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Our approach

¥ Start from a static Universe, appty boxO.

¥ Fill it with athermalized gas of states

¥ The pressure will back-reaain the walls of the box

¥ A guasi-static evolution emergés. a succession o
states in thermal equilibrium.

Plaﬂ - Comparison peld vs. stringheory.
- Determine theback-reaction

- Attraction mechanisms toadiation eras

- Space-time dimension dynamically stabilize

- Stabilizatiorof moduli.




Field theory versus String theory

¥For a single bosonic degree of freedom of mass Vv

¥ The guantum canonical ensemble can be studied
a Euclidean path integral 08!1 | T3  with perioc
B.C. anngS!1 (antiperiodic for a fermion) :
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¥ In terms of Feynman diagrams,

In Z
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+ higher loops

¥The bosonic loop can be wrapped;  times alcﬁ]]g

¥ Finite in thel.Fas long as there is no tachyon.
¥ Divergent in the  ( , ).

¥The genus one computation in string theory should b
Pnite in the U.V. because of the integration on the
fundamental domain.




Examples

¥The bosonic string has a tachyon even at T ='0
¥ ConsiderN = 1,2,4 susy heterotic models in 4D.
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I Compute In the Euclidean

backgroundS*(Rg) ! T3! M g ,where

| The string result regularizes the peld theory one :
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\Oscillators and internal lattice




Reversed GSvhen the windinglp isodd:
A tachyon occurs for _ 1+ 2

We restrict to
IS exponentially small, exceptlif

both even is susy : no contribution.
We are left with

Paianial B2 (ot el i
exponentially suppressed, excepiif = 0

FinaIIy, /Number of massless boson/fermion pairs
4 1

P = Nied where Tg = 7Ry

i.e. StefanOs law.




¥ For phenomenology: Consider a non-susy 4D model,
Heterotic N = 1! O spontaneously. And thermalize.

I To implement the temperature, we have imposed
FUS) = O e s )

Momentum L. <zmass shift

| Compactify on and impose
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susy breakingTscaI




| To avoid Hagedorn-like transitionsg, R4 ! 1
| 2

fr(z) EB + fv(z)

2oy il : > ,
where € = —— — Is a Ocomplex structureO.

L (B2 ) e+’
@)= Syt
. = +

We can rewrite : PSt == p(Z)




Back-reaction:

I The pressure of the thermal gas of strings now pushes
the walls of the O3D boxO.

R il
= 2 et é(! InR4)% + 44:

With originally constant dilatork and metric :

back to Lorentzian

de2ic !l dt? + (2! Rpox)? (dx1)2 + (dx?)? + (dx®)?
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:The laps function is the inverse temperatt




S =S

The 1-loop correction to the orginally vanishing vacuum
energy. It is our

(They can be absorbed by wave function redebnitions and transla;
corrections to the 1-loop P at second order only.)

| In Einstein frame:
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I For simplicity, we restrict to homogeneous and isotropi
extrema of this action, which involve non-trivial backgrou
for ,d, !, ' ! onIy (we partially relax this hypothesis later)
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NB:Variational principle and thermodynamics are consis




Attractors :

I Write the coupledto ! , !
presence of sources ,

|
Z-equation: E(z,!z,”z LR I

d

where e = — and ! | ;
din a

. Caselly < 0 :For generic I.B.C., there Is an attraction tc

particular solution,z(t) ! z., !, (t)! cst. ,with
eventually damped oscillations.




- After convergence,
! ! .e. proportional !

pP(Zc)

with Friedmann eq. C

< ZAttraction to an effective radiation era

- A paradox: =4 = =4
state equation for radiation in 4

- Consistency :What perturbs the Ostatic boxO is

. Caselly > 0 Attraction to a run away solutiop(t) | +"
describing an era of contraction: should have started from a small be




| Inall Casedf I.B.C.suchthat!" 1lieR, | ],
the KK In the direction 4 become continuous.

< /The system is better understood in 5But anisotropic:

ds? = | N'2dt2 + a2 (dx1)2 + (dx?)2 + (dx3)2 + (dx?)?

\ \

- Our Pelds arg } and the pressure in 5D
93! (5)

642
- For arbitrary I.B.C., the solution converges to the effect

satispes StefanOs l@w =

radiation era ! ! :

Spontaneous enhancement of Lorentz group:




Moduli stabilization ?

I 'We have considered the dynamics of 2 susy breaking mc
, =4 ; supposing the others are frozen. Let us relax this h

| For one more dynamicausy-breakinghodulusRs

and are complex structure

-There Is an attraction to an effective radiation era, wherg
! ! teulZe Zdulea(ZaeZe g sare
stabilized.




I For one more dynamicalon-susy-breakingnodulus

-The pressure isP =

small / large<Z 4D or 5DT

If : enhanced symmetry poin

massless winding modes




- The potential forR4 is! P . At bxed , 7, one has

Up to O(€e' R°9) terms:

P! n(z)
U (1) I S U (2) Conéed by

I
—| +2 +2 / stringy effects P ' I




Phase | : The KShler modulug, is a Higgs Peld.
- Damped oscillations< 7 Stabilized
- The attractor Is a

Phase lI#t basins of attraction:
a) Friction dominates<Z
- gets stuck anywhere on the plateau
- Not stabilized butfrozen
- The attractor Is a

0) Eriction negligible<Z
- 2 ,catches the moving edges and OfaIIsO.

Phase |11 < Run away of the KShler modulgs
l.e. spontaneous decompactibcation
- The attractor is a




Summary

¥ Consider a Rat andtatic background\t 1-loop. it is
cosmologicaldue to Pnite temperature effects.

¥The free energy can be computed at the string level : It |
free of singularitynot in beld theory)

¥ We have not described in this talk the OHagedorn eraO.
However, for arbitrary [.B.C. at the time we exit this era,
evolution of the universe iattracted to a radiation era

¥The space-time dimension is dynamically stabilized

¥ KShlerandcomplex structuremoduli can bestabilized

¥ Our approach is valid tiM ! Qg ,the E.W. transmutatit
scale.There, large radiative corrections should induce tr
EW breaking and stabili?d (work in progress)




