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Introduction
@000

Stochastic Inflation

Slow Roll Trajectory vs. Quantum Kicks

classical drift:

2
V(9)
\\:

3H) + V, 0

gV(¢) ~ H? T 7

typical time interval
At =1/H:

\VA \A
Ada=—3pht=—35
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Stochastic Inflation

Slow Roll Trajectory vs. Quantum Kicks

classical drift:

2
V(9)
\\:

y H
3Hp + V4 0 DApgu = 5

E V(p) ~ H? 1 7

3 If Agpgn ~ Ay, classical
typical time interval trajectory receives quantum
At =1/H: corrections.

! !

Apa = —;/—H At = —% “stochastic inflation”
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Introduction
0@00

Stochastic Inflation

Dual Descriptions

separate ¢ into long / short wavelength modes 23828
2 scale @oceed
o(X, t) = o(t) long = smoothed x1/oH oceoed
®Q QoD
CK_ ok — oat) [28 k% L h
+ (2 )3/2 ( ga ) |:ak ¢k(t) e + .C.]

short = noise

Starobinsky & Yokoyama (1994), Martin & Musso (2006), Kiihnel & Schwarz
(2008,2009,2010) etc.
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Stochastic Inflation

Dual Descriptions

separate ¢ into long / short wavelength modes
o(X, t) = ¢(t) long = smoothed

CK_ ok — oat) [28 k% L h
T (27)3/2 (k—oa )[ak Pk(t) e + .c.]

short = noise

Starobinsky & Yokoyama (1994), Martin & Musso (2006), Kiihnel & Schwarz
(2008,2009,2010) etc.

(oY Yo} Xe!

| pooea
scale @oeeq
x1l/oH ‘ceoced
®Q Qo0

Smoothed field ¢(t) is a stochastic process w/ gaussian white noise &(t).
— ~~

long
Langevin:

H3/2

7 §(t)

p=—¥+
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Dual Descriptions

separate ¢ into long / short wavelength modes 23828
2 scale @oceed
o(X, t) = o(t) long = smoothed x1/oH oceoed
®Q QoD
CK_ ok — oat) [28 k% L h
+ (2 )3/2 ( ga ) |:ak ¢k(t) e + .C.]

short = noise

Starobinsky & Yokoyama (1994), Martin & Musso (2006), Kiihnel & Schwarz
(2008,2009,2010) etc.

Smoothed field ¢(t) is a stochastic process w/ gaussian white noise &(t).
— ~~

long short
Langevin: Fokker Planck:
. 3/2 E 3/2 ’
b=+ Hlen) el = 2 {00 [HR(p )] + ¥ Plet))
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Stochastic Inflation

Perturbative Solution (Martin & Musso 2006)

Langevin:

. ’ 3/2
¢ =—35+ 5 &(t)

@ solve perturbatively:
@(t) = pa(t) + dpa(t) + dp2(t) + ...
@ use properties:

(6(t)) =0, (()s(t)) = o(t — t')
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Stochastic Inflation

Perturbative Solution (Martin & Musso 2006)

Langevin: Fokker Planck:
=Y+ B¢ probability to find field value ¢ at

time t in single domain
@ solve perturbatively:

() = pa(t) + opr(t) + dpa(t) + ... ® use (d¢f) and (0pa) to
@ use properties: determine P(<p,.t) in the
(€(t)) = 0, (£(1)(t)) = (¢ — t) approximation

(541

(0¢2)

K Hl 2 Pin H 3
i / do (-

2 \ 27 Gal H

H// 2

SH <5¢1>

N H’ H? H?
4xm2, |\ H2 IRE
Pin el
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Stochastic Inflation

Perturbative Solution (Martin & Musso 2006)

Langevin:

. ’ 3/2
¢ =—35+ 5 &(t)

@ solve perturbatively:

@(t) = pa(t) + dpa(t) + dp2(t) + ...

@ use properties:

(6(t)) =0, (()s(t)) = o(t — t')

K Hl 2 Pin H 3
i / do (-

2 \ 27 Gal H

H// 2

SH <5¢1>

N H’ H? H?
ammiy |\ H?) IRE
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(541

(0¢2)

Fokker Planck:

probability to find field value ¢ at
time t in single domain

o use (6¢2) and (d¢2) to
determine P(¢p, t) in the
approximation

P(‘Pvt) =

(e — <<p>)2}
2(3¢})

1
\/2m <54p%> P |:

where (p) = @c1 + (0p2)
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Introduction
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Stochastic Inflation

Example

m

chaotic inflation with V() = 72 ©?, large ¢in/mp

4x10°°

3x10°°
4
a 2x10°

1x10°°

<P/ mpj Martin & Musso (2006)
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The DBI Case
[ Je]
Modified Kinetics

k-Inflation

two ways to drive inflation:

0\

flat potential £ = %2 - V(y) modified kinetic term £ = P(X, )
where X = —%mep

Armendariz-Picon, Damour and Mukhanov (1999)
Garriga and Mukhanov (1999)
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The DBI Case
oe
Modified Kinetics

k-Inflation from String Theory: Dirac Born Infeld (DBI)

effective 4d DBI inflaton action:

s - - / dxy =g | V(g) - T(9)

V(p): potential two free functions of
T(): warped brane tension 10d background geometry
"speed limit”: v = 1: standard regime
' - 1 v > 1: "ultrarelativistic” DBI regime
W09 = e

Silverstein and Tong (2003)
Alishahiha, Silverstein and Tong (2004)
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The DBI Case
L]

Solutions and Probability Distribution Functions

DBI Langevin Equation and Perturbative Solution
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The DBI Case
L]

Solutions and Probability Distribution Functions

DBI Langevin Equation and Perturbative Solution

V4 H3/2
= —£(t
7 3Hy 2w &)
@ ansatz as before p(t) = @.i(t) + dp1(t) + 0pa(t) + ..., gives

H/ 2 Gin H"" 3
(o¢%) = g( ) o —,’)

27y

(H'/7)’
2(H"/v) S 4rm3,

/\
>
S
N
~
Il

Larissa Lorenz: Stochastic Inflation in Compact Extra Dimensions

ERE 2010, Granada — Sept 8th, 2010



The DBI Case
L]

Solutions and Probability Distribution Functions

DBI Langevin Equation and Perturbative Solution

V4 H3/2
= —£(t
7 3Hy 2w &)
@ ansatz as before p(t) = @.i(t) + dp1(t) + 0pa(t) + ..., gives

k[ H \? [¢n H~ 3
- S [ ()

Pel

(H//ﬂ/)/ ) H'/ﬁ, <A,2H3) (7"2H3>
) = ——_ (4 + -
< 902> 2(HI/7) < SD1> 47Tm1231 HIQ ®in H/2 Pel

@ use these to calculate
1 (¢ — <sa>)2]
Plp,t) = —————=exp [—
(.1) 27 (592) 2(0¢7)

with (©) = ¢ + (52)
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The DBI Case
L]

Chaotic Klebanov Strassler Inflation

Example. ..and a Problem

2
m >
Vip) = Vot —¢
4
%)
T(p) =
param'’s:
2
m, @ = 13?\7;727 = mZ‘I/-n%Dl
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The DBI Case
L]
Chaotic Klebanov Strassler Inflation

Example. ..and a Problem

m
Vip) = Vot — ¢?
4
%)
T(p) = BY
param'’s:
2
m, @ = 13?\7:7727 = n-rz‘l/-n%Dl

2 43/2 m3
2\~ 16 (m )" B/ 7 TPy
(0ed) = 2% (7)ol

) 2 53/2 md,

~__4 (_m_ il
(8p2) 15v2 (’”Pl al/2 el
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The DBI Case
L]

Chaotic Klebanov Strassler Inflation

Example. ..and a Problem

param'’s:

_ 96n2 _ _ VW
m,a = KAm?2? T m?2m

2 53/2 m
(0ed) =~ 5% (i) Zr

N
=
W
<
N
3
gw

(Be2) = — 5555 (mi) o172 @a

Recall: (p) = oo + (5p2)

() can become negative!
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The DBI Case
L]

Chaotic Klebanov Strassler Inflation

Example. ..and a Problem

But in brane inflation, ¢ has a geometric

2 . .
m 2 Interpretation. . .
Vip) = Vot —¢ P
4 “throats”
©
T(p) = BY
=
param'’s: N \ .
2 )
m, o = %7 = _ZVOZ_ {/u m ﬂ/ =
memp, bulk (V7
m \2 g3/2 md
et = % (me) 172 o

2 43/2 md,
(8¢p2) = — 4= (,,,L) 172 %l 10d = 6d + 4d

Klebanov & Strassler (2000)
Recall: (p) = pa + (Jg2) Kachru et al. (“KKLMMT", 2003)

() can become negative!
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The DBI Case
L]

Chaotic Klebanov Strassler Inflation

Example. ..and a Problem

But in brane inflation, ¢ has a geometric

2 . .
m 2 Interpretation. . .
Vip) = Vot —¢ P
4 “throats”
©
T(p) = BY
=
param'’s: N \ .
2 )
m, o = %7 = _ZVOZ_ {/u m ﬂ/ =
memp, bulk (V7
m \2 g3/2 md
et = % (me) 172 o

2 43/2 md,
(8¢p2) = — 4= (,,,L) 172 %l 10d = 6d + 4d

Klebanov & Strassler (2000)
Recall: (p) = pa + (Jg2) Kachru et al. (“KKLMMT", 2003)

H 1
{¢) can become negative! - and therefore limited field range!
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Geometric Consistency
o

Restricted Field Range

“Out of Space”?

Problem: w/ stochastic corrections, probability of (¢) < ¢ is # 0!

tin

t > tin

~
- ~
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Geometric Consistency
o

Restricted Field Range

“Out of Space”?

Problem: w/ stochastic corrections, probability of (¢) < ¢ is # 0!

tin

- ~
// ~
-
-
/
| “bulk”
\
N
AN
555\
\\\\
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Geometric Consistency
®00000

Adapted Probability Distribution Function

Boundary Conditions by Method of Images

P(p = ¢0) =P(p = ¢uv) =0

USing @moan = @cl + <6(§2> = <§‘9>

w/o walls -

Pwalls(@) - P(QO - Qﬁmean)*P(@ - 2@11\7 + @1110;111) - 'D(\//\ - 200 + @mcan)
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Geometric Consistency
0®0000

Adapted Probability Distribution Function

Boundary Conditions (2)

P(p = ¢0) =P(p = ¢uv) =0

QbuvI | ¢0

USiNg Pmean = Pe1 + (0¢2) = (p)

w/o walls

Pwalls(@) - P(QO - ¢mean) - P(HO - 2@11\7 + @mcan) - P(HO - 200 + @mcan)
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Geometric Consistency
00@000

Adapted Probability Distribution Function

Boundary Conditions (3)

P(p = ¢0) =P(p = ¢uv) =0

¢uvI / (bO

7
7

This process is repeated ad infinitum: Pyps(,) = L

—F—X
27r<5<p%>

§ (exp [ = dmean + 2n(¢uv — ¢0)]2 | _ o { _ Lo+ menan = 200 + 20(duy $9)]? )
2 <5cp%> 2 <5cp%>
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Geometric Consistency
000e00

Adapted Probability Distribution Function

Mean Field Value between Absorbing Walls

Now use Pyans to calculate new (@) = % qu;‘” dep Pyans (¥, t) -

duv N2 | det)
/ 0 Ay Pyans (v, )Y = n;’” exp[ 2(¢uy — P0)?

X sin [W} [(buv COS("’/T) - ¢0]

Oscillating behaviour!

Note:
Pwans not normalized b/c of absorbing boundary conditions.

Need to calculate N = f;;v dy) Pyans(¢, t) to find ().

applies to any stochastic inflaton between two absorbing walls
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Geometric Consistency
000000

Adapted Probability Distribution Function

Example. .. and Problem Solved

a=38,=37,m~2x10"", ¢, = 10~ 3mp,

0.0010

(@)
0.0005

O . O O O O R

2
V(p) = Vo + 5 ¢°
T(@) =¢*"/X _p.0005!
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Adapted Probability Distribution Function

Geometric Consistency
00000e

Example. .. and Problem Solved

- ¢uv

---------- OT O 0.0.0 I KO )

—~0.0005 [

e g:&x\X%:, ,
7/ ’ V

1077
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Geometric Consistency
00000e

Adapted Probability Distribution Function

Example. .. and Problem Solved

- ¢uv I I I

---------- OT O 0.0.0 I KO )

—~0.0005 [ . - . L
1077 1078 107° 1074 1073
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Conclusions

Conclusions

@ In stochastic inflation, the smoothed field ¢ obeys a Langevin
equation. This equation can be solved perturbatively in the noise.

@ We generalized this approach to string-inspired DBl models.

But:
The stringy inflaton has a geometric interpretation.
Must be respected even by quantum corrections!
@ Install walls in field space to find correct PDF's.
@ This may affect the behaviour of the inflaton significantly!
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