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Phase Transitions in the Early Universe

----
 

inflation (GUT) phase transition    T = 1016

 
GeV

----
 

electro-weak phase transition         T = 102    GeV

----
 

QCD phase transition                      T = 175 MeV

note: 1010

 
K ~

 
1 MeV



Attraktive Physik 2007, Dariusz Miskowiec

QGP first mentioned...
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QCD Phase Diagram, modern schematic
 

version

rich structure:  

restoration of chiral
 

symmetry 
coincides (?) with deconfinement;

color
 

superconductivity at low T and 
high chemical potential;

existence of tri-critical point.

Exploration of the Phases of QCD: 
a key theme of modern nuclear physics 
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Evolution of the Early Universe

Homogeneous Universe
in Equilibrium

Charge neutrality
Net lepton number = net baryon

 number
Constant entropy/baryon

neutrinos decouple and light nuclei begin to be formed

QCD Phase Boundary
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Lattice theory support for the QCD phase transition

F. Karsch, arXiv:0711.0656, arXiv:0711.0661

qq potential flattens                                    number of degrees of freedom 
(particle species) increases
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Heavy ion collision

UrQMD

 

160 GeV

 

Au+Au

• before collision

• compression and heating

• thermalization

• expansion

• chemical freezeout
 

(number of particles frozen)

• kinetic freezeout
 

(particle momenta
 

frozen)

normal
 

nuclear matter
ρ0  =  0.17 /fm3

ε0  =  0.16 GeV/fm3

Quark-Gluon Plasma
ρ

 

 >
 

1.2 /fm3

ε  > 3 GeV/fm3
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Heavy ion collision in UrQMD

Ultrarelativistic
 

Quantum Molecular Dynamics (UrQMD)
 

--
 one of the most commonly used theoretical models, Frankfurt University
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Au on Au Event at cm Energy ~ 130 A-GeV

Central Event



Attraktive Physik 2007, Dariusz Miskowiec

observables in heavy ion collisions

single particle 
spectra and 
yields

two-particle 
correlation 
functions

many-particle 
correlations
(flow, jets)
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experimental data on the QCD phase diagram
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data taken at:
RHIC SPS     AGS SISThe Thermal Model

 

assumes that 
all particles stem from a thermalized

 fireball, where all inelastic collisions 
stop at the same temperature.

By adjusting only two parameters, 
the baryon chemical potential

 

and 
the temperature, relative particle 
yields can be explained.
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CERN press statement 1.2.2000
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BNL press release on July 18, 2003

…In comparing these very different types of collisions, 
scientists have seen distinctions that clearly show that 
head-on gold-gold collisions are producing a nuclear 
environment quite different from that of deuteron-gold 
collisions. Although RHIC scientists are not ready to claim 
success, they are confident that RHIC collisions of gold 
ions have created unusual conditions and that they are on 
the right path to the discovery of quark-gluon plasma…
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World-wide heavy ion community
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LHC experiments

CMS

LHCb

ATLAS

ALICE
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ALICE experiment at the LHC

TPC

TRD
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The Alice Collaboration

Sweden
Poland

Norway

Russia

JINR

Japan BrazilRomania
Spain/Cuba

South Africa
USA

China
Croatia

Armenia
India

Korea

Ukraine
Mexico

Czech Rep.
Slovak Rep.

CERN
Denmark

Finland

Germany

France

Italy

Greece
UK

Hungary
Netherlands

Some numbers:
Members: ca. 1000
Institutes: ca. 100
Countries:      30
Costs: 150MChF
(+ free magnet)

German institutions:
GSI Darmstadt
TU Darmstadt
Universität

 

Frankfurt
Universität

 

Heidelberg
FZK Karlsruhe
FH Köln
Universität

 

Münster
FH Worms

1000th ALICE member

http://images.google.it/imgres?imgurl=http://www.yale.edu/japanus/_borders/japanese%2520flag.gif&imgrefurl=http://www.yale.edu/japanus/&h=267&w=400&sz=120&tbnid=TlTw6F11FMD0CM:&tbnh=83&tbnw=124&prev=/images%3Fq%3Djapanese%2Bflag&start=1&sa=X&oi=images&ct=image&cd=1
http://astronomy.swin.edu.au/~pbourke/texture/flag/Cuba.jpg
http://www.theodora.com/wfb/south_africa/south_africa_maps.html
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ALICE programme

mission:
create quark-gluon matter
study its properties quantitatively
be prepared for unexpected = be versatile

methods:
spectra and correlations of various particles

e.g. heavy quarks (open beauty, J/ψ and upsilon-states) 
jets in heavy ion environment 
weakly interacting probes (Z0, W±) 

special at LHC:
higher energy density
larger system
more heavy quarks and jets
weak probes W/Z available
access to lower x

SPS RHIC LHC

√sNN

 

(GeV) 17 200 5500

dNch

 

/dy ~450 ~850 1500-4000

ε(GeV/fm3) 3 5 15-60

τQGP

 

(fm/c) ≤

 

2 2-4 ≥

 

10

?
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5 m

ALICE Time Projection Chamber
 

(TPC)
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ALICE Transition
 

Radiation
 

Detector
 

(TRD)

TRD Supermodule

TPC

Purpose:
Electron-ID
Quarkonia

 

→

 

e+e-

Heavy flavour

Some numbers:
540 chambers

Total area: 736 m2

(3 tennis
 

courts)

Gas volume: 27.2 m3

Resolution 
(rϕ) 400 μm

Number
 

of read
 

out
channels: 1.2×106
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Aufbau u. Einbau des

 
ersten TRD Supermoduls

zweite Lage von Kammern komplett mit
Elektronik im Supermodul

Kontrolle des Detektors: 540 CPU Linux Cluster
PI und KIP U. Heidelberg, FH Köln, FH Worms
U. Münster, GSI

Oktober 2006
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J/ψ
 

Unterdrückung
 

als
 

QGP Signatur

J/ψ
 

: gebundener Zustand aus charm- und anticharm-quark
wasserstoffähnlich Radius: 0.45 fm    Masse: 3.097 GeV >> T

charm- und anticharm-Quarks in der 
Anfangsphase der Kollision durch Fusion 
von Gluonen der beiden Kerne gebildet

etwa 1 aus 100 cc-Paaren entwickelt sich in ein J/ψ
_

im QGP:  attraktive Wechselwirkung zwischen 
charm and anticharm-Quark durch Präsenz vieler 
anderer Quarks und Gluonen abgeschirmt
Konsequenz: erwarte signifikant weniger J/` 
wenn QGP präsent

Nachweis von J/ψ: 7%
 

zerfallen in e+e- Paar

Johanna Stachel
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Messung
 

von Charmonia
 

und Bottomonia
im

 
ALICE zentralen

 
Barrel

Statistik: 1 Monat Blei-Blei Kollisionen bei LHC Design-Luminosität

[W. Sommer, ALICE PPR]

Simulation
10 % Centrality
2x108 events
106 s / year
<dN/dy>=3000
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wenn Anzahl der produzierten
cc-Paare gross  (LHC)  → 
zwei c-Quarks aus ursprünglich
verschiedenen Paaren können
sich beim Ausfrieren in die
hadronische Phase 'finden' und
ein Charmonium (J/ψ) bilden
mehr J/ψ

 
als ohne QGP

A
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Umkehr
 

der
 

J/ψ
 

Unterdrückung
 

in Erhöhung
 

bei
 

LHC
Beweis

 
für

 
Deconfinement

 
im

 
QGP

A. Andronic, P. Braun-Munzinger, K. Redlich, J. Stachel

Grösse des QGP Feuerballs

weniger

mehr
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thesis opportunities in the ALICE/GSI group

ALICE first collisions ................. summer 2008
ALICE first data-taking run ....... 10-21 Dec

 
2007

currently 5 students from TU working at GSI and at CERN:
• detector calibration
• development of data analysis algorithms
• participation in data-taking 
(December run: out of 16 TPC shift crew members 
6 are our students)

enough work for many more students...
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