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
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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.
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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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g%, (in QCD, Ng¥*(u=nTe n)/2)



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)

— full

L n n 1 .....\...... . R w
2.5 5 7.5~210 12.5 15 T
-0.25 N

~

Blaiirot | _2.. AR + Reiuosa ?o_u.._.p\a.o.?m.n
pMs = .w.mm,>o|8 .. 2[lFAC—m -



- Testing HTL-resummed entrepy in large-/N, limit
Comparison of large- V', entropy with perturbative and HTL-resummed results

(S - %&\AZQHJ wp/T

0.5 1 1.5 2 2.5 3 3.5
OoN A T S e A Y AR /A A SRR L'
— full cha i
3 Y S
L @H.ﬁ_. 2 / et . =
0.1 Jeff P \\ \Q \ \\ ! P steiet _ur.m..mﬁ.
| - mwﬁblzray M \\m, \\ / \_.\ *.qs.snn.._r ».m. sw
; HIL-NLO  //0f ) /1 wri-wea
A Vo fult Lo HTL
| +§ME (k)
-0.1] ~ Ju
HTL- NLo
T
-0.2} S mBS nrg::n%gi
_ _ _ s i, ﬂ__ﬁ Il—lml-vonrffn*
0 1 4 9 16 25 36
.Qmm,.mﬁ.wﬁv
— 1 = —
(HUMS = 5HFAC-m - - - 2AFAC—m)

—p. 29

Blaizot (pp, AR +£es isa hep-ph/I50 7052






