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Equations of motion:
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'Compare*wit’hguation for the harmonic oscillator with
friction: ’
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ejejle gj iflation:

P large H ;, large friction

fleld~ ¢ moves very slow "* S0 that its potential
energy for a u,ry ime | eman nearly constant

.rl ~ const

F

No need for false vacuum, supercooling, phase transitions, etc.
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ihelsimplest models of dark energy
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n
he JJWJ# eternally accelerates
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The universe accelerates and then collapses
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| | | can start in the smallest domain of size 10'33 cm with

i

"fha" a milligram) and entropy O(1)

Solves flatness, mass and entropy problem

can start only in a domaigwith mass 6 orders of magnitude
greater thanmnd entropy greater than 10

Not very good with solving flatness, mass and
entropy problem

il can occur only in the domain oggize greater than the %
of the observable part of the universe, with mass> 10" g and entropy > 10

Does not solve flatness, mass and entropy problem



SRUEBINBIESEHELcCNTlation natural?

Jftenirepeated (but incorrect) argument:

at the theory is ill-defined at ¢ > M,

ﬁ;“e in fact proportional to

- ~n e
( Y. ) 'and to (m2 (¢) )
4 | 2
M g M -
These terms are harmless for sub-Planckian masses and
densities, even if the scalar field itself is very large.




draoticintiation in supergravity

Too steep, no inflation...



ARSOIOTION: 51Tt symmetry

Kawasaki, Yamaguchi, Yanagida 2000

and superpotential 4/ — 9P X
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=2 Imd = (d—P)/V2

At

The potential of this field has the simplest form, without any exponential
terms:




ATiation’in String Theory
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ﬁwliﬂl:il = wkrﬂl!i:‘.!.l ﬂj U.,Lﬂ "I'J* - . *’_. . - by compactlflcatlon
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Here (J _is the'dilaton field, and /) des rlbes volume of the compactified space

vaﬁisri BS

The problem of the dilaton stabilization was solved in 2001,  Giddings, Kachru

but volume stablllz'gﬁon problem was most difficult and was ~ @nd Polchinski 2001
solved only in 2003 (KKLT construction)

Kachru, Kallosh, Linde, Trivedi 2003
Burgess, Kallosh, Quevedo, 2003

o fields is very steep, they run down, and V

i .--____* -.. .



Me Sstabilization

Ba“sm StepsTT -
ﬁ ‘War try tﬁhe compactified space and nonperturbative

effects — AdS space (negative vacuum
energy) with unbroken SUSY and stabilized volume

» Uplifting AdS space to a metastable dS space (positive vacuum
E))) ‘by@ding” anti-D3 brane (or D7 brane with fluxes)
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I WOty PESIOf Str, gle inflation models:

o *_wj e simplest class

Jiuuidié,i uses only the fields that
:J.l:-‘)erdy oresent in the KKLT model.

N iation. The inflaton field
sponc s to the distance between
branes in Calabi-Yau space.
Historically, this was the first class of
string inflation models.
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Biclnenlailzion with stabilized volume

i Use KR svVolume stabilization (i‘tf’*ala stringinfiation models)
RECHTIARaNOSTAINac M aldacens; McAllister, Trivedi 2003
—roblem: Hequireés fine=tuning of superp otential at the level of 1%

u _[ntroduce thelnflaton field wit hé&potentlal which is flat
due to sniit wmruh j 1‘_
.;=' eak shit .'J}!lll!l:ifl‘ y either due to superpotential or due to

radiative COrrecltic
& ‘I Kallosh', Pro

|

kin 2003

Angelanton] muna Ferrara, Trignante 2003
Koyamﬂfaéhlkawa Watari 2003

Firouzjahi, Tye 2003

Hsu, Kallosh 2004

Alternative approach: Modifications of kinetic terms in the strong coupling
regime
Silverstein and Tong, 2003

|



QIR wnodlell

aldacena, McAllister, and Trivedi 2003

K = —3log(p+p — ¢¢)
W =Wy+e P

Image throat

Calabi-Yau

T = 2H

&2

Meanwhile for successful inflation with flat spectrum of perturbations one needs

This can be achieved y taking W which depends on (jﬁ and by fine-tuning it
at the level O(1%)




Ihis modelis complicated and requires fine-tuning,
out 1thSTbased on some wi %tabhshed concepts of
String '.L'L'J!H} 1{S ‘ujyvu# s @@h&t the smallness of
ntlationary para eters b :m matural explanation in
[CTMS 01 W ;_r:;u_u yjil K1€D3g -Strassler throat
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Further developed by: Burgess, Cline, Stoica, Quevedo; DeWolfe,
Kachru, Verlinde; lisuka, Trivedi, Berg, Haack, Kors; Buchel, Ghodsi



' D7 Inflation

RalloSHET2001 - 2004
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SINGERNAONENdishift symmetry

K =—3log(p+p+2(s—5)°)

SHSURKAIIGSh% Prokushkin 2003

jumuiu orotects flatness of the inflaton potential
S -,- S+ direction. This symmetry is not just a
requirement Which is desirable for inflation, but, in a
certain -fclas's of string theories, it is an unavoidable
consequence of the mathematical structure of the theory.



The Potential of the Hybrid D3/D7
Inflation Model

q:) is a hypermultiplet

—
is an FI triplet




BiN0iNg it all together:

C A4 B . N
AKL, In progress
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atiorn Y potential at by =0
o “Nﬂdf!.l! tion of'S and O
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Shift symmetry is broken only by quantum effects
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-~
thefirstworking'model of the moduli inflation

Blanco-PiladoyBurgess; Gline, Escoda, Gomes-Reino, Kallosh, Linde, Quevedo
hep-th/0406230

Sugmential: W = WO + Ae—aT i B e—bT

-

WCULEUCNERS K = —3log(T + 1)

Effective’potential forthefield T=X+1Y

E B_GX 2 —aX
V = Xa | 62 [a,A (aX +3) e +3WgaAcos(aY)] +
c—bX B
- bB? (bX + 3) e ** + 3WpbB cos(bY)] +

6—(&-}-!1))(

e AB (2abX 4+ 3a + 3b) cos((a — b)Y)]




Ealametersiana Potential
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Inflationary Predictions:

COBESNOrIMalized Spectrum o E‘L"fturbations of metric

Flat spectrum’of metric per urb ations with n_ = 0.95

Inflation in this scenario is eternal

(topological inflation)

Parameters require fine-tuning with accuracy O(0.1%), which may
not be a problem if one takes into account string theory landscape



- Initial’conditions and the
d“-'- BVEISNOOotiNg problem

-15|

Brustein, Steinhardt, 1993; may be resolved when radiation is taken into account
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rl!)ﬂduslr m.ta ,Lﬁ!.ll:isi-:id-:i O _ / one part of the problem
Linit orinflation. For example, one can
Show that’a hot closed universe collapses within the

ime t = S :j-‘f’ n ,Jf;um.g JJ]E, t can survive until the
at t=H'=V'2 only if S>V3*

For V=107 = (typica for é?ﬁng inflation) the initial entropy
(the number o particles) must be S > 10'2. For V=103
the initial entropy must be S > 10%’. In other words, in
order to explain why the universe is so large now, one
should assume that it was huge from the very beginning...



@Uantum creation of an
[iiatendry universe

i I'L.!rJ:ﬂ"l'”Jnﬂ.ﬂJ m UnCtlon Hartle,Hawking 1983

Describes the probability to live
" in a state with a given energy
density after a long evolution

g _a e uncﬂon A.L., Vilenkin 1984

Describes the probability of
initial condition



[n m; opinion, awﬁ: 10 wave function, as well as
tS various mo II ations (e.g. Firouzjahi, Sarangi, Tye),
[w notidescribe quantim creation of the universe:

By its construction, ﬂ};” ve function was supposed to
_Lﬂgj]_;guu ground < ate fthe system, to be attained

1 the quantum creation of

W EER 8 1=y wave function leads to an
expoﬁ%ntlai suppression of the probability of inflation
starting well below the Planck density (which is the case
for all known models of stringy inflation). For example,

for the probability of the racetrack inflation one finds

P ~ exp (—1018)



NAISHNEeToot of the problem?
# “; | : Time

)

a = H ' cosh Ht

~ deSitter space

'.....l-l L™

—— Radius H™!

For the Planckian H, as in chaotic inflation, the action is
O(1), tunneling is easy. For smaller H, the new-born universe must be
larger. For very small H, as in stringy inflation, creation of the universe is
exponentially suppressed. Creation of an infinite open universe is
described by a different analytic continuation of the same instanton.




BUTWhYy doweneed a closed universe? In string theory it
ISTnaturalgosassume thatall " dimensions are democratic.
OUr 3DYEPECemay be topologically nontrivial. It can be
compactevenititis open or flat (e.g. a torus). This changes
eveything in a dramatic way:

sunnuYssly _

will not collapse‘even if its initial
entropy is O(1)




1hejonly remaining probl is to keep the universe

muugwam _]Jl]]] nflation eglns This can be done
pecause of thie he size of the box in a hot

Iniverse grows as 31@-,‘ ereas the mean free path of a

_ummmlg ;;_z_mug w ﬁ aster, as 1. As a result,
\ gical time t the same particles appear in
SE 'Wlth equal probability, which makes

glo]ef ne‘ﬁ‘ﬁ'
- rnis’h‘%tarkman, Spergel 1996

*

In this scenario there is no exponential suppression of
the probability of creation of a topologically nontrivial

inflationary universe with V << 1
A.L. 2003, and work in progress







”é‘lf-rep oducing Inflationary Universe




(fingTheory Landscape
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| Lerche,Lﬂust,-' Ji
Bouéfﬁ,’ Polchinski; Sus




[PRGHESRACH U S metastable,
out Laflarigag '--tring (0
[ENGLSEAPENSIEternal
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It creates rJr antum "uctuations along all

necess: ‘ﬁ inif ﬁl conditions for the low-

scale inflation



