Quasi-particles at NLO
in HTL perturbation theory

Leading order: Hard Thermal Loops
(because generéted by hard loop momenta ~ T°)

need to be resummed for soft momenta k ~ gT:
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— effective (Wilson-renormalized) theory for k ~ T
L— L4t

Explicit gauge-invariant integral representation:
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where P = (1,p),p? =1,ie P2 = 0, whose spatial
components are averaged over by s,
p.. remnant of hard plasma constituents’ momenta P — TP



HTL fermionic quasiparticles .... —
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Properties of HTL effective action
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¢ manifestly gauge invariant; gauge independent, too

® non-local

e Hermitian only prior to analytic continuation o

real time/frequencies (Landau damping)

e infinitely many (nonlocal) vertices
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QCD: HTL vertices for any number of externai giuons

QED: P - Dyoq4; (A)) = P - &:
“only” HTL photon self-energy I1,,,,

fermionic self-energy 3,
and vertices 2 fermions+any number of photons
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NLO corcections to gluonic quasiparticle
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_ F.arge N, limit of QCD and QED

G. D. Moore, JHEP' 10 (2002) 055: Ny — 00, N, ~ 1, g° Ny ~ 1
as testing ground for weak-coupling techniques at high I’

order 2;# O
order Z.M” MHH M”m MMM MHM

dressed gluon propagator contains typical gauge-theory phenomena such as

Much simpiler than large-/V,:

* Debye screening for electrostatic modes
* unscreened magnetostatic modes
s complicated dispersion laws, Landau damping, plasmon damping

and can be solved exactly (norperturbative w.r.t g% o g>Ny)



Large V, limit of QCD and QED
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Effective coupling constant g7 = <

Ny, QED.

1 1 In(u'/p)

One-loop beta function exact: ——— = +

g2() %) 672
No asymptotic freedom — instead: Landau singularity at exponentially large
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Theory only exists as cutoff-theory with A o < Af
But thermodynamic potential insensitive to cutoff as longas 1", p << A,

Techricality cutoff needs to be impsosead in Euclidean invariant manner, otherwise
Spurous singulanties
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Thermodynamic potential of large- N, QCD and QED
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Pressure of large-V; QCD and QED @ ;1 = (

£

G. D. Moore. JHEP 10 (2002) 055 £ hep-ph/0209190. A, ipp. G 0. Moore, AR, JHEP 01 (2003) 037

Perturbation theory at g= nT.2nT 4nT
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Pressure of large- N, QCD and QED @ ¢ = 0

Numerical result sufficiently accurate to verify perturbative results through order .ewm and to extract g, term (ro iog herel)
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HTL-resummed entropy at high 7', 1 = ()

Blaizot, lancu & AR (1999):
HTL resummation through 2-loop $-derivable (2P1) entropy expression:
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» nontrivial reorganization of perturbation theory:
3/4 of awkward g contribution contained in NLO correction to 1% , M2 -
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Testing HTL-resummed entropy in large-/N, limit

requires NLO asymptotic mass of fermions:
M (k) =
2k ReX (w = k)N, /(T*CY)
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- Testing HTL-resummed entrepy in large-/N, limit
Comparison of large- V', entropy with perturbative and HTL-resummed results
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Large- N, pressure at finite chemical potential /.

Straightforward generalization to finite chemical potential by evaluating 117 ;, with
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Comparison with ecomplete dimensional reduction results

925 (Pms)
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lpp, AR & Vuorinen, PRD69 (2004) 077901

Comparison for two Fastest Apparent
Convergence scales (for 1, and g,

resp.)

Breakdown of Dim.Red. for
@ = arctan(nT/u) < 18°,
ie. "< 0.1u

Work in progress:

Kajantie, Ipp, AR, Vuorinen
IR-safe part of Dim.Red. together with
numerical evaluation of resummed ring
diagrams should cover also 7" < 0.1

for all 1, T




Works also at finite chemical potential ;1 < 7°:
—>Vuorinen, PRD68 (2003) 054017: Ipp, AR & Vuorinen, PRD89 (2004) 077901
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Entropy & = ﬁ

Non-Fermi-Liquid Behavior at small 7" # 0

LO (2-loop) term in interaction pressure gives
P = Fo= ~N, [§T*+ 3272 + Jouf] %
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pmaloeus specific heat

Low-temperature expansion of an

Dynamical magnetic screening scale k = [rmpw/4]'/?

— low-1" entropy with log’s and fractional powers in 7":

T Hoistein. R E Norton & P. Pincus, PRB8 (1973) 2649; Chakravarty, Norton & Sytjuasen, PRL 74 {1995) 1423
A. ipp, A. Gerhold & AR, PRD89 (2004) 011901R; PRD70 (2004) 105015
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Extension toall 7' < 1

Anomalous low-temperature series is applicable only for I' < geg it

complete infinite low-temperature series is contained in

HDL-resummed expression Gerhold, Ipp & AR, PRD70 (2004)
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Jeffb K 1T <€ 2
dominant resummation effect now longitudinal plasmon effect (Debye screening)
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HDL.-resummed low-/ entrepy
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_ low-temperature expansion to order T In T, T°/3, T3 T3 In T, resp.

g . g :perturbative result for gegpt K T € pt (divaired.)




HDL-resummed result for the specific heat
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significant deviations from naive perturbative result for low-1" specific heat

in QCD for T'/pp S 0.05
— cooling ot (proto-)neutron stars with normal quark matter component
Non-Fermi-liquid effects also in neutrino emissitivity (T. Schifer & K. Schwenzer, PRD70 (2004) 114037) —p.2s



