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Rossendorf quasiparticle model

o abridged variant of hard thermal loop approach

Blaizot, lancu, Rebhan: PRD 01

e assumptions:
_ dispersion relation w?® = k* +1II(T, p, G*(T, 1))
~ no collective modes (plasmons, plasminos)
— no Landau damping

o structure similar to CJT with 2-loop functional
T : :
3 2
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Effective coupling

e approximation to HTL: II = (AT* + Bu*)g-

e fundamental parameter

e running coupling g¢-

p=70

\/

e effective coupling G~

L

AQCD

Bluhm, Kampfer, RS, Seipt: EPJC'07

Robert Schulze (TU Dresden)
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Into the |- pu-plane

o stationary potential, selt-consistent model
— Impose Maxwell's relation

Peshier, Kampfer, Soff: PRC'00, PRD'02

ds  On
O 0T

Peshier equation

e quasilinear PDE for G*(T,u=0):
— method of characteristics + boundary values

— I'- u-plane accessible

Robert Schulze (TU Dresden)
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Characteristics

e for example Wuppertal data
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Small chemical potential

e test with p( 7T, z0) lattice data

_ 4 e

A \ ‘ . i T * * * * 0.1 » \ \
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Allton et al.: PRD'02
o T \ ‘ ) ) \ C \ - \ \ \ \ \
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T/TC
Bluhm, Kampfer, Soff: PLB'05

e application in hydro @ RHIC successtul

Bluhm, Kampfer, RS, Seipt, Heinz: PRC'07

Robert Schulze (TU Dresden)
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Imaginary chemical potential

o |attice results for Imaginary chemical potential
reproducable

2.3

0.5 1 1.5
Wi/ T¢

Bluhm, Kampfer: PRD'08
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lo large wu; 1'=0

o explorative approach

e assume effects of

— quarkyonic phases

— color superconducting phases
— critical point

are small for bulk properties

Robert Schulze (TU Dresden)
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At 1=0

e thermodynamic quantities within perturbative
predictions (Andersen, Strickland: PRD'02, Fraga et al.: NPA'02)
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RS, Bluhm, Kampfer: JPPNP'09
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At 1=0

e weak sector included:

b chemical potentials fixed by 4 side conditions
(3 equilibrium, electric neutrality, equilibrium in
strangeness changing decays and muon decay)

e Individual contributions
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At 1=0

e EOS: narrow range
for p4/asqtad actions

',-
”’
"‘
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'/

— vacuum energy density E
dep. on lattice spacing =
&

- mee=pd N =
— asymptotics governed = pe 2 = D

. . U \/ asqtad V.= &
py lattice action
/ stout cont. est.
Jo 1.0 1.0 20 20 3.0
p [GeV /fm’

e Instructive parametrization

-2
e =7V, P T €

3.3 — 3.0 (375 — 395M€V)4 Bazavov et al.: PRD 09
4.6 — 4.7 (280 — 300M€V)4 Borsanyl et al.: arXiv:1007.2530

Robert Schulze (TU Dresden)
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Pure quark stars — Hadron world excluded

e solve Tolman-Oppenheimer-Volkov equations

0.8
—p4 N_= 8
—===p4d N_ =6
0.0 asqtad N_ = 8

o stout cont. est.

=

= 0.4
=

0.0 1.0 20 3.0 40 5.0
R |km

— rather small and light
reason: scaling M, R ~ 661/2

Robert Schulze (TU Dresden)
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Scaled TOV equations

o general arguments: Introduce scaled quantities
p = peo
", — m(G’Neo)'l/sz\} where e = U;Zp + €
r=7(Gney)?
— scaled TOV equations for p, m and 7

— Independent of eg 1.0
300MeV

e Observables

6(1)/ *=400MeV

- - -1/2 -
M = m(p=0) ~ e, L
0.2 S
1/2 Py
R =r(p=0) ~ e 0.0

Robert Schulze (TU Dresden)
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BInding energy

e binding energy of a star

b, = M — mqglVq

e for scaled quantities

independent of eg
shrinks with increasing (o

Robert Schulze (TU Dresden)

p/
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Systematic of binding energies

¢ binding i 0.06
bound regions for
P 10012 0 T —wmet
- U... 1. vl — pa/m, = L1
8| | e [/ T, = 1.2
| | £ 0.03
e quasiparticle oo
model + lattice |
0.01
o N { 1.35 p4 0.00
1.65 stout 008 01

Mg

e stable pure quark stars A within the model
(existence as meta-stable objects possible)

Robert Schulze (TU Dresden)
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Hybrid approach

o Vlaxwell construction to Friedman-Pandharipande

veee == —- P = coOnst
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e neutron stars with quark core bound but unstable
e third isle stable but unbound (thin shell)

Robert Schulze (TU Dresden)
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Binding energy of a neutron star

e DINding provided by outer layers
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Binding energy of hybrid stars

e small quark cores bound by hadronic shell
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Summary & Outlook

e quasiparticle model as approximation of QCD

e {QCD results mapped to large 1, even T=0

pure quark stars at larger 1: small, unbound
(QCD + present QPM: pure quark stars unlikely

nybrid stars: partially bound, unstable

outlook: EOS for CBMOFAIR

full HTL quasiparticle model with
| andau damping and collective modes

Robert Schulze (TU Dresden)
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Pressure, energy and entropy density

o other thermodynamic quantities follow

1 =152 MeV
——— 1 =166 MeV
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Fffects of collective modes, damping

e full Hard Thermal Loops

= S o Karsch PoS(CPOD)’07
full QPM = ettective QPM

\/

plasminos

e effective quasiparticles

— no collective excitations 10 14

— no damping

— asymptotic dispersion relation

— Ccrossing characteristics
however: thermodynamic results similar

RS, Bluhm, Kampfer: EPJ ST'08

Robert Schulze (TU Dresden)
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(Quarks stars

o static, spherical stellar objects

dp o (e +p)(m + 47rp)

dr

dm

dr

Arree,

re(1 — 2TmG)

o EOS of the quark-gluon plasma

— from quasiparticles

Robert Schulze (TU Dresden)
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Tolman-Oppenheimer-Volkov equations

e for the special parametrization e = v; ‘D + eg

dp (|1 + vgz]p + eg)(m + 47TT3p)

- _GnN

dr 7“2( 1 — —2? GN)
dm .
— = A4rr*(v “p+e

- (Vi “p + €o)

e scaled TOV equations:

Robert Schulze (TU Dresden)
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|sospin asymmetric QPM

e five chemical potentials
Hus Hdy Hs T Me; o

e four side conditions

_ /6 eq U|||br|u 11 (eg T <= p+ T € T Ve Ud = [y T Ue)

— equilibrium In strangeness changing decays
(e.g. A pT +770 pus = ,ud)
— muon decay (e.g. it <> € + Ve + Vys iy = fle)

— electric neutrality

— only one independent chemical potential p = p,

Schafer, Wilczek: PRD'99

Robert Schulze (TU Dresden)
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CJT formalism

e effective action

1
I'D,S|=1—={Tr|InD"'|+Tr|D;jD —1
D, ] =15 {Tx D] +Tr [Dy' D — 1]}
+ {Tr|[InS'| +Tr|S5'S —1]} + I'z[D, 5]

e translation-invariant systems, no broken symmetries

() d*k
— — AT "ng\Ww Im(In D_l — 11D
% /(277)4 (w) Tm ( )
d*k ) fh
+ 2tr ne(w) Im(In S — X25) — =1
st )~V

Robert Schulze (TU Dresden)
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2-loop QCD thermodynamics

* truncate 12 at 2-loop order

L X 3

— self-energies of 1-loop order
1 e
ATk

e gauge invariance: hard thermal loops (HTL)

Blaizot, lancu, Rebhan: PRD 01
RS, Bluhm, Kampfer: JPPNP'09

Robert Schulze (TU Dresden)
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Entropy

e stationarity of )

1 0f? 1 (89 N 0€) 8D)
S i =m-— —| =-— | — —
V OT ) V \oT exol. oD 0T/ .

0
7
SgT T Sg,L T Sq,Pt T Sq,P1 T S

e e.¢. gluons:

aTLB
Sg, T ™ / T
d*k

—

s’ = (

Vanderheyden, Baym: JSP'98

Imll
{We(w)@ (—RGD’_I}) + ReDTImllt — arctan ( T )}

ReD:

gp contribution damping terms

Robert Schulze (TU Dresden)
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Pressure

e self-consistent formulation of the pressure

(2
P = R = z;pz‘ - b

Di ™~ / nB/r {qp T damping}
d*k

e entropy density

e net quark density

(% + %) {qp + damping }
o Von T ) AP ping

— first parameter: By

Robert Schulze (TU Dresden)
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H T L selt-energles

* ImII=0 below the lightcone (solid lines)
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Update: Equation of state for SPS/FAIR

e isentropic Maxwell /Gibbs construction to hadron gas

0.18

1.0
0.16

— hadron gas s/ny = 27
0.8 QPM w/ [Borl0] s/n, =9

T |GeV|

O? ------ (Gibbs construction
O : 14 hadron gas s/ng = 27 < O 6 —— Maxwell constructions
— QPM w/ |[Borl0] s/n, =9 %
------ (Gibbs construction g, 04
012 —— Maxwell constructions QW
0.00 0.2
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i, (GeV] 0.0
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_ _ D [G@V/fmg]
e FAIR EOS within grasp
o full HTL model to be employed
Robert Schulze (TU Dresden) Cold quarks stars from hot lattice QCD
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