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GENERAL REMARK

With a factor of 30 increase in +/san compared to RHIC, the
LHC will open a new avenue for the study of QCD matter at
extreme high energy densities explorting hard probes in an ultra-
high multiplicity environment @, )
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QCD MATTER AT LHC

» Characterized through its

» Equation of state, number of
degrees of freedom, transport
coefficient, parton energy loss
and opacity, velocrty of sound ...

» With In particular the help of new
hard probes

» a new era for heavy flavors: ¢, b, ¢/
b Jets, cc, bb

» Jets and photons
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THE ULTIMATE HARD PROBES

MACT

Studied Iin detall at RHIC |

» Inclusive jets: more than 107

jets with Er > 150 GeV In
one year with ALICE

* TTV and Y tagged jets for Et
20-50 GeV
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ALICE PHYSICS OBJECTIVES
WITH pp COLLISIONS

* pp data provide the necessary reference data for the heavy-
ion program ... preferably at the same collision energy +/snn

» Unigue capabillities (very low pt threshold, PID) for a unigue
bhysics potential

» collective effects In high multiplicity pp
» baryon transport

» C, b cross sections down to very low pr
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FIRST RESULTS FROM pp AND
RELEVANCE TO AA

- Multiplicity density and distribution
» Collective dynamics

* Particle composition

* Jet production

* Heavy quark production =» See contribution by G. Batigne
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CHARGED PARTICLES
MULTIPLICITY

>l AvAs e

» the multiplicity density Is
strongly sensitive to the
structure of the inrtial state
(gluon saturation, Color
Glass Condensate,
shadowing)

» Because of the wide energy

oap, NO safe extrapolation
from RHIC data

dN_, /dn (n=0)

« .+ Running coupling evolution
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CHARGED PARTICLES
MULTIPLICITY

el | HC
: , 5 R e e e s
» Charged particle density o
dN/dN pp@900 GeV Erjc 65 2010) 111) |
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dNch/dN pp@2.36 TeV (hep-ex:1004:3034 (2010)) .
B M o S
dNch/dN pp@7 TeV (hep-ex:1004:3514 (2010)) |
" - ALICE INEL>0 11
2 e 09TeV m ]
. | ] 1 2.36TeeV % 11
v ALICE measurements in agreement B s 7TeV |
with earlier measurements (UAS, B e e Y
Tevatron) | I

v Other LHC measurements agree
with ALICE ones
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CHARGED PARTICLES

el |- C

» Comparison with MC

v Pythia D6T and Perugia miss the

data points i3
v Pythia ATLAS CSC and PHOJET o
come closer to the data points at 0.9 —_— °
and 2.36 TeV |

|

v Only Pythia ATLAS CSC come close
to the data points at / leV

arXiv:1007.051 6[hep-ex] |

NSD N5 =2.36 TeV INEL
O ALICE pp | ALICE pp —
-------- D6T (109) — D6T (109)
-------- Atlas CSC (306) e Atlas CSC (306)
-------- Perugia-0 (320) o Perugia-0 (320) =
........ PHOJET —_— PHOJET

Vs =7TeV INEL>0

ALICE pp
D6T (109)
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Perugia-0 (320)
PHOJET
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el |- C

» Distribution

v Well described by

Negative Binomial
Distribution

v Shape not described by
any MC model

v Most models fall at high
{8 ey A CSO)

CHARGED PARTICLES
MULTIPLICITY
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CHARGED PARTICLES
MULTIPLICITY
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FIRST RESULTS FROM pp AND
RELEVANCE TO AA

- Multiplicity density and distribution
* Collective dynamics

» Particle composition

* Jet production

* Heavy quark production =» See contribution by G. Batigne
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* Spatio-temporal information of the freeze out
volume from 2-particle correlations at small
relative momentum (HBT, femtoscopy, BE...)

* Flow generates a fall-off of source radii with kt

Yves Schutz

COLLECTIVE FLOW IN AA

~ + Momentum anisotropy of particles reflecting inrtial
spatial anisotropy

» generated In early, equilibrated and partonic phase
of collision

» strength sensitive to thermalisation time scale,
EOS, speed of sound, viscosity

®
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2-PARTICLE CORRELATIONS
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IN pp

» Radius grows with multiplicity * No kt dependence of radius
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2-PARTICLE CORRELATIONS
IN pp

, + AK
3
= ALICE
| © 14} preliminary
: P 0106/2010. » Gaussian source radius + MC base line:
2 - - - WL
! ; N » radius scales with multiplicity,
L ] T 1] consistent with world systematics for
i ? T 1 | hadron-hadron collisions +/s = 50
°8- ¢ 1 GeV
 Leb ‘ 1] » kT dependence different (!) for low
| I and high muttiplicity
| o4r " » do pp collisions with high multiplicrty
oof © multiplicityM<s 1 develop a bulk collective dynamic ?
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FIRST RESULTS FROM pp AND
RELEVANCE TO AA

- Multiplicity density and distribution
» Collective dynamics

* Particle composition

* Jet production

* Heavy quark production =» See contribution by G. Batigne
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PARTICLE IDENTIFICATION
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PARTICLE IDENTIFICATION
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PARTICLE IDENTIFICATION
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PARTICLE IDENTIFICATION
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HADROCHEMIS TRY

: : Cl ., hep-th/05 | 1094
- Relative abundances of hadron species il

reflect statistical equilibration (grand
canonical) = T, Y

a Tchem ~ TC ;;

Andronic et al., nucl th/OS | |O7|
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g’ &%f@”@‘“' RI—IIC data *
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R e = T * Limiting temperature establishec
| —— T=160.5, 4,=20 MeV g ]
R T=155, u, =26 MeV . -
s - 7, .= Connection to OCD phase boUe 1§

* Does this picture survives atsisis e
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BARYON ASYMMETRY
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FIRST RESULTS FROM pp AND
RELEVANCE TO AA

- Multiplicity density and distribution
» Collective dynamics

* Particle composition

* Jet production

* Heavy quark production =» See contribution by G. Batigne
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PARTON ENERGY LOSS

» partons produced in high Q? scattering

» loose energy while traversing the
medium through soft gluon radiation and
scattering

» energy loss characteristic of the medium
color density

INE - (Xsél\LZ;/q\ — <|3T2>/>\ = Pgluons

» Measure the effect in the jet
fragmentation into hadrons:

Yves Schutz @

Borghini-Wiedemannn, hep_ph/0506218 §
» OPAL, V5=192-209 GeV

— in vacuum, E;;=100 GeV

---- in medium, E;, =100 GeV ~ /
* TASSO, Vs=14 GeV

--= invacuum, E;y=7 GeV /

- =-=in medium, E;;;=7 GeV

-
-
|

jeudi 15 juillet 2010



ETINESS

e jet-like structure of the events Q) ety tewmsi0o

i work in progress
TF i June 28,2010
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JET RECONSTRUCTION

* reconstruction from the charged
tracks only

600

Yves Schutz
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JET RECONSTRUCTION

* reconstruction from the charged
tracks only

» Compare various algorithms: UA |
jet finder, kT, anti-kT, SISCONE

» jet spectrum safely reconstructed
slisie’ 50 GeV

» very similar results for all jet
finders above |5 GeV

» ready for FF and UE studies

Yves Schutz
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CONCLUSIONS
C

‘.@ Recognized by European Physical Society

Particles and Fields

* The ALICE pp physics program

» do we understand the hadron production In
PP

» do high multiplicity pp events exhibit -
collective behavior !

Particles and Fields

» pave the way for the AA physics program

Yves Schutz %
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DETECTOR CONFHGURATION

TS, TPC, TOF, HMPID, MUON, V0, TO, FMD, PMD, ZDC (100%)
TRD (7/18)
EMCAL (4/12)
PHOS (3/5)
HLT (60%)

|
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TRIGGER & DATA SAMPLES

*  Minimum bias from interaction trigger
» SPD ORVO0-A ORVO0-B (at least one charged particle in 8n)
» Readout all ALICE detectors
- Single Y trigger
» forward p AND MinBias
» Readout MUON, SPD,VO, FMD, ZDC

* In coincidence with beam pickups: bunch crossing with bunches from both sides

2010/07/06 11.57
LHC 2010 RUN (3.5 TeV/beam)

P I
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PYTHIA:

* pQCD cross-section

* multi-partonic-interactions

* cut-off parameter p; ... to cure divergences
(simple/complex scenario)

* NLO processes: parton-shower formalism

» Donnachie/Lanshoff parameterization for soft
(diffractive) processes

PHOIET
* Leading contribution to multi-particle-production

via Pomeron exchange (Donnachie/Lanshoff) | e
* pQCD for the hard component E o0 o
: . . ° £
Both models implement String Fragmentation. Pomeron 3 3
proton L rapidity gap %
ALIFE Dhyerntonn samal, AINthM~.. IN4AN  C \lollnen Ml cmemidn s nf Llntdallb nee - -

PYTHIA vs. PHOJET ()

Example of parton-shower

4 @i

Single diffraction

antiproton e

-
.
-
Pomeron =
-

E

Double Pomeron exchange

proton

antiproton

N

azimuthal angle

rapidity gap

azimuthal angle
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* |/[PY—e*e |n|< 0.9

CHARMONIA
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