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We investigate an inflationary scenario leading to a power spectrum for the scale dependence
of primordial density fluctuations, Ap/p~ /~”. The model has no very small dimensionless
parameters and Ap/p is of order unity for scales /g corresponding to the horizon near the end of
inflation. The small primordial density fluctuations on galactic scales /(; are explained by the huge
ratio /i;/lg, and are therefore a direct consequence of the many e-foldings of the scale factor
during inflation. Possible observable consequences for the structure formation in the universe are
shortly addressed.

1. Introduction

Inflationary cosmology [1] was introduced as a way of understanding the ob-
served isotropy [2] in the 3 K cosmic background radiation. An early epoch of
exponential expansion, if lasting long enough, implies that the whole of today’s
observable universe was once causally connected. This opens the possibility that
microphysical processes were rtesponsible for the high degree of isotropy and
homogeneity of the early universe. Although a necessary ingredient, the early causal
connectedness of the universe is not an explanation of the observed isotropy, and
many early attempts in inflationary cosmology failed because the induced fluctua-
tions in the energy density Ap/p turned out too big to be compatible with
observation. The problem was circumvented [3, 4] later by decoupling inflation from
known particle physics, making a scalar singlet field the driving ingredient for
infation. The scalar potential was then modelled to be compatible with small Ap/p.
This needed, however, the introduction of a completely unexplained tiny dimension-
less parameter (typically 10~ '* or smaller). In this approach the isotropy problem is
shifted to the problem of understanding this tiny parameter. We do not think that
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the 1sotropy of the 3 K background radiation has been satisfactorily explained at
this point.

In this paper we adopt a different approach where the primordial density
fluctuations on galactic scales are small as a consequence of the many e-foldings
during the exponential expansion of the scale factor, rather than being linked with a
tiny dimensionless parameter. In our model the primordial density fluctuations have
not a flat Harrison—Zel’dovich spectrum [5]. They depend on the length scale of the
fluctuations with a power law

Ap _,,
7(1)~l (1.1)

with » = | to . There is no very small dimensionless parameter and the primordial
density fluctuations are large at scales /i corresponding to the horizon near the end
of the inflationary phase (/g =1 cm, Ap/p(/g) = O(1)). Fluctuations on galactic
scales /; went out of the horizon about 55 e-foldings before the end of inflation
(lg/1x = exp55) and Ap/p(lg) is around 10~* according to the power law (1.1).
For scales corresponding to our present horizon, /i = 3000/, which are relevant for
the large angle anisotropy in the 3 K background radiation, the primordial density
fluctuations are suppressed by another factor 4-8.

At first sight a power law spectrum with positive » may seem surprising. In the
usual inflationary models the Hubble parameter H decreases during inflation and,
as a consequence, Ap/p slightly increases with /. Indeed, the exponent » is given by

v=H/H? (1.2)

with H measured when / goes out of the horizon. Our model exhibits positive H
during inflation. This becomes possible through a violation of the equivalence
principle: the scalar particle, whose field drives inflation, does not move on
geodesics. It is subject to additional interactions with geometry due to its coupling
to higher derivative curvature invariants ~R? R R ete. In this case the dynam-
ics of a scalar coupled to gravity are governed by two different potentials: whereas
H? is proportional to the usual scalar potential V, the time evolution of the scalar in
a de Sitter universe is driven by a new “de Sitter potential” W. The difference
between V' and W reflects the additional scalar couplings to R? type terms and
becomes irrelevant for late cosmology (small R?). In our model W decreases during
inflation, whereas V increases. (In contrast, the equivalence principle would imply
W =V and therefore decreasing V.)

This line of thought was first followed in a scenario where inflation describes the
transition from a universe with more than four dimensions to an effectively four
dimensional one [6]. The decrease of Ap/p with [ was already noted [7] there. In a
certain sense our paper elaborates these ideas. In this paper we illustrate the effects
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of a violation of the equivalence principle in a simple four dimensional model,
namely a scalar field coupling to the Euler form. The field equations of this model
contain no more than two derivatives and there are no problems with classical
stability. We describe inflation in this model in sects. 2 and 3, whereas primordial
density fluctuations and their scale dependence are discussed in sects. 4 and 5. The
last section addresses briefly the possible observable consequences for the structure
formation in the universe.

2. Inflation with scalar coupling to the Euler form

We consider the action for a (dimensionless) scalar field s coupled to gravity
S= - fd4xg1/2{M2R ~LEM?3,59"s + V(s)

+9(s)(R*— 4R, R + R, R**°)} |

uvpo
M?=M2/16x. (2.1)

For constant ¥ the last term is the Gauss—Bonnet invariant (integral over the Euler
form) and does not contribute to the field equations. For nontrivial ¥(s), however,
it leads to an additional source in the field equation for s. This represents the
violation of the equivalence principle we are interested in. The field equations
derived from this action read

1
R, —3Rg,, = EYYE { V(s)g,,+ FOMz(s;”s;, - %s;ps:pgw) +K,,+ 7;11,‘,’1} , (2.2)

K, =49(s){Rs,, —Rs’g,~2R

p_ p
wy oS T 2R, s

n

+2RP% +2R,,sf,—2R s‘m}

Zpogp.v ppve'

+45"(s) { Rs,s.,—Rs's ,g,—2R,s,s"—2R, s s°
+2R*%s 5 .8, T 2R, — 2R#pws;ps;"} , o (2.3)
FoM?s! +V'(s)+7'(s)(R*— 4R ,R* + R,  R**) =q,.  (2.4)

Here we have included the contributions from incoherent matter fluctuations (for
nonvanishing entropy)

A &S
M = <2g1/2——,> 4= <g1/2—> (2.5)
’ Sg# incoh ds incoh
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and we note that for a nontrivial coupling of the scalar to matter (g,+ 0) the
energy—momentum tensor for matter 7;},‘," is not conserved if s evolves with time [8]:

T™*  +4s"=0. (2.6)

The field equations (2.2) and (2.4) do not contain more than two derivatives of the
metric or the scalar field. For small curvature (R < M?) they reduce to the Einstein
equations coupled to a scalar field in the standard way. For “late” cosmology the
standard hot big bang is a very good approximation if V(s) has a minimum at s,
with V(s,)=0 and V"”(s,) not too small, provided s evolves in the range of
attraction of this minimum and is sufficiently coupled to matter so that its
oscillations around s, are damped rapidly enough. The Friedmann universe (and
Minkowski space) are stable with respect to local (classical) fluctuations provided
EF,>0, V7(sy) > 0.

Preceding the Friedmann universe we need an inflationary period which allows
the scale factor to grow big enough and a subsequent heating of the universe which
creates its entropy. During the inflationary epoch the (four dimensional) curvature
may be substantial and we have to study the role of violations of the equivalence
principle proportional §'(s). We will consider a sufficiently large approximately
homogeneous and isotropic piece of the universe which can be described by a
Robertson—-Walker metric with k= 0. Inflation is characterized by an almost
constant Hubble parameter, |H| < H?, and a slow evolution of the scalar field
|$| << H. We therefore look for solutions where higher derivatives (H, § etc.) can be
neglected. In this “slow evolution approximation” the field equations simplify
considerably:

6M*H?— V(s) —247'(s)Hs =p, (2.7)
AM?H + 8%'(s)H*s=—(p+p), (2.8)
3F,M2Hs + 245" (s)H*H + V'(s) + 247'(s)H* = q,. (2.9)

The equation for matter (2.6) reads
p+3H(p+p)+qs5=0 (2.10)

and can be used to replace the equivalent field equation (2.8). The incoherent source
in the scalar field equation g, should not exceed p (|¢,| < p) and the last term in eq.
(2.10) is therefore small (suppressed by |s|/H). We find the usual exponential
decrease of p during inflation and take the approximation p=p=¢,=0. In a first
approximation to eq. (2.7) the Hubble parameter is proportional to the scalar
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potential V'1/2

|14

HE= Vel H?>=H2+A4,, (2.11,2.12)
4 ;. D

AH___WY/(S)HOS’ H:-z——-I;Hos, (213,214)

Inserting this into the scalar field equation gives

() Hys = — %{V’(s) 1 29/(s) VM(f) } (2.15)
V'i(s) 16 5 V3(s)
g~(s)=3F0+2?/(s)7+ ?(?'(s)) IYE (2.16)

The violation of the equivalence principle proportional ¥’(s) has two effects: a new
contribution is added to the damping force in eq. (2.16) and, most importantly, the
source term for the scalar evolution equation is changed. We may define a “de Sitter
potential” [9] W(s) by

Wi(s)y=V"(s)+ 35 (s)V*(s)/M"*. (2.17)

The range of slow evolution for s is connected to the shape of W(s), whereas the
Hubble parameter remains determined by V(s). The existence of these two poten-
tials is a direct consequence of the violation of the equivalence principle and has
interesting consequences for the physics of inflation. In terms of these potentials the
ratio between § and H reads

$ 6 Wi(s) 6 (V'(s) 2 V(s

Ho~ 3 Vo) e\ WGy T3t )

= w(s). (2.18)

We choose our conventions such that the minimum of V is at s=0 and the
inflationary period is associated with a slow decrease of (positive) s. We require
g(s)> 0 and w(s) <0 during the inflationary phase. The existence of an inflation-
ary period requires some region for s where |w| <1 and |H| < H? This period
will last until H becomes of order H? (or w of order one). During inflation, the
deviation from an exponential expansion of the scale factor is governed by

LI (2.19)
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3. A simple model

Before going on with a discussion of density fluctuations, we present in this
section a simple model characterized by

V(s) =voM*exp(—Ds)(1 — exp(—2s))’, (3.1)

7(s) = yexp(Ds). (3.2)

This model embodies the most important qualitative features of inflationary models
obtained from gravity in more than four dimensions [6,10]. The variable s corre-
sponds to the logarithm of the radius of internal space and the factor exp(Ds)
represents the volume of D dimensional internal space. A similar exponential
behaviour of V' and ¥ may arise in string theories, once the four dimensional
Newton constant is appropriately scaled. The action for this model has three
dimensionless parameters F;, v, and y.
One finds for the de Sitter potential and the damping force

wis) _ 1 {2TDYUO(1—2)3+(D+4)z—D}, (3.3)

g(s)=3F— 2D‘YUO{D(1 —z) —4z(1- z)} + %Dy %21 - z)*

W'(s)
V(s)

=3F, + 4Dy (1 — z)* + 2Dyu,(1 — z)? (3.4)

z=-exp(—2s). (3.5)

We choose the parameters such that g(s) and W’(s) are positive within the range of
validity of the slow evolution approximation for large positive s. (For Iy, > 0 and

Yuo > 3/2, for D<2,
yo,>(D+4)’ /72D, for D>2, (3.6)

both W’ and g are positive for all s > 0.) For small values of s the potentials V(s)
and W(s) have qualitatively the same shape, with a substantial quadratic term at the
minimum for s = 0. There is a maximum for V(s) with positive s and asymptoti-
cally V(s) vanishes exponentially,

lim V(s) - v,M*exp(— Ds). (3.7)

5§00

In contrast, the potential W(s) has no maximum for s > 0. For large s it approaches
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exponentially a constant

lim W(s)— W, — (2yv,— 1)v,M*exp(—Ds). (3.8)
Suppose that at some moment of its evolution a sufficiently homogeneous and
isotropic part of the universe is characterized by a value of s corresponding to the
exponentially flat tail of W(s), with § vanishing or small. Then s will slowly “roll
down” the potential W(s), until its motion gets accelerated when entering a region
of large W’ /V. The inflationary period corresponds to this slow evolution of s. For
a more quantitative discussion we concentrate first on the case where F;; is much
bigger than D2?y%? so that g(s) is well approximated by the constant 3F,*. One
obtains

2 2D ;
w(s)= —m{—é-‘ﬂ)o(l—z) +(D+4)Z—D}, (39)
Hiz(s)= {D—(D+4)z}{2D3y:0(1—2)23—3D+3(D+4)z} (3.10)
o(1—2)

For large enough s (small z) the relative change of H during a Hubble time
(H/H?) is slow provided

( H ) _ D@y -1) (3.11)

H? F,

This easily obtains for a suitable choice of F;. On the other hand, for small enough s
(z near 1) there will always be an end to this slow evolution, since H/H? is
proportional (1 — z)~ % and must therefore get large.

We finally note that the assumption of large F; is not necessary for the existence
of an inflationary phase. For F;= 0 one has

lim g(s) =g, =2Dyv,(2Dyv,+ W' /V) (3.12)
§ 00

and the condition (3.11) for small H/H? at large s is replaced by

< 1. (3.13)

H 3 2yu,—3
H? 8yv,— 3

N 2vyv, 8yvy—3
For positive F, eq. (3.13) constitutes an upper bound for (H/H?).

*In the higher dimensional model of ref. {6], F, is generically of the order D2, but it may be
substantially bigger depending on the choice of parameters.
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4. Primordial density fluctuations

Density fluctuations are due to fluctuations of the scalar field inducing inhomo-
geneities in the metric [11]. During the inflationary period the physical length scale
of a given fluctuation grows exponentially. Large scale (e.g. galactic scale) fluctua-
tions in the late universe correspond to fluctuations on extremely short distances at
an early stage of inflation. Let us assume that during inflation the fluctuation
spectrum of s for length scales within the horizon is well approximated* by the
ground state quantum fluctuations in de Sitter space [12],

(4p)? H?
As)* = = . 4.1
(4s) FEM? 160 F,M> (41)

When a fluctuation As(/) with wavelength / (labelled in comoving units) goes out
of the horizon, its amplitude is determined by the Hubble parameter H(/) corre-
sponding to this scale. Scalar fluctuations As(/) induce metric fluctuations on the
same length scale /, and the amplitude of those “geometry” fluctuations remains
frozen as long as the corresponding physical distance scale remains outside the
horizon. When entering again the horizon long after the end of the inflationary
period, the local fluctuations in the metric translate into corresponding adiabatic
fluctuations in the density of matter and radiation. There is a gauge invariant
quantity which is conserved for adiabatic fluctuations outside the horizon [13]. Its
value at horizon crossing is

¢{=-3(H/H)AH. (4.2)

In Einstein gravity, which is a very good approximation after the end of the
inflationary period, one has { = Ap, /(p, + p,)), where p, and p, are the total energy
density and pressure (including contributions from the scalar) as defined by the
right hand side of the Einstein equation. Using the equation of state p =(n/3 — 1)p
with #n = 4(3) for scales reentering the horizon during the radiation {(matter) domi-
nated period, one obtains

§=03/n)(4p/p). (4.3)

* Here we neglect the time dependence of H and the coupling of s to R? type terms in a first
approximation. More generally, the proportionality factor F,M? between As and Ag should be
replaced by the coefficient of the term ~ 3p853"8s in an expansion of the action for a fluctuation
8s around the (background) cosmological solution, taking into account properly the interplay with
fluctuations in the metric.



C. Wetterich / Inflation 149

During inflation, we use eqs. (2.7) and (2.14)

1 (4
2HAH= —— AV = — As, (4.4)
oM 6M
and obtain
3H, 3
{=——A4s=——As. (4.5)
$ w

For a given wavelength / one equates {(/) when / goes out of the horizon (4.5) and
when it reenters the horizon (4.3). This gives (for n =4) the amplitude for the
primordial density fluctuations when the scale / reenters the horizon*

%(1) — —(67%F,) " Pw(s(1)) ! (4.6)

)

M4

Here s(/) is the value of s during the inflationary phase when / goes out of the
horizon.

For the model discussed in sect. 3 the fluctuations As (4.1) and in consequence
Ap/p (4.6) are exponentially suppressed for large values of s during inflation!

F)m{zp(gm_l)}'lexp(_%). (47)

This is due to the exponentially smail value of H/M which suppresses the scalar
field quantum fluctuations in de Sitter space (4.1). There is therefore a good reason
why primordial density fluctuations at the scales of galaxies or our horizon are
small, provided s(/) is sufficiently large. More precisely, in order to obtain density
fluctuations on galactic scales of the size Ap/p = 10™*, one needs s(/g) =§

s= L l1ss 2In(-w1) &7 ho 4.8
=—{18.5+2In(—w ) — :
$=4 n{ —w, n o | (4.8)
2D X
W, = — —F—(gyuo— 1). (4.9)
0

For not too large values of D one finds § substantially bigger than 1. This justifies
the use of the asymptotic value w,, for w(s) and similar for V(s).

* Eq. (4.6) coincides with the estimate in Einstein gravity Ap/p=n"32H2/|¢|, ¢ = F/?>Ms, which
was used as a simple approach in ref. [7].
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For an estimate of s(/5) we first have to evaluate the value sy corresponding to
the end of the inflationary period, and then to extrapolate back to the time when
“galactic” fluctuations left the horizon. The end of the inflationary period corre-
sponds to a breakdown of the validity of the slow evolution approximation (2.7)—(2.9)
for the field equations. We will argue that the inequality

|H| << [~]2 (410)

1s sufficient to justify the neglection of higher derivatives in s or H. Typically, the
derivatives of H appear in the combination HH, H?, H?H. From eq. (4.7) follows
|HH| < |2H?H| (with a straightforward generalization to theories with more
derivatives, e.g. |H| < |2HH — 2 H?| etc.). Similarly, the derivatives of s appear in
the combinations §, §2, Hs and the slow evolution approximation holds provided

|§| < H, 15| < |HSJ. (4.11,4.12)
Using eq. (2.19)
§ 2 H 20-z) H
| S| —— (4.13)
H (InV) H D-(D+4)z H

we see that eq. (4.11) follows from eq. (4.10) (except near the maximum of V' at
z=D/(D + 4) where H/H? vanishes). Similarly

+ W - 2 (4.14)

Hs H?

§ ( 2(Inv)” Hﬁ) H
justifies that § (and higher derivatives) can be neglected. We therefore date the end
of the inflationary period when |H/H?| = cg, with cg some constant of order 1. We
now can use eq. (3.10) to determine sy as a function of the parameters and cp.
(Typically s may be between 3 and 3.)

For the extrapolation backwards from sy we use (with a the Robertson—-Walker
scale factor)

dlna=Hd:, ds=w(s)Hdr (4.15)
and obtain for the number of e-foldings

ag sy ds 1 -y dz
N(1)=lna(1):_fs,;)w(s)zif,_ FRER (4.16)

For fluctuations which correspond to galactic scales one finds In(ag/a(/)) = 55,
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whereas for our present horizon size In(ag/a(l)) = 63*. In order to obtain density
fluctuations in the right order of magnitude we require

—(w 1y =55/(§—sg) (4.17)

with (w™!) the mean value between s;; and s. We remember that typically § is
substantially bigger than one and w(s) is constant for large s to a very good
approximation. For a rough estimate we may approximate the mean value by its
asymptotic value (w™') = w_! (4.9) and use sy = 0. The condition (4.17) together
with eq. (4.8) then requires —w_ =1/2D to 1/3D. This is not a very small quantity
and no fine tuning of parameters is needed!

5. Scale dependence of primordial density fluctuations

Let us study the scale dependence of Ap/p in more detail by monitoring the
value of { at a given number of e-foldings before the end of inflation. Using egs.
(4.6), (4.16) and (2.19) one obtains

d (Ap d ag \({d ag \7'd[4p
—|—]=(—=In —In —|—
di\ p dia(l)/\ds a(l) ds\ p
1 1 d1 vV dl Ap
o w{2ds nM“_ds n(—w)} 0
1V A
-5t
2V
H Y L 4p
=(w ——IF)I 17=—vl l—p—. (5.1)

For constant », this gives the primordial fluctuation spectrum (the amplitudes of
fluctuations measured when the scale / reenters the horizon)

Ap Ap 1y’
-1 (5.2
p p lg

Here /g is the scale corresponding to the horizon at the end of inflation. For the

model of sect. 3 we find that w’ vanishes for large s (3.9) whereas H/H?

* Here we assumed a high heating efficiency with heating after inflation to temperatures around
10" GeV, as indicated in the mode! of refs. [6,10].
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approaches a constant (3.10), (3.11). Thus » is indeed approximately constant

H D
Vz(?)wz—?ww. (5.3)

In order to obtain density fluctuations which can generate the structure of our
universe we need (4.17) w, = —§/55 and, using eq. (4.8)

(5.4)

(=%
&l

Thus we arrive at the central prediction of our model, namely that the scale
dependence of the primordial density fluctuations is a power spectrum ~ /= * to
1~/

Several comments are in order:
(1) The power spectrum Ap/p ~ 17" follows quite generally for inflationary cos-
mologies where ¢/H and H/H? are approximately constant. Using Ap /p~H?/\|¢|
one obtains

d 4p dlnH (dln!\"' H
( ) (5.5)

oS T Tw \an ) T

(2) For theories without very small dimensionless parameters there is no reason why
density fluctuations should be small for scales corresponding to the horizon at the
end of the inflationary period. Typically one expects

Ap
—p—(la) =0(1). (5.6)

The smallness of primordial density fluctuations on large scales is then entirely due
to the power law of the spectrum (5.2) and the long duration of inflation. Primordial
density fluctuations on galactic scales are small because they left the horizon many
(= 55) e-foldings before the end of inflation. Small Ap/p on large scales is a
consequence of inflation, rather than being due to some small dimensionless cou-
pling!

(3) From eq. (5.2) we can make a simple model independent estimate for the value
of v which is necessary if primordial density fluctuations are responsible for the
structure formation in the universe. Assuming eq. (5.6) one obtains for galactic
scales /5/ly = exp 55

Ap
—D—(IG)zl()*“zexp(—SSv), v= . (5.7)
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The precise value of » depends on details of the specific model, but it should not
deviate by much from eq. (5.7). If structure formation is due to other cosmological
objects (e.g. cosmic strings) the observed isotropy of the 3 K background radiation
implies that eq. (5.7) constitutes an approximate lower bound for »*. In this class of
models H/H? cannot be arbitrarily small! On the other hand, H/H? = is still
sufficiently small compared to one so that the slow evolution approximation is
trustworthy (compare the discussion following eq. (4.10)).

(4) So far the value of v is fixed by observation (structure formation), but not
predicted by the model. The parameters of the model have to be chosen appropri-
ately in order to obtain » = 1 to 4. This does not require any fine tuning.

(5) The power spectrum (v = constant) is only an approximation. It becomes invalid
at the end of inflation where |H/H?| rises and becomes of order 1. Another small
correction, relevant for large scales, comes from terms neglected in the slow
evolution approximation (~ §2, § etc.).

(6) The coupling of the scalar to R? type terms is crucial for this scenario. Without
the violation of the equivalence principle induced by this coupling there would be
only one potential V(s) determining both the Hubble parameter and the evolution
equation for the scalar. During inflation V(s) would have to decrease and H
therefore be negative. This implies either a flat Harrison-Zel’dovich spectrum
(v near 0) or even Ap/p increasing with / (v <0). Only the appearance of the
de Sitter potential W(s) allows an increasing Hubble parameter during inflation. (A
scalar coupled to the curvature scalar (8(s)R instead of M2R) can also lead to a
violation of the equivalence principle. During inflation and the subsequent radiation
dominated epoch, however, the coupling of the scalar to other particles can be
neglected for cosmology. For the coupled system of scalar and gravity we always
can remove the violation of the equivalence principle by an appropriate Weyl
scaling of the metric. There is again only one relevant potential [14], namely V' /82.)
(7) It may seem that our choice of the large s behaviour of the potential V' ~
exp(— Ds) and ¥ ~ exp(Ds), (3.1) and (3.2), is quite arbitrary. This behaviour arises,
however, very naturally in the context of higher dimensional theories, where
inflation is associated with the transition to an effectively four dimensional universe.
In these models ¥, ¥ and also the square of the Planck mass (the coefficient §(s) in
front of the curvature scalar) are all proportional to the volume of internal space
~ exp(Ds). After an appropriate Weyl scaling of the metric (in order to obtain a
constant Planck mass) this leads [9] for large s to the general form V ~ exp(— Ds),
provided that the effective higher dimensional cosmological constant and Newton’s
constant (after integrating out the other fields) do not vanish. Similarly, one finds
[14] ¥ ~ exp( Ds) if the higher dimensional coefficient of the Euler form is nonzero.

* Much smaller values of » would require a small dimensionless quantity to make (Ap/p)(/g) much
smaller than 1.
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(8) The general condition on V and ¥ which is necessary for a constant » (in a
certain range of s) follows from eq. (5.1)
Vv v+w

— =2
V w

(5.8)

with w given by V and ¥ according to egs. (2.18) and (2.16). These equations can
also be used to model primordial fluctuation spectra not obeying a power law,
where » depends on s and therefore on /. In order to generate galaxies from spectra
with Ap/p(/z)=0(1) one requires for the mean value of » (Ng = 55)

LY, q1 ! 59
'/(.)anp_ - (5.9)

(9) For the model of sect. 3 a large value of F, (F,/D?> ¢y%? — 2yp,) implies a
small value of » (v < ). This would require small (Ap/p)(/g), which is possible for
v, sufficiently small (4.6), but not in the spirit of this paper. For smaller values of F;
the scalar kinetic term is significantly influenced during the de Sitter phase by terms
~ ¥’. This may induce some quantitative modifications (for example in eq. (4.1)),
but should not change the qualitative feature of a power law for the primordial
spectrum. We see in general no problem to arrange the kinetic term such as to
obtain » = { to j, especially if we use the freedom of adding to the action additional
kinetic terms like

Siin= — /d“xgl/z{ —3d,(s)Rs,,s* = 3d,(s)R™s s,

+ (ﬁl(s) + %dz(s))(s;”us;",, - s;””s;#,,) + I;l(s)(Rs:“,L - 2R’“’sw)} . (5.10)

The corresponding additions to the field equations contain no more than two
derivatives [14] and only influence the scalar kinetic term during inflation. In a
subsequent paper [14] we will discuss a model [6] describing inflation as the
transition from a higher dimensional universe to four dimensions. There » = § to §
is easily obtained.

6. Observable consequences for the structure formation in the universe

We have presented an inflationary scenario where the small primordial density
fluctuations on galactic scales are explained by a power spectrum Ap/p ~ /7. This
spectrum differs from the usually assumed flat spectrum. The shape of the spectrum
influences the formation of structure during the matter dominated period. Our
scenario may therefore be tested by observations on the matter distribution in the
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universe. We can fix the value of Ap/p on galactic scales and then consider the
modifications compared to the flat spectrum:

On cluster scales Ap/p is somewhat smaller than for a flat spectrum. This may lead
to a conflict with large scale structure observations within cold dark matter
scenarios. The observations on the cluster—cluster correlation and the “great attrac-
tor”, however, are not yet on firmly settled grounds [15].

The large angle anisotropy in the 3 K background radiation is smaller than usual*
by a factor 4-8. This may become of relevance when the sensitivity of measure-
ments of AT /T is further increased.

Objects on scales smaller than /; may form before galaxies since Ap/p is enhanced
for smaller scales. We do not know if this may be relevant for globular clusters or
even stars.

The abundance [17] of small black holes, formed immediately after the end of
inflation, depends critically on Ap/p (/) being bigger or smaller than 1. Primordial
massive black holes (M > 10'%g) are, however, extremely rare, since Ap/p is small
for the corresponding scales and the transition to the radiation dominated universe
after inflation is rapid.

The author would like to thank the Institute for Theoretical Physics in Santa
Barbara for an enjoyable stay, where most of this work was done. He also thanks R.
Bond, R. Brandenberger, J. Primack, J. Silk, A. Starobinski and M. Turner for
helpful discussions.
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