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Good theoretical control & data for inflation
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Uncertainty on N

reheating

MD between Hij,s = 1013 GeV
and Ty, = 10° GeV

VS.

| | | immediate decay

at preheating

AN ~ 4




REHEATING .
Inflation _ | Aot big-bang
cosmology
Unknowns: Require:

Scale of inflation T > MeV, for Nucleosynthesis

Inflaton ¢ No gravitinos, T' < 10° GeV
Coupling to matter Baryon & dark—matter

Here, assume coupling is small enough — no preheating

Gravitational decay I ~m3 / My




Perturbative inflaton decay and thermalization

(order of magnitude estimates)

e Inflaton ¢ oscillations start at end of inflation, a = ay, \4

3
py = mip? = miM? (ay/a)

o Decay at a = agy, when 'y ~m3 /M7 = H ~ p1/2/M
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Assume inflaton decays into particles (fermions) with gauge interactions

Ellis, Engvist, Nanopoulos, Olive '87
Davidson, Sarkar '00

2 — 3 processes

e New particles must be produced to “absorb” the energy loss.
2 — 2 lead to kinetic equilibrium, but not to chemical equilibrium
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MSSM flat directions
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e O (TeV) masses from u— and soft Sg/SY— terms

e Nonrenormalizable interactions
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e O (H) masses from SUGRA
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Cosmological evolution of flat directions

Light fields, “build up” in a dS space

e Every At~ H~1, fluctuations §¢ ~ H are generated on each domain Az ~ H~!

e Cosmological expansion streches ¢ + ¢ on super-horizon scales

— new homogeneous background

e New fluctuationsadd up ¢ — ¢+ 93¢ — (¢ 4+ 6¢) + 00 — ...

Random walk, leading to a homogeneous (¢) = 0

3H*

If m < H, and if inflation lasts long enough, <q§2> — W
T4m

In practice, flat direction pushed up to ¢ < M, where the nonrenormalizable

terms stop the growth




Many flat directions are mutually exclusive; if one is ‘“switched on”, many
other acquire ~ |p| masses. In general, we expect a set of non mutually

exclusive flat directions to acquire a large VEV during inflation

e After inflation, flat direction frozen as long as H > my

e As H decreases, spiral motion towards origin
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Claim: flat directions delay thermalization by providing a large effective

mass to gauge bosons Allahverdi, Mazumdar '05 .’06
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Inflaton decays at g < mi/MpQ < TeV. Flat direction starts evolving shortly before

m? 3
Amplitude: ¢? = ¢3—"§ (a—‘”> Decay rate [N ~ mg /¢%  Affleck, Dine '84
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e It dominates if ¢p = ! 3/f ~ 101° GeV
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Nonperturbative decay of flat directions 7
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Typically, 102 <e< 10"t = only perturbative decay
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Realistic cases are more interesting
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Quantized coupled system Nilles, M.P., Sorbo '01
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t—dependent annihilation / creation [ a = H=w, a;f a;
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Toy model — Complete gauge computation

2
U(1) flat direction VD:%<|¢1|2_ |¢2|2)2
Dy = [g] + (€ +x) Vo — (xr xi) M2<xf>
Py = |p]e +(§—X) Xi
T T Decay (fragmentation) into their

VEV  fluctuation .
own fluctuations

However, light eigenstate = goldstone boson

{Cblv CDQ) AM}

4 + 2 degrees of freedom = 1 Massive gauge field (3)
1 Flat direction (2)

1 Higgs (1)




Actual MSSM Flat directions

e If a single flat direction excited, no “rotation’” in unitary gauge

e If more flat directions excited, more fields involved in rotation

Eg. LLAAd-QQQL

(ve) = (p) = (d1) = (s3) = (b3) =

(t2) = (d3) = (1) = (1) = p €
54 real fields obtain mass from D—terms: 12 goldstone bosons,
12 heavy fields, 22 light fields coupled in the mass matrix,

8 decoupled mass fields

E.g. QLd-udd (s1) = (ve) = (dS) = ¢e*

(uf) = (5) = (bg) = Fe”

... 8 coupled light fields
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Simplest example: two U (1) flat directions

> (P1) = (Pg) = Fe>/?
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8 4+ 2 degrees of freedom = 1 Massive gauge field (3)

2 Flat directions (4)
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Need to control both scales in simulations.
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Nonlinear interactions

After chaotic inflation, for vV = m2¢2 + 262 2+ *

a large quartic term strongly contrasts parametric resonance
(large energy in A(x2)?)

Large (gauge) self-interactions for MSSM fields

2
Vp o< D*D% = <¢* Y. X, +he + ) diox; 5Xj)
)

1j
e Do the large quartic terms prevent preheating, or do we excite
combinations of terms for which D% remains small 7

e Quicker depletion of the zero mode ? (diagrams involving ¢g)

e Combinations of cubic and quartic terms. Do some other
fields develop vevs 7




Conclusions

e Reheating = most unknown stage in cosmology
e Coupled systems — new production mechanism

e Flat directions naturally present in MSSM;
can affect reheating through their VEVS

e Slow perturbative decay often assumed;

My ~m;/¢? gives decay after 10" rotations !

e Need to study nonlinear effects (lattice simulations)




