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Double inflation in supergravity and the large scale structure
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The cosmological implication of a double inflation model with hybtidnew inflations in supergravity is
studied. The hybrid inflation drives an inflaton for new inflation close to the origin through supergravity effects
and new inflation naturally occurs. If the totelfold number of new inflation is smaller than 60, both
inflations produce cosmologically relevant density fluctuations. Both cluster abundances and galaxy distribu-
tions provide strong constraints on the parameters in the double inflation model assuminyg-thestandard
cold dark matter scenario. The future satellite experiments to measure the angular power spectrum of the
cosmic microwave background will make a precise determination of the model parameters possible.

PACS numbd(s): 98.80.Cq, 04.65:e

I. INTRODUCTION In this double inflation model, if the-fold number of the
new inflation model is smaller than 60, density fluctuations
The idea of an inflationary univer§g,2] is very attractive ~ produced by both inflations are cosmologically relevdhe
since it can solve serious problems in standard big bang cosetal e-fold number~60 is required to solve flatness and
mology such as the horizon and flatness probldihs  horizon problems in standard big bang cosmol¢gy)). In
Though many types of inflation models have been proposea']islcase, the preinflation ShOU'd acc_ount for the density fluc-
[3], there are basically three viable models: chapticnew  tuations on large cosmological scaléscluding the cosmic
[5], and hybrid inflation[6]. These three models have their Packground exploreiCOBE) scaleg, while the new inflation
own characters. The chaotic inflation model is difficult to Model produces density fluctuations on smaller scales. Al-
realize in the framework of supergravity since it requires alhough the amplitude of the fluctuations on large scales
classical value of the inflaton field larger than the gravita-Should be normalized to the COBE d4t], fluctuations on
tional scale €2.4x10' GeV and it is taken to be unity small scqles are free from the COBE normallza_non and can
throughout this papér In supergravity the reheating tem- have arbitrary power matche_d to t_he observation. In R_efs.
perature of inflation should be low enough to avoid overpro-[13’14]’ the production of primordial black hole massive
duction of gravitinod7,8]. The new inflation moddJ5] gen- compact halo pbject_s was considered in this doqble. inflation
erally predicts a very low reheating temperature and hence 'odel. In particular in Ref14], the coherent oscillation of
is the most attractive among the many inflation modelsthe inflaton after a preinflation was taken into account.
However, new inflation suffers from a fine-tuning problem In this paper, we study the cosmological implication of
about the initial condition: i.e., for successful new inflation, the double inflation model which induces a break on the
the initial value of the inflaton should be very close to thecosmological & Mpc) scale in the initial density perturba-
local maximum of the potential in a large region whose sizet'or!s- It is well known that the obse_rvatlons of galaxy distri-
is much longer than the horizon of the universe. On the othePutions cannot be accounted for with the cosmological den-
hand, hybrid inflation(and also the chaotic opean occur ~Sity parameter(Q,=1 and the Hubble parameteH,
for a large range of initial values. =50 kms* Mpc™* in a standard cold dark matté€DM)
Recently a framework of double inflation was proposed agnodel. However, in a double inflation case, there would be a
a way to solve the initial value problem of the new inflation POssibility that the observations may be fit wihy=1 and
model[9]. It was shown that the above serious problem iswnhout'a cosmological constahlsllnce the produced density
solved by supergravity effects if there existed preinﬂaﬁonfluctuatlons would have a nontrivial shape. Rather we have a
(e.g., hybrid inflation with a sufficiently large Hubble pa-
rameter before new inflatiof®]. Different models of double
inflation were studied by various authdrs0]. Unlike other IRecently it was reported that the observations of a supernova
double inflation scenarios, however, our double inflation iStype la suggests there is a nonzero cosmological consiayt (
quite natural when we try to solve both the gravitino problemHowever, there are some papers which point out the problems of
and the initial condition problem in the new inflation model. interpreting those observatiofs5].
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chance to determine parameters of double inflation by obser- 1 402+ T70+2

vations of the large scale structure of the universe. Taking V= utt §§M402+ 1—6M4U4

hybrid inflation in supergravityf16] as an example of the

preinflation, we find that the produced density fluctuations 2 No?—2u2

may account for the observed clusters abundant@slg 5 (No?—2u2)2%1In >

and gaIaX)ll distrilbutions[19—23] with Qy=1 and Hg 128m A

=50 kms * Mpc™ . , - 24 0,2 » N
X (No +2,LL ) In A2 —2\°o |HF ,

Il. DOUBLE INFLATION MODEL

()

We adopt the double inflation model proposed in Refs.
[9,13]. The model consists of two inflationary stages; the firstWhere A is a renormalization scale. The Hubble parameter
one is called preinflation and we adopt hybrid inflatjd6] ~ Hpre ande-fold numberN, are given by
as the preinflation. We also assume that the second inflation-
ary stage is realized by a new inflation mod2b] and its
e-fold number is smaller than-60. Thus, the density fluc-
tuations on large scales are produced during the preinflation
and their amplitude should be normalized to the COBE datgp(
[12]. On the other hand, the new inflation model produces
fluctuations on small scales. Since the amplitude of the small
scale fluctuations is free from the COBE normalization, we Nore=
expect that the new inflation model can produce density fluc-
tuations appropriate for the observations.

4

@il %

H pre=

o V
f —/da’
oy V

pre

, ®

whereaNpre is the value of the inflaton field corresponding
o to ane-fold numberN .
A. Preinflation If we defineN¢oge as thee-fold number corresponding to
First, let us discuss the hybrid inflation model which wethe COBE scale, the COBE normalization leads to a condi-
adopt to cause the preinflation. The hybrid inflation modeltion for the inflaton potential:
contains two kinds of superfields: oneSéx, 6) and the oth-
ers are¥ (x,0) andW¥(x,6). Hered is the Grassmann num- V¥ ocope)
ber denoting superspace. The model is based on thegU(1) V' (0 cogp)|
symmetry under which S(6#)—e®“S(fe"'®) and
‘I{(0)\P(9)H\If(0e‘i"‘)\lf(0e‘i“). The superpotential is where ocoge= 0y, In @ hybrid inflation model, density
given by[6,16] fluctuation is almost scale free,

W(S, W, W)= — u2S+\SUW. (1) v V2
A o

wheren, is a spectral index for a power spectrum of den-
sity fluctuations.

=~5.3x10 %, (6)

Npre=1+2

The R-invariant Kaler potential is given by

- —o ¢

K(SW,W)=[S*+ |2+ [W|*= Z|g*+---, () B. New infation
Now, we consider a new inflation model. We adopt the

new inflation model proposed in R¢R]. The inflaton super-

higher-order terms, which we neglect in the present analys'sﬂ.eld 4’(.)(’0) Is assumed to have eﬁachargg 2/6+1) and

We gauge the U(1) phase rotatigh €' *¥ and ¥
—e 1%, To satisfy theD-term flatness condition we take
always¥ =W in our analysis. _ 2 9 1

As is shown in Ref[16] the real part ofS(x) is identified W(e)=v=e— n+1 AN ®)
with the inflaton fieldo/ 2. The potential is minimized at )
V=¥ =0 for o larger thanc,= J2ul\\ and inflation oc-  The R-invariant effective Kaler potential is given by
curs for 0<¢<1 ando.<o=<1.

In a region of relatively smalir (o.<o=<\/\/872¢) ra- 2y Ky an
diative corrections are important for the inflation dynamics K(dx)=[o"+ 4|¢| T ©
as shown in Ref[26]. Including one-loop corrections, the
potential for the inflatorv is given by wherex is a constant of order 1.

scalev, which generates an effective superpoterii®g25|:

023517-2



DOUBLE INFLATION IN SUPERGRAVITY AND THE . ..

The effective potentiaV(¢) for a scalar component of
the superfieldg(x, 6) in supergravity is obtained from the
above superpotenti#B) and the Kaler potential(9) as

2K\t
V=eK(®) D WI2=3|W[?}, (10
dpid*
with
D W= 8W+ aKW 11
AT -
This potential yields a vacuum
V2 1/
=|— 12
() g) (12)
In the true vacuum we have negative energy as
(K) 2 n \? 2
— — K ~ — 4
(V)==3e| (W)= —3| —=| Iv*(#)[2. (13

The negative vacuum energ¥3) is assumed to be canceled
out by a supersymmetrySUSY)-breaking effecf25] which
gives a positive contributior\ &,y to the vacuum energy.
Thus, we have a relation betweegnand the gravitino mass
Mg2-

V2

9

2 1/n
ASUSY_

Mgp=——"—7
3/2 \/§

The inflaton¢$ has a massn, in the vacuum with(for
details, see Ref25])

v[? (14)

n
n+1

|1/n|v|2—2/n_

m,=n|g (15

The inflaton ¢ may decay into ordinary particles through

gravitationally suppressed interactions, which yields reheat-

ing temperaturd s given by

Tr=0.1m3?=0.1n%¥?g| 32|y |3~ 3, (16)
If we taken=4 andg=1,
v 9/4
Tr=0.8v|%*=1.9x 10'® Ge\/( M—G) . (17

In this case, the reheating temperaturg is as low as
2 GeV-6x10*GeV  for v=108-10"°% (mgy,
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2
K g

4 2
2 ¢ 2n€0

2.n

9 2n
2n/2—lv ¢ '

V(g)=v*-

(18

It has been shown in Ref25] that the slow-roll condition
for the inflation is satisfied for @ k<1 and¢=< ¢; where

1— 2\ 1/(n-2)
‘»sz\/z(( K )

gn(n—1) (19

New inflation ends whernp becomes larger thap;. The
Hubble parameter of the new inflation model is given by

V2

Hpew= —=- (20)
new \/§
The e-fold numberN,,, is given by
er V
Npew= J;Nnewvd@ . (21)

The amplitude of primordial density fluctuationsp/p
due to the new inflation model is written as

sp 1 Ven,) 1 V2

P 53w V' (en, )l 537 KON, .,

(22

Notice here that we have larger density fluctuations for
smallerqunew and hence the largest amplitude of the fluctua-

tions is given at the beginning of new inflation. An interest-
ing point on the above density fluctuations is that it results in
a tilted spectrum with spectral inde,,, given by(see Refs.
[9,25))

Npew~1— 2. (23)

C. Initial value and fluctuations of ¢

The crucial point observed in Rg0] is that preinflation
sets dynamically the initial condition for new inflation. The
inflaton field ¢(x) for new inflation gets an effective mass
~u? from the eX[-..] term in the potentiak10) during
preinflation[6,27]. Thus, we write the effective mass.; as

Mefr= Clu’zz \/§CH!

where we introduce a free parametesince the precise value
of the effective mass depends on the details of thaléta
potential. For example, if the Kder potential contains

(24)

=~0.02 GeV-2 TeV), for example, which is low enough to —f|$|?|S|?, the effective mass is equal t@ + f 2.

solve the gravitino problem.

The evolution of the inflatony for the new inflation

Let us discuss dynamics of the new inflation model. Iden-model is described as

tifying the inflaton fieldp(x)/\/2 with the real part of the
field ¢(x), we obtain a potential of the inflaton fas<<v
from Eq. (10):

°The decay rate of the inflatos is discussed in Ref9].

@+3He+mZe=0. (25)

UsingH=0, we get a solution to the above equation as

—3/2+9/4—3c?

pxa , (26)
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wherea denotes the scale factor of the universe. Thus, for V2 (v
c=/3/2, oscillates during the preinflation and its ampli- Pp= KV “

S um
co § In V
tude decreases as 2 Thus, at the end of preinflation the

takes a value +\F . \FI P
gSIﬂ § nv

3
e=@mint (¢i— ‘Pmin)ex% - ENpre,tot) ) (27

. (30)

We now discuss quantum effects during preinflation. It is
known that in a de Sitter universe massless fields have quan-
. - . . tum fluctuations whose amplitudes are given HY(2).
wher.e fr'] IS thle va][ue tOf‘Ph.""tht?he begimnt!nlghof prem_flgtlon, However, the quantum fluctuations fer are strongly sup-
®min IS th€ Value Olp at which the potential has a minimum, pressed 28] in the present model since the mass ¢ofis

and Npre ot IS the.totale-fold number of preinflation. larger than the Hubble parameter until the start of new infla-
The ¢, deviates from zero through the effect of the tion

|DsW|2+|D ,W|?—3|W|? term and the potential has a mini-

Let us consider the amplitude of fluctuations with comov-
mum[9] at

ing wave numbeky, corresponding to the horizon scale at the
beginning of new inflation. These fluctuations are induced
2 (v during preinflation and its amplitude at horizon crossing
Omin=— 2—v( ) (28 [kp=a(th)Hpe, Wheret; is a time of horizon crossirigs
c2y\ ; 1/2 4
given by H e/ (27) (H pre/ Megr) =<
Since those fluctuations reenter the horizon at the begin-
ning of new inflation {=t,), the scale factor of the universe
increases fronty, to t, by a factor of Hye/Hpew) = (,u/v)z.
: . o . As we have seen above, the amplitude of fluctuations de-
After preinflation, theo and ¥ (W) start to oscillate and creases am~—32 during preinflation anda~¥* during the

the universe becomes matter dominatédand¥ couple to matter-dominated era between two inflations. Since the scale

the U(1) gauge multiplets and decay immediately to 9aU9%actor increases byu/v)*? during the matter-dominated era
fields if energetically allowed. We assume that masses fo

. ind by (u/v)? from t, to t,, respectively, it increases by
the gauge fields are larger than thoselofand V. We also (w/v)2? from t,, to the beginning of the matter-dominated
assume that the supersymmet§tJSY) standard model par- o153 Therefore, the amplitude of fluctuations with comoving
ticles do not couple to the gauge multiplets. ThB3V, and  \yayelength corresponding to the horizon scale at beginning
W decay into light particles only through gravitationally sup- of new inflation is now given by

pressed interactions and the coherent oscillations,df,

)

Thus, at the end of preinflation the settles down to this
Pmin -

and¥ fields continue until new inflation starts. In this period Horel Horel Y3 [ | 23] =317 [ 10 413] 304

K . . pre pre
of the coherent oscillations the average potential energy of Sp= Z—(m—) (V) 2[ v
the scalar fields is the half of the total energy of the universe ™\ Wit
and hence the effective mass gfis given by H V2

= 20 (—) : (31)
3V2a\n
2 3 2
Meg= 5 H*. (29 . . .
2 The fluctuations given by E@31) are a little less than newly

induced fluctuations at the beginning of new inflation
[=v?/(27/3)]. Moreover, the fluctuations produced during

. L L 5 preinflation are more suppressed for smaller wavelength.
described by E(25). Taking into account = (3/2)H", one Thus, we assume that the fluctuationsgoinduced in prein-

; : R
can find that the amplitude qf decreases & *". After the  giion can be neglected when we estimate the fluctuations
preinflation ends, the superpotential for the inflaton of theduring new inflation

preinflation vanishes and hence the potential fohas a Here let us estimate thefold number which corresponds

minimum ate=0. _ _ . toour current horizon. From E€16), the reheating tempera-
During the matter-dominated era between two inflationsy,re after new inflation is given as

the energy density scales a3, and it isu* andv* for a

hybrid inflation and a new inflation, respectively, the scale

factor increases by a factop(v)*? during this era. Thus,

the mean initial valuep,, of ¢ at the beginning of new in-

flation is written a3 Here and hereafter we take=4 andg=1 for simplicity.
The e-fold number is given by29]

Here and hereafter, we take=1. The evolution ofg is

Tr=0.1m3?~0.1n¥?g[¥2|v |3 3~0.8v[%% (32

Here we have assumed that wherbegins oscillating just after
the preinflation, the time derivative of it vanishes. “This is valid whenmg is greater than Bpd2.
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NS 101668V+| Ve L v e
o= 62—1n —In n—z—=Ih—;,
vV 3
(33
whereV is a potential energy when a given sckleaves the <107 |

horizon, Vg, is when the inflation ends, anglg, is the en-
ergy density at the time of reheating. Now we can t&ke
=Veng» andpi=a fewx T,qp. Therefore, fok=agH, (i.e.,

present horizon scale

10+ L v v b L
0.05 0.1 0.15 0.2 0.25
K

17
12 FIG. 1. A double inflation result fov=10"". The solid lines

) ) . . correspond to the breaking scalg=10 3 102, 10!, and
Since preinflation lasts after the sc&lgcrosses the horizon 1, Mpc L, from left to right. Three dashed lines represent power

by an e-folding number Ingu/v) 3= (2/3)In(uiv) as men-  gpectra ratigk =10, 1, and 0.1, from top to bottom. The region on
tioned above, thee-folding number corresponding to the the left-hand side of the thick solid line is irrelevant since COBE

COBE scale can be expressed as scale fluctuations are produced during new inflation.
)73
Ncoge= Niot— Npew™ § In V P(k)
1
17 2w P (—) T2(k) (k<ky),
=67.8+ 5INV—Npeyt 3In T, (35) _ Prel K, b
k Nnew ) k Nnew )
when we consider COBE normalization, E§), we have to Pre k_b TK) =P peR k_b (k) (k>kp),

use this quantity. 38)
Finally, we make a comment on the domain-wall problem

in the double inflation model. Since the potential of the in-whereT(k) is a CDM transfer function. We draw a sample

flaton ¢ has a discrete symmetiysee Eqs.(8) and (9)], of results in Fig. 1 fov=10"". From this figure we can see

domain walls are produced if the phasesdofare spatially that if

random. However, preinflation makes the phase ¢gfomo-

geneous with the help of the interactions between two infla- A~0(107%-10"% and 0.E«=<0.2, (39

ton fieldsSand ¢ [see Eq(28)]. Therefore, the domain-wall

problem does not exist in the present model k, is at a cosmological scale, and density fluctuations pro-

duced during new inflation are not too far from that of pre-

inflation. We can understand the qualitative dependence of

(kp,R) on (x,\) as follows: Whenk is large, the slope of
We estimate density fluctuations in the double inflationthe potential for new inflation is too steep, and new inflation

model numerically by calculating the evolution efando.  cannot last for a long time. Therefore, the break occurs at

For simplicity, we take/=0. smaller scales. As foR, we can see that the largkris, the
Since we are concerned with the situation where thdarger u is, from Eq. (6). In addition, from Eqgs(22) and

breaking(transit scale from the hybrid inflation to the new (30), we can see that

inflation) occurs at cosmological scale, we choose a param-

eter region in which the breaking scale comes within the op

range 7

D. Numerical results

1 A
« LY , (40
new KqDN

—3 -1 -1
107"h Mpc“<ky=1h Mpc =, (36 for a fixedv. Thus, we have largeR for larger\.
whereh=H,/(100 km s Mpc™?) and it takesh=0.5 in
this paper. Also, we require that the ratio between the density lIl. COMPARISON WITH OBSERVATIONS
fluctuation produced by a hybrid inflation and that by new

. S In this section we compare the result of our double infla-
inflation is

tion model with the observations of the cluster abundances
[17,18 and galaxy distribution§19—-23.

new

0.IsR=

<10, (37)

pre A. Cluster abundances

whereP ., and P, refer to the amplitude of a power spec-  Since the power spectrum of density fluctuations shows a
trum of density fluctuations &, , produced by new inflation break on the cosmological scale in this double inflation
and preinflation, respectively: model, we cannot simply employ the value ®f quoted by
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previous works[17,18. We need to calculate the cluster  The observed cluster abundance as a function of x-ray
abundances by using the Press-Schechter thigfily Ac-  temperature can be translated into a function of mass using
cording to the Press-Schechter theory, the comoving numbétq. (45). Accumulating the observations, Henry and Arnaud
density of collapsed systems of maskat redshiftz, per  [31] gave the fitting formula as

interval dM, is expressed as

dn(T) +0.8
dn(M,z) \Eﬂ 5.(2) |da(M) ol 53(2) 7 18 o
dM ™ g2(m)| dM 20%(M) |’ KT |- 4705
41 —313 -3 -1
(41 x 107 3h® Mpc ™2 keV (1 keV)
wherep is the mean mass density of the universe at present, (47)
ando (M) is the mass variance, the rms density fluctuations
smoothed over the mass scde which is defined as By integrating Eq(47) we obtain
min a2
—4 _
O'Z(M)E (2 )SJ’ P(k,A)Wz(kro)dsk, (42) 3.1x 10 (kev) Sn[>Mmin—M(Tmm)]
a
\-32
whereM = 471 3p/3, W(kr,) is a window function =8.1X 104( kg\l;) , (49

3 . where the unit of cluster abundancehisMpc™ 2. Henry and
W(kro)= (kr—)a[sm(kro)— krocogkro)l, (43 Amaud[31] also gave a table of cluster observations whose

0 temperatures are larger than 2.5 keV, which corresponds to a
lower limit M ,;,=1.8X 10"~ M, [see Eq.(46)]. There-

and P(k;A) is a present matter density fluctuation powerfore we have, from Eq(48),

spectrum with a normalizatioA. For the case of)ly=1,
6:(2)=1.686(1+z). This is the density contrast that a col- 6.6x 10 °=n(>1.8< 104 M,)=4.3x 1075, (49
lapsed region should have at collapse time if it had always

evolved according to linear theory. In this paper we take total Matching these abundances, Ed44) calculated from the
matter densitf),=1 and use the observations of neighbor press-Schechter theory, and E49) inferred from the x-ray
clusters g=0). cluster observations, we can determine the normalization

Given the power spectrum, we can obtain the clustefamplitude of power spectrumA, . Using this normaliza-
abundance from the Press-Schechter theory. When we detejon, we can obtain “cluster abundance normalizedy,

mine the breaking scalk,, the power spectrum rati® o4, as
=Ppew/ Ppre; @nd the spectral index for new inflation,,, '

we can get the power spectrum up to normalizatip. » k3 ) dk
Using this power spectrum we can calculate the mass vari- g ¢= fo Fp(k;Acl)W (kro) . (50
ance and obtain, from Eg41), 77 ro=8h—1 Mpc
= dn(M) L [h-! Mpc]
n(>Mmi”’A°')_f —dM dM. (44) 1000 100 10
mn 10° g JrrT EEEEE AR B EERRR
Many clusters of galaxies are observed using x-ray fluxes.
Under the assumption that clusters are hydrostatic, we can I chavsssze ]
obtain the mass-temperature relations as N RAS 1.2
o 10t Rly
23 §~ F QDOT+IRAS #
9.37 keV M Qo \ B s . . 3 ]
Tgas (1+2)| —— s < i 5 '
B(5X+3) | 10 1M, Q(2) = |
(45) = 108k .

A E 1 .
whereA_. is the ratio of the mean density of a cluster to the C 2 ]
critical density at that redshiff3 is the ratio of specific gal- - f 3
axy kinetic energy to specific gas thermal energy, nid 102 Ll Ll R .¥.T.|
the hydrogen mass fraction. We take=0.76, B=1, and 0.01 0.1 1
A.=187%=178[17]. Then Eq.(45) reduces to x [2m/L]

23 FIG. 2. The observations we have used in this paper to constrain
Tgas=7.79 —o—7——| keV. (46)  our double inflation model. Each symbol represents observations
10*h Mg (see text, figure courtesy of M. Vogeley
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L [h-! Mpc]
1000 100 10

108

10¢ { ! !

CfA2+SSRS2 e
LCRS

% - IRAS 1.2]y = _|

§“ E QDOT+IRAS # —

T L ]

E < L ]

C ] = 109 =

15 1 PRI IS I SR A E
0.09 0.10 0.11 0.12 .

K

FIG. 3. The allowed parameter region for=10"". The region 107 Ll N, L
on a top-left corner is irrelevant since the COBE scale fluctuation is 0.01 0.1 1
produced during new inflation. The lightly shaded region inside the
dotted line (named “cluster’) indicates a region where “cluster
normalized” and .“COBFT normahzed”ag.are consistent. The FIG. 4. The power spectrum with optimized galaxy distributions
darkly shaded region satisfies the constraints from both the clust%r a standard CDMy2/d.o.f=1.74.
abundances and the galaxy distributions (99% GAfitting). R is
a power spectra ratio.

k [2m/L]

The Queen Mary College, Durham, Oxford, and Toronto
(QDOT) survey, analyzed by Feldmaat al.[22].

IRAS 1.2 Jy+ QDOT|[ P(k) =8000 weighting, analyzed
By Tadros and Efstathioj23].

These data are compiled by Vogelg4]. In Fig. 2, we
plot the observations we use in this paper.

Employing the COBE normalization, we can determine
the power spectrum with its overall amplitude if we fix the

Because of error bars, we have a rangergf, from obser-
vations. On the other hand, we can normalize the powe
spectrum by COBE datd12,32. Therefore, we have
“COBE normalized” og, ogcopetogether withog . Bunn
and White[32] estimates one standard deviation error of
COBE normalization to be 7% which is much smaller than

figi ?r?ZOf cIL:;:]erenc;:]rgflllhz:tlc;r;é\r/r]V:tecrg:lecll:gr?lqtg?a;g]‘cgﬁs breaking scale k,, the power spectrum ratioR
T8, FANGE, P 9 T =Ppew/ Ppre, @nd the spectral index for new inflation,,.

Mnew '|$ r(]:tcrn3|rs;tednt dW'th.the ?lg.SterB ?blinldg_r;ce observanonane might want to make direct comparison of this power
(see lightly shaded region of Fig. 3 for= ). spectrum with above observations of galaxy distributions.
o However, distribution of luminous objects such as galaxies
B. Galaxy distributions could differ from underlying mass distribution because of
There are many observations which measure the densig§o-called bias. There is even no guarantee that each observa-
fluctuations from galaxy distributions. Among these we usefional sample has same bias factor. Therefore, we only con-
following data sets in this paper. sider the shape of the power spectrum here. We change the
Southern Sky Redshift Survey of optically selectedoverall amplitude of each set of observations arbitrarily. And
galaxies(SSRS2 & The Center for Astrophysics redshift

survey of the northern hemispher@€fA2) (101 Mpch L [h~! Mpc]

volume-limited, Mpg<—19.7+5logh), analyzed by i 1000 100 10

da Costeet al.[19]. 10 EOERTEE R R
The same with above (130 Mgt/volume-limited, Mg c ]

<—20.3+5 logh) [19]. I CiAZ+SSRS2e ]
The Las Campanas Redshift Sun@&ZRS), analyzed by = ks 1or

Lin et al.[20]. g 9F QO IRAS o ]
The Infrared Astronomical SatellitgIRAS) 1.2 Jy = F 1

Sample, analyzed by Fishet al. [21]. ] I ]

TABLE I. « and\ for eachv. ?:’ 100 3

v K N . : _

10785 0.03-0.05 1.810 4-2x104 I R RO R

10768 0.075-0.085 1510 4-3x10* 0.01 0.1 1

107 0.09-0.11 %10 4-3x10 4 k [2m/1]

10773 0.125-0.14 X10 4-2.5x1074

10775 0.145-0.16 1.510 4-2x10"4 FIG. 5. The power spectrum fok,=0.023746 ! Mpc, R

=0.345, andhy,~=0.8. x?/d.0.f=1.07.
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TABLE II. Nine parameter Sets. :I T IIIIIII T IIIIIII| L IIII|II| T :l T IIIIII| TT IIIIIII TT IIIIIII I_
i =0.7 /// \/\r‘ N ]
Nrew K AX 10" ko(h~ Mpc) R . - e =078 - 1
S L j
~N
2.9 0.029004 0.532 o |
0.78 0.109 3.1 0.007152 0.7112 y F ": E
> P (0.001596,1.002) A\ T 7
3.344 0.001596 01.002 = N (0.007152,0.711) ! T (0.005298,0.570) '1\!
27 0.019442 0.437 F — — (0.029004,0.532) T — — (0.019442,0.437) \I-
0.79 0.104 2.878 0.005298 0.570 ol vl 4l B
3.056 0.001444 0.738 10 100 1000
2.456 0.013032 0.340 -
0.80 0.098 2.589 0.004338 0.418 Q
2.7 0.001949 0.495 2 10710 |- .
& C N &
S [ooopsismenniy
we estimate the goodness of fitting by calculatjyfgof this F— égigéggigiglgig) AR
power spectrum with fixing,, R, andn,q. Civi el ¢ joml i roul e
In Fig. 3, we plot a sample of our results foe=10"". 10 100 1000
There is a parameter region where both the cluster abun- U

dances and galaxy distributions can be accounted for by our FIG. 6. The CMB angular power spectra for the nine parameter

model. What we can see from this figure is that we haves,s i, Taple i1, g, , R) with Qo= 1,h=0.5, ands=0.06 (baryon
almost fixed value of« and \, if we require that a break density parameterare shown in the figure. In a panel for,,

should occur at a cosmologica_l SCQ'e- The resqlts vfor =0.8, the parameter used in the previous figure is also plotted. A
:.10 **tov=10 "are ;ummarlzgd in Table(butside Of, standard CpDM model with same C([))smologica?l parameterspis plotted
this range, we cannot f_|nd a suitable parameter region;, ... panela dashed lingfor a reference.
where we write the coupling constantsand\ .

In Fig. 4, we plot the power spectrum for a standard CDM
model with the optimized galaxy distributions. In this case,compared it to the observations. Our double inflation model
x? normalized by the degree of freedom is 1.74. Alsoconsists of preinflatioi= hybrid inflation and new infla-
in Fig. 5, we plot the power spectrum for one of the tion. Preinflation provides the density fluctuations observed
parameters which minimize¢?(R=0.345, n,.,=0.8, k, by COBE and it also dynamically sets the initial condition of
=0.023 746~ Mpc), where they? normalized by the d.o.f. new inflation through supergravity effects. The predicted
is 1.07. power spectrum has almost a scale-invariant formg=(1)

on large cosmological scales which is favored for the struc-
C. CMB anisotropies ture formation of the universgd8]. On the other hand, new

In our double inflation model, the density fluctuations at'n.flatlon gives the power spectrum which has different am-
smaller scales are produced during new inflation, and the{!itude and shallow slopeng<1) on small scales. Thus, this
have different amplitudes from COBE normalization. Also, POWer spectrum has a break on the scale corresponding to the
they are tilted in generainge,=1—2x<1). Thus, the cos- turning epoch from premﬂatlo_n to new mflatlon._
mic microwave backgroundCMB) anisotropy angular We have shown that there is a parameter region where the
power spectrum would have a nontrivial shape at smalleflouble inflation model produces an appropriate power spec-
scales. We choose nine parameter sets from Fige& Table trum, i.e., the break occurs at a cosmological scale and both
I1], and calculate the CMB angular power spec¢kig. 6). In  cluster abundances and galaxy distributions can be accounted
the allowed parameter regiol<1 andn,.,<1. In this for.
region, the characteristic feature known as the acoustic peaks We have also calculated the CMB angular power spectra
is suppressed compared with the standard CDM (deshed for some appropriate parameters. In our double inflation
lines). Some of them show a dip on the scales, which corremodel, the acoustic peaks are suppressed compared with the
spond to the breaking scalég, larger than the first peak no-break model. Future satellite experiments would be able
(smaller inl). Although such recent medium angle experi-to test our model and will make precise determination of
ments as Saskatoofi33], QMAP [34], and TOCO97/ model parameters possible.
TOCO98[35] have reported the existence of the first acous-
tic peak, these results are inconclusive in view of rather large
observational errors. The observations of CMB anisotropies ACKNOWLEDGMENTS
by future satellite experiment§Microwave Anisotropy

Probe (MAP) [36], Planck[37]] would be able to test our ~ 'ne authors thank M. Vogeley for kindly providing the
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