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Supersymmetric curvatons and phase-induced curvaton fluctuations
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We consider the curvaton scenario in the context of supersymr(@t$Y) with gravity-mediated SUSY
breaking. In the case of a large initial curvaton amplitude during inflation and a negativeHraderrection
to the mass squared term after inflation, the curvaton will be close to the minimum of its potential at the end
of inflation. In this case the curvaton amplitude fluctuations will be damped due to oscillations around the
effective minimum of the curvaton potential, requiring a large expansion rate during inflation in order to
account for the observed energy density perturbations, in conflict with cosmic microwave background con-
straints. Here we introduce a new curvaton scenario, the phase-induced curvaton scenario, in which de Sitter
fluctuations of the phase of a complex SUSY curvaton field induce an amplitude fluctuation that is unsup-
pressed even in the presence of a negative ortfecorrection and large initial curvaton amplitude. This
scenario is closely related to the Affleck-Dine mechanism and a curvaton asymmetry is naturally generated in
conjunction with the energy density perturbations. Cosmological energy density perturbations can be explained
with an expansion ratel ~10'? GeV during inflation.
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[. INTRODUCTION curvaton coherent oscillations. This scenario will be impor-
tant in the case where there is a large curvaton amplitude
There has recently been considerable interest in the posturing inflation together with a negative orddf curvaton
sibility that the energy density perturbations leading to strucmass squared term after inflation. As we will show, in
ture formation could originate as quantum fluctuations of &his case the conventional curvaton scenario based on ampli-
scalar field other than the inflatgd—3]. This scalar field has tyde fluctuations is typically inconsistent with CMB
been called the curvaton. A number of candidates for thegnstraints.
curvaton have been suggested and analyses performed The possibility that the phase field of a SUSY curvaton
[4—6]. The curvaton scenario effectively decouples the infla-coyid play a role in generating the energy density perturba-
ton energy density from the observed cosmic microwavjons has been considered previously in the context of gauge-
background CMB) temperature fluctuations, allowing for a qgiated SUSY breakinfL4]. The scenario discussed here
lower energy de’_‘s't.y du_rmg inflation. This could be advan-is quite different; the phase field potential does not directly
tageous In certain |nflat.|on models SUCh. serm hybrid provide the energy density fluctuatiofiee energy density of
inflation [7], which requires a curvaton in order to evade ) . o .
: . -the phase field being completely negligible in models with
generation of unacceptable CMB fluctuations due to cosmic__ . . h .
strings[8]. It also allows inflation to be driven by a scalar _grawty-med_lated SUSY b_reakmgbut induces a fluctuation
potential that would otherwise be ruled out by the scale de!" the amplitude field which then serves as the curvaton as
pendence of its perturbation spectrum. usual. The final curvaton energy de_nsny _perturbatlon in the
In supersymmetri¢SUSY) models with gravity-mediated Phase-induced curvaton scenario is typically of the same
SUSY breaking9,10], the curvaton is a complex field with a Magnitude as in the original curvaton scendwtich has an
nontrivial scalar potential consisting of conventional softeffectively massless curvaton up to the onset of coherent
SUSY breaking terms of the order of the weak scale, oktler curvaton oscillations[3], but with the value of the curvaton
SUSY breaking corrections induced by energy densities i@mplitude during inflation fixed by the curvaton potential.
the early Univers¢11-13, and nonrenormalizable superpo- This fixes the value oH during inflation in terms of the
tential terms suppressed by the natural mass scale of sup@bserved energy density perturbation and the dimension of
gravity (SUGRA), M = MPI/\/ﬁ, whereMp, is the Planck the dominant Planck-scale-suppressed nonrenormalizable
mass. The resulting SUSY curvaton evolution will be largelycurvaton superpotential term.
determined by the ordét corrections to the curvaton poten-  The phase-induced curvaton scenario is closely related to
tial. the Affleck-Dine mechanisml15] and we will show that a
In this paper we wish to show that there is an alternativecurvaton asymmetry is naturally generated in conjunction
curvaton scenario specific to gravity-mediated SUSY breakwith the energy density perturbations.
ing, which we call the phase-induced curvaton scenario. In  The paper is organized as follows. In Sec. Il we discuss
this scenario quantum fluctuations of the phase of the curvahe curvaton scenario in the context of SUSY models and the
ton are transferred to amplitude fluctuations at the onset ofvolution of the curvaton for the case of a large initial am-
plitude during inflation. In Sec. Il we discuss the phase-
induced curvaton scenario. In Sec. IV we present our conclu-
*Electronic address: mcdonald@amtp.liv.ac.uk sions.

0556-2821/2004/690)/1035118)/$22.50 69103511-1 ©2004 The American Physical Society



JOHN MCDONALD PHYSICAL REVIEW D69, 103511 (2004

II. FLAT DIRECTION SUSY CURVATON WITH A LARGE gin oncem§~|c|H2_ The largest natural value @b at the
INITIAL AMPLITUDE onset of curvaton oscillations will correspond doapproxi-

. : : 2— 2
We consider the curvaton to be a SUSY flat direction fielg™Mately at the minimum of its potential whej|H*=m;.

with no renormalizable superpotential terfiBhe scalar po- | "€ minimum of the potential and so initial amplitude can be
tential then has the form estimated by neglecting thReterms in the curvaton potential,
since theA terms are of the same order as the other terms
N2d2| 260 1) when|c|H?~m2. Minimizing
V=(mZ+cH?)|®[?+ (AW+H.c) +—— ———,
M2(d=3) cH2 )\2d2¢2(d—1)

(o V(¢)~—— $*+ S 123 (€)

where we consider a curvaton superpotential . - .
perp gives the minimum as a function dfi and d for |c|H?

A D¢ =mg,
W:W. 2 ( o] 20-2 )1/(2d4)

o~ era-1)
mg~100 GeV is the gravity-mediated soft SUSY breaking
scalar mass term antH? is the orderH? correction origi-  Coherent oscillations abouth=0 begin onceH<H,..
nating from nonzero F terms due to energy densities in the ms/|c|. Let the value ofg at the onset of oscillations be

early Universg 11-13. The magnitude of the nonrenormal- ' The energy density in the coherently oscillating curva-
izable coupling\ is naturally in the range from 1 todY, the g is then

latter value being expected if the coupling arises from inte-

grating out heavy fields in a complete thedi6]. The A

term consists of a gravity-mediated term plus an order Pe~
correction, A=A.+aH, whereA,~100 GeV[13].

The values oft anda depend upon the couplings of the where a is the scale factor. We assume for now that the
inflaton superfield to the curvatofil3]. After inflation a  curvaton oscillations begin when the Universe is matter
value of|c| of the order of 1 is the most likelj13]. We will  dominated by inflaton oscillatior{sve refer to this as inflaton
concentrate on the case with=—1, since a positive value Mmatter domination, IMD. This is true for reheating tempera-
of ¢ will result in a highly damped curvaton amplitude at the tures less than the thermal gravitino upper boufig,
onset of curvaton oscillations, making it difficult for the cur- =10° GeV [17], sinceHg=1 GeV<Hys~ms. IMD con-
vaton to dominate the energy density before it decays. Durtinues until the Universe becomes radiation dominated at the
ing inflation the value of|c| depends upon the inflation reheating temperaturg. In this case
model. If inflation is driven by arF term, then the most 3q
likely value is|c|~1, whereas if it is driven by ® term(as Py~ “m2 g2
in D-term inflation[7]), then|c|=0. The latter is favored in ¢ 2 srose

(Mz(d_3)H2)1/(2d_4). (4)

3
Aosc|°1
a E mg‘bgsc’ )

3aR

a

aOSC
ar

order to have a sufficiently flat inflaton potential. The value g(T) \[ T3/ Hg |21
of a depends upon the coupling of the inflaton superfield to E(_) (_) ( R _m§¢(2)sc, (6)
the curvaton. If there is no linear coupling of the inflaton to 9(Tr)/\ Tr/ | Hosd 2

the curvaton in the Kaer potential, as may occur as a result
of a discrete symmetryS— —S) or an R symmetry{com-
monly introduced to eliminate dangerous nonrenormalizabl
inflaton superpotential corrections in SUSY hybrid inflation ot ; (2 4
models[7,16]), thena=0 throughou{13]. This case will be background radiation densityraq=(7/30)g(T)T", once
fundamental to the phase-induced curvaton scenario to be ) 6M2[ T
discussed in the next section. Posc™ W(T_J
We first review the conditions for a scalar field to play the
role of a curvaton. Letb= ¢e'?/\2 and considev=0 for  With ¢os~ dm(Hosd, the condition that the curvaton domi-
now. A basic condition for the amplitude fieltl to serve as nates the energy density before curvaton decayjathen
a curvaton is that the Universe becomes matter dominated byquires that
curvaton oscillations before the era of nucleosynthesis. For

whereg(T) is the number of degrees of freedom in thermal
equilibrium andHp is the expansion rate dtz. The energy
Qensity in the oscillating curvaton becomes equal to the

)

2
the casec~ —1 after inflation, the curvaton oscillations be- K.(M2@-3)m2 1/(d72)>6M E
d( ms) ~ |C| TR

1 . . . . . 1 Ty

An example is provided by a Dirac right-handed sneutrino, al- ~3.5x 1075 —
though this requires additional interactions in order to ensure no lc[\1 MeVv
dangerous lightest SUSY particleSP) density from late curvaton 106 GeV
decay[6] and to generate the baryon asymmetry after curvaton X(—) GeV, (8)
decay[5]. Tr
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where
2d—2

1/(d-2)
)\Zdz(d—l)> ' ®

In this we have scaledy to the temperature at nucleosyn-
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greater than the value of the minimum at the end of inflation,
dm(H,). For example, this would be expected if the Uni-
verse evolves from chaotic initial conditions such that
V(¢p)~M* initially [18,19. It would also be expected if all
values of¢ at the onset of inflation were equally likely up to
the value at which the curvaton effective mass becomes dy-

thesis, Thye~1 MeV, since the curvaton must decay beforenamically significantV”(¢)~H?. In this case the average

nucleosynthesis. Fa=4,5,6 the left-hand side of E€B) is

m
22\ 1/2_ 0 S
Kq(M2m2)12=2.4x 107 k4( 160 GeJ GeV, (10

213
ks(M*m?)13=6.9x 107 _ M| Gev
5 s 51100 Ge :
(11

and
.y mg 1/2
6 1/4__ !
Kg(M®m3)Y4=3.7x 107 k6(100 Ge\) GeV. (12

The value ofky is approximately in the range 1 to 10 fir
varying from 1 to 1d!. With ky~1 this implies thatd=5
must be satisfiedwith d=5 margina) in order to satisfy the
curvaton condition ifTg satisfies the conventional thermal
gravitino upper bound on the reheating temperatdrg,
<10° GeV[17].

value of ¢ at the onset of inflation will satisfyp= ¢, ,
where ¢, denotes the value ap at whichV"($)~H?. (A
similar argument in the context of axion cosmology has been
given in Ref.[20].) If initially ¢=¢, , then the curvaton
will undergo rapid damped oscillations ingg@~ 1) potential
until the amplitude of oscillation reachef, , shortly after
which the amplitude evolution will become highly damped
and its value effectively frozenp, is given by

(13

1 1/(2d—4)
) ¢m(HI)-

¢*:(muzd—3>
Thus if the initial curvaton amplitude is greater than or of the
order of ¢, we expectp~ ¢, =0(1)p(H,) at the end of
inflation. In the following we will assume that reachesp,,
before the length scales relevant to cosmological structure
formation leave the horizon, since otherwise a highly scale-
dependent curvaton perturbation spectrum would be obtained
[19].

We next consider the evolution of a superhorizon spatial

It is possible thal g could be larger than the conventional
thermal gravitino upper bound if the Universe is dominatedperturbation of the curvaton amplitude. Assuming the curva-
by the curvaton energy density for a sufficiently long periodton is effectively massless during inflation, the magnitude of
[14]. In this case the thermal gravitinos are diluted by en-the perturbation on a given scale at horizon crossingds
tropy production. Onc&z>T, ~10% GeV the curvaton os- =H,/27. The scalar field equation is
cillations will begin during radiation domination Hz
>H,sc=Mms/|c|Y?). In this case it is straightforward to show V2

thatT, replacesTg on the right-hand side of Eq7). There-
fore the lower bound Eq(8) can be relaxed by at most a
factor 10 2. This allowsd=5 to be more plausible but still
rules outd=4.

¢+3H¢—;;¢=—vw¢x (14)

where ¢(X,t) = ¢o(t) + Sd(X,1). Po(t) is the homogeneous

The second fundamental condition to have a successfigurvaton amplitude and¢(x,t) is the spatial fluctuation due
curvaton scenario is that the magnitude of the energy densifi quantum fluctuations. For a fluctuation of wave number
perturbation should be consistent with CMB observationsk<H. the gradient term in Eq(14) is negligible and the

This requires that,=25,~10"°, where §,= p/p is the
energy density perturbation ant),= d¢/¢ is the perturba-
tion of the curvaton oscillation amplitudep® ¢2). The

evolution of the field at a point in space is determined by

d+3Hp~—V'(). (15)

value of 6, depends upon the evolution of the curvaton after

inflation. Forc~—1 after inflation there are two possibili-
ties:

(i) ¢, initially small, is still evolving towardsp,,, at the
onset of coherent oscillationgThis possibility was dis-
cussed in Ref[6].)

(ii) ¢ reachesp,, before the onset of oscillations.

In case(ii) the curvaton amplitude perturbation at the on-

set of oscillations will depend upon whenreachesp,,. We
will consider the case wherg is close to¢,, at the end of
inflation. This will be the situation i€~ — 1 during inflation,

as inF-term inflation, in which case the curvaton amplitude

will be rapidly damped tap,,(H,). It will also be true in the
case where~0 during inflation, as ifD-term inflation, if at

For |c|H?>m2 and withHxa™™, a solution of Eq(15) is
given by ¢= =K ¢,,, where

o] oo

If the curvaton amplitude is initially at or close ﬁm at the
end of inflation, then the subsequent evolutiorpadt a point

in space_will correspond to oscillations abcEp;. SubstiEJt—
ing ¢=dm+Ad, whereAd(x,t)=A¢y(t) + od(x,t)<dp,
andA ¢ (t) = ¢,— ¢, the equation for a superhorizon per-

1
K2 4=14
lc[(d-2)

the onset of inflation the flat direction field has a valueturbation§¢(x,t) at a point in space becomes
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Sb+3HSp~ — aH254, (17) - 72ke| o[ V42M 32
H~ mL2
S
where
2 1/2
~3.7X 1017|c|1’4k6( 5"5) (100 Ge\)) GeV,
a=|c|[(2d—3)K?I"4—1]. (18) 10" Mg
(23)
[A ¢(t) satisfies the same equatidithe general solution of ) B
Eq. (17) is d¢xa”, where whilst for d=5
71_2k5|C|:I./635’€|\/|4/3
1 ~— P
y=5L=(3=m)+(3-m)*~4a]. (19) ! m3
2 1/3
8 100 Ge
. . . ~6.8X 1014 c 1/6k P ( GeV,
Thus, with §¢(x,t)=d¢(t)sink-x), the evolution of the lc[ ks 10°5 m

amplitude of a superhorizon quantum fluctuation at a point in
space is given by¢(t)xa”. We can then compute the sup- (24)

pression of6¢ due to expansion from the end of inflation whereks, ks=1. These values df, correspond to an energy

until the onset of coherent _cur\_/aton osqillations. We assumaensity that would result in unacceptably large energy den-
that coherent curvaton oscillations begin during IMD, SUChsity perturbations from conventional inflaton quantum fluc-
that m=3/2. Theny=3[—3+\3—4a]. Sincea~1, we tuations, which typically requirél,<10" GeV in order to
expect an oscillating solution fa¥¢(t) (i.e., imaginary root  be compatible with CMB constraints. Thus in the case of a
in y) with oscillation amplitude scaling a8poca /4. large curvaton amplitude during inflation and negative order

If ¢, is initially close togm. then sinceA(bo/gm de- H? correction after inflation, the energy density perturbations
creases with time, the mean value of the curvaton amplitudgue to curvaton amplitude fluctuations are typically inconsis-
will become increasingly close to the effective minimum, tent with CMB constraints.

bo~ ¢mocHl/(d*Z)ocaf?:/[Z(de)]_ Thus if ¢~ ¢y, at the end In th_e above we have a:?‘sumed_tha_t qugntum de Sitter
of inflation (corresponding to scale factar) we have fluctuatlons of the curvaton field dur!ng |nflat|9n are unsup-
pressed, i.e., that the curvaton effective mass is much smaller
5 thanH,. In the case of inflation driven by ahk term we
all-2@-2)]( 56 expect that~ — 1 for the flat direction field during inflation.
(—) , (20 In this case there will be effectively no superhorizon curva-
¢/ ton amplitude fluctuations on the scale of large scale struc-
ture formation, as these will be highly damped by curvaton

) . . 2 - . .
end of inflation.[ (8¢/¢), is constant during inflation since Ccurvaton scenario based on fluctuations of the curvaton am-

¢ is frozen for =, .] Once curvaton coherent oscilla- Plitude is ruled out in this case also. o

tions begin, 8, remains constant Sincé( )< $? and both Hoyvgyer, as we will shpw in the next gecthn, in both .the
b, and 5¢ evolve in the same way<a>?). SinceK is !argg initial curvaton amplitude arfe-term mflatlon cases it
very close to 1 K=1.044 ford=6, m=3/2 and/c|=1) we IS Stl'|| possible for a cqmplex SUSY curvaton with gravity-
can assumezzm% b With ¢~ (H,) and sp~H /2 mediated SUSY breaking to generate an energy density per-

when the curvaton perturbations leave the horizon. we Obtaiturbation that is consistent with CMB constraints, via fluc-
P ' flations of the curvaton phase.

Qe

aOSC

Hosc) %[(1—2/(d—2)] H, Ill. PHASE-INDUCED CURVATON SCENARIO

P) ~2(—> ~<— — 1L (2
2] S\ mbm(Hy 2D
o i i the Atermg[13,14,164. This allows for a new version of the
Th'iz f')((de§3)'/'(|é72'§' f/?drﬂ? of 5, and d. With én(H))  cyrvaton scenario that applies specifically to a complex
~kzM Hi » the expansion rate during infla- sysy curvaton with gravity-mediated SUSY breaking.

If the inflaton has no linear coupling to the curvaton in the
Kahler potential, then there will be no ordErcorrection to

tion is given by In the absence of ordét corrections to theA terms, the
phase field of the curvaton is effectively massless during and
|c| 2\ (d=4)/(d=2) after inflation, even in the case Bfterm inflation where the
H o~ wzde[Z(d”]’(dz)(W) 82. (22 amplitude field typically gains an effective mass of oréer
S

Thus de Sitter fluctuations of the phase will be unsuppressed.
For ¢ constant during inflation, the canonically normalized
For example, fod=6 this requires that phase field for smalbe about an amplitude in the direction
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is ¢pp~ ¢ 66, where ¢, is the curvaton amplitude during 0.00010
inflation. Thus withé¢,=H,/27 the de Sitter fluctuation of
the phase field i$60~H,/27 ¢, .
The equation of motion of the complex curvaton field is 0.00005 - i
. . V? oV e’ / S
<D+3H<I>——2<I>=——E——¢ (mZ+cH?)
a ol V2 8p e e .
;
+ Andg™ - [cogd@)—isin(do)] |
——F————[co —isi
M9=3( \/E)d*2 -0.00005 |- :
)\2d2 d—1 2(d-2)
+ ( ) (25
2d_2M2(d_3) -0.00010 . >
0.0 100.0 200.0 300.0

For perturbations of wavelength much larger than the hori-

zon the gradient terms are negligible. In this case the evolu- FIG. 1. Evolution of the energy density perturbation tbr 6

tion of the curvaton amplitude and phase at a point in spacendA/ms=1.

is given by

large value forép/p. Oncea is large compared witla .,

the nonrenormalizable terms in the curvaton potential be-
come negligible as a result of the reduction of the curvaton
amplitude due to expansion. Curvaton evolution ifdg?
potential is then established with a constant curvaton energy
density perturbation, numerically given by,=2.3X 10°°

for the caseA/ms=1 and86=10""°.

The phase-induced curvaton scenario is closely related to
the Affleck-Dine(AD) mechanism for the generation of glo-
bal charge asymmetries such as baryon nunjtét. The
explicit dependence of tha& term on the phase of the scalar
field introducesCP violation into the equations of motion.
The result is that the real and imaginary partsdofcoher-
From Eq.(27) we see that without aA term the phase at a ently oscillate out of phase with each other ifdg? poten-
point in space will remain constant. In the absence of ortler tial oncea>a,s., such that the complex curvaton field de-
corrections to thé\ term the phase will begin to evolve only scribes an ellipse in the complex plane. Omcea,s. and
when m?~|c|H?, when theA term contribution to the po- the nonrenormalizable corrections become negligible, the
tential becomes comparable with that of the mass squareclirvaton potential has an approximately conserved global
term. A perturbation in the phase field will then induce aU(1) symmetry, with respect to which a constant curvaton
perturbation in the curvaton amplitude via the coupling pro-asymmetry in a comoving volume is established. The co-
portional to cosdé) in Eq. (26). moving curvaton charge asymmetry density is given by

In our numerical results we focus on the calse6 as an
example. We assume that —1 and\ =1 throughout(We
use units such thd?l=1.) We evolve the equations of mo-
tion from a time corresponding to initial expansion r&té

Axd % lcogdh)
(\/E)d*ZM d-3

(d— 1))\2d2¢2d_3
2d*2M 2(d—3)

b+3Hp— 2= —| (mi+cH?) p+

(26)

and

. . 2¢. ANd@9 Zsin(de)
9+3H0+79= (2 a3

(27)

ny=a’i(®'o-d'd)=a%0¢?, (28)

where the factom® compensates for the expansion of the
Universe, such that, is constant for a conserved charge. In

—800am2>>|c|H2, with initial values¢= g, ¢=bm, do
=m/4, and#=0. We seta=1 at this initial time. For the
perturbations we assum#p=0 and §6=10"° initially. To

Fig. 2 we show the growth of the comoving curvaton asym-
metry for the caseA/mg=1. This shows that a curvaton
charge asymmetry naturally arises in conjunction with the

calculate the evolution of the perturbation we evolve Eq.energy density perturbations in the phase-induced curvaton

(26) and Eq.(27) for two points in space, one with initial
value # and one with initial valued+ 66, corresponding to
points in space with the mean value 6fand the largest
perturbed value of), respectively.

scenario.f introducesCP violation resulting in a curvaton
asymmetry whilsts6 induces the energy density perturba-
tions.

In Fig. 3 we show the evolution of the curvaton amplitude

In Fig. 1 we show the evolution of the energy densityfield in the forma®?¢, wherea®? cancels out the effect of

perturbation with scale factor for the cagéms=1. The

expansion on evolution in pb|? potential. Fora>a,q. we

spike feature is associated with the vanishing of the curvatogee that the curvaton amplitude has a maximum value
mass squared term at scale facgg. (=19.44 in our units ~ ~0.008 and a minimum value 0.002, corresponding to the

corresponding tdc|H2=m2. At around this time the energy major and minor axes of the ellipse described by the globally
density briefly vanishes whilst changing sign, resulting in acharged curvaton field in the complex plane. In Fig. 4 we
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FIG. 2. Evolution of the comoving curvaton asymmetry tbr

=6 andA/mg=1.
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0.004

0.002 -

32 0.000 -

-0.002

-0.004 ‘ ‘ .
20.010 3,2¢ 0.005
1

FIG. 4. Late-time trajectory of the curvaton in the complex
plane.

show the late time trajectory of the curvaton in the complex . ] )
an energy density perturbatio),=f,56 with |f,| of the

plane, whereb = (¢, +i,)/ /2.

In Table | we give the asymptotic values &f, n, and

ong/ny (the spatial perturbation of the curvaton asymmpetry
ata>a,g for different values oA/ms. (n,, gives the charge

order of 1. This mechanism requires only that theéerms
receive no ordeH corrections during or after inflation.
We note that the curvaton phase field itself does not sig-

asymmetry an=300.) From this we see that the values of nificantly contribute to the energy density oree a,.. The

these quantities are sensitiveAmg. For|A/mg=0(1) we
broadly find that |5,|=0(1)[8,] for A>0 and |5,

=0(0.1)| 84| for A<O0. The results in Table | are for the case

A=1. We find that the values of, and on,/n, are inde-

pendent of the nonrenormalizable coupling

A term in the scalar potential, responsible for the potential
energy of the curvaton phase field, is proportionaptb It is
therefore completely negligible compared with the mass
squared term onca>a,s.. For this reason it is essential that
in gravity-mediated SUSY breaking the fluctuation of the
curvaton phase is transferred to a fluctuation of the curvaton

In practice, the curvaton asymmetry is unlikely to result in . . S )
mplitude, in order to generate a significant energy density

any observable consequences. The curvaton asymmetry ¢
not produce the observed baryon asymmetry, since it h
been shown that the decay of a complex Affleck-Dine curv
ton condensate to a baryon asymmetry will result in larg
baryonic isocurvature fluctuations that are inconsistent wit

agerturbation once>a,.. This is in contrast with the case
of gauge-mediated SUSY breaking, where it is possible for

aéthe phase field potential to directly provide the curvaton fluc-

ﬁuation[14].
The energy density perturbation from the phase-induced

observations of the cosmic microwave background radiation ; - - i !
curvaton scenario with a large initial amplitude is of the

[21].

same order of magnitude as that obtained in the original

From our numerical results we conclude that perturba- .
P urvaton scenarif3] for the casep~ ¢,(H,),

tions of the phase of the complex curvaton field can inducé

0.010

0.008

0.002 -

0.000
0.0

FIG. 3. Evolution of the curvaton amplitude fat=6 and

A/mg=1.

100.0

200.0

300.0

fH,

2rdm(H) 29

8,=1,00~

TABLE I. Asymptotic values o5, n(g, andén,/n, as a func-
tion of A for the cased=6 ands6=10"".

Almg S, Ng onging

3.0 —1.4x107° —-1.9x10?% —-5.0x10°4
25 3.2x10°6 —7.1x10°% —3.2x10°°
2.0 1.7x10°° 2.6x10°%* —3.5x10°?
15 2.6x10°° 5.3x 10" % —8.7x10°°
1.0 2.3x10°° 5.4x10 %2 6.0x10°7
0.5 9.7 1078 2.8x10° % 3.8x10°°
-1 1.1x10°° —-1.3x10°2% 9.0x10°°
-2 5.5x1077 1.6x 1022 7.5x10°°
-3 -1.8x10°° —1.5x102% 6.1x10°°
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In the phase-induced curvaton scenario the valuél pfis
fixed by 6, andd, since¢n(H,) is determined by, andd.

PHYSICAL REVIEW B9, 103511 (2004

consistently account for the observed energy density pertur-
bations in the case of a large initial curvaton amplitude or

This is in contrast to the original curvaton scenario, where=-term inflation, where the conventional SUSY curvaton sce-

the value of¢ during inflation can take any valyé&]. The

nario with amplitude fluctuations would be ruled out by

expansion rate in the phase-induced curvaton scenario is théfMB constraints.

given by

Zwké’zé (d—2)/(d-3)

lw(—P) M. (30)
fo

An important feature of this expression is thdt has an

upper bound, corresponding tb— o,

275,M 1 6
H=—2 w1.5><1014—( 2
fo fol 1075

GeV, (31

where we have usekl,=1. For smalled the value ofH, is
smaller. For example, fail=5 we obtain

27Tk1/25 312 k1/2 3/2 5 3/2
= | M~1.2x10 > P GeV,
fo fo 10°°
(32
whilst for d=6
27Tk1/25 4/3 |(1/2 4/3 5 4/3
H=|—2""| M~6.0x10" — P GeV.
fo fo 10°°
(33

For thed=6 example of Table | we havé,=2.3 for A
=ms, which implies thatH,~2x 10'2 GeV for kg~1.

IV. CONCLUSIONS

We have shown that it is possible for energy density per-
turbations in the SUSY curvaton scenario with gravity-
mediated SUSY breaking to originate from quantum fluctua-
tions of the phase of the complex curvaton field. The phase
fluctuations induce curvaton amplitude fluctuations through
the SUSY breakingh terms in the curvaton scalar potential.
This requires that there are no ordércorrections to theA
term during and after inflation, which is true if the inflaton
has no linear couplings in the "Kier potential. This can
easily occur via a discrete symmetry Brsymmetry, as is
necessary in SUSY hybrid inflation models.

The phase-induced curvaton scenario becomes important
when(i) the initial amplitude of the curvaton during inflation
is large and(ii) after inflation there is a negative order
correction to the curvaton mass squared term. Both of these
are natural possibilities. In this case the conventional curva-
ton scenario based on amplitude fluctuations is likely to be
inconsistent with cosmic microwave background constraints.
The phase-induced curvaton scenario, on the other hand, can
consistently account for the observed cosmological energy
density perturbations even (i) and(ii) are satisfied.

The phase-induced curvaton scenario is closely related to
the Affleck-Dine mechanism and a curvaton asymmetry
naturally occurs in conjunction with the energy density per-

Thus the values of, in the phase-induced curvaton sce- turbations. However, it is unlikely that the curvaton asymme-

nario are typically less than or of the order of the values thatry could result in observable consequences, since if the
are obtained in inflation models where the energy densitpparyon asymmetry originates from a complex curvaton con-
perturbations are explained by conventional adiabatic infladensate via the Affleck-Dine mechanism, there would be un-
ton fluctuations. Therefore a complex SUSY curvaton caracceptably large baryon isocurvature perturbati@is.
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