV) PJC Vol. 71 (2011) 1594
= |dentified particles (r,K,p) (900 GeV) arXiv:1101.4110, acc. EPJC
= Bose-Einstein correlations (7 TeV) arXiv:1101.3665, sub. PRD

= Quarkonia J\y —> uu, e*e (7 TeV) under collaboration review =

Global event
properties

%clarifies QCD issue

Comparison Data

® Many ongoing analyses/advanced paper drafts

= 7 TeV event properties: spectra, identified particles, strangene@igh multiplicity

= Heavy flavour: charm (D°,D*, D*), heavy quarks (c,b) —> p, e
= pQCD: Event topology, jet fragmentation, 2-particle correlations...

21
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PID at high p;
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Al é

- Ap (4.O<pT<4.5 GeV/c) "
TOF-TPC signals 4.0 < P, < 4.5 GeVic 1500—
B ALIC é
% 5 r : ALICE TPC performance
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ldentified Particles

Identified Particle p; ()

-

Ring Cherenkov angle vs momentum

|
‘ntries 20596
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momentum [GeV/c]
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b, g 09 6 ways to measure Kaons ...
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Kaon p; distributions
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Hadronic Resonances..
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! Charm at 7 TeV &

[ N — 8 !
PPNS =7 TeV, 1.4x10° events, Ptn >2GeVic PPVS=7 TeV, 1.41 x 10° events, p”> 2 GeVic PP\ =7 TeV, 1.4x10 events, p;’ > 3 GeVic
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© 1) Bose Einstein Correlations @

G =

® OM enhancement of identical Bosons at small momentum difference
= ‘enhancement’ rel. to phase-space and any non-BE correlations (‘baseline’)
& non-BE correlations important at high V(s) (‘minijets’)
& less so at RHIC, but definitely at FNAL/LHC !

Important Message: At LHC, even MB events show signs of pQCD !
We may not always be able to rely on common wisdom & analysis techniques
which were correct at lower energies..

BE enhancement vs q

R T
= - ' high multiplicity | ] unlike sign ' | 3
g 1'6_+ ; gl}:ﬁﬁlr;??sr?t high momentum | | high N, Ky
1.4 ;+ (Phojet) ]
1.2} ¢ ]
1.0 @gﬁw ]
0.8 PP TP TP PP B lllm
0 09040608 'J 02040608 0 02040608 1

low multiplicity
low momentum ks qirw (GEV/C) qim (GeV/C) qin'u' (GEV/C)
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Results:

- Radius increases with N, comparable to ISR, RHIC, TeV
- much smaller <k;> dependence than at FNAL

dependence usually interpreted as sign of ‘flow’ in heavy ions
sign. systematic uncertainty from ‘baseline’ shape

- neglecting non-BE correlations (‘flat baseline’)
can cause k; dependence (at high V' s)!
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HBT @ 7TeV

® ‘infinite statistics’: 3D analysis versus N, k;

= pp HBT depends only on N, ky, not Vs F ALICEpp @7 TeV  raw N_, 27-32
. . o £ N, 1-15 N, 33-38
= radii (LCMS) grow with multiplicity s T : D rawN 1620+ raw N, 39.50
> k, dependence: B, x | .ﬁ . rawN, 22-2? . raw N, 51-140
. M| &
@ significant for Ry, 1 % - b gg .
. - j W
< develops with N, for R, ..... g ................... > | [ %g ég g
© less obvious for Ryge ... I o o g°
T o o o
S T 0 0.2 0.4 6
- "2 K. (GeVic)
B &
- B ] ¥
T S 3 oo
i - 0 e O &L - "
O P& al
~ B 'O 'C‘ 'O |:| ?
1 o e
I - ALICE pp @ 900 GeV ° o ¢
L ! - orawN, 1-15
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B + raw N_, 22-26
0 . . | . . . | . | 0 ! . | ! ! | | !
0.2 0.4 0.6 0.2 0.4 0.6
k. (GeVic) K, (GeVic)



o 2) A/K,S Ratio 900 GeV

30
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Ii: Tl - ALICE pp@900GeV Y| <® ALICE preliminary 7
= L . INEL p+p atys = 900 GeV =
B 2009 data =
U ]
_ %} E%] B | tio:
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- very good agreement between STAR (200 GeV) and ALICE (900 GeV)
- very different from CDF (630/1800) and UA1 (630) for p;> 1.5 GeV

- UA1(630) and CDF(630) don’t agree either ...
to be further investigated (different triggers, acceptance, feed-down correction ?)

. Schukraft
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3) Heavy Flavor

31

= comparison data (charm R,,)
= good exercise to get confidence in absolute normalizations
= constrain pQCD calculations at low p;, where uncertainties are very large

® Cross section DY, D*, D™ in7 TeV pp

026
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pQCD predictions (FONLL and VFNS) consistent with the data

ICPAQGP Goa 2010 J. Schukraft



S 3) J/¥ cross section &
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® ALICE/CMS/LHCDb absolute cross sections are consistent
= maybe some 10% difference (but within syst. errors) ?
& 10% ain't bad, but eg dN,/dn within 1-3% between ALICE & CMS

ALICE Preliminary
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= Final (published) results (Jan 2011)
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& Matter under Extreme Conditions ‘@

® ‘state of matter’ at high temperature & energy density: ‘The QGP’
= ground state of QCD & primordial matter of the Universe
o partons are deconfined (not bound into composite particles)
o chiral symmetry is restored (partons are ~ massless)
= ‘the stuff at high T where ordinary hadrons are no longer the relevant d.o.f’

® Mission of URHI T 4 |EARLY UNIVERSE
= search for the QGP phase 1 LHC RHIC
= measure its properties
= discover new aspects of QCD in the strongly coupled regime

SPS
AGS
Physics is QCD: ™
strong interaction sector of the

Standard Model
(where its strong !)

34 CERN, 2 Dec 2010 J. Schukraft



&  Role of LHC after RHIC/SPS @

"= Search for the ‘QGP’ is essentially over
= Discovery of QGP is well under way (with fantastic results & surprises at RHIC)
= Measuring QGP parameters has just begun

® 1) Quantitative differences

= significantly different state of QGP in terms of energy density, lifetime, volume
= large rate for ‘hard probes Jets heavy quark states (b c,Y,J/¥Y )

® 2)Test&\

d

> 10 year program perfect liquid

=~ Testprediction ywhere are we after < 5 months ?

an

DX eXampIeS: flJ\l\l \\JUIL } \{uuu NUTITQU \)UP'\JI\;\J\JIUII \ raru l

® 3) Precision’ measurements of QGP parameters
= Quantitative and systematic study of the new state of matter

& Equation-of-State f(e,p,T), viscosity n (flow), transport coefficient q (jet quenching), Debye
screening mass (Quarkonia suppression), ...

® 4) Clarify status of some 'Beyond the HI Standard Model' ideas

= support, but no smoking gun yet: CGC, quark coalescence, ..
= some hints, maybe ?: Chiral magnetic effect (‘'strong CP violation'), Mach cones, ...

® 5) Surprises ?
= we are dealing with QCD in the strong coupling limit ! CERN, 2§ 2010 J. Schukraft




13 ‘Jet Quenching’ &

® Jet quenching: jet E -> jet E’ (=E-AE) + soft gluons (AE)

36

modified jet fragmentation function via matter induced gluon radiation/scattering
=> QGP properties 4\

= how much energy is lost ? (measures e.g. g)
& very difficult question, may depend on jet cone R, p,-cutoff,|..

>~

= how is it lost ? (e.g. multiple soft or few hard gluons ?) Fragmentation function f(z)
< look at soft part of f(z), p, < 2-5 GeV

= ‘response of QGP’ (shock waves, Mach cones ??)
& properties of bulk matter around jet, p, ~ 1 GeV
Towers

oy

Both Atlas and CMS see very striking effects
in the dijet-imbalance for central events !




S Charged Jets m_;< 10-20% peripheral |
® Jets in ALICE (TPC) L P T

ol 192Gev

= we see qualitatively e
a similar effect N

= quantitative analysis is ongoing 50_ |
 small acceptance (statistics), 43

& try to include low p;
(study p,-cut off dependence
of imbalance)

: 2
bin size: 0.1x0.1 1 0 4

-
T

‘

E 102 Gev W

T
At

Cad
T

—_ = B RO
L5 B — & I - |

[—]




& Jet studies with charged Particles ‘@

raw charged jet spectrum from p+p collisions at /s = 7 TeV ALICE Performance 02/04/2011
- 33% of full statistics 2010) | " - Pb+Pb 0-10% R = 0.4 (B2) centrality
= 108 g e L e (L) # BiA random cones 0-10%
® S, 15 —LHS Gaus fit: pu = -0.16, o = 9.82
Q 107 @ UA1Conealg.R=04 Q. h —  ©BiA random cones (excl. 2 leading jets)
- L = - ..LHS Gaus fit: p = -1.87, c = 9.46
2108 tracks ﬁ - manti-k;, embedded tracks 50-250 GeV
g s ® Antik, R=0.4 ALICE Performance 8 107 ~—LHS Gaus fit: . = 0.28, o = 10.50
T 10 o e Kk R=04 Uncorrected E -
10 ® SISCONER=0.4 06/08/2010 - tail from jets
2
1w 5 /
10 T e 10°
¥ = .
1 = Imbedding "
10° 1041 tracks/jets ) .,
0 20 40 = ) 4
- In HI events %y T
ALICE Performance 02/042011 oL + 7 I l I : 4 #
r . = - 1 (I Y~ . L1 1 L1 1 | (I
el ""%0 40 20 o0 20 40 60
= :LHS Gaus fit:p = 0.15, 0 = 1.62
- B andom cones el 2 oo o) 5 p, (GeVic)

® Test jet-finding algorithms with pp
= UA1L cone, KT, anti-KT, SISCONE etc...
= jet physics will be easier in 2011 (with EMCAL)

[

=
1
i
o]
-
o

| ® Test background subtraction with embedding
Lirts L = ¢ ~ 10 GeV in R=0.4 cones
. 3 p, (GeVic) = non-Gaussian tails from overlapping jetsd. 2 oec 2010 0 scnua
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O ‘Jet Quenching’ as seen by p, spectra -

® Suppression of high p, particles ( ~
= significant suppression, minimum ~ 7 GeV

= main systematic error from pp reference
=>need pp at2.76 TeV !

%
S 105§ L e L A B B B
(] =
> o' @ Pb-Pb \[5y, = 2.76 TeV
O
;_“;_ 10° —— scaled pp reference
° / o 0-5%
s 108 o 70-80%
%’ 105 Data driven Interpolation
= 1z 900 GeV & 7 TeV
& 100 2 / or using NLO for change in shape
FP 7 TeV * NLO (2.76 TeV)/NLO(7 TeV)
z E Re E
10°E =
@D é
10°E =
107 7
—8: | | | | | | | | | | | | | | | | | | | é
10% 5 10 15 20

leading jet fragments)

(/N4 a* N4 Jdndpr
(Neon) (1/N22) (szfﬁD;’drgdpf

Rys(pr) =

Raa = 1 for (ver ) hard QCD prc|>cesses

in absence of nucFeg'fnoJrhcatlons
> 70 - 80%

:I"D _____________________________________________________ - T

ssagzrirt 1 1 9 i % ]

0 5 10 15 2(

P (GeVic)



S Comparison to RHIC &

= Minimum R,, ~ 1.5 — 2 x smaller than at RHIC
= Rising with p, !

& ambiguous at RHIC with N,

& compatible with new Phenix data

I I I I | I I I I | I I I I | I I I I - o

° ALICE Pb-Pb \[s = 2.76 TeV (0 - 5%) f_g  h" ALICE Pb+Pb \’BN" = 2.76 TeV (0-5%)

+  STARAu-Au \[s_, =200 GeV (0 - 5%) 1 F = h* PHENIX Au+Au\[s,, =200 GeV (0-10%)

] PHENIX Au-Au \[s =200 GeV (0 - 10%) = a’ PHENIX AI.I-I-AI.I\’SM = 200 GeV (0-10%)
] — "—

_:‘- .:* _
L .'l.* _ —
[ ]
_ '...-* + E_ 1
. *
‘ﬂ} : p ! 1
.
M E *IEE E N
™ . .
- L ]
...-
0.1 —
||||||||||||||||||| b | ]
0 4] 10 15 20 " AR T T I R N M T N N A R -

pT (GeVic) ) 0 - 5 10 CERN, 2_D?c_ 210?(2 SCEJIfrgtB_EVIE)_



S Comparison to Theorv e

G =

P " WHDG RHIC Constrained
1" WHDG LHC Extrapolation

m 1° PHENIX 0-5%
1 T T T T | T T T T T T T T | ‘F hd‘t PHEM'X D_S%
— 3 . ;] % he STAR 0-5%
[ 0-5% — Ph4Pb — 1? \Je=2 TRTW quru—1.D-1 405GeW- 7] ® h. ALICE 0-5% ——T _I._ r
- .. 1w o hg ALICE 70-80% :
081~ Hydro =P [aLicE] x =
i i i ==
06— — 5
g - 1N
(1 C 1 &
04 =l
i 4~ 3
i - o
[LE; ]
D- 1 1 1 1 1 | ]
10?

0.1}

Data has slight tendency to be above Models e

. - Comparison spectrum ? ‘Transparency ‘at LHC ?? 15 20
gf;z Eh-:;: Vs, = 2.76 TeV L A M- 1 . ,T —
0.6} ’ P QM: _ * ALICE data 1
. ] 2.76 pp data for comparison | 2%,
0 Ry, to ~ 50 GeV " castedmzr |
0 ? Ry, With identified particles |temet?]
clarify 'oump' at 2-3 GeV ? ’
o L | 1 | I I
s 10 15 20 016 20 30 30 50 &
o (GeV) 10 P, (GeV) P, [GeV]

TABOES EOTT-MXJIE



O High p; Particle Correlations *

1) Jet quenching:
- disappearance (reappearance) of away side jet

- modification of near side jet ?

2) 'Response of the medium' ?

- shape & origin of the away side structure
_ /

Assvcikc\i'ate_g

Js=7 T8F8

10
ze-
o3

>
™ =
=

Tr| gg er

E i § E I E TR e : L1 - I L
0 0.5 1 1.5
A¢ [rad/m] Trigger Particle: highest p; particle in event (p,)

42 Associate Particle: all the others.(pr)



Triggered Correlatlons at RHIC

Transparency from A. Adare, WWND2011

L GMFTPCALOR | PRL 97, 052301 lmus} Pm_sa 232302
A few milestones* 3 I e ] St s oo
> * AusAu ::am;lfllﬂ ] 102 1-:;:!.r -::2 5-:p., -::4GaWc —o.03
"& 01 ) . . Au+Au 200 GeV 0-5% .
2001 - Jet quenching! — 2 | Yty gﬁm 172
Unexpectedly large suppression i """** " oo o T Y
Near side NOT modified ! Apfracians) o . o
) B ) u_""ufs""i"é(l':.'i'ria;’ié”"2'5""&'_
2004 - Away-side shape modification

vz + ZYAM paradigm: the “Mach cone era”

PRL 104, 252301 (2010)




‘D Jet Quenching seen by High p; Correlations e

® classic ‘jet quenching signal’

= away side correlation in central Pb-Pb
washed out up to pry, > 10 GeV

=x]

5.8

5.6

54

5.2
0.6

0.4

P, associated 2 - 6 GeV

2

0 Ad 2 4

I I I I I I I I
L 0-5%@ Pe i 2-6 GeVie - P1 g 6-10 GeVie P i 10-20 GeVie -
f f 7 7 T M e e e e e e
p+p (7 Tey) g 28 GeVIc Py g 610 GEVIC Star@RHIC | -
= ‘near’ side € Scaledby 13 T Pruig 8-15 GeV | -
‘away’ side

g {::-um]lld >
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S Quantitative Analysis &

® After pedestal (and optionally v,) subtraction, integrate to obtain yield Y

= i I T T T T 7]
< B |
Nearside: -0.7<¢<0.7 3, 0.4r 8GeVic<p, <15GeVic -
Away side: -0.7<¢p-n<0.7 2 ! ™ 4cevic<p, <6GeVic .
Zm 0 3—_ ++ ALICE preliminary b
L Stat. uncertainties onl |
In bins of p; (Trigger/Associate) ?c_,, : piisnbasblnd -
= i — 0-5% T
pd - |
® Divide yields to obtain I, and 1,, +— 0.2r — 60-90% —
A _ 0.1 : : -
| . Ycentral( Pr trig? Pr assoc) i : : : +; : i
CP ( pT,trig J pT,assoc) Y p p ) i : + : : -I-_|_+++: i
@ T trlg ' T assoc U U N L 'lL-P | :Frl'l-_-uh--"l' _._+-I-_!._+“ +| *&:

Y ) ' 0 2 4
IAA(pT trig; pT assoc pp pT i pT = ﬂq} (I"E'ld.)

| | Q_)pT trig? pT assoc — v

integration windows

So far, no 2.76 pp data => use Phythia after scaling to fit 0.9 and 7 TeV pp data
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g ()
< .o Versus p-(associate) &
o _/[ﬁ I N L T T T I — N
- (. Near side ALICE preliminary _\_ Away side ALICE preliminary
2_5 _.8.GeVic RN — 5...1..5...(3.3.‘.&!!.@ ............... s A — __ ..... 8.GeVic R S — s...j..ﬁ...G.a.w.Q ............... S 5 B —— __
- 0-5% / 60- 90% T 0-5%/ 60-90% ]
2_0:_ ___________________________________________________________________________________________________________________________________________________________________ 1 _:
1 _5:_ ________________________________________________________________________________________________________________________________________________________________ _:
1 _0__ ________________________________________________________________________________________________________________________________________________________________ .
0.5
- Points: flat pedestal T Points: flat pedestal—
~ Line: v, subtracted T Line: v, subtracted
0.0_ | | | | | | | | | | | | | | | il | | | | | | | | | | | | | | |
2 4 6 8 10 2 4 6 8 10
pT,assac (GEV!C) pT+assoc (GEVIC)

* Flow contribution small except in lowest bin.

* Away side suppressed: |, ~ 0.6 ...

« Slightly enhanced near-side: |, ~

1.2 ...

expected from in-medium energy loss

unexpected and interesting

Current paradigm: Near side = surface emission = no change to jet properties!



O IAA Pythia ( pp comparison = Pythia) o

Qualitatively similar to Ip

T —
L~ | I l I l I | I l I | l I I | | I I I | I l | I l I |

o s _ -
E ( Near side ALICE preliminary L Away side ALICE preliminary |
ZE* 2_5_ ___B___GE:W_G_E_[_} _________ s...].5...G_aW;: _______________ Prassse = Pryig ____ ________________________________ SPo s...].5...G_aw;: _______________ Prassse S Pryig __
_ | m 0-5% / Pythia 1T | m 0-5% /Pythia i

2. 0 __ ‘ 60-90% "' Pythia ........................................................................................ ___ ‘ 60-90% "' Pythia ...................................................................................... __
1.5 = L ]

1 _0__.... - —
0.5 = - -

- Points: flaf pedestal T Points: flat pedestal-

- Line: v, sybtracted T Line: v, subtracted 7

0 0 B | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
2 4 6 8 10 2 6 8 10
p (GeV/c)

T.assoc

Central events Peripheral events
‘Near side enhanced I, pyipia ~ 1.5 ‘Near side enhanced I, pyinia ~ 1.2
*Away side suppressed |, pyipia ~ 0.5 = 0.7 *Away side I pyinia CONSIstent with 1
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1.0

0.5

0.0

Comparison with Phenix

B | I I I | I I | I I I | I I I | 1 | I I | I | I I | I I I | ]
L Near side ALICE preliminary | Away side ALICE preliminary _
: ...ES...GEN;.’.-;;.E..;.: ......... ﬁ...l.&...G.a.w.q ............... A - SAp— _: ..... 8....(3&:34'.‘;.’.-;;.5_;3 ......... ﬁ...l.&...G.a.w.q ............... I E— _:
B | 0- 20% / Pythia T | 0- 20% f Pythia i
- ¥ PHENIX 7-9 GeV 0-20% / pp -+ ¥ PHENIX 7-9 GeV 0-20% / pp .
N I PHENIX 9-12 GeV 0-20% /pp | 1 I PHENIX 9-12 GeV 0-20% /pp | ]
- + -%- QM: ]
- O laa lcp USING 2.76 pp comparisondata | g ——— .
- Points: flat pedestal - »+L V # Points: flat pedesta|—
~ Line: v, subtracted T Line: v, subtracted -
B | | | | | | | | | | | | | | | T | | | | | | | | | | | | | ]
2 4 6 8 10 2 4 6 8 10
p‘l’,assoc (GEV/C) pT,assoc (GEV/C)

- | Different integration windows in ALICE andPHENIX, PHENIX subtracts v,

* Near side:

* Away side:

|aa (Alice) > 1,, (Phenix) for p; > 5 GeV ?
|, SEEMS comparable

« Conclusions only after using 2.76 pp comparison data
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i’%Jet Quenching (?) seen via Multiparticle Correlations .

® ‘Autocorrelation’;

d?N.,/dAndA¢ (signal)/d°N.../dAndAd (mixed events__)____

3 PP 51-140 SEmeREy—————— - 50.909%
£ i i + o perlph.eral
< :
% B # A BES 15 '
® - . | near side ridge". '
444 - different interpretations .
oL flow ? (v2,3,4..) + jetiresonances ? jy1, 1.0GeV/c<p <3.0GeVic
A — '
Salle/inxey ‘away-side structure’: 05%
a.u.
N | 1| - different interpretations > 1.5 GeVic
1.021 ? (v2,3,4..), medium response (Mach cone) ?
? -t 4
| s 1 A
] ) i + —\— 4
0.98+ i 1
HE e
098—r L | | | | |

4y




50

Quantitative Analysis

Pb+Pb 80-87% Pb+Pb 60-80% Pb+Pb 40-60%

'iwm

P
1.I-' ““‘
“m

O what (if anything) is left besides flow ?
O is there a 'near side eta ridge' ?
O what is the reason for the broad away side structure ?

very interesting (and revealing) charge/centrality/p; dependences

raft



&  Role of LHC after RHIC/SPS

® 1) Quantitative differences

= significantly different state of QGP in terms of energy density, lifetime, volume
= large rate for ‘hard probes’ . jets, heavy quark states (b,c,Y,J/V ),...

|
® 2) Test & validate the HI ‘Standard Model’

® 3) ‘Precision’ measurements of QGP parameters

® 4) Clarify status of some '‘Beyond the HI Standard Model' ideas

® 5) Surprises ?

51 CERN, 2 Dec 2010 J. Schukraft



K 1) What’s the Difference ? '@

® Multiplicity and Energy density &: ) E 1 dN
E\7)= = <m >
= dN,./dn ~ 1600 + 7§ (sy_st) | VA dy L
&  somewhat on high side of expectations
& growth with \s faster in AA than pp (Vs dependent ‘nuclear amplification’)

= Energy density = 3 x RHIC (fixed 1) dNgp/dy, AutAu, y=0,s =200 AGeV

o . 6 200 1000 1200 1400 1600
o lower limit, likely t1o(LHC) < t,(RHIC) L I B
HLUIING (@N.u/dny. be3fm) i

HLUIING+ZPC+ART
ROQMD (b=3fm)

] *
_____________________________ o AUCE
o) Busza[4 -
------- HIJII\IG[;()[S] S T @ AA(05%)ALICE / pp NSD ALICE
¢ MG 810 = AA(0-5%)NA50 o pp NSD CMS
____________________________________ “ ) DPMETHIS] | & | a AA(5%)BRAHMS * pp NSD CDF
—— - Albacete [7] B i * AA(0-5%) PHENIX ¢ pp NSD UA5 o 32;15
Levinet al [g] o 8 O AA(0-5%)STAR * pp NSD UA1
¢ =~ r %, NSD STAR
1 oL Kharzeev et al. [9] = r vV AAD6%)PHOBOS  x ppNSD S
: S T AA
— shadowing ) Kharzeev et al. [9] :9. 61—
— saturation Kharzeev et al. [10] 5 L
el Armesto et al. [11] < A
e \eomeang | 2 %
o Bozeketal [13] B
— —— Sarkisyan et al. [14] 2
1 | 1 ‘Iv’ 1 | 1 1 1 1 | 1 1 IHl'Irrlalrlm [1ﬂ : | |
1000 1500 2000 0 | | 1 11 III02 1 1 | | | III03 | | | | L1 11
pp extrapolations dNgy/dn 1 1 \/Syn (GeV)
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O Who gets it right and why ? =
® dNCh/dT] as function of Centrality (normalised to ‘overlap volume’ ~ N iciants)
= soft process dN.,/d, ~ number of scattered nucleons (strings, participants, ...)
& ‘nuclear amplification” should be energy independent
= (very) hard processes dN,/d, ~ number of nucleon-nucleon collisions
& should get more important with Vs & with centrality
= DPMJET MC

& gets it right ~N 100 _
for the wrong reason =. | Saturation Models
= HIJING MC S gl
= L
& strong centr. dependent ~ s
gluon shadowing :.é 6l -
= QOthers T
o - . K HIJING e ALICE
& saturation models: > 4;116 — Kharzeev et al.
Color Glass Condensate, = 4f SR ——HIJING 2.0
‘geometrical scaling’ from = L Armes to.e ¢ al
HERA/ photonuclear react. - '

P 2~ * PPNSD — DPMJET Il
Important constraint for models i # pp Inel == Albacete
sensitive to details of saturation 0 6 L '160' ! '260' ! '360' '460

. (N__)

part



LHC ~ RHIC |

54

(AN /(N )/2) iy =276 Tev

CGC:

pp: Ng, ~ sOH AA: Ng,

~ g0.15

=> expect ~ 25% stronger rise from very peripheral to central at LHC

I 1 B
[ LHC pp,\g, Scaled to RHIC [ﬁ;&q 14 8
T L
i A O [I]'![I] 1 L
5 0 D 1 =
i Jﬁ " J3 &
6— Ii L | —~
i o Why don't we see a growing influence _ Aﬁ_
e of hard scattering (N.) Js E
4 going from 0.2 to 2.8 TeV ?? - E:
- 4 °
o[ ® PbPb2.76 TeV 0AuAu 0.2TeV |, 5
_ + pp NSD 2.76 TeV _ %
L+ ppInel 2.76 TeV 1 =
B I 1 1 1 1 I 1 1 | 1 | 1 | 1 | I | 1 1 1 ]
0 100 200 300 -r-'l-ﬂD
(N

N, grows as power law in energy (s°13),
but only logarithmically in impact parameter

NN -
77 So



AY
)
P
4@0

What’s the Difference ?

Volume and lifetime:

= Identical particle interferometry (HBT, Bose-Einstein correlations)

= Volume = 2 x RHIC (= 300 fm3)

o 18 - — —
= Lifetime = +30-40% (=10 fm/c) ﬁ ~ ‘freeze-out’ (hadron decoupling)

‘”::‘ "' . EB'QS L L L L
~ 400 12F A NAd9 ]
c [ A FEBI527,333843GeV | ®  CEReS
£ 350l A NA49BT 125 173 GeV 1 10f & stAR . ]
§ | W CERES172Gev + 1 | o pPHOBOS RHIC
€ 300F * STAR200GeV 1 .t — A
S [ O PHOBOS 624,200 GeV g ¢ ALICE R t40% 4
D% 250L ®  ALICE 2760 GeV 1 ﬂ%%

i 6 A .
% 200F RHIC x 2 E
; al At ;
150} H : 14
1000 x Volume h 2:— .
'y at decoupling [
50:_ i 0- M RS R T RS T ST R R .-
i ] 0 2 4 6 8 10 12 14
Oo~——"F00 3| Much more information from HBT available /3 <dN_/dn>"

55

& ‘comoving’ volume !

Lifetime: from collision to

Multipli¢ (Rout/side/long versus k; and centrality)

CERN, 2 Dec 2010 J. Schukraft
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&  Role of LHC after RHIC/SPS '@

® 1) Quantitative differences

® 2) Test & validate the HI ‘Standard Model -

QGP = very strongly interacting (almost) perfect liquid
= Test predictions/extrapolations from RHIC to LHC
& examples: flow (‘soft’) Quarkonia suppression (‘hard’)

® 3) ‘Precision’ measurements of QGP parameters

® 4) Clarify status of some 'Beyond the HI Standard Model' ideas

® 5) Surprises ?

56 CERN, 2 Dec 2010 J. Schukraft



6 2) Testing the HI ‘Standard Model’ @

® Elliptic Flow: one of the most anticipated answers from LHC

= experimental observation: particles are distributed with azimuthally anisotropic
around the scattering plane

= Are we sure Hydro interpretation is correct ?

X

o« 377 % R
1031 % {,xg;_m!
0-10 %
S ‘ % &5 "0.»'!
3 QO . > ‘
Elliptic Flow v, as interpreted by Hydrodynamics 5 2 ;, .
. \ . 8 ] “'_0) s p I
Pressure gradient converts e 3 ﬂj" 2Vy 1
0 - . f\ '!""“"'-’"ﬂ » |
spatial anisotropy — momentum anisotropy 08 ;’gjm N ‘ |
. . : ' J
|

— particle yield anisotropy o T N

Strength of flow depends on: Ot e (120)

1) Fluid properties (viscosity, EoS, ..)
. 2) Initial conditions (geometrical shape) 2 b 2010 et




& Testing the HI ‘Standard Model’ @

® Hydro seems to work very well for first time at RHIC

= LHC prediction: modest rise (Depending on EoS, viscosity, speed of sound, dN,
o (‘better than ideal is impossible’)

= experimental trend & scaling predicts large increase of flow

" & (‘RHIC = Hydro is just a chance coincidence’)

e

> 0.25

HYDRO limits

0.2

/.

o
-
n

BNL Press release, April 18, 2005:
Data = ideal Hydro
"Perfect" Liquid

New state of matter more remarkable than predicted —

—F— Eya/A=11.8 GoV, EETT
— - E, A=d0 GaV, MALS

(scaled) Flow

i - s many new questions
0.05 LHC will either
- confirm the RHIC interpretation
o111 (and measure parameters of the QGP Eo0S)
0 5
OR
Calaralarararals

58 CERN, 2 Dec 2010 J. Schukraft
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©  First Elliptic Flow Measurement at LHC

® v, as function of p,

= practically no change
with energy !

& extends towards

larger centrality/higher p, ?

® v, integrated over pt
= 30% increase from RHIC
= <p;> increases with Vs
& pQCD powerlaw tail ?

= Hydro predicts increased
‘radial flow’

& very characteristic
p; and mass dependence;
to be confirmed !

—
=,
o

-

QM:

O n/K/p spectra & radial flow

59

0.25

o
(0]

0.15

e
—

o
&

= IIIIIIIIIIIIIIIIIIIIIIIIIIIII

— 1 T rrrrrrrrrrror
® 1020% (b)
B 20-30%

A 30405
EZ 10-20% (STAR)
B 20-20% (sTAR)

[ s0-s0% (sTAR) -

v

IIIIIIIIIIIIII—

o
-
N

o
=

0.08
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0.02

o
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—_ ik ’ ]
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I BN BN BRI B B BT B
0 10 20 30 40 50 60 70 80

centrality percentile



& Testing the HI ‘Standard Model’ @

® Hydro passed the first test !
= many more tests of Hydro and the HI-SM to come....

LHC !

w
“-‘N LI I LI I L I LI LI LI I LI
- 0.25F HYDRO limits
- ——
0.2 .
0.15 -
0.1 O E./A=118 GeV, E8T7 P
B B, /A=d0 GeV, NAZS ] CERN Press release, November 26, 2010:
- ] - ) i
0.05H == B FETS LY. ee — ‘confirms that the much hotter plasma
| é —afin B, =130 GeV, STAR ] produced at the. LH.C b.ehaves asa
B ? =200 Gev. STAR Pream, | - very low viscosity liquid (a perfect fluid)..
D _I 1 | I 1 1 | I 1 ] 1 I P4t 4 1 1 ' ' ' ! | 1 1! | [ 11 /]| I_
0 b 10 15 20 25 30 35

(1/S) dN_, /dy

Disclaimer: very rough guesstimate, assuming geometry not to change between RHIC and LHC

60 CERN, 2 Dec 2010 J. Schukraft



& Testing Quarkonia Suppression @

® |[nterpretation of SPS & RHIC results ambiguous
= HI-SM : J/¥ (Y’, Y”’) suppression stronger at LHC, Y suppression depends on T
= extension to HISM: J/¥ enhancement, Y’, Y’ suppression
& recombination of charm pairs to J/¥ may mask suppression at RHIC

® Partial answer expected from this years data | Pb-PbMin. Bias
expect ~ 2000 J/V¥Y

= normalisation (measured/expected) ongoing
= Y family will need integrated L ~ 1-2 nb-!

ALICE Performance
C PbPb \s=2.76 TeV
700~ 211212010

QM:_ 3
d J/¥Y Ryu, Rep USiNg 2.76 pp comparison data Eﬁ““;—
5001
However, we are missing information on -
- cold nuclear matter suppression -
- initial state effects (shadowing) 3001

200

400~

=> | don't expect a clear picture until we have

p-Pb data (possibly in 2013 ?) m;_ A
- Ty, [

I|III|
26 28 3 32 34 36 38
M,, (GeV/c?)
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&  Role of LHC after RHIC/SPS @

® 1) Quantitative differences

Precision measurements
are still a long way ahead,
but it looks like
we will get there !

® 3) ‘Precision’ measurements of QGP parameters _
= Quantitative and systematic study of the new state of matter
& Equation-of-State f(e,p,T), viscosity n (flow), transport coefficient q (jet quenching),
Debye screening mass (Quarkonia suppression), ...
= Confront with Theory and Models:

& standard tools: Lattice QCD, pQCD, Thermo- and Hydrodynamics, ...
& new tools: AdS/CFT (‘duality’), Classical QFT (‘Colour Glass Condensate’)

® 2) Test & validate the HI ‘Standard Model’

® 4) Clarify status of some 'Beyond the HI Standard Model' ideas

® 5) Surprises ?
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. ..
o 3) Towards Precision Measurements &

® ideal hydro — Viscosity n~ 0 — zero mean free path !
= usually use Viscosity/Entropy n/S (dimensionless number)

= RHIC: QGP almost ideal fluid, n/s < 0.2 -0.4 2mkT
® unexpected result = o
= QGP though to behave like a gas (weakly interacting)
= closest the QM: I limit: n/Entropy = 1/4n
o conjectur O improved v, precision & estimate of non-flow |- |
® Precisior 4 higher flow harmonics (v3,V,,Vs) el h} I -
0 results on flow fluctuations - - %_:
= current RK 0 directed flow (v,) T ]
= /S < lian D :
= 1/S > 1/47 ? strong constraints on initial conditions ? |- Luzu ys-0.08 (Glauber E
= /S = 1/4n => quantum corrections O(10-30%) I |7 [ et 020 (KLY ]
@ 20% in v, ~ 1/4n => need few % precision 0 10 20 30 40 50 60 70 8

centrality percentile

® Precision: How ?
= fix initial conditions (geometrical shape is model dependent, eg Glauber, CGC)
= quantify E-b-E flow fluctuations (influence measured v,, depending on method)
= measure non-flow correlations (eg jets)
= Improve theory precision (3D hydro, ‘hadronic afterburner’, ...)
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G =

S Role of LHC after RHIC/SPS '@

® 1) Quantitative differences

® 2) Test & validate the HI ‘Standard Model’

® 3) 'Precision’ measurements of QGP parameters

® 4) Clarify status of some 'Beyond the HI Standard Model' ideas
= support, but no smoking gun yet: CGC, quark coalescence, .. -

= some hints, maybe ?: Chiral magnetic effect (‘'strong CP violation'), Mach cones, .S

® 5) Surprises ?
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? 4) Beyond the HI Standard Model o preview) .

® Extraordinary claims will need extraordinary proof
= CGC: sound theory, consistent with several observables, at RHIC & LHC
& N, production; seems good candidate for initial flow cond. at LHC

& no 'smoking gun signal ?

= parton coalescence:
& baryon/meson anomaly
& quark number scaling of flow

= 'Strong CP violation/CME'
& visible at LHC, but ...

= Mach cones
& very visible, but..
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'Ildea’ rather than a quantitative model

107
RABREERS e e
1 STAR 200 GeV n
- —e— same charge, AuAu |
N —u— opp charge, AuAu
= - same charge, CuCu |
z& 0.5 = 3’\\ —=— opp charge, CuCu _ []
C ™ ]
o - -
o e ]
35 3 o s o > ]
[ C o g ]
g -05F¢ ° .
A g ]
I APIE ISP IV DI S IPI P I
70 60 50 40 30 20 10 0

% Most Central

PRL 97, 052301 (2006), PRL 98, 232302 (2007)

1'02_ 1-:p.r 52, 5<p!,ggcheWc —

= Au+Au 200 GeV 0-5% ¢

101 & ]
E ﬁ 1“3
o n T .. 0.01 2

r i =l==i=*f! '1#}%

2 ii:;‘i/./’ﬂo

E il ]

o 2

£

< 18
1.6
1.4
1.2

R AN AR R AR RS RARNRRRRAS

v
0.6 Ty g :r -
it
02 # Au+Au 200 GeV i #
STAR Preliminary

1) S AN RAVAATIN RTINS AR L
1 2 3 4 5 6 7

o

p; (GeVic)
- A RRARAARARANY N AN LS R
0.3L@ ® -+ (PHENIX] - p*p (PHENIX)
I m K'+K (PHENIX O A+X (STAR)
K? (STAR) 1 =+= (STAR)

0.2

A4
%gﬁd%z [

&
L K
0.1
.i"*f
-
L1 ]
skl
0
[ (GeVJ’c) KEro‘n (Gev)

LHC

CERN, 2 Dec 2010 J. Schukraft



y (2
¥ L

S Bits and Pieces .. e

® Centrality determination with Glauber fits:

= very tight correlation of several centrality measures (different acceptance/detectors)
& 1N is a small number at LHC ! Centrality resolution < 0.5% for most central !

£ ZDC — VO =
3 =
g E E §I LI | LI | 1 | 1 | LI LI | LI I'... ' '
8 3 c E
u = g C + Data 1R~
wz# R S N T S T S DA U SR TRTEN T e I"I'I1{.'|2 = :
’ e 1000‘.?ZEF!O Amp;ime (charge a.u.) Glauber fit I
10}
..;-_. : T T L L T T T L "_I' L 1' T T T L T ': \ ;

, ) Pb-Pb \[s,,=2.76 TeV . 10 5 o, L L
S 20— o = M% ) 500 1000 3
g [ Trigger scintillators ] % -
2 (5 VOA:28<n<5.1 % : _
£ EVOC:-25<n<-37 g E

anlC — ;9_ ;_?_ ]
a3 1 lBlEE| | & :
S F 5 “"dige|8| s | 8 E
- ,..r g TPC tracks — VO
E il _ 70-80% . . . L ) . E 10-2 o Iy | AT T N N T T O
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66 TPC fracks (uncorr.) VZERO Amp"t“de (a-u-]



Other Centrality Measures

A few minutes after the first Pb collisions at LHC:

Copy from logbook (predicted calibration: 9 hits = 1 dN_.,/dn )
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- Pixel Mul

enlries

Event size distribution (Physics events)

_EventSizeGlobalPhysics

Data Quality Monitoring

10° = considered event size fatal !

10?

10

—

W)

Entries 7697
Mean 4.571e+06
RMS 1.277e+07

TPC event size (in Mbyte); calibration was unknown..

| . Ix10°

] | |
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& Even QED becomes strong at LHC '@

® very Iarge em Cross sections:
= QED pair production: hundreds of kbarn
& ete- very soft
= em dissociation ~ 200 barn
& one or several neutrons in ZDC, no central particles
= photonuclear reactions: tens of barns (kinematics very similar to pA)
&  Gamma energy several 100 GeV
= all of the above strongly correlated via impact parameter !
& large probability for coincidences
i0°

very loose trigger

T T T TITT1
1 L 11 111T

LHC is a very versatile collider: 103
pp, PA, AA,
1Y, YA, y-Pomeron

0 100 200 300 40 500

68 CERN, 2 Dec 2010 J. Schukraft



8000

7000

6000

5000

4000

3000

2000

1000

15000

14000

13000

12000

11000

10000

9000

8000

Strangeness in Pb-Pb

ALICE Performance
01/12/2010

minimum bias Pb+Pb

III‘\III‘IVl\\‘III\‘Ill\lll\\lllﬁ??‘?sl-{elv\ll

111 112 113 114 115 116 117 1.1

M(pr’) (GeV/c?)

L 6000<10°
I+
5000(—
KU ALICE Performance B
- 8 01/12/2010 4000 A
3000
2000
1000} —
| L | | '“":{;%”;‘l I: M.
.f=1-I - I0.4é - I0.5I - ID.Sé - Ilf).6I - b.65 D KO/A 1.1
M(n*r) —
. 0 ? Z and Q spectra ?
1
S (¢ +0 ]
E— _b [
= *ﬂ Mass: 1.672 GeV - 12000— ALICE Performance
= L 29.11.2010
= * : 0.003 GeV :
- - G _ L
3 L oo e 10000~ PbPb at 2.76 TeV
- + -
[ * -
- K 8000/
[~ . »
[ k] B
- ALICE Performance *ur, 5000 eee e, !
— - B '.-.-
E29.11.2010 *euse, wool ore,,
-~ PbPb at 2.76 TeV . L
n - 3 TeV -
_||||||||||||||||||||||||||II|IIII|I|||||||||||II| L Ll —I'I|||||||||||||||||||||
1.63 1.64 1.65 1.66 1.67 1.68 1.69 1.7 171 17290 100 128 129 13 1.31 1

Mass [GeV] ality (%)

*

|

Mass: 1.322 GeV
c! 0.002 GeV
il oy TIPS e
IIII|IIII|IIII|IIII|IIII|

I
3

2 133 134 135 136 1.37

Mass [GeV]



70

3.0 < pf" < 4.0 GeVic

Charm in Pb-Pb

5.0 < pf’ = 6.0 GeV/ic
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‘Jet quenching’ with heavy quarks:

Energy loss depends on
- color charge (quark/gluon)
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G =

o Anti-Nuclei in Pb-Pb @

Time of flight (sensitive to m/z-ratio): m =
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s ‘Single Events’ *

® ‘Properties of average events instead of average event properties’

[v, = 0.070566 |

Events
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]

R B
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S Summary

G =

® LHC is a fantastic ‘Big Bang’ machine
= even for LHC standards, quality of first ion run was outstanding
= very powerful and complementary set of detectors (Atlas/CMS/Alice)

There is plenty of exciting physics (and fun)
at the LHC
exploring QCD in a new domain,
where the strong interaction is really strong !

® |ooking forward to
continue the journey further
into the ‘terra incognita’
of Hl at LHC

Hic sunt Leones !
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Heavy Flavor Electrons *
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