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Thermal inflation

V=Vo+g’T?o]? — m?|* + ...
Inflation for

If /A2 Tz2m

Vo/* ~ 10° to 107 GeV
T x e~ N so few e-folds
which for Vo ~ m?@Z corresponds to 1a

0
do ~ 100 to 1012 GeV N~ln—"

then
dilution factor ~ 10%°: pre-existing moduli sufficiently diluted,
H ~ 10~8m: moduli regenerated with sufficiently small abundance,
N ~ 10: primordial perturbations from slow-roll inflation preserved on large scales,

H ~ 1 to 10keV: primordial gravitational waves wiped out on solar system scales.
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First order phase transition since ¢g > T. ~ m. Typical bubble size
r 1 1
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Gravitational waves generated with frequency
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Key assumption

meu == (m?+ m,ﬂu) <0

N~

Implies a dangerous non-MSSM vacuum with LH, ~ (10°GeV)? and
AgQLd + NeLLE = —plH,

eliminating the p-term contribution to LH,'s mass squared.

our vacuum

/ another vacuum

0 LH,, QLd, LLE
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Reduction

For simplicity, reduce to a single generation

() () () el

The superpotential reduces to
1 2, 1 2 2 1 2
W= EAdhdd + EAehde + Aud“huhg + 5)\1, (1hy)
with the remaining D-term constraint

1 1
D = [huf> = hal> = 1>+ S 1d1> + S |ef* =0
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Cosmology

MODULI
DOMINATION

FLATON
DOMINATION

RADIATION
DOMINATION

$=0

¢ >0
¢ ~ ¢o

¢ preheats

¢ decays

hyhg =0 lhy =0

hg>0=>d=e=0)

brought back into origin with rotation
= n <0

preheating and thermal friction
= N| conserved

[
I, hy, hgy decay
T > Tgw = n. — ng

dilution = ng/s ~ 10_10]

nucleosynthesis




Simulation

Lattice
CP phase

Initial conditions

Constraints

Algorithm

1283, box size = 200m™—1, Fourier modes 0.033m < k<35m.

T— 125 CP+
arg(—B*A,) =< 7 CPO
T+ 35 CcP—
¢ = Adm+9¢
I = lh+46l
hg = Ghy
D = &  withe=48x10"3)

jo = 0

Adaptive constrained gauge invariant leapfrog type algorithm.
Exactly conserves the constraints and charges, and has good energy
conservation.
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Baryon asymmetry

ng n. nap  Tq
~ _t_NAp

s nap ng mg(¢o)

Using ng ~ my(¢o) (j% and mé(qbo) ~ Qg mé(O), and nap ~ mLHulg and

mpiy,
my

lp ~ 100 GeV \/

gives

12 2 -1 -2 2
ng 10-10 nL/nAp 1012 GeV ( T4 > (10 ) (10 eV) ( miH, )
s 10-2 ¢o 1GeV ag my mg(0)

and using b " ,
10** GeV n
ra~aov (B3 ()

gives

Mg 1o-10 (ML/nap (102 GeV 3( lul )2<10*1> <10*2ev> ( o >2
S 102 o 103 GeV ap m, mg(0)
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Dark matter candidates

( DFSZ axion ) ((KSVZ axion )

Peccei-Quinn symmetry

- 1
W = MQH,O+ N\gQHyd + N\eLH € + 5)\,, (LHL,)2 + )\u¢>2H,_,Hd + A dxX
Axion
N2 5
m; = —QCb where f; = V240
2nf, N
101 GeV
~ 6x1075eV <7e>
fa
Axino
. D NA
T 1em2 T x

~ 1to10GeV
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Dark matter abundance
Flaton decays late

] >2 <1011 Gev>
Tq ~ 10GeV
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Axion Misalignment

10 1 for Tqg > 1GeV
6 . 1.2
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Axino Flaton decay
az \2/ my \3/10GeV\ /10 GeV >
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Thermal NLSP decay
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Q§N103<L) <7e> o

1GeV 7
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neutrino masses
stabilizes LH,

MSSM p-term
DFSZ axion
forces Hy > 0
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Rich cosmology
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Dark matter composition
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