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From QCD to thermodynamics

QCD: L
— propagators
— self-energies

Temperature T [MeV]

thermodyn. potential 2
— state variables: p, s, ng, etc.

— EOS e =e(p)
— T", hydrodynamics
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CJT formalism

o effective action

LD, 8] =15 {Tr D] + T [0y D~ 1]}
+ {Tr[InS") +Tr[Si'S —1]} + I'2[D, 5]

« for translation invariant systems w/o broken

symmetries
Q d*k
— = — In D! —1ID
7 tr/(27)4n3(w)1m(n )
d*k T
— Im(InS™"' —%8) — =T
+ 2tr/(2w)4np(w) m(nS S) T
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2-loop QCD thermodynamics

 truncate I'2 at 2-loop order

1 1
L OO
— self-energies of 1-loop order

R

e gauge invariance: add. HTL approximation

N | —
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Effective coupling

2(,.2y _ _ 167> 45, In[ln(z?)]
g (.”II )_ Bo In(x2) (1 - WW)

>

* running coupling g2 T =

T>T., n=20

« effective coupling G v =7 (T -1T;)
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Quark-Gluon Plasma

Model outline >
1 09| __ ’ s
o s:=-¢ G| = Sqm +sgL +sepe Fsepi+s 57 =0
e.g. gluons:
Sg.T N/ Inp We(w)@(—ReD'l)—FReDTImHT—arctan(ImHT)
. aw 7 * ReD7
gp contribution damping terms

o effective QPM: no collective modes, no damping
Peshier, Kampfer, Pavlenko, Soff: PLB'94, PRD'96

* adjustment to s( 7, =0) lattice data
— mapping to finite chemical potential
Js  On

8’“’ 8T Peshier, Kdmpfer, Soff: PRC'00, PRD'02
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Small chemical potential

» effective QPM:

ImII=0

Bluhm, Kémpfer, Soff: PLB'05
Bluhm, Kampfer, RS, Seipt: EPJC'07
* p(T,pz0) lattice data
4 H\™ 1 9™ (p/T*)
p= T Zn C”(T) (T) Cn(T) — nl O(u/TH"
JF T ] 17\ T T T T T
strong interaction ’ o4
oL b
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0 1 L5 ) s 1 12 14 16 18 2 Moy TT iz i1 is 18
/T, iR
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EOS for Ny=2+1

« RHIC, LHC:
p=20

10F

p [GeV/fm?]

0.15—

1
e [GeV/fm?]
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I Karsch _
I Bernard 0.2 _ =
Bernard 0.1 A~ _ s--" "7
' Aoki
e N N N 1 N 1
1 1.5 2 2.5 3.0
T/T.
QPM
smooth /
res, < bag
gas

Kampfer, Bluhm, RS, Seipt, Heinz: NPA'05
Bluhm, Kéampfer, RS, Seipt, Heinz: PRC'07
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First test

QPM
smooth ¥
res, A~ bag s

gas

« calculate elliptic flow using relativistic hydro code

« compare with experimental data (RHIC)

10 T T T T T 0.30, T T -
sl STARdata (min.bias)

— 0.25- b =5.2 fm (adjusted to A) i
Y ——  QPM(4.0) = »
% — — - bag model - s
o} 0.20
NQ"_ 0.15]

kel Pk

>
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Predictions for LHC

dN/dy dp? [GeV?]

1000}

1001

« LHC Pb+Pb collisions - conservative guess:

so = 330 fm™,
b=>5.2fm

70 = 0.6 fm/c
To = 515 MeV

 higher initial temperature
— flatter pp spectra

— smaller vy

104~

dN/dy dp? [GeV ]

L
1.0

L L
1.5 2.0

.0 ds {0 {5 50
pr[GeVic]
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Next step: FAIR, large u

« effective model: crossing characteristics

e full model:|ImII==0| + collective excitations
RS, Bluhm, Kéampfer: EPJ ST'08

SB limit  m—g—r——

16 | o ’ 1

121 / 2 [Kar07] preliminary 7]
I 5 effective/full QPM

so/T°

S =~ 00

all incl. Landau damping T

I plasminos

i i i i 00 i 1 i 1 i 1 i 1 i 1 i 1 i
1.0 14 1.8 22 26 00 05 1.0 1.5 2.0 25 3.0 3.5
TT, w/T,
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Towards an EOS

« entropy and Baryon density accessible

iy

Iy

_\\\'\n‘\‘\‘unmuuul """""" i

 next step: pressure, energy density, EOS
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Summary & Outlook

e 2-loop T, + eff. coupling G* — QPM
e ImII =0: ¢i(T), EOS(T, p>0)
— agreement w/ RHIC; LHC predictions

e ImII = 0: Landau damping + collective modes
— vanishing crossings, large u accessible

« outlook: EOS for cold and dense matter (FAIR,
neutron/quark/strange stars);
transport coefficients, critical endpoint
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More LHC predictions

e initial parameters translate to

GeV

eo = 127 GeV, pg = 42 e To = 515 MeV

e LHC: higher initial temperature — longer fireball
lifetime — stronger radial flow — pr spectra flat
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More full HTL quasiparticle model

® NOw:

Im I1=0

+ collective excitations

8 = Sgp + Sdamp = Sqp + (8 — Sgp)

- . Imn
§= [dwfdko(w,k) -F(Imll(w, k)) = Reps
N—— 2 2
. 1 £ (w) £ (w) 3
=sgp(w) Fi= G <(1+§2(w))2 + (1+£2(-w))? ] Ow
T T T 2 T T T T T T T 4 T T
0.6 k=057 T B=0.5T k=0.5T
2t J
1F 4
0.3 4 .
s 8 S = 0
< =0 = L
= 0.0 = w2 ]
Re(TI,) 1r Re(ll) 4 4| Re(2)) |
03 Im(IL,) | — Im(II,) —Im(2,)
5 2 1 0 1 2 3 e a0 1 2 s 4 CHm o1 e s
w/k w/k w/k
— Landau damping
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More effects of collective excitations

e collective modes
— neg. entropy contrib.

I e
1)) E— ]
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w/T,

situation improves
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More effects of Landau damping

e only minor contribution at =0

* essential for 1 >0
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A family of EOS’s up <T

. 10 T
* interpolate between
hadron gas and
QPM description o
S
[0)]
)
S 0.1k
0.4 - T T
sound waves - bag .
0.3} X g
: 0.01
o O.Z%C:PMM.OM ]
ol : QPM(20) |
QPM(1.25)" :
0.0 QPM(1.0) =1 1

01 1
e [GeV/fm 3]
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Backup: Inclusion of widths

e Peshier: ImII=2~yw

I'=y=0.2m, ! k=0T
— - ! k=1.0T
' F ! k=2.0T
£ /\ ——BW
i9
3
£
=
m

]\[/lmm
* ansatz F(w,k) - BW(m)

= / AM s, (T, M)BW (m, M, T)

QCD quasiparticle model
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Backup: Distributed quasiparticle model

e fi

xed parameters,

ary I’

2.0———
=0.01GeV — =0.10GeV
\\ . !
\
\
\ \ N
| BRI \ N
4.0 ‘;.0 6.0 0 .0 1.0 20 /‘5/07_ 40 50 6.0 0 g T.0 20 3.0 1.0 5.0 6.0
‘ /T,
SB limit
- - . B A
e adjustment to lattice 14 e
4
I' =0.01 GeV 19 /
&~ {
~ o
59 i dQP with T'=0.01GeV
o { s [Kar07] d, =0.952
s eQP
4 @
;ﬁ'
,‘A'
06 1.0 14 1.8 22 26
/T,
Robert Schulze (TU Dresden) QCD quasiparticle model 20




Backup: Distributed quasiparticle model Il

« bias adjustment I' = 1 GeV

SB limit
12
16
3 12..
2 8 .
~ o™
) dQP with T=1.00GeV |8 5
S A / s  [Kar07] d,_=0.667 »
¢ eQP "
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