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RCD at fnite temperature

Perturbation theory s LLL behaved

Perturbation theory:

g*: Shuryak; Chin (1978)

g’: Kapusta (1979)

g’ In g: Toimela (1983)

g*: Arnold, Zhai (1994)

g’ : Zhai, Kastening (1995),
Braaten, Nieto (1996)

g’ In g: Kajantie, Laine,
Rummukainen, Schroder
(2002)

g® (partly): Di Renzo, Laine,
Miccio,

Schroder, Torrero (2006)

Lattice data: G. Boyd et al. (1996); M. Okamoto et al. (1999).
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Scalar field theory with gquartic coupling
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How cawn this be mero\/eol ?



How cawn this be impm\/ed ?

- Calculate higher orders....

: . 8
Pressure in scalar theory is known up to order O (8 In 8)
J.O. Andersen, L. Kyllingstad and L.E. Leganger, arXiv:0903.4596
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© reorganize perturbation theory,
resum, 2P, NPRG, ete)
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Why s pertubation theory
so bad ?



Expa WSLOW parameter and thermal
fluctutations




But !

e Dimensional reduction at high temperature

dy, 3 5
AL TR

* Dynamical generation of a thermal mass

m~ gl



Massive, decoupling, scheme

mB
S[p] = / dT/dd 50uPOup + @4}

Renormalization conditions

m? =T (p=0,w=0,T)
1 =L (p?=p2w=0T)
g2 — F(4) (psym :U“Qawi — OaT)



Oowe-Loop runmniing Ln massive scheme




Leading order calcuwlation O

dd
27 )@ 2+q + m?

I (p,w,T)=m?2+ém% +p —I——Z/

1 14+ 2n
I = — 9 =7 I
m=TY | s =, ag = Tolm) + Ix(m

2
I (p=0,w0=0,T)=m?+om?+ %I(m)

2

The renormalization condition implies  m” = —=-1(m)



Relate thermeal meass to zero temperature mass

2 2
I'®(p=0,w=0T=0)=m?+ém?+ %Io(m) =m? — %IT(m)

Note: unusual calculation !

Self-consistent equation for the thermal mass

2

mg = m? — &
2

I7(m)



2
G—O massless scheme order g

[+—+1 massive thermal scheme
2PI

3
A—A massless scheme order g




P/P,

1,1

1,05

0,95

0,9

0,85

0,8

[—E1 massive thermal scheme
2PI

2
G—© massless scheme order g

3
A—A massless scheme order g




P/P,

1,1

0,95

0,9

0,85

G—O massless scheme order g

[+—1 massive thermal scheme
2PI

A—A\ massless scheme order g

3

0,1 0,2 0,3

mz/T :

0,4

0,5




S rg

e An appropriate choice of renormalization scheme
can greatly improve perturbation theory at finite
temperature

e The proposed massive scheme leads to a well
behaved perturbative expansion

e The idea of expanding around a massive theory is
not new (screened perturbation theory, optimized
perturbation theory, etc), but the present
implementation is conceptually and technically
simpler.



