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nonzero temperatures
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High temperatures: pQCD standard tool complementing
lattice, with excellent agreement above ca. 2T,
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High temperatures: pQCD standard tool complementing
lattice, with excellent agreement above ca. 2T,
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Key observation behind improvement:
Dimensional reduction and effective theories
HTL and EQCD - Resummation of soft modes
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No Sign Problem - Perturbation theory works
even (better) at finite density!
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pQCD at T = 0: 0(g*) with massive quarks
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pQCD at T = 0: 0(g*) with massive quarks

Simple models - I - I
often miss 1=
logarithmic ™~ R
approach to

No lattice
, prediction!

free limit
20.6
£
D_‘ -
0.4
_ === Free quarks
02+ == Bag model, B’:(ISOMeV)4
i pQCD
0 | I I | I 1 I |
0 | 2 3 4 5
1, [GeV]

Kurkela, Romatschke, AV, PRD 81 (2010)



R AL

! SB limit /
—~ 1000F i i )
I nater
= If ‘crust L § [
g outer : * neutron :
é y crust : : matter
@ 0.001F : : [
a

18—06- 1 f o el

T | P
1 10 100 1000
Quark Chemical Potential p —p, /3 (MeV)

)
p—
-
-
-

0.001

Pressure (MeV fm

Kurkela, Fraga,
S 1e-06

L} 1 L L | l:l L I L L} L LI I 1 L] .
I = SB limit :
b -téi'
inner : _
© neufron ‘
matter Central n
; in maximally g
: massive stars : =
E 1 L 1 L1l 1.1l ll 1 1 1 1 :I L1l I a

Schaffner-Bielich, AV,
APJ 789 (2014)

10 100
Quark Chemical Potential p—p. /3 (MeV)

1000



1 | T T T T T T | T I T | T l T IOOOOE 1 I IIIIIII 1 | IIIIII|
A Disallowed by - Without
20.8 HiES: consirdint B mass constraint ™
S 2 1000 o
2 06 Z §
o& E‘ IOOE—
g 04 : -
g 5 10g
2 0 & :
I I I I I I I I ] 1_ <—— Neuftron matter
0 4 L 1 1 1 L L L L L . | IIIIIIII 1 IIIIIII| 1
1 12 14 16 18 2 22 24 26 28 3
Baryon chemical potential 1, [GeV] 100 1000 ) 310000
Energy density [MeV/fm']

Main goal of future work: S s[C T
e Extend EoSof T = 0 QM to |

full four-loop order - 2
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* Further constrain neutron P IR N

star EoS at moderate density = | ‘
* 0(g°In g) already almost I
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Q(Ta uuaudaﬂs;ms) — —Tlog/DT;DwDAue—dex fol/T dTﬁQCD’

1 a a .
Lacp = FuF + ¢ Dy +mi — o)

Perturbation theory: expansion of partition function in powers
of gauge coupling g - Vacuum or bubble diagrams
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Q(Ta uuaudaﬂs;ms) — —Tlog/DT;DwDAue—dex fol/T dTﬁQCD’

1 a a .
Lacp = FuF + ¢ Dy +mi — o)

Problem in pQCD: infrared divergences at three-loop order from
long-range (static) gauge fields
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Q(Ta uuaudaus;ms) — _Tlog/DT;DwDAue_deit fol/T dTﬁQCD’
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Problem in pQCD: infrared divergences at three-loop order from
long-range (static) gauge fields

Solution: Resummation of IR sensitive contributions to the EoS:
sum (certain) diagrams to infinite order or use EFT
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Q(Ta uuaudausams) — —Tlog/D”tz_}DwDAue—fd?’x fol/T dTﬁQCD’
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Problem in pQCD: infrared divergences at three-loop order from
long-range (static) gauge fields

Solution: Resummation of IR sensitive contributions to the EoS:
sum (certain) diagrams to infinite order or use EFT

. naive res naive res naive
PQcp = ifii/igDRpDR +p7FLpHTL
Effective theory forn = 0 Effective description forn # 0
Matsubara mode. Necessary at Matsubara mode. Dominates in the

T # 0; vanishes when T — 0. T = 0 limit.
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Status of weak coupling EoS today:
* Up = 0: 0(g6 In g) Kajantie, Laine, Rummukainen, Schroder, PRD 67 (2003)
c 0<pug <T/g: 0(g°Ing) av, PRD 68 (2003)

« T =0:0(g") /w finite masses Kurkela, Romatschke, AV, PRD 81 (2010)

Problematic region: small but nonzero temperatures

* High order expansionint =T /(gug) around T = 0 — small
radius of converge; “Hard Dense Loops” Rebhan et al. 2002-2005

* Very cumbersome diagrammatic resummation connecting
T = 0 and T ~ug Ipp, Kajantie, Rebhan, AV, PRD 74 (2006)
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New: analytic result combining DR and HTL resummations -
Small temperatures under control Kurkela, AV, arXiv:1603.00750 [hep-ph]
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Q(Ta uuaudausams) — —Tlog/DTLDwDAue—fd?’x fol/T dTﬁQCD’
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New: analytic result combining DR and HTL resummations -
Small temperatures under control Kurkela, AV, arXiv:1603.00750 [hep-ph]

* Analyticity: result trivially extendible outside beta equilibrium
and charge neutrality

» Leading finite-T correction: O (Tzln ML)
B

* Potential uses in neutron star merger calculations: need finite
temperature corrections on a large density interval
" Plan: Constrain low-density EoSs with new result
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