arXiv:pending/3017097 vl 3 Oct 2005

Aspects of brane-antibrane inflation

James M. Cline

Abstract: | describe a dynamical mechanism for solving the fine-tgrproblem of brane-
antibrane inflation. By inflating with stacks of branes antlktaanes, the branes can naturally
be trapped at a metastable minimum of the potential. As lsréumenel out of this minimum,
the shape of the potential changes to make the minimum stall&Eventually the minimum
disappears and the remaining branes roll slowly becauspdtemtial is nearly flat. | show
that even with a small number of branes, there is a good chaingetting enough inflation.
Running of the spectral index is correlated with the tilt icls a way as to provide a test of
the model by future CMB experiments.

PACS Nos.: 11.25.Wx, 98.80.Cq

Résune: Je décris un mécanisme dynamique pour résoudre legmabtle fin-accord de
l'inflation de brane-antibrane. Par le gonflage avec des mpiebranes et d’antibranes, les
branes peuvent naturellement &tre emprisonnés a umuinimétastable du potentiel.
Pendant que les branes percent un tunnel hors de ce minirauornie du potentiel change
pour rendre le minimum plus peu profond. Par la suite le rrlimi'rrdispar& et les branes
restants roulent lentement parce que le potentiel est peeglat. Je prouve que méme avec
un nombre restreint de branes, il y a de fortes chances diotassez d'inflation. Courir de
I'index spectral est corrélé avec l'inclinaison de fago fournir un essai du modele par des
expériences de future CMB.

[Traduit par la rédaction]

1. Introduction

Significant progress has been made recently in obtainingtiofl from specific string theory con-
structions, notably in type IIB string theory in which modatte stabilized by fluxes. Aspects of race-
track inflation, brane-antibrane inflation, and the probtgmreheating and cosmic string production in
the latter, have been reviewed elsewhere [1], and | will epeat that material here. Instead | focus
on a newer idea, multibrane inflation [2], which providesma@e and novel solution to the problem
of fine-tuning of the inflaton potential in the KKLMMT [3] pragsal for brane-antibrane inflation. It
is a straightforward generalization of the KKLMMT consttion shown in figure 1, where branes are
attracted to antibranes which live in the bottom of a KlehaBtrassler [4] warped throat.

The Lagrangian for the inflaton field, which is the brane-antibrane separation, is
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wheree is the fourth power of the warp factor at the bottom of the ldletw-Strassler throat, is the
unwarped 3-brane tensiom is the Kahler modulus of the Calabi-Yau manifold, afidis the position
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Fig. 1. The KKLMMT brane-antibrane inflation setup in a Calabi-Yauase stabilized by fluxes and containing
a warped throat.

of the antibrane at the bottom of the throat. It was noted ]rtH&t, depending on the values of the
parameters, ¢, v, the inflaton may be trapped in a metastable minimum gear 0. For inflation,
one needs to tune the parameters to avoid this minimum, beaberwise the inflaton does not roll,
but rather undergoes old inflation with its infamous gratekit problem. A tuning at the level of 1
part in 1000 was needed to obtain sufficient inflation.

In this discussion, it was assumed that there is just a simglee and antibrane driving inflation.
However in string theory it is natural to consider stacksahcident branes or antibranes. If we make
this simple generalization, then a qualitatively new dffeam occur. The potential (1) generalizes to
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For some limited range of the paramete= b = % this potential has the interesting property
that for large a numbeN of branes, there is a metastable minimum ngas 0, but the minimum
disappears a&' decreases. This behavior is illustrated in figure 2. Theegfamne starts with a large
enough number of branes, then the successive tunnelinggieédiranes from the metastable minimum
will cause the potential to automatically tune itself to e increasingly flat, until the point at which
the branes can start to slowly roll and drive inflation. Dgrthe tunneling phase, “old inflation” is
occurring, which by itself is not a successful inflationacgsario, but this is unimportant for us since
the last phase of old inflation is followed by inflation drivieythe slowly rolling branes.

One way to understand the origin of this behavior of the pt&is to consider its curvature at
the origin. There are competing effects which depend diffdy on N: one comes from the brane-
antibrane Coulomb-like potential, and the other comes facsupergravity effect, with the entire flat-
space potential being divided by the Calabi-Yau volute~ N2, as modified by the presence of
the branes. The curvature of the potentiapat 0 is proportional to
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Fig. 2. Evolution of brane-antibrane potentials as number of tedmanes decreases due to tunneling.

Clearly this is always positive for large enoufyh But whenN = 0, it is proportional to
1 1 €
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which will be negative ift? = 20¢/¢§ > 0.2 Thus the curvature of the potential changes sign as a

function of N. This turns out to be just one condition drvhich must be satisfied in order to get the

right behavior. We will show how to get around this restaatiater.

We have explored the parameter space ahde (the size of the internal manifold and the warping
in the inflationary throat) to determine how many branes aeded, and how much inflation results.
The correlation between the numbereefioldings and the number of branes is shown in figure , which
was obtained by uniformly sampling the parameter spatec log; 0e < —2 andl < log; 0(20) < 4.
This corresponds to a moderately warped inflationary thiavad large Calabi-Yau volume2A is the
size of the manifold in string units), which is required fansistency of the low-energy supergravity
description. The figure shows the actual points as well asmgpireeal formula which explains the
complicated structure rather well. The origin of the stdapd of points is due to the fact that, if
could be noninteger, it would be possible to potentials ypéhfectly flat spots (wher&’ and V"
vanish simultaneously) leading to very long periods of tidlas. The lines are sequences of points in
which the actual value aV becomes increasingly close to the ideal value.

It is interesting to note that, even though we consider thesibdity of large numbers of branes,
there is a high probability of getting enough inflatidfy = 60 even with a relatively small number of
branes, of order 10. This is shown in figure 4, which is a clagef the small& region of figure 3.
Nevertheless, brane stacks of up to 100 or even 1000 coulddzkta satisfy the tadpole conditions of
the flux compactification scenario, given a Calabi-Yau na@difvith large enough Euler characteristic
[6]. Examples withy = 10° are known.

| come back to the fine-tuning issue. If we had no restrictiorthee combination = \/ﬂ/u;g,
this mechanism would be a complete solution to the problefineftuning. The fact thai must lie
in a narrow range makes it less compelling. However, we hawed that by adding corrections to the
potential which are generically expected to be presentiabiiction onb can be removed altogether.
These take the form of corrections to the superpotentiakaider potential. The potential generalizes
to
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Fig. 3. Number of e-foldings of inflation versus critical number céibes needed for a flat potential, from scanning
over thes-e parameter space.
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Fig. 4. Close-up of small&v region of figure 3.
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Fig. 5. Running of spectral index versus spectral index in multierenodel.

Then using, for examplé,= —0.51; 2 ands = 0.1e71; 4, we get the required self-flattening behavior
of the potential for any value @f

The question of whether this theory of inflation can be digtished from others by the data is
difficult. In our scan of parameter space, we find a wide rarfggredictions for properties of the
scalar and tensor perturbation spectra relevant for then@odlicrowave Background. For example,
applying the COBE normalization to the spectrum implies éh@nge of energy scales for the potential
is allowed,V1/4 < 10730, with the inequality being saturated only for the rare cagils N ~ 1
branes. For this reason, a measurable tensor componet @MIB is not a generic prediction of the
model. Moreover we find a wide range of spectral tilt$3 < ns < 1.15, although the majority of
realizations has < 1. Thus there is no smoking-gun prediction for the spectmdéxin this model.

However, there is an interesting test which could allow f@etGMB experiments to rule out the
models under consideration. There is presently a hint iWtMAP data of strong running of the spec-
tral index,dns/dInk ~ —0.1. Our models were not able to produce such a large amount afirgn
and the exact value awaits experimental confirmation bectingserrors are still large. But if upcom-
ing measurements were able to confirm even a much smalldrdévenning,dns/dInk ~ —0.01,
it would effectively rule out the model because of the verjird correlation betweedn/d1n k
and the spectral index itself,;, as shown in figure 5. The predicted points fall along thedslatie.
Although many of these points lie within the experimentallpwed region [7], those with significant
running do not.

In summary, we have presented a novel mechanism for solkm§jrie-tuning problem of obtain-
ing a flat inflaton potential, within a popular string theazahodel of inflation. The self-flattening
feature of the brane-antibrane potential does not nayuoaitur in field theory models of inflation,
but it appears quite generically in the present stringy &dinit is also encouraging that at least one
experimental test can potentially falsify the model.

References

1. J. M. Cline, “Inflation from string theory,” arXiv:hepA501179.
2. J. M. Cline and H. Stoica, “Multibrane inflation and dynasiiflattening of the inflaton potential,”
arXiv:hep-th/0508029.

2005 NRC Canada



o

Can. J. Phys. Vol. 83, 2005

S. Kachru, R. Kallosh, A. Linde and S. P. Trivedi, “De Sittacua in string theory,” Phys. Rev. 68,
046005 (2003) [arXiv:hep-th/0301240].

I. R. Klebanov and M. J. Strassler, “Supergravity and #inorg gauge theory: Duality cascades and
chiSB-resolution of naked singularities,” JHBR08 052 (2000) [arXiv:hep-th/0007191].

C. P. Burgess, J. M. Cline, H. Stoica and F. Quevedo, “ioflain realistic D-brane models,” JHEP
0409 033 (2004) [arXiv:hep-th/0403119].

S. Kacrhu, private communication

U. Seljaket al., “Cosmological parameter analysis including SDSS Ly-alfidrest and galaxy bias:
Constraints on the primordial spectrum of fluctuations,triea mass, and dark energy,” Phys. Rev. D
71, 103515 (2005) [arXiv:astro-ph/0407372].

2005 NRC Canada



