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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 number~s!: 98.80.Cq
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Recently, Damour and Mukhanov@1# proposed an infla-
tion model with oscillating inflaton fields in the Einste
gravity context. Meanwhile, dilatonlike fields are natur
candidates for inflaton fields, because generally inflatons
supposed to be gauge singlets. Furthermore, the exte
gravity sector is common to unified theories such as su
gravity, superstring or M-theory, and Kaluza-Klein theo
@2#. These dilaton fields might be stabilized by some pot
tial, which could be an inflaton potential. In this respect,
this paper, we study oscillating inflation with nonminim
coupling.

We consider an action of nonminimally coupled sca
theory which is given by@3#

S5E A2gd4xF2U~f!R1
1

2
]mf]mf2V~f!G , ~1!

wheref is a dilatonlike inflaton field andU(f)5M P
2 /16p

1jf2/2. We adopt the inflaton potential

V~f!5
A

q F S f2

f0
2

11D q/2

21G , ~2!
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which was suggested by Damour and Mukhanov@1#. HereA,
q, and f0 are constants. The equations of motion for t
scale factora andf from the action@Eq. ~1!# with the metric
ds252dt21a(t)2dx2 are

3H2FM P
2

8p
1jf2G5

f82

2
1V~f!26jHff8 ~3!

and

f913Hf826j~H812H2!f1
dV

df
50, ~4!

where the prime denotesd/dt andH[a8/a. To see whether
oscillating inflation really happens in this model, we do
numerical study. A typical signal of oscillating inflation is a
increasing and wiggly curve ofaH versust. The result of the
numerical calculation shows this curve~Fig. 1! and confirms
inflationary behaviors.

Now let us show thatj,q!1 is a good parameter rang
for our model with the Damour-Mukhanov potential and c
culate the density perturbation. The Cosmic Background
plorer ~COBE! observation requiresdH.231025. Since the
oscillating inflation phase is generally short, the observ
s

l

FIG. 1. aH vs t from numeri-
cal solutions of the field equation
with j50.001, q50.1, f0

50.01, and A510214. All the
quantities are denoted in natura
units whereM P51.
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perturbation is supposed to be generated during a slow
phase. From Eqs.~3! and ~4! and with slow-roll conditions
one can obtain@4#

3Hf8.
1

11jk2f2~116j!

3F4jk2fV~f!2~11jk2f2!
dV

dfG , ~5!

where k258p/M P
2 . Since during the slow-roll phasef

@f0, one can approximate the Damour-Mukhanov poten
as

V~f!.
A

q S f

f0
D q

. ~6!

However, forq!1 which is required for oscillating inflation
@1#, such a polynomial potential with a small exponent brin
the following problem with nonminimal coupling@5#: When
q!1 the first term in Eq.~5! is larger than the second on
and the former gives a force which preventsf rolling down
to the potential minimum. One can overcome this probl
by simply choosing parameters satisfying

jk2f2,q/~42q!!1. ~7!

Since for the potential the number ofe-folds of expansion
during the slow roll is given by

N.2
8p

M P
2E V

dV/df
df.

4pf2

qMP
2

, ~8!

one can obtain a sufficient expansion with initialf5fN
;M P . Then the above condition@Eq. ~7!# becomesj
,1/8N. Furthermore, it is known that forj!1, the density
perturbation is proportional toH2/uf8u as usual@6#. There-
fore, in this limit @7#,

dH
2 .

512p

75

A

q3M P
6

f21q

f0
q F11jS 3q2

3k2f2

2
1

k2f2

q D G2

~9!

is a good approximation up toO(j) within the mentioned
parameter ranges (j,q!1). The term withj represents the
effect of non-minimal coupling which is dominated by th
last termjk2f2/q for q!1. Therefore in the marginal cas
(jk2f2/q. 1

4 ) this could contribute about14 to the factor of
dH . Let us approximatedH

2 as

dH
2 ~jÞ0!.dH

2 ~j50!F11
2jk2f2

q G . ~10!

Since one can easily change the magnitude ofdH by choos-
ing constants in the potential such asA andf0, one needs to
observe the spectral indexn of the perturbation rather tha
the magnitude of it. The background radiation observati
MAP @8# and Planck@9# will be a discriminator between
many inflation models. Since
02730
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n511
25

4

ddH
2

d lnk
, ~11!

wherek is a wave number of the perturbation@10#, the de-
viation of n between the oscillating inflation with Einstei
gravity and with nonminimal coupling is

Dn5
25

4

d@dH
2 ~jÞ0!2dH

2 ~j50!#

d ln k

.
25

2

df

d ln k

d~jk2f2/q!

df
dH

2 ~j50!

1
2jk2f2

q
@n~j50!21#, ~12!

wheredf/d ln k52(M P
2 /8pV)dV/df. The first term con-

tributes210210j to Dn which is too small to be observed b
satellites. Using 12n.(q12)/2N for chaotic inflation with
V;fq @11#, one can find that even in the marginal case
second term is about2jk2f2/30q.1/120, which is rather
smaller than the accuracy of Planck,Dn;0.02. So it is hard
to expect that the observations could distinguish between
two models the near future.

Now let us check the inflation conditions during the o
cillating phase. The scale factor also satisfies the follow
equation:

a9

a
5

k2

11jk2f2
@2f82~113j!1V~f!23jf~Hf81f9!#.

~13!

We adopt the reasonable assumption that during the osc
tion the friction term is negligible (f9@3Hf8) and the ef-
fective mass squared of the field@see Eq.~4!#

m2[
d2V~f!

df2
26j~H812H2!@H2. ~14!

Since the typical period of an oscillation is 1/m, one can
ignore the variation ofH ~and theH8-dependent term! during
a single oscillation. One can also easily find that in Eq.~14!,
the jH2-dependent term should be small relative
d2V/df2, especially whenj!1. So it is a good approxima
tion that f9.2dV/df. Since we expect that the prese
value ofU(f) is equal toM P/16p, the present value off
should be 0. So the limitjk2f2→0 is a reasonable assump
tion near the potential minimum and forj!1. In this limit
and with ^ff9&5^2f82& the inflation condition is

K a9

a L .^k2@2f82~113j!1V~f!23jf~Hf81f9!#&

.k2^2f821V~f!&.0, ~15!

where the angular brackets denote the time average durin
oscillation period.

With f952dV/df this reduces to
1-2
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K V2f
dV

df L .0, ~16!

which is the result of Ref.@1#. Of course, this is simply due
to the fact that in this limit the system becomes that w
Einstein gravity. So our model is self-consistent at le
whenj,q!1.
s
t.
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In summary, in the context of nonminimal coupling, w
investigated the oscillating inflation and calculated the d
sity perturbation during the slow-roll phase with th
Damour-Mukhanov potential.
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