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Abstract

We present a model of inflation based on a racetrack model without flux stabilization. The initial con-
ditions are set automatically through topological inflation. This ensures that the dilaton is not swept to
weak coupling through either thermal effects or fast roll. Including the effect of non-dilaton fields we find
that moduli provide natural candidates for the inflaton. The resulting potential generates slow-roll inflation
without the need to fine-tune parameters. The energy scale of inflation must be near the GUT scale and the
scalar density perturbation generated has a spectrum consistent with WMAP data.
© 2006 Published by Elsevier B.V.
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Can any of these potentials be embedded in
supergravity?

In 4d N=1 SUGRA
Ly, = KijDy®' DHFPI

V = eK[Kij(Wi + KZW)(WJ + RJW) i 3|W|2]

For canonically normalised fields K — CDCT)

and
V = e|¢|2{...} —n~ 0(1)

So typically slow-roll rather difficult to achieve



Vv

_ expectation values
couplings <::> of gauge-singlet fields

e.g. Re(S)F?

Theoretical requirement

*Some of these fields have flat (or trivial)
potentials at classical/perturbative level

* These flat directions are called moduli
* Examples: dilaton S - Re(§) >= ¢

volume modulus T: _ Re(T)—| @ [*>= R

: stabilise mpyw <mps < Mp



Dimensional transmutation - condensation

At string scale M: A7 __ 4r

RGE running 1 .

oy = sty + 22 log (9)

SU(N) with K x (N+ N) — b, =3N - K

1/a(Q) — O

Condensation scale

A= Me ™ ?Q(S)/b/O




A = Me—Re(S)/bo ‘%‘(bé—bo)/bo

W = (a+ B)VV —> m = a+ B{x)

—S/N
L; = RG(Q(S))FQ N ‘;Vnpert — AN, M3e=S/N1
f(S) — g2

_ M
f(5,x) = 852 82 09 (orl—ﬁx)

W = CM3e—2472f(5,x)/bo



Racetrack

2\ 3(N3—N2)/(2N2)
Whpert = AN1M3e=5/N1_ BN, M3e=5/NV2 ( @ jr”ﬁx)Q)

K = —3log(T 4+ T) — log(S + 3) 4+ xX
S=s+ip, x =xe? T =t+in
To stabilise T:
Vp = % (f1(D)|D1]2 — )2

Scalar potential:

V(S) = 25k |A(2s + Np)e™s/N1 — Be™i¢ (a + Bx) ™27 (25 + Ng)e_S/N2’2 elxI®

x| ).
+ 55K e|X|

ANle_S/Nl _ Be—i€¢ (a+ /3X>_27 NQQ_S/NQ <1 N aiiﬁxP)

e = (N1 — N2)/(N1N3) v = 3(N5 — N2)/(2N2)

k= 1/(8t3)



Pure dilaton racetrack

V(s,¢) = & (A(2s + Np)e=/M — B(2s + Np)e~s/N2)’

S

+1AB(2s + N1)(2s 4 Na)e~ (/Ni+s/N2) (1 — cos(ge))

1 B 1 BN
Smin = ¢ 109 (Z) » smax = ¢ 109 (A—Ni>

BN
— g2 log(A—Né)
= <Smax"N7—N,  inwcL

Ny = (68)215(3:2(56@/))

cos®(e¢) > 4(N2/N1)/(1 + Na/N1)?



Rapid Roll

Brustein and Stainhardt

V(s) =V(e$) =e¢*/N V¥ \

a(t) = t1/3 , S
bt + tbt — 530 =0

E=0: o(t) ~log(t)

k=0 ¢p(t) ~ tl%cos(%k t2/3)

EKg ~ -5 —a(t) =tY2 - ¢(t) = at=1/2 43



Entropy production

B=1.149




Viveak barrier = 2 51 1 S
= — o ar 1 1)| 87
rrier 3/2 | g2 + ¢ log (N2>] 2

Vine 24
V;cin = 10



Thermal effects and the thermal roll problem

Viot = V()+F(g,T) = V(s) "5k

(a0 + a2g? + 0(g%))
ap > 0, a» <O TC,‘T‘it
lint = O45 &

Hnot = vV Nerr T2 /Mp

2
1" <Teq = MP\/Neff C—> Teqg =3 X 1014 GeV

Nint > Hnot

1/4

in flation

> \/a2TeqMp ~ 3 x 101 GeV
Ty < 108 — 1019 GeV < T,

from gravitino production



Topological inflation

(%) = Ve =
»=log(s) \
60 = log(smax/Smin) /
..

A/H™ = \/327T/3 109 (1 + N1N210g(N1/N2)/$min)

V(Zl/n) = VO/n

A? _ 3272(n—1)1
H-2 — 3 n o n




Details of the model

/ 3 2 \3(N5—N2)/(2N2)
Whpert = xPAN; M3e=S/N1_y P BN, M3e—5/N2 (—(a-jlyﬁxp)

with p =/
2

V(s,¢,,0) = Zim% (A42(2s + N1)2e™25/N1  B2(25 + Np)2e™25/N2r=47(g, )
S
1 1
—2AB(2s+ N1)(2s + Nz)e_S(W’LW)r—QV(a:, 0) coslep + 2v6(x,0)])
72

+€2_f~ex2p(1 + )2 (z2A2NZe25/M1 4 B2NZe=25/Nor=4Y (g, 0)r'%(z, 0)
1
(N1 @)r_%(x, 0)r'(x,0) cos(e¢p + 2v6(x,0) — ' (x,0)) )

where
r2(z,0) = [a + Bz cos(0)]? + 5%2 sin2(0),

T/Q(x,e) — (a; _ 25(x)8 Bx~+a cos(f) > 4+ (62472(3;)5204 sin2(0)

—2¢ABN{Noe~

B2x24a2+2a Bz cos(h) 24a242apBx cos(6))?
_ Bxsin(0)
tan[s(z, 0)] = 22N
-1
_ 25(x)Basin(h) ~ Bx—+a cos(h)
tan[é/(w’e)] T B2z24a24-2aBx cos(h) (aj a 2W(m)ﬁ52x2—|—a2+2aﬁx COS(9)> ’

F(z) = (1 + 5)1
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A=15 B=8.2, Ny =10, N, =9,
p=05 a=1 =23 ~v=10"%

30 35 40
10%*¢ v(e)

ng (N)

30 35 40

Minimum:

s =152.6, ¢ =0, x = 0.42, 06 = 3.16

Inflation:

O = 4.71, 0. = 3.54, n, = —0.0089, ny = 0.98
Ne =~ 8000



Trouble:

(2

Reducing mg/, reduces the ridge between the

finite and the noninteracting vacua

Topological trapping may still work, but probability of
populating finite vacuum reduced

<> Reduce the scale of V adiabatically after inflation

<7 W=XWg—V=|Wg]+|X]2Wg
Produce gravitino mass somewhere else

<> SUSY breaking with gauge mediation? Models with dynamical
scales?



Thanks
Graham!

We still have
papers to write!



