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Oscillating inflation with a nonminimally coupled scalar field
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The oscillating inflation model recently proposed by Damour and Mukhanov is investigated with nonmini-
mal coupling. Numerical study confirms an inflationary behavior and density perturbation is obtained. Suc-
cessful inflation requires the gravity-dilaton coupling to be small.

PACS numbd(s): 98.80.Cq

Recently, Damour and Mukhandi] proposed an infla- which was suggested by Damour and Mukhafiblv HereA,
tion model with oscillating inflaton fields in the Einstein g, and ¢, are constants. The equations of motion for the
gravity context. Meanwhile, dilatonlike fields are natural scale factom and ¢ from the actior{ Eq. (1)] with the metric
candidates for inflaton fields, because generally inflatons arés?= — dt?+a(t)2dx? are
supposed to be gauge singlets. Furthermore, the extended
gravity sector is common to unified theories such as super-
gravity, superstring or M-theory, and Kaluza-Klein theory 3H
[2]. These dilaton fields might be stabilized by some poten-
tial, which could be an inflaton potential. In this respect, in

. L . . T and
this paper, we study oscillating inflation with nonminimal
coupling.

We consider an action of nonminimally coupled scalar ¢"+3Hep' —6E(H +2H? )¢+
theory which is given by3] d¢

2

¢'?

+é¢? == tV(¢)=6¢HI’ ()
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where the prime denoteldt andH=a’/a. To see whether
u oscillating inflation really happens in this model, we do a
“U@R+5 2 &“qw ¢ V(d))} @ numerical study. A typical signal of oscillating inflation is an
increasing and wiggly curve @fH versust. The result of the
numerical calculation shows this curd€ig. 1) and confirms
inflationary behaviors.
Now let us show that<q<1 is a good parameter range
for our model with the Damour-Mukhanov potential and cal-

| o

where ¢ is a dilatonlike inflaton field andl(¢)= sz/1677
+ £¢?12. We adopt the inflaton potential

e q/2 culate the density perturbation. The Cosmic Background Ex-
V(g)=—|| =+1| -1}, 2 plorer (COBE) observation required,=2x10°. Since the
4’0 oscillating inflation phase is generally short, the observed
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FIG. 1. aH vst from numeri-
cal solutions of the field equations
with  £=0.001, g=0.1, ¢
=0.01, andA=10" All the
quantities are denoted in natural
units whereM p=1.
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perturbation is supposed to be generated during a slow-roll 25 déﬁ
phase. From Eqg3) and (4) and with slow-roll conditions n=1+—

T (11
one can obtair4] 4 dlInk

wherek is a wave number of the perturbatiphO], the de-

3H¢p' = ! viation of n between the oscillating inflation with Einstein
1+ Ex2Pp?(1+6¢) gravity and with nonminimal coupling is
dv 2 2 e
X 4§K2¢V(¢)—(1+§K2¢>2)% . An:2_5d[5H(§¢o) OH(£=0)]
4 dink
where K2:87T/M|23. Since during the slow-roll phasé 25 d¢ d(Ex?¢?q)
. . o0 2y
> ¢, One can approximate the Damour-Mukhanov potential =2 dink do on(é=0)
as
2§K2¢2
Al ¢\1 + [n(§=0)—1], (12
V(g)=—|—] . (6) q
g\ ¢

L ) . . wheredg/d Ink= —(M§/87TV)dV/d¢. The first term con-
However, forg<1 which is required for oscillating inflation tributes— 10~ % to An which is too small to be observed by
[1], such a polynomial potential with a small exponent brings

. ; . o satellites. Using £ n=(q+2)/2N for chaotic inflation with
the following problem with nonminimal couplini®]: When V~ ¢4 [11], one can find that even in the marginal case the

<1 the first term in Eq(5) is larger than the second one o040 term is about £k?$2130q0=1/120, which is rather
and the form_er gives a force which preveldtsolllng down smaller than the accuracy of Plana&a~0.02. So it is hard
to th_e potential minimum. One can overcome this problemto expect that the observations could distinguish between the
by simply choosing parameters satisfying two models the near future.
2,2 Now let us check the inflation conditions during the os-
i¢=al(4-q)<L. @ cillating phase. The scale factor also satisfies thegfollowing
Since for the potential the number effolds of expansion €quation:

during the slow roll is given by

" K2

877[ Vg iT ® T Tregl ¢ A0 V() =3t (HE + 4],
avids 4" quz 13

o))

N=—

M2
one can obtain a sufficient expansion with initiak= ¢, ~ We adopt the reasonable assumption that during the oscilla-
~Mp. Then the above conditiofiEqg. (7)] becomesé tion_the friction term is neglig_ible ¢">3H¢') and the ef-
<1/8N. Furthermore, it is known that faf<1, the density ~ fective mass squared of the fidlsee Eq(4)]

perturbation is proportional tél?/|¢’| as usual6]. There-
fore, in this limit[7], 2 d?V(¢)

3K2¢)2 K2¢2>}2 N d¢2

—B&(H'+2H?)>H?2. (14)
, 512r A ¢

2= +
5 gME 4

2 q

1+ —
§(3q Since the typical period of an oscillation ismi,/ one can

9) ignore the variation oH (and theH’-dependent terirduring
a single oscillation. One can also easily find that in 84),
is a good approximation up t®(¢§) within the mentioned the ¢H?-dependent term should be small relative to
parameter ranges{ q<1). The term with represents the  d2v/d¢?, especially wheg<1. So it is a good approxima-
effect of non-minimal coupling which is dominated by the tion that ¢"=—dV/d¢. Since we expect that the present
last terméx?¢?/q for q<1. Therefore in the marginal case value ofU(¢) is equal toMp/164, the present value ob
(éx*¢?lq=13) this could contribute abouj to the factor of  should be 0. So the limigx2$2— 0 is a reasonable assump-

Oy . Letus approximate?ﬁ as tion near the potential minimum and fge<1. In this limit
52 and with(¢¢"y=(— ¢'?) the inflation condition is
2 2 28k°d
S%(£#0)=63(£=0)| 1+ . (10 o
<g> =(k[— ¢'*(1+3E)+V(¢)—3ép(Ho' + ¢")])

Since one can easily change the magnitudé,pby choos-
ing constants in the potential such/Aasnd ¢,, one needs to =k?(—¢'%+V(¢))>0, (15
observe the spectral indexof the perturbation rather than

the magnitude of it. The background radiation observationsvhere the angular brackets denote the time average during an
MAP [8] and Planck[9] will be a discriminator between oscillation period.

many inflation models. Since With ¢”=—dV/d¢ this reduces to
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dv In summary, in the context of nonminimal coupling, we
<V— ¢@> >0, (16)  investigated the oscillating inflation and calculated the den-
sity perturbation during the slow-roll phase with the
which is the result of Refi1]. Of course, this is simply due Damour-Mukhanov potential.
to the fact that in this limit the system becomes that with

Einstein gravity. So our model is self-consistent at IeastKorThIS work was supported in part by KOSEF and the

when é<q<1 ea research foundatiqiBSRI-98-2441].
[1] T. Damour and V. Mukhanov, Phys. Rev. Le80, 3440 163(1986; N. Makino and M. Sasaki, Prog. Theor. Phg$,
(1998. 103 (1991); Jai-chan Hwang and Hyerim Noh, Phys. Rev. D

[2] C. G. Callan, I. R. Klebanov, and M. J. Perry, Nucl. Phys. 54, 1460(1996.
B278 78(1986; E. S. Fradkin and A. A. Tseytlin, Phys. Lett. [7] A. Liddle and A. Mazumdar, Phys. Rev. 58, 083508(1998.

158B, 316(1985. [8] http://map.gsfc.nasa.gov
[3] F. S. Accetta and P. Romanelli, Phys. Rev4D 3024(1990. [9] http://astro.estec.esa.nl/Planck
[4] E. Komatsu and T. Futamase, Phys. Rew&0230041998.  [10] D. Lyth and A. Riotto, Phys. Re[814, 1 (1999.
[5] T. Futamase and K. Maeda, Phys. Rev3® 399 (1989. [11] A. Liddle and D. Lyth, Phys. Re231, 1 (1993.

[6] F. Lucchin, S. Matarrese, and M. Pollock, Phys. L&&7B

027301-3



