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Introduction

The Hybrid model

Classical potential:

1 1
W¢m:5#&+5£&f

¢ — Inflaton field
x — symmetry breaking field

Idea: Inflation terminates by a phase transition. Subsequent reheating
done by the symmetry breaking field.

Complication: Coupled dynamics of classical fields and quantum
fluctuations!
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Intro
Questions

We study the transition from the metastable phase to the broken
symmetry phase — preheating after cosmic inflation.

@ Spinodal regime () field has a tachyonic mass) — stabilization?

@ Treatment of the quantum fluctuations (— coupled channels,
approximation, renormalization)?

@ Effect of back reaction of the fluctuations onto themselves (not
included in previous simulations of other groups)?

@ Which modes become classical (— decoherence time)?
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EA Renorm EOM

Effective Action

Effective action in the two-particle point-irreducible (2PPI) formalism

Resummation of local self energy insertions.

o, X Aggs Doy Dyl
- S[¢a X] + |—2PPI [¢7 X?MédavM(sz?MiX] (2)

+% / dDXAiX(X) + % / d7x (B g (x) Dy (x) + 2A%¢X(X)) g
[2PPL [y, M2, M2, , M O + - @ +©+ @ +... (3

Here: One-loop bubble-resummation

[2PPI Trln [g ] . A--(X) _ 5 Sr2PPI _}Q (4)
2 Y dM3(x)
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Approx EA Renorm EOM

Renormalization — a brief sketch

Full Lagrangian:

1 1 1
L = §8ﬂ¢;8“¢; — §m5¢,¢1 — Z/\ijqu)id)jd)kq)l

1 1 1
+5062;0"$;0"®; — 55m§.c1>,-c1>j — 202000 ®; . (5)

Wi s ikl 2 Multiplicative renormalization in
(6m*)? =623  mjy (6) a mass independent
ONTHK — \T pqéZn’,’q;k’ (™) renormalization scheme — all
(8) renormalization constants are
(9)

5Zni.7i;kl — )\ pqé(pq;kl 8 .
1 derived from a vacuum counter
0Eac = 5M,?J-Mi, Sk 9 term 0E,,c.
1
M%{U = m,?j + 5m,2j + E(AW + Ok ) (gbkgb/ + Ak’) . (10)
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Approx EA Renorm EOM

Explicitly:
0Ec = —086 [(M3y)2 +2(M3 )2 + (M2, )?] (11)
T = (2 ’y+1+|n47r> (12)
6412
ME so(t) = m*+ g2 [XP(t) + Dy (b)] — 487 0EME (1) (13)
Mo (1) = = A2+ g% [0%(8) + Dgo(t)] +3A [XP(E) + Ay (2)]

—4g% OEMG 44(t) — 12X 0EME (1) (14)
Mi () = 282 [(OX(1) + Dy (1)] = 882 EME 4, (1) . (15)

@ The 2PPI-formalism helps a lot in determining the counter terms!

@ Freedom to choose an appropriate regularization scheme, e.g.
dimensional regularization — no cut-offs needed

o (M3, ¢¢Z’M2Rv o ./\/l% ¢x) form a 3 x3 system of.(linear) equations
— coefficient matrix from the finite renormalization constants
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Approx EA Renorm EOM

Equations of motion

Classical fields:

o(t) + MR so(t)B(t )+MR ox (E)x(t) = 28°X*(t)o(t) =0
X(E) + ME o (OX(E) + ME 4, (1)6(2) — 220 (1) — 28°6%(t)x(t) = 0
Mode functions (quantum fluctuations):
Fe(tp) + 2L (6 p) + MR s (DS (8 p) + ME oy ()F2(t:p) = 0
Fo(t:p) + PPRA(Ep) + Ma o (DS (tp) + ME 4 (D (t:p) =0
(16)
Greens function (factorized in mode functions):
21
Gy(t. t';p) }:7— (¢ p) (17)

wq self-consistently calculated at t = 0 (— Fock space)
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Results
Results from numerical simulations

Initial conditions

X

Start point:

$(0) # 0
2 x(0)=~0 (eg. 1077)

Start

End point:

The End ¢(O) ~0
x(0) #0

9 The Inflaton field ¢ rolls down its potential and oscillates around the
metastable point

9@ The symmetry breaking field x rolls down the double-well potential
to one of the stable minima
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Results

Evolution of zero modes and effective masses
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Results

Evolution of momentum spectra

t=19.5 t=100.2

Gij(ttp)*pH(2-TP)
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Results

Momentum spectra

P? Gy (Lp)/(2TP) P? Gyt tip)(2 T0)

0O 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

@ The two caracteristic times are clearly visible in the momentum
spectra, i.e. p>Gj(t,t;p).

@ Fixed momentum band at late times, no thermalization in this
approximation.

Parameters: m?> =0, v =1, g2 =2\, A =1, ¢(0) = 1.2, x(0) = 10~
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Results

Dependence on ¢(0),"” phase transition”

0 100 200 300 400 500 600 700 800
t

@ System ends up with x(c0) = 0 or x(o0) = £v, symmetric or
broken final state

@ ¢(0) plays the role of a temperature in this “phase transition”
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Results

Dependence on ¢(0),"” phase transition”
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@ ... looks like first order
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Results
Correlations

o0
Cyx(t,r) = > 12 / dppsin(pr) Gy (t, t; p) (18)
w2r Jo
120 1 6 Higgs fluctuations
100 J 1.4 - .
1.2 @ correlations build up
- (1)_8 in the spinodal regime
0.6 and decrease after the
g"z‘ phase transition
0 @ propagate by twice
02 the speed of light
. (opposite space
directions)

Parameters: m?* =0, v=1, g =2\ A =1, ¢(0) = 1.2, x(0) =107
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Results
Decoherence time

Modes become classical when

fex(t, p)fe(t, p)
Fil >1 with Fy(t,p) =1 MR RSL 19
| | > Wi J( p) m [g 2wa(p) ( )
200 :
Inflaton |
Higgs —--- i
10p :
150 - :
_ i o If one assumes
% 100 ,‘ M3, (o—t) then
- ; tiec X p° — quite

50 | | different with back
/f reaction
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Summary
Summary & Conclusions

@ We have simulated the transition from the unstable “vacuum” to
the stable vacuum.

@ Dynamical stabilization in the classical unstable (spinodal) regime
due to quantum fluctuations and their back reaction

9 Different asymptotic regimes: while on the tree level one expects
broken symmetry final state, quantum fluctuations can cause the
system to be in a symmetric state (“phase transition”) at late times

@ One-loop resummations lack of an efficient mechanism for

dissipation — no scattering, no memory kernels — has to be
improved
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Summary

Thank you for your attention! )
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