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Energetics

Consider GUT scale inflation: M ~ 108GeV, p, ~
M4 ~ 1090GeVY?

= H ~ 1019GeV

T > H requires > 1 part in ~ 10%

— radiation
(influences structure formation)

of vacuum energy

T > 1GeV requires > 1 part in ~ 10% p, = p,
(makes reheating unnecessary)

Supercooled inflation Basic Assumption: Scalar field iso-
lated, will NOT dlSSlp&te the above amounts during -
flation

Warm inflation: Expects above, or even more, radiation
production during inflation

Equipartition Hypothesis of Statistical Mechanics: would
expect the scalar field to distribute its energy evenly
amongst all degrees of freedom

Dynamical Question: Will the relevant time scales during
inflation prohibit the minute’ radiation production given
above?



Scalar Field (¢) Dynamics
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Effective equation of motion (EOM) for ¢(%):

5(t) + mplt) + 2@3( 0+ 2olt)(6?)

N +olt) I =0

(@‘)2) (¢} and (Xj) perturbative evaluation
2-loop order



Closed Time Path Approach - Goal

Compute
Tr(p(t)0)

O =50y

Thermal initial state at 7T'<:

p(T<) = exp(-BH) = U(T< —iB,T<)
(U, t") = exp[—iH(t —t')] , time evolution operator)

Thus

Oy = T TS =B TOUT, HOU (1, T)]

Tr[U(T< — i8,T<)]

Also add large positive time T~

Tr[U(T< =8, T)U(T<,T>YU(T>,t)OU(t, T<)]

(OW) = Tr[U(T< — iB, T<)]




Closed Time Path Approach - Method
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Can express as a path integral

r t
recall  U(t,t) = j D®d exp (z/ d4a:£[¢])
. t'

3/

-~ ® | O>

Zlat,J-, 0%
= Tr[U(T< —iB,T<; JHYU(T<, T, JYU(T?,T<; J1)]

= f DOt DO DD
" T<~if

L

exp (z " d*z[” [T - LT [ + i/

d“mc*”“[q:f’])
T<

e.g. scalar field theory:

L[®] = -21-[3,,@8% — m2P?] - %Cb“ + Jo



ROBUST DISSIPATIVE MECHANISM
(Bt.ﬂ.m andl Ramw,/ P‘\as, . D 6'-"/ (6375707 (wo‘))

Focus on Lagrangian:

- 1 m2 A
L[D, x;, Yk, Vi) = 5(5#@)2 - 7%2 - “4“,“(1)4
: !
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2 Xj.2
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Ny
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Ny _
+ Zl Vi {% @ —my, — Zl hij,ij} Vi (1)
j= J=

[mplies reaction: o= XY

Regime m, > 2m,, > my: copious radiation production
e.g. GUT scale VV/4(g) ~ 108GeV = T ~ 10MGeV

PHYSICAL PICTURE

(Receva, ﬂ-ma)i Lawric )

-The evolution of ¢(t) changes y-mass => y-particle pro-
duction from mixing +/— frequency modes

(If left intact, quantum correlations of x-field persist)

-Coupling x to lighter i-field = y-particles decay to
-particles, decohere y-field

-Entire process backreacts on ¢ == dissipative effects



Estimates of Dissii)ation from Quantum Field

Theory Dyanmics e LB
: : . = 7]
Treat inflationary conditions: Overdamped, Yy r'“/ blole ey
P\-»Df. n-!,l-. Q ?.w]

ultraflat potential

Direct Decay Models ¢ — 11, xx (mg > 2my )
T ~ (/g )4 ~ AY2m /10
p,i/ 4~ 101715GeV (GUT scale)
\ ~ 10~(10-16)
mg ~ 1000-13GeV
= T ~ 10 — 10"GeV

Sets lower bound on radiation production from generic
QFT models consistent with inflation

= Reheating redundant
No gravitino overproduction in SUSY versions

Indirect Decay Models ¢ — x — Pip (my <

For same parameter regime, 1" as large as 101 GeV
- Copious radiation production

Very interesting regime, needs more study



The warm inflationary universe on a computer

A.B. with
G.Lacagnina (lattice gauge theory), C.Verdozzi (condensed matter theory)

C M study of overdamped motion and its universal features;
M study of how equipartitioh is achieved

Conceptually / practically important and FEASIBLE
(roals:

1) Numerical simulations of quantum/classical models
from condensed matter: Fermi-Pasta-Ulam, Caldeira-Leggett

2) Simulations of lattice quantum field theory models:
Caldeira-Leggett, ¢4

An example of overdamping in the classical regime
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Signatures of Warm Inflation
(Taylor & Berera, 2000, Phys Rev D)

« Standard inflation has no interactions
SO universe is supercooled.

e Warm inflation includes interactions
Amplitude of perturbations:Vv = ;
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e Warm inflation predicts different tensor-
to-scalar ratio than supercooled inflation.

e No consistency relation in warm inflation

« Mechanism for isocurvature modes -
which may be detectable by Planck.
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Conclusion

Inflationary cosmology lacks thorough treat-
ment of interaction dynamcis - could solve
the problems it confronts

—Inflation in general can occur concurrent with ra-
diation production, warm inflation (PRL 75, 3218
(1995))

—QObservational tests for radiation during inflation
- tensor/scalar ratio (PRD 62, 083517 (2000))
- nongaussian

- isocurvature

— Quantum field theory robust mechanism for
warm inflation (PRD 63, 103509 (2001))



