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Introduction

Scalar field theory with Ap? self interaction
in (thermal) real-time formalism

Expanding system, spatially flat FRW co-
moving metric

ds® = guvdzFdz” = dt? — a?(t)dz? (1)

Propagators can be expressed in terms of
mode functions which satisfy
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e.g. equal time propagator
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Mass correction in curved space-time

Mass correction in Ap?-theory:
m?2 = —u2 + §m? with dm?2 = —iA[L ].

Proper renormalization =
AR
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with mode functions
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m?(t) = —pk+

Coupled system of equations, numerically de-
manding. What can we do analytically? =
WKB



WKB solution and restrictions

General problem

(07 + w2 (®) ug(t) =0 (6)
Ansatz for w2 > 0
up(t) = R(t)e5® (7)
gives R = ¢/V/S and
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WHKB approximation
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WHKB in comoving metric
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leads to restrictions on @2 = k2/a”? 4+ m?
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with 1/8=&/m > 1.

de Sitter universe: a(t) ~eflt = H < m(o)

power law: a(t) ~ (t +tg)P = tog > %
(p = 1/2 radiation dominated,
p = 2/3 matter dominated universe)



WKB for w2 < 0

uz(t) = R(t)e ") (13)
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Link these solutions by WKB connection for-
mulae
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WKB approximation regions

A
NMAAA
AN
NMAAAA
NAAAA

Thermal equilibrium
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T
m?2(t) changes sign at TP1 and TP2.

Region ug (t)ur(t)
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Qq(t) = f-trpl |wk(t’)\ dt’,
Qp(t) = —T + [oppwi(t)dt!,
Q = T2 lwp ()] dt' + 1og 2.



Taylor expansion for T > m leads to simple
formula for t < TP1

a(0)>2

m?(t) ~ —ug + (1% +m?(0)) (a(t)

(18)
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Numerical result (full line) and analytical re-
sult (dashed line) for m2(t) in a radiation
dominated universe (Ap = 0.01, 1/7 = 0.02,

a(t) =vt+1, m(0) =1, u% ~ 1.044).

Solving for m2(TP1) =0 =

m?(0)
w5

(Numerical: TP1 = 0.964)

TP1 ~ tg ~ 0.958 (19)



Mass Taylor expansion for general 8 =1/T
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with Debye functions
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(20)

High-temperature limit further relies on Bmg >



Summary

Mass correction in Ap*-theory in expand-
ing background: Coupled system of equa-
tions

Description through WKB, valid for w >
4H or —w K 4H = connection formulae

Quantitative understanding of WKI;% I:
m2 2 2 0
(1) ~ —pg + (uF +m2(0) (53

Qualitative understanding of WKB II&III:
low momentum modes grow exponentially,
with [4p1 TP2 1w, ()] dt.
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