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We investigate in detail leptogenesis by the decay of a coherent right-handed sniutidning dominated
the energy density of the early universe, which was originally proposed by two of the a(tthigksand T.Y).
Once theN dominant universe is realized, the amount of generated lepton asymfaetiyhence baryon
asymmetry is determined only by the properties of the right-handed neutrino, regardless of the history before
it dominates the universe. Moreover, thanks to the entropy production by the decay of the right-handed
sneutrino, thermally produced relics are sufficiently diluted. In particular, the cosmological gravitino problem
can be avoided even when the reheating temperature of inflation is higher tHaBeM), in a wide range of
the gravitino massng,=10 MeV—-100 TeV. If the gravitino mass is in the rangg,~10 MeV—-1 GeV as in
some gauge-mediated supersymmetry breaking models, the dark matter in our Universe can be dominantly
composed of the gravitino. The quantum fluctuatiorNofiuring inflation causes an isocurvature fluctuation
which may be detectable in the future.
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I. INTRODUCTION is, the condensation of the scalar component of the right-
handed neutrino and its decay into the leptons and antilep-
Neutrino oscillations, especially the atmospheric neutrindons.
oscillation observed in the SuperKamiokande experiments In this paper, we investigate in detail the leptogenesis by
[1], is one of the greatest discoveries in the field of particlethe decay of a coherent right-handed sneutrino. In particular,
physics after the success of the standard model. The datee discuss the case in which the coherent oscillation of the
suggest small but finite masses of neutrinos. Such small neuight-handed sneutrino dominates the energy density of the
trino masses can be naturally obtained via the seesaw mechearly universe. It is extremely interesting that the amount of
nism[2], implying the existence of lepton number violation. produced baryon asymmetry is determined mainly by the
There has been, therefore, growing interest in leptogenesidecay rate of the right-handed neutrino, whatever happened
[3] as a production mechanism of the baryon asymmetry ifbefore the coherent oscillation dominates the universe. Fur-
the present universe. In fact, the “sphaleron” proc¢4s thermore, as a big bonus, thermally produced gravitinos are
converts lepton asymmetry into baryon asymmetry, and nondiluted by the entropy production due to the decay of the
zero lepton asymmetry can be produced by the decay of theoherent right-handed sneutrino, so that the cosmological
heavy right-handed neutrirf@]. gravitino problem[9-12] can be avoided even when the re-
On the other hand, supersymmetSUSY) has been re- heating temperaturelr of the inflation is higher than
garded as an attractive candidate for physics beyond the stabe'® GeV, in a wide range of the gravitino mass,,
dard model, since it protects the huge hierarchy between the 10 MeV—-100 TeV.
electroweak and unification scales against radiative correc- In particular, this dilution of the thermally produced grav-
tions as well as leads to a beautiful unification of the gaugétinos has great advantages in the gauge-mediated
coupling constants. In Reff5], H.M. and T.Y. proposed new SUSY breaking(GMSB) models[13]. The GMSB mecha-
possibilities for leptogenesis in the framework of SUSY. Un-nism has been regarded as a very attractive candidate
der the assumption of SUSY, there appears a very simple arfar the SUSY breaking, since it suppresses quite naturally the
attractive mechanism to produce the lepton asymntatrgt  flavor changing processes, which are inherent problems
in the SUSY standard model. In general, GMSB models
predict that the gravitino is the lightest SUSY particind
*Another interesting possibility for leptogenesis with SUSY pro-
posed in Ref[5] is the leptogenesis via the flat direction including
the charged lepton doublet[5—7], which is based on the Affleck-  2This is not the case if the SUSY breaking is mediated by a bulk
Dine mechanisnf8]. gauge field in higher-dimensional space-tifid].
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stable?® Usually, the relic abundance of the gravitino is pro-andL andH, vanish®

portional to the reheating temperature, and there are severe After the end of the inflation, the Hubble parametér
upper bounds on the reheating temperafigadepending on  decreases with cosmic tinteas Hoct ™2, andN; begins to
the gravitino massns,, in order to avoid that the energy oscillate around the origin whed becomes smaller than the
density of the gravitino overclose the present univéis®.*  mass of the right-handed sneutritvd,. Then, the coherent
In our scenario, however, this overclosure bound is comescillation eventually decays whdﬂh:FNl(t~F§11), where
pletely_ removed because of the_aforementloned r|ght-har_1de1d = (1/4m)=,|hy,|?M, is the decay rate of thBl,. Be-
sneutrino decay, and a reheating temperature even highef1 . alia

than 16° GeV is possible forms,=10 MeV. Furthermore, causeN; decays into leptonsand Higgs as well as their

as we will see, the present energy density of the gravitino i@ntiparticles, its decay can produce lepton-number asymme-
determined independently of the reheating temperature, arffly if CP is not conserved3]. The generated lepton number

the gravitno mass can be predicted asn, Ue€NSity is given by

=10 MeV-1 GeV from the baryon asymmetry in the present no=exM N2 4
universe, if the dominant component of the dark matter is the L= €aMa[Nagl* @
gravitino. where|N,4| is the amplitude of the oscillation when it de-
cays, ande; denotes the lepton-asymmetry parameter in the
Il. LEPTOGENESIS BY COHERENT RIGHT-HANDED decay ofml_ Assuming a mass hierarchiy;<M,, M3 in
SNEUTRINO the right-handed neutrino sector, the explicit formeafis
A. The MSSM with right-handed neutrinos given by[17]
Let us start by introducing three generations of heavy ['(N;—L+Hy)—T(N;—L+H,)
right-handed neutrino®l; with massesM; to the minimal €= -  — —
supersymmetric standard mod&SSM), which have a su- F(Ny—=L+H)+T(N;—L+Hy)
perpotential 3 M,
- 271 —=
B (o2, M(D G 5
1 _ _
W= MiNiN;i+hioNiLHy, (1) Here,L andH, (L andH,,) symbolically denote fermionic or

scalar components of corresponding supermultipletsd
whereL, (e=e,u,7) andH, denote the supermultiplets of their antiparticles By using the seesaw formula in E@),
the lepton doublets and the Higgs doublet which couples t&iS €1 parameter can be rewritten in terms of the heaviest
up-type quarks, respectively. The small neutrino mass is og?€utrino massn, and an effectiveCP violating phasedes
tained by integrating out the heavy right-handed neutrinod,18:

which is given by[2] 3 M; Im[h(m*)hT];,

=§<Hu>2 (hh")y;

€1
2
(M,)p=— 2 hmhiﬁm. ) 3 M
i i = % W fT'IV3
During inflation, the scalar component of the right-handed M m
neutrinoN can acquire a large amplitud®,15,1q if the ~2% 10—10( ! )( i )5eﬁ_ (6)
Hubble expansion rate of the inflatidh, is larger than the 10° GeVv/\0.05 eV
mass of theN. Let us assume that there exi¢ts least one  Here, we have usedH )=174 Ge\isinB, where tarp
right-handed neutrino with a mass lighter thdp;, and that =(H_)/(Hg). (Hy is the Higgs field which couples to down-
it develops a large expectation value during the inflationtype quarks. Here and hereafter, we take @r1 for sim-
Hereafter, we focus on the lightest right-handed sneufiipo  Plicity. As for the heaviest neutrino mass, we take,
for simplicity. (Possible contributions from the heavier right- =0.05 eV as a typical value, suggested from the atmospheric
handed sneutrinod{, andN will be discussed at the end of neutrino oscillation observed in the SuperKamiokande ex-

this section. It is assumed here that the potential for the Periments1].
right-handed neutrino is given simply by the mass term

5eﬁ

B. Cosmic lepton asymmetry

The fate of the generated lepton asymmetry depends on

V=M?|N,|? (3 whether or not the coherent oscillation l§f dominates the
3We assume here that tlfeparity is exact. 5The parameters we preféas we will see latergive a large
“For a very light gravitinomg,<1 keV, there is no gravitino effective mass td. andH,, becaus&l~Mp,. Therefore, vanishing

problem[11]. L andH, is natural.
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energy density of the universe before it dec@yb In this  verse is indeed determined only by the decay temperature of
paper, we mainly discEss the leptogenesis scenario from thke right-handed sneutrin‘f),\|1 (and the effectiveCP violat-
universe dominated bi,. (We will give a brief comment ing phased.), given in Eq.(9). Thus it is independent of

on the case wherl; does not dominate the universe in the unknown parameters of the inflation such as the reheating
Appendix) As we shall show soon, once ti, dominant temperaturel 5. Assuming the effectiv€P violating phase
universe is realized, the present baryon asymmetry is detefert (1) to be not to_olg,mall,. the observed baryon asymmetry
mined only by the properties of the right-handed neutrino'8/5=(0.4—1)x10"""[20] is obtained by taking

whatever happened before ti\g dominates the universe.
We first derive the amount of the generated lepton asymme-

try just assuming that thl; dominates the universe, and  Now let us recall the conditions we have required so far.
after that we will discuss the necessary conditions of thgys haye required the following two conditior. N, domi-

present scenario. nates the universe before it decays infiN, decays in an
OnceN; dominates the universe before it decays, the uni- ¥ ! Y

. ) c out-of-equilibrium way. By taking thdly, in Eq. (11), the
verse is reheated againldt=I"y, by the decay oN;. The . ition of the out-of-equilibrium decay is given by
energy density of the resulting radiation, with a temperature

TN, is given by the following relation:

Ty, =10°— 10" GeV. (11)

M>Ty, = 10°— 10" GeV. (12

2

T ~ Notice that the temperatur is determined by the deca
%Q*Tﬁnlz MZINg|? I peraturty, 1s I Y Y

rate of theN, [see Eq(7)], and hence is related to the mass
and couplings oN; . The relation is given by

=3M5IY,, (7)
TN 1/2 TN 1/2
while the entropy density is given b 2 -6 _1
py yis g y \@ |hy,|2=5%10 (106 GeV) (Ml . (13
2 3
$= 75 9x T, (8 Thus, we need Yukawa couplings, which are as small as

the electron Yukawa coupling.

Here, M =2.4x 10" GeV is the reduced Planck scale and
g, is the number of effective degrees of freedom, which is
0, =200 for temperature$>1 TeV in the SUSY standard ) ~ ) )
model. From the above equations, the ratio of the lepton N order to discuss whether or niiy dominates the uni-

number density to the entropy density is given by the follow-V€rse; it is necessary to consider the history of the universe

C. Conditions for N dominance

ing simple form:

n|_ 3 TNl
STaw,

— 10| TNl my3
=1.5¢10"" 15 Gev/ | 0.05 ev] %t ©)

Here, we have required that the decay of Bheoccurs in an
out-of-equilibrium way, namely‘,l'Nl<Ml, so that the pro-

before it decays. Here, we assume that the potential dfithe
is “flat” up to the Planck scale, namely, the potential is just

given by the mass ternM2|N,|? up to the Planck scale.
(This may not be the case when the masses of the right-
handed neutrinos are induced by a breaking of an additional
gauge symmetry. We will discuss such a case in the next
section)

Assuming the flatness of thBl;'s potential up to the
Planck scaldi.e., only the mass termthe initial amplitude
of the oscillation is naturally given lei|:Mp,, since
above the Planck scale the scalar potential is expected to be

duced lepton-number asymmetry not be washed out by,,onentially lifted by the supergravity effeéhen, the

lepton-number violating interactions mediated Ny.

Because the lepton asymmetry is produced before th

electroweak phase transition &t-100 GeV, it is partially

converted [3] into the baryon asymmetry through the

“sphaleron” effects[4]
_ L
< -ag (10

wherea= — £ in the SUSY standard modg19]. This ratio

gnergy density oN; when it starts the coherent oscillation is
given by py, =MIMJ,.

The rest of the total energy density of the universéiat
=M, is dominated by(i) the oscillating inflationy or (ii) the
radiation, depending on the decay rate of the infldtgn If
I'y<M4, the reheating process of the inflaton has not com-

®Even though it is possible that, has a larger initial amplitude

takes a constant value as long as an extra entropy productiqﬁli|>|\/|p, (see, e.g., Ref21]), it depends on the scalar potential
does not take place at a later epoch. Therefore, as mentionédyond the Planck scale, so that we do not discuss this possibility in
in the Introduction, the baryon asymmetry in the present unithis paper.
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pleted yet atH=M,, and the inflatony is still oscillating Here, TR<TRC(TR>TRC) corresponds tol', <M, (T,

around its minimum, whose energy den3|ty~|s givendyy >M,). Thanks to this entropy production by the's decay,
=2M?M},. The ratio of the energy density &f; to that of  the constraint from the gravitino problem applies not to the
the inflaton,py /p,=1/2, takes a constant value until either reheating temperatur€g, but to an effective temperature
of these oscillations decays. Because the energy density given by

the radiationp,,4 resulting from the inflaton decay is diluted

faster tharle, the oscillatingN; dominates the universe if Tret= iTR
its decay ratel“Nl is slow enough compared with that of the A
inflatonT",,, FN1<F¢. 2TN11
On the other hand, if’,>M,, the inflaton decay_ has _ T
already completed befoted=M,, and the energy density of 2Ty (_R) '
the radiation aH=M; is given by p,,=2M3M3. In this N Tre
case, the oscillatindl; dominates the universe soon after it
starts the oscillation and hence before its décalierefore, 2x10°-2x10" GeV (for Tr<Tgr.),
the condition forN,; to dominate the universe is just given by ~ ~ Tk
I'y,<T,. In terms of the reheating temperat(irg, it is 2x10°-2x10" GeVx T_RC) (for TR>Tr,),
Tre T, =10°- 107 GeV, (14) (17)

_ . o _ . . which is much below the original reheating temperaftlige
which is easily satisfied in various SUSY inflation models Therefore. the cosmological gravitino problem can be
[22]. Thus, the present leptogenesis scenario fioyidomi-  avoided in a wide range of the gravitino massy,
nated early universe is almost automatic as long as the right= 100 GeV-100 TeV, even if the reheating temperaflige
handed neutrino has suitable mass and couplings given igf the inflation is higher than #8GeV. The fact that such

Egs.(12) and(13). high reheating temperature is allowed makes it very easy to
construct realistic SUSY inflation models.
D. Gravitino problem ameliorated On the other hand, if the gravitino is the lightest SUSY

0particle, as in the GMSB scenario, it is completely stable. If
éhere is no extra entropy production after the inflation, the
relic abundance of the gravitinos which are produced ther-
mally after the inflation is given bj12]

Now let us turn to consider the cosmological gravitin
problem[9-12]. There are two cases; unstable and stabl
gravitino. When the gravitino is not the lightest SUSY par-
ticle, it has a very long lifetime, and its decay during or after
the big-bang nucleosynthesiBBN) epoch (~1—-100 sec)
might spoil the success of the- BBN. Since the abundance o
thetj[herrlntallyt/hprod#cetql grzt;lvitinos ?t_freheatinﬁ etpr)]och is pro- ( M )2( My )—1( Tw )
portional to the reheating temperatufg, usually there are X .
upper bounds on th&g depending on the gravitino mass. 1Tev) 110 MeV, 10° Gev
The bound is given byTg=10"-1CF GeV for mg, (18
=100 GeV-1 TeV[9], and B, Tr=10"—1C GeV for my,
= (afew—100) TeV[10], whereB,;, denotes branching ratio Here,Mjs is the gluino mass) is the present Hubble param-
of the gravitino decay into hadrons. However, in the presen€ter in units of 100 km seéc Mpc™* andQz,= psp/pe - (par
scenario, the gravitino abundance is diluted by the entropgndp. are the present energy density of the gravitino and the
production due to the right-handed sneutrino decay. The dicritical energy density of the present universe, respectively.

2 ~ ~
3/2h |without N, decay_o-8

lution factor is given by It is found from Eq.(18) that the overclosure limi€);,<1
puts a severe upper bound on the reheating temperagure
TR (for Te<Tg) depending on the gravitino masg,. However, in our sce-
2Ty, R™ Rel nario, the “reheating” by the coherefl, takes place and the
A= T (15 relic abundance of the gravitino is obtained by dividing the
Re (for Tr>Tgy), original abundance in Eq18) by the dilution factorA:
2Ty,
where Q3/2hz|with IN\I1 decay KQ3/2h2|Without Nl decay
Ml 1/2 M 2 m _
= 1 3 3/2
Tr =7%10" (m) GeV. (16) =0.8%| 17y ( T Mev)
TR eff )
X| ——=—|.
"This is the case as long &% <M. (106 GeV (19)
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Therefore, again, the overclosure problem can be avoided 1 1

almost independently of the reheating temperafigeand a W=3 9ijMoe %" ANN; + 7 9uM 082NNy
reheating temperature even higher that®1BeV is possible @)#1.D

for ms,»,=<10 MeV. Moreover, it is found from this equation +hi,eQ " QaN;L H,,

that the present energy density of the gravitino is indepen-

dent of the reheating temperature, in a very wide range O\];vhere g, and T are O(1) couplings. The above charge

Tn,<Tr<Tg.. Thus, we can predict the gravitino mass by

assignments for lepton doublets naturally lead to the realistic

requiring that the gravitino is the dominant component of theerino mass matrix including the maximal mixing for the

dark matter:

M 3 2 Q mattehz

TR eff
1TeV 0.15

10° GeV
)1

for Tn,<Tgr< TRC.8 Here, we take the present matter density

Qmatte=0.3 and h=0.7 [25]. Notice that this prediction
comes from the fact that the present energy density of th
gravitino is determined by the effective temperatligqg
=2Ty, (for TR<TRC), while the decay temperature of the
right-handed neutrind’Nl is fixed by the baryon asymmetry

in the present univerdsee Eq(11)].

m3/22 50 MeVXx

)
M3 2 Qmattehz
1Tev) | 0.15

=100 MeV-1 Ge\K (
(20)

E. Some discussions

Before closing this section, several comments are in orde
The first one is about the neutrino mass. The contribu-
tion to the neutrino mass matrix(,) .z from N, is given by

(Hy)?
|(mv)z2m Nl|=|h1ah1,5| —ul
(Hy)?
2
$§ |hla| Ml
2
-y TNl
=7X10"" eV R (21
1

Here, we have used the relation in Ef3). Therefore, it is
understood that the mass scale of the neutrinos suggest
from the atmospheric and solar neutrino oscillations,
~10"1-10"2 eV, should be induced from the heavier right-
handed neutrinokl, andN5. The relative hierarchy between
the mass and couplings ®f; and those of théN, and N,
might be naturally explained by a broken flavor symmetry.

For example, a broken discrefg symmetry[26] with a
breaking parameters=7; and chargesQ(L,,L, L)
=(a,a,a+1) andQ(N3,N,,N;)=(b,c,3+d) gives rise to
the following superpotential:

80ne might wonder if the decay of the next-to-lightest SUSY
particle into gravitino during or after the BBN would spoil the

atmospheric neutrino oscillatid27]. The overall mass scale
of the right-handed neutrindM, is determined bym,,3
~&%(H ,)?/M,. By taking a+d=2, this model givesM
~e2dM~7%x10° GeV, 3 ,|hy[?~e®~7x10"7, and
henceTy,~1x 10" GeV.

So far, we have considered the leptogenesis from the
lightest right-handed sneutrind),;. The heavier right-

handed sneutrin&zm can also develop a large amplitude
during the inflation(if M,3y<Hj,;) and it may produce lep-

ton asymmetry in a similar way to thi;. However, the

gecay temperatures of i, andN; cannot satisfy the out-
of-equilibrium conditionT;3y<<M4, sinceN, and Nz must
explain the mass scales of the neutrino oscillatieee Eqg.
(21)]. Therefore, even if th&2(3)’s decay would produce
additional lepton asymmetry, it would be washed out and
hence it can not contribute to the resultant total lepton asym-
metry.

Finally, we comment on the effects of the thermal plasma
[15,28,29, which might cause an early oscillation of the
right-handed sneutrindl; beforeH= M. [Notice that there
is a dilute plasma with a temperatufe=(TzM ,H)** even
before the reheating process of the inflation complg26§]
There are basically two possible thermal effects. First, when
the temperaturd is higher than the effective mass forand
Hy, T>mes=2 . h1.2IN;|, theN; receives an additional
thermal mas$M3 = (1/4)3 ,|h,,|?T? from the Yukawa cou-
pling to L and H, [28]. Thus, theN; field would start an
early oscillation if the additional thermal mass becomes
larger than the Hubble expansion rate befdre M ;. How-
ever, even ifN; receives the thermal mass, the ratio of the
thermal mass to the Hubble expansion rate is given by

ed 10Ty \ 2 312
0.07x Ny & h for TR<Tg.,,
oMZ M, H Tre ¢
HZ T 10Ty \ 2
003><( N Nl) (%) for TR>TRC’
1
(22)

where we have used the relation given in EkB). Therefore,
we can safely neglect the above thermal effect, as lord as
is a bit larger tharTNl. Next, there is another thermal effect
which has been pointed out in RE29]. If the temperature is
lower than the effective mass for and H,, T<mg

=y2,lh 2IN,|, the evolution of the running gauge and/or
al''la 1 g g g

success of the BBN in the GMSB scenario. However, this problemYukawa coupling constant§( ) which couple to them are

is avoided formg,<1 GeV[23,24.

modified below the scalg =mg;. Thus, these running cou-

043512-5



K. HAMAGUCHI, HITOSHI MURAYAMA, AND T. YANAGIDA PHYSICAL REVIEW D 65043512

pling constants depend di,|, and there appears an addi- With opposite charges in order to candé{1)s-, gauge
tional thermal potential foN, : anomalieg. Because of th® term andF terms coming from

the superpotential which gives the right-handed neutrino

- -
|N12| ) (23) masses, the scalar potential of the right-handed sneutrjno
T ) is lifted above theU(1)gz_, breaking scald®) [5]. There-

fore, the initial amplitude of th&l,’s oscillation atH=M is
given by |Ny[~(®).

SV(N;)=aT*log

where a is a constant of orde©(f%). However, again, it
turns out that the effective thermal mass féy is less than

the Hubble expansion rate
SMi  aT!
2 ~
HY RN, 2

2

The breaking scale of th&J(1)g_, gauge symmetry is
model dependent. If it is broken at the Planck scgle)
=My, the discussion in the previous section does not
change at alf.On the other hand, &) is below the Planck

scale, the initial amplitude of thi,’s oscillation is reduced,
and some parts of the discussion in the previous section are

M1 [ Tr

2
0.2X a @ — | = for TR<Tgr., modified; those are the condition of tiNy dominant uni-
IN| H TRC c verse[Eqg. (14)] and the effective temperature of the cosmo-
= VIRE logical gravitino problem[Eq. (17)].1° [Notice that the
0.05x | P! for Te>Ts amount of the generated lepton asymTetry given in(8p.
( |N1|) RT TR does not depend on the initial amplitudé;;| as long as the

(24 N, dominant universe is realizddLet us take|Ny;|~(®)

. . . ~10'" GeV, for example. Due to the reduced initial ampli-
and hence this thermal effect is also irrelevant to the present ~ _ - .
tude ofN;, which means a smaller initial energy density, the

scenario. - - . ) ) i
condition forN; to dominate the universe is now given by
lI. INITIAL AMPLITUDE )
. : i V3My,
In the previous section, we have assumed that the initial Te>Ty,| —
amplitude of theN;’s oscillation is|Ny;|=M ;. This can be INg

realized when the right-handed neutrino has only the mass |N | 5
term up to the Planck scale. In this section, we discuss an- 1

other possibility, where the masses of the right-handed neu- =2X10°-2X 10 Gevx 10t Gev) :

trinos are dynamically induced by a spontaneously broken (25
gauge symmetry. The simplest candidate){d)z_, , where

B andL are baryon and lepton number, respectively. Let usThijs condition is still easily satisfied by considering an infla-
denote the chiral superfields whose vacuum expectation vation with relatively high scale. On the other hand, the effec-
ues break theJ(1)g_, by ® and®. [We need two fields tive temperature for the gravitino problem now becomes

2

V3My,
Nl =]
_ Nyl
ref ViM,, | 2 TR)
N ,__,— - L
\ ' |Nli| TRC
( |N1i| 2 f
2x10°-2Xx 10" Gevx 167 Gev (for Tr<<Tg),
= - - 26
2x10°—2x 10" Gevx Nl 2 Tr (for TR>Tgr.) 2
\ eVl 107Gev) | Te R™ IR

%In this case, we need small couplings in order to explain the intermediate right-handed neutrino mass scale. For example, a superpotential
W= (1/2)y;®N;N; with (®)=M andy;~ 10" * gives the masM ;~ 10 GeV to the heaviest right-handed neutrino. Such a small Yukawa
coupling could well be a consequence of broken flavor symmetries.

ror the reduced initial amplitude, the thermal effect from & log([N,|?) potential becomes larger than the casdﬁb{i|=Mp|.
However, it is still irrelevant fom~ O(f*)<1072, as long agNy;|= 10 GeV. [See Eq(24).]
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Thus, in this case, when the gravitino is unstable, its mass NS O
should be in a range of;,=1 TeV to avoid the cosmologi- Oiso= e Q.
cal gravitino problem. This difficulty might be avoided when B
the gravitino is stable with mass;,~10—100 GeV[ 24]. Hint %
™ |N1i| {2

IV. DISCUSSION AND CONCLUSIONS

We have investigated in this paper leptogenesis from the =1x10"’
universe dominated by the right-handed sneutrino. We have
found that this scenario is very successful in explaining the (27)
present baryon asymmetry. It is interesting that the amount ayhere )z and Q, is the density parameters of baryons and
the generated lepton asymmetry is determined mainly by thebtal matter, respectively. This isocurvature fluctuation might
decay temperature of the right-handed neutrino, indeperbe detected in future experiments.
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|3_ pa(rjhcular, '{) thek_gravmndo IIS sr':able, as in the 9"’(‘1“93'_ In the body of this paper, we have discussed the leptoge-
mediated SUSY breaking models, the present energy density, o <o nario from the universe dominated\hy Here, we
of the gravitino is determined by the decay temperature of . ~ ,
the right-handed neutrin®y,. =10f— 10 GeV (if we assume briefly comment on the case where te does not dominate

! the universe. In this case, the resultant lepton asymmetry

tEe initial amplitude of the cgherent right-handed s.neutrmo 'Sdepends on the reheating temperafGigeand the initial am-
IN3i|=M,)). Thus, the gravitino mass can be predicted from

the observed energy density of the dark matternag, ﬁ:ltuf%(ran?f[;?e oscllatonMy. and s given n the follow
=10 MeV—-1 GeV, for a wide range of the reheating tem- 9 '

Qg
0.1x Q)"

pl ( Hint
INy|/ | 10" GeV,

APPENDIX

perature 10 GeV<Tr<7x10'(M,/10° GeV)*? GeV, as- o1 (Te\[ Nyl \?
suming that the dark matter in our universe is dominantly —= 4_161<M_) :
composed of the gravitino. 1\ V3My,
Finally, we comment on the isocurvature density pertur- S 020 m
bation coming from the fluctuation of the initial amplitude of ~0.8x 10_10( Tr )( |N1i|) ( vy ) s
the right-handed sneutrindN,;|.** The baryonic isocurva- ' 10'GeV/| M,/ 10.05 eV "

(A1)

Thus, it is possible to produce the desired amount of baryon
asymmetry, avoiding the cosmological gravitino problem, al-

ture perturbation fronN; is given by

UThe authors thank M. Kawasaki for useful discussion. though it depends crucially on the reheating temperature.
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