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Stochastic inflationary evolution
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Stochastic inflationary evolution

— Scalar @ with potential (e.g. KSVZ model)
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— Evolution during inflation with approximately constant H;: free parameters: (H,;/f,, 1)

spatial average over Hubble of massless fields has de Sitter fluctuations ~ H,;/2x
A

m? < 2H12



(0

@,

initial condition

|60K) | ~ H,/(2x)

A

A 4

(RH)™!

scale factor



initial condition

O =0, |60K) | ~ H,/(27)

“/ 2

%
oD \ 5(13\4

A

A

N
v

A 4

(RH)™!

scale factor



initial condition

O =0, |60K) | ~ H,/(27)

“/ 2

%
oD \ 5(13\4

A
\ 4

A

N
>

A

A 4

(RH)™!

scale factor



initial condition
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Equilibrium distribution:

— a(x) uniformly distributed
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N, = number of e-folds during inflation needed to approach the equilibrium solution (reached asympt.)
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At the end of inflation, over length scales:
o > eMH! the angular field is random

e < eNsH,_ ' the angular field is homogeneous

400+ _
, H/lf,=r
R
300+
¥y H; 200}
100"
O,‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ .
0 100 200 300 400

.X,'HI



At the end of inflation, over length scales:
o > eMH! the angular field is random

o < eMHF ' the angular field is homogeneous
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P(ty_»s, D) after N =25 e-folds ( = field distribution over a patch that reenters at the QCDpt)
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P(ty_»s, D) after N =25 e-folds ( = field distribution over a patch that reenters at the QCDpt)
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Evolution after inflation and string formation
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Evolution after inflation and string formation

2
If N, > 1 we can neglect the gradients > p+—p+ ,1(p2 —fc%)p =0
4
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1) If p S f, , patches go to the nearest minimum (except at string centres)

this patch becomes a string centre

‘Inflationary formation’



2) If p > f, , patches oscillate many times before settling down, to £f,




2) If p > f, , patches oscillate many times before settling down, to £f,

‘Overshoot mechanism’
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Landscape of inflationary QCD axion scenarios

Restored PQ symmetry Broken PQ symmetry

Late strings
(effectively post-inflationary) (ruled out for large H,)
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Inflationary production
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Strings re-enter at QCDpt

Including overshoot
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Late strings
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Late strings
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Late strings

@H =Hp, (T =Tpy Tpo(N,) = Ty

a/fa = a/f;l =
/ \\ domain wall 0
isocurvature mode > < >
H—l H—l
. 7
Qmis f 6 dw mis
— 2 llz—a] average-angle misalignment £ ~ 1.8 f; 1 MeV > Q,
$am 107 GeV Qi 108GeV | | Tpq Qi

DM for all allowed f, > O(10%) GeV



A2 (k)

1SO

10—10 _|

Isocurvature perturbations?

mis
Qa
Qdm

dw
a

dm

T 1012GeV

~ 1.8.527[

Ja

z
6

1 MeV

108 GeV

|

TPQ

|



Isocurvature perturbations?
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Isocurvature perturbations?
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Isocurvature perturbations?
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Summary

New QCD axion dark matter scenario between pre- and post-inflationary

- Occurs for order one values of H;/f, and 4

- Late string/wall produce dark matter for all allowed f, 2 O( 10%) GeV, or m, < 0(0.05) eV

~Y

- Potentially observable via dark matter isocurvature measurements and substructure (mini-clusters)
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Approaching the equilibrium distribution
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Initial conditions leading to inflationary production
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