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Heavy ion collisions

Heavy-ion collision timescales and “epochs” @ RHIC

@
® © Q@Q@@QQ @@Q@ @

e © o ®

N\ \

N

Hot Hadron Gas
5T <7 fmlc

2<T <5fm/c

Equilibrium QGP \

@ o @ 20 092 00 4

" 1] esee®

A 4

Freezeout
T >7fmlc

time

Non-equilibrium QGP
0.2<T<2fmlc

Semi-hard particle production
0<T<0.2fm/c

Strickland

beam direction

*1fm/c ~ 3 x 10~

seconds

Simulation of a heavy ion collision

U+U 23 GeV/A

t=-17.14 fm/c

UrQMD Frankfurt/M

UrQMD Frankfurt/M

Tuesday, October 16, 2012




Pressure

0

Phase diagrams & order parameters
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Phase diagrams & order parameters

) typical phase diagram phase diagram of QCD
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Phase diagram of QCD
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QCD, asymptotic freedom and all that
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QCD, asymptotic freedom and all that

Action and interactions
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QCD, asymptotic freedom and all that

Action and interactions

QCD action Sqcp
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QCD, asymptotic freedom and all that

Action and interactions
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QCD, asymptotic freedom and all that

Running coupling at low and high energies
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QCD, asymptotic freedom and all that

Running coupling at low and high energies

Q g% (Q)
—1 % %@% 33‘)@3 ( ) p—
8 2, > S
P S S = - = -
GOU0UT60000G060E0T006000™ + &6@%@ + @6@3% M i I Ie nium P rize 1 M 10 $ 47T roril 2004
(@@6@6@ %‘% @é@ %'% 0.5 -
g 2 & %, O o\
Theory | o 2 2
| ; Data S % 3
g 1 % Deep Inelastic Scattering A
—1 % I I g 0.4 ‘ ete” Annihilation o e
+ ______________________ + /\ * Hadron Collisions © ]
S : g [ Heavy Quarkonia E =
P a Ak as(M2))
ure gauge theory matter sector NS s(Mz
' CD 245 MeV ----0.1209
0.3 | N 4, 4 210 MeV 0.1182 ] 7
O(arg) e
180 MeV — —0.1155
NN

e UV: asymptotic freedom

as(Q —00) =0

0.2

0.1!

Bethke ‘04

10 0 [GeV] 100
Nobel Prize '04

Gross, Politzer, Wilczek

Tuesday, October 16, 2012



QCD, asymptotic freedom and all that

Running coupling at low and high energies
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Confinement

Free energy /' ; of a quark - antiquark pair
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Confinement

Free energy I, of a quark - antiquark pair

pure gauge theory
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Chiral symmetry breaking Am,sg ~ 400 MeV
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Chiral symmetry breaking

e Chirality for massless particles
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Chiral symmetry breaking

physical masses

2 light flavours, one heavy flavour 2+1
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Phase diagram of QCD
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