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We propose that the observed baryon asymmetry of the Universe can naturally arise from a net asymmetry
generated in the right-handed sneutrino sector at fairly low reheat temperatures. The initial asymmetry in the
sneutrino sector is produced from the decay of the inflaton, and is subsequently transferred into the standard
model (s)lepton doublet via three-body decay of the sneutrino. Our scenario relies on two main assumptions:
a considerable branching ratio for the inflaton decay to the right-ha(®leeutrinos, and Majorana masses
which are generated by the Higgs mechanism. The marked feature of this scenario is that the lepton asymmetry
is decoupled from the neutrino Dirac Yukawa couplings. We exhibit that our scenario can be embedded within
minimal models which seek the origin of a tiny mass for neutrinos.
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[. INTRODUCTION togenesis[5,7,8. This can be accomplished in different
ways.

The consistency of the abundance of the light elements In thermal leptogenesis scenario, RH neutrinos come into
synthesized during the big bang nucleosynth¢BBN) re-  equilibrium with the primordial thermal bath through
quires that the baryon asymmetry of the Unive(8&AU) Yukawa interactions. The decay of the lightest RH neutrino
parametrized as)g=(ng— ng)/s, with s being the entropy easily satisfies the out-of-equilibrium condition by virtue of
density andhg the number density of the baryons, be in thehaving a sufficiently small Yukawa couplifg]. In a model-
range (0.3-0.9)x 10 1° [1]. This asymmetry can be pro- independent analysis in Ref9], the authors have param-
duced from a baryon symmetric universe provided three conetrized thermal leptogenesis by four parameters; @i
ditions are simultaneously me® and/orL violation, C and ~ asymmetry, the heavy RH neutrino mass, the effective light
CP violation, and departure from thermal equilibriufa]. neutrino mass, and the quadratic mean of the light neutrino
Any produced asymmetry will, however, be washed away bynasses. The final result was that an acceptable lepton asym-
the standard modéBM) (B+ L)-violating sphaleron transi- Mmetry could be generated witfr~M ;= 0(10'%) GeV, and
tions which are active from temperaturest4GeV down to  =;m, ;<3 eV.

100 GeV|[3], if B—=L=0. Therefore an asymmetry iB This is marginally compatible with the upper boundBg

—L, which is subsequently reprocessed by sphalerons, illowed from thermal gravitino production in supersym-
generally sought in order to yield the net baryon asymmetrymteric modelg10]. Gravitinos with a mas©(TeV) decay
given byB=a(B—L). Herea is a model-dependent param- long after nucleosynthesis and their decay products can
eter; in the case of the SMy=28/79, while in the minimal change abundance of the light elements synthesized during
supersymmetric standard mod®8SSM), a=32/92[4]. BBN. For 100 Ge\smg,<1 TeV, a successful nucleosyn-

An attractive mechanism for producir®y- L asymmetry thesis requiresng,/s<(10 **-10"1%, which translates
is from the decay of the heavy right-hand@H) Majorana  into Tg=(10°—10'% GeV [10,11]. The possibility of non-
neutrinos[5]. Since the RH neutrinos are the SM singlets, athermal gravitino productiofil2] does not give rise to any
Majorana massM,, which violates the lepton number, is threat as described ifl3,14. It was also suggested that
compatible with all of its symmetries, and hence can be argravitinos can also be produced directly from the inflaton
bitrarily large beyond the electroweak scale. This provides alecay[15], and in the decay of heavy stable neutral particles
natural explanation for the light neutrinos via the seesaw16], but the yielded bounds will not be severe.
mechanisni6]. An interesting alternative is non-thermal leptogenesis.

The lepton asymmetry can be generated from the interferThis could happen in many ways. The simplest possibility is
ence between the tree-level and the one-loop diagrams in da produce on-shell RH neutrinos, with a considerable
out-of-equilibrium decay of the RH neutrinos in the early branching ratio, in inflaton decdyl7]. It is also possible to
Universe, providedCP-violating phases exist in the neutrino produce heavy RH neutrindsven heavier than the inflatpn
Yukawa couplings. The asymmetry thus obtained will be parvia preheating[18]. However, non-thermal leptogenesis is
tially converted into the baryon asymmetry via sphaleronrather model dependent. For example, just fermionic preheat-
effects. This is the standard lore for producing lepton asyming is plagued by the fact that the running coupling of the
metry from on-shell RH neutrinos, commonly known as lep-inflaton to the fermions can easily give rise to correction in
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the inflaton mass, which leads to the instabilities during the 1 1 1 1

inflaton oscillations, described as in R§19]. The inflaton WD §m¢®2+ EmUEZJFEy(DNZJF 592N2+ hNH, L
condensate fragments as a result of that and forms interesting

solitons. +hH,Qst°. 1)

In supersymmetric models there are additional options as ) i i ) )
one can also excite sneutring20]. In fact sneutrinos are Here ® is a gauge singlet superfield which comprises the
produced more abundantly than neutrinos during preheatintflaton ¢ and its superpartnéinflatino) with massm,, , and
[21]. Another possibility is creating a condensate of sneutrily 1S the_superfield comprising the RH neutritd and
nos which y|e|ds the r|ght asymmetry through its dem’ sneutrinoN. While 2 Compl‘ises the scalar field which
or via Affleck-Dine mechanisni23]. generates Majorana mass Nrthrough.its vacuum expecta-

Recently it has been noticed that successful leptogenesfion value(VEV), denoted asro, and its fermionic partner
does not require on-shell R$)neutrinog 24,25. A minimal o. As we will describe later, in realistic particle physics
model was proposed in R4R25], where the lepton asymme- modelsN andX. are charged under some gauge gréap a
try is directly generated from the inflaton decay into thematter of fact, one needs to introduce another superield
Higgs boson and leptons via off-shell Rineutrinos. This  for anomaly cancellation Since the inflaton is assumed to
model naturally results in a sufficiently low reheat tempera-be a gauge singlet, its coupling to RE)neutrinos actually
ture, and yields desirable baryon asymmetry for a rather widérises at the non-renormalizable level, and hence is gmall
range of inflationary scale, neither invoking preheating in a~O(m,/Mp) (we use the reduced Planck mags~2.4
particular model nor any unnaturally suppressed couplings.x 10'® GeV). This coupling will be responsible for decay of

In this paper we propose a completely new scenario fothe inflaton toN andN and, subsequently, reheating the Uni-
leptogenesis, called sleptogenésisle show that an asym- verse.
metry between sneutrinos and anti-sneutrinos can be gener- Finally, H,, L, Qz, andt® are the multiplets containing
ated, through a phase mismatch between the inflaton codbe Higgs boson which gives mass to the top quark, the left-
pling to the RH(s)neutrinos and the Majorana masses, inhanded lepton doublet, the third generation quark doublet
inflaton decay. Note that the RH neutrino and antineutrincand the RH top anti-quark, along with their superpartners,
are indistinguishable due to the Majorana nature of neutriféspectively. We have omitted all indices dh and lepton
nos. After the(s)neutrinos decay, the SK4)leptons carry the ~doublets. Note that andg are symmetric matrices. For sim-
produced asymmetry which will be partially reprocessed taPlicity, we assume that they can be diagonalized in the same
the baryon asymmetry. This scenario can emerge quite natiasis, and hence only their diagonal elementandg; are
rally provided the branching ratio for the inflaton decay torelevant.
the RH (s)neutrinos is considerable, and there exists new We also assume thah,=10m, . This implies that the
Higgs fields) generating the Majorana masses. The first asdynamics ofo is frozen during and after inflation, and hence
sumption is rather common in non-thermal scenarios of lepensures a simpler dynamics by virtue that all of the energy
togenesis, while the latter is necessary in models where th@ensity is carried by¢. However, the mass of the RH
RH (s)neutrinos are gauge non-singlet under some new phygs)neutrinosM; (at least one of thejris taken to be smaller
ics. The main feature of our scenario is replacing the deperthanm,,, so that the inflaton decay t9; andN; will reheat
dence of the generated asymmetry on the neutrino Dirathe Universe.
Yukawa couplings with that on the Majorana Yukawa cou- An important point is that the interference between the
plings. As a consequence, it is in principle possible to aciree-level and one-loop contributions to the decay process
commodate low-scale leptogeneply] with an appropriate NN results in an excess, or deficit, bF over N, pro-
choice of model parameters. The minimal e>§ten5|on Pf\/ided a relative phase exists betwegnandy;. This hap-
MSSM that can accommodate the above mentioned Majopens in exactly the same fashion Bsdecay generates a
rana sector isSU(3)x SU(2)L X U(1),, . XU(1)s-L. N |epton asymmetry in the standard leptogenesis scefio
this scenario, the RHs)neutrino masses arise at the scale Note that it is meaningless to talk of any asymmetry be-

whereU(1),, . XU(1)g- —U(1)y. The branching ratios of tyeenN andN, since there is no distinction between particle
lepton flavor violating decay modes, eg—uy, u—evy,
will be able to discern these models in the near future.

Note that we have neglected another coupling of the fbinx.2,
even though it can arise at the renormalizable level in realistic mod-
II. THE SCENARIO els, and hence need not be very small. The reason is that in the limit
m,>m,, such a coupling can only affect the inflaton decay by
We begin by considering a simple model in a SUPEersyMinqucing ¢— NNRNN, via off-shell ¢ and &, and ¢—NN decay
metric setup. The relevant part of the superpotential is givep,oges at the tree-level and one-loop level, respectively. The effec-
by tive coupling for these modes will bt(gmd,/M)2 andfy, respec-
tivley, and, moreover, their decay rate is suppressed by a four-body
phase space factor and a one-loop factor, respectively. Thus the
1Baryogenesis with scalar fields has also been studied if®&f.  inflaton predominantly decays via coupligg and a coupling be-
though in a different context. tween® and, will have no bearing on our results.
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N factor of 1/2 arises in our case since identical particles appear
N L in the loop. Note that in the limitn,=10m,, we simply
G o havef=3m,/2m,.*
¢ BN The created asymmetry is then transferred into the SM
N \\_, (s)leptons viaN; decay. There are two two-body decay chan-
N nels read from Eq(1): N;—L;H andN;—L;H, which have
—~ the same rate. Heflg denotes diagonal elements of the neu-
--w---N trino Yukawa matrixh and, for simplicity, we assume that
N non-diagonal elements can be neglected. Since the two-body
e ~ decays produce the same number of anti-leptons as leptons,
) o no net lepton asymmetry will be yielded.

N 7 However, there exists a terinh,N;,LQ4f¢ in the scalar
TTTmoTT potential which results in the three-body decay,

FIG. 1. One-loop self-energy and vertex diagrams resulting in—LQst¢. This channel is responsible for transferring the
an asymmetry betweel andN. asymmetry into the SMs)leptons, though with suppression
by a factor=3/3272 (note thath,~1). The 1/32:2 is the
and anti-particle for a Majorana fermion. To put it anotherratio of phase space factors for three-body decay to the total
way, the mass terrvl \NN, which violates the lepton num- decay rate, and note th&t decays to all three colors of
ber, makes particle and anti-particle indistinguishable. On thequarks. In addition, we also have the usual dilution due to
other hand, the supersymmteric mass t&wfj|N|? for the the entropy release from reheating by a factorTafim,,
sheutrino does not violate the lepton number. whereTg denotes the reheat temperature. A thermal bath of
In most of the realistic models of inflation only the real the SM particlesand their superpartners typically formed
component of the inflaton has a VEV. Then it can be showrright afterN andN decay(for details on thermalization, see
from Eq. (1) that —NN and ¢— NN decays occur at the Ref.[30]), and hencd is determined by the details of these
same rate, and the total decay rate is given by decays. B
Here we assume that all; (andN;) decay very rapidly
1 right after they have been produced. This will simplify the
Ig= 8 Z y?m¢. 2 calculations while preserving the essence of our scenario. It

8 ~
will be the case ifl";=1"4, wherel’; is the decay rate d¥;
) —— o (and, by virtue of supersymmetrj\;). The (s)neutrinos,
Note thatAL=2 in ¢—NN decay. By taking into account jth massM;, initially having an energy=m,/2, and hence

the onfe-lgoga%elf-energy and vertex diagrams, shown in Figneijr decay ratdat the time of productionis given by
1, we find t

2pn2
hiMi
=

= . 5
: 3 2mm, ©

2
my

oy 1 lm[(ygfmzf(mi
s o 2 (ny)ii

Note that the decay rate at tig rest frame ishizMi/4, and
the time-dilation factor will be &, /M; .
where The requirement that thés)neutrinos decay whem
~T'4 translates into the conditionhdM?=y’m3, where
X| 2
f(X): \@[m'ﬁ"ﬂ

4 y?=3;yZ. In the minimal seesaw model the limit on the
' @) light neutrino masses, with the current cosmological and
laboratory bounds on the absolute neutrino masses taken into
These diagrams are similar to those in leptogenesis\via
decay[20] (with proper replacementsThe expression for
the asymmetry parameter therefore has exactly the same hi2<H8>2
M

1
1+ =
X

account, translates to
—9
structure as in the standard leptogeng28. There are slight <107" Gev, ©

differences though between the two cases. Here only half of
the inflatons decay to RH sneutrinos, afidlecay toN does

not lead to any asymmetry. On the other hand, the lepton “In the limit m,=m, the perturbative results in EqS), (4) break

number is violated by two units ib— NN decay. Finally, @  gown. In this case one has to actually take into account the finite
decay width of ¢ and o. This has been done for the standard
lepotogenesis with degenerate Majora(gneutrinos, and it is
3There are also contributions from supersymmetry breaking termshown that no asymmetry will be yielded, as expected, inxhe
to these diagrams which will be suppressedmas/m,, . =1 limit [29].
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where(H))=174 GeV is the Higgs boson VEV. Sindﬂi gravity-mediated modelsng,=100 GeV-1 TeV, while in
<m,, the instant (sjneutrino decay requires thay? gauge-mediated models substantially smaller valoeg

<10 *(my/1 GeV). This results in a tiny, which also =1 KeV are possible. The situation then depends on the
fulfills the requirement from the model building point of exact value of, which is determined by the structure of the
view. A small couplingy also ensures a sufficiently loW. Kahler potential. For minimal Kaler terms one typically has

After setting all the pieces together, including the repro-a=(1), while a~0 can be obtained in non-minimal cases.
cessing by sphalerons and dilution from reheating, we obtaihet us focus on the former case, as it will clearly result in a
more stringent bound. Then it is required that

9 2 y| gl h2

- _R —LM,=1 (10°%) GeV, 11
8= 64n? 81 y? mg' ™ 87t (10°°) 1D

in gravity (gaugg-mediated models in order to preserve the

where
lepton asymmetry. By taking into account the see-saw con-
1/4 straint in Eq.(6), we obtain the absolute lower bound
Tr= ?(YZM Pm¢)l/2- (8 5 5
M,=10%° (10*% GeV, (12

Here g, is the number of relativistic degrees of freedom g, e mass of the RH neutrino with the largest contribution

(g*~2400 in the MSSM w?enTR>1 TeVv). Note thatn, (5 the asymmetry. Note that the above bound is only meant

=g, Tr/3m,, while s=g, Tg/7?. for the minimal Kaler structure and can be significantly
Let us denotéN; as the sneutrino which makes the largestweakened for non-minimal kinetic terms.

contribution to the asymmetry. Then E(,) implies that it

has the Iargest Combinati(_yg, but not n_ecessarily the Iargest I1l. WASHOUT OF THE GENERATED ASYMMETRY
y or g. Note that the inflaton mainly decays into the _ _ _ _ _
(s)neutrino with the largesy, while the heaviests)neutrino We now turn our attention to various interactions which

has the largest coupling[see Eq(1)]. The maximum asym- can wash out the produced asymmetry. First, let us briefly
metry is yielded whely, >y, ,y;. Fory?=y? the expression recount the thermal history of the Universe in our scenario.

in Eq. (7) is further simplified to The inflaton mainly decays into thid; multiplet whenH
=I"4, and a lepton asymmetry is generated in the decay to
g% TR the sneutrino componeril;. Then N;, as well as other
8= E m_g 9 (s)neutrinos, decays promptly and we obtain a thermal bath

consisting of the SM degrees of freeddand their super-
partner$ with temperaturel g estimated in Eq(8).
The first lepton-number violating interaction is tNeand

> TR 8 N-mediated scattering of leptons and Higgs bos¢aiso
91m_25>< 10°°. 10 their superpartneysn a thermal bath. These scatterings have
7 been considered in detail in the standard leptogenesis sce-

A couple of important comments are in order now. The preshario[31,7,8. As an illustration, a sample scattering of this
ervation of the lepton number by the sneutrino mass term hatype will be inefficient only if
been a key point in our scenario. This is true for the
sheutrino supersymmetric mass derived from the superpoten- h* T% 2 T%
tial. However, supersymmetry must be broken in any realis- Iy= 1672 W * M_P' (13
tic model and this inevitably introduces soft breaking terms. N

The soft breaking mass term3,|N|?, with my;, being the  Note that there exists a large number of such scattering, es-
gravitino mass, also preserves the lepton number. On thgecially in the MSSM8].

other hand, theA-term associated with the Majorana mass By using the relationship in Eq6), we obtain the con-
term, which has the forramg,M NN+ H.c., breaks the lep-  straint on reheat temperature which will avoid erasure of the
ton number in the sneutrino sector. This term will cause adepton asymmetry. This bound turns out to be smaller than
oscillation between the sneutrino and anti-sneutrino, similathe gravitino overproduction bouritik<10' GeV.
to the neutrino flavor oscillations, with a frequem:mg,z In There are also other lepton number violating interactions,
consequence, any asymmetry betwéérand N only sur-  namely, thes and o-mediatedN;N; andN;N, scatterings,
vives for a time=(amy,) "', while being washed out by shown in Fig. 2 These processes can erase the lepton asym-
N—N oscillations at longer time scales. Therefore the sucmetry carried byN; before it decays, provided they occur at
cess of our proposed scenario requires fatdecay early
enough, i.el'1=amg,.

The value ofmg;, depends on the mechanism for commu- SNote that¢ and ¢-mediated scatterings can be neglected due to
nicating supersymmetry breaking to the observable sector. Ithe smallness of the inflaton coupling iy andN;.

Therefore a successful leptogenesis requires that
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esis. As an examplen,=10m,, which guarantees that

N N does not play any dynamical role in the post-inflationary era,
c while from Egq.(16), M;= 10T guarantees the survival of
~ N generated asymmetry. Then the observed baryon asymmetry
N - can be obtained provided
P Gl M1 6
N | N g7—=5x105, (17)
: My,
\
! For g;=10 2, this would require thaM, be (at least an
N i N order of magnitude smaller than, . This is at par with the

standard non-thermal leptogenesis whésmeutrinos are
FIG. 2. Processes violating the lepton number in the sneutrin®"0duced perturbatively. Note that a smalldy /m,, is al-
sector. lowed asg; increases.
It is important to notice that, contrary to the standard lep-
a higher rate. Note that the number densityNgfand N is to_geneS|s scenario, sufficient asymme_try can be obtained
~g, T4/3m,,. This will result in with much smaller values df1;. In fact, it is evident from
* RETe Eq. (10 that g only depends on the ratidl, /m,. There-

4 4 fore, as advertised earlier, our scenario can accommodate
Coi 9.Th s wi -

RN = —— —— (14) low scale leptogenesis without making unnatural assump-

L 2443 md,mf, tions(e.g. having highly degenerate Majorana neutrinos, Ref.

[27]). This is a consequence of generating the lepton asym-

and metry directly in the inflaton decay, and hence decoupling it
. . from the neutrino Dirac Yukawas. One should, nevertheless,

e~ — & 9x Tr (15) keep in mind the lower bound av ;, from Eq.(12), which
NiNiT™ 03 m¢m§' arises for the minimal Kialer potential. However, this has an

entirely different origin, namely to avoid the earsure of the
whereC is a multiplicity factor representing different contri- asymmetry byN— N oscillations induced by soft supersym-
buitions to the same process, a@tm?~O(1). Also recall metry breaking terms. Moreover, it can be substantially
the decay ratd’;=h2MZ/4mm, for N;. With the help of ~Weakened for a non-minimal éer structure.
Egs.(6), (10) we find that these processes will be inefficient,

provided V. EMBEDDING IN REALISTIC MODELS
TR V2.,
(1 Gev) <10 (18 py extending the MSSM to incorporate a gaudetl)s_,
symmetry. Three fermions, with the same quantum number
Note thatTg<<M; for a perturbative decay d{; (for details  as the RH neutrinos, will then be required for gauge anomaly
see Ref[30]). Therefore this bound is easily satisfied as longcancellation. The RH neutrinos obtain Majorana mass
as M;>100 GeV. In conclusion, the only non-trivial con- through the scalar component of thesuperfield(with a B
straint in our scenario will be that of generating sufficient —L charge of 2, which spontaneously breakd(1)g_
asymmetry, given in Eq(10). symmetry. The present neutrino oscillation data indicates the
So far we have only considered thgN; andN;N; scat- scazle of ssymmetry breakingg be somewhere around
terings. On the other handil,N,—N:N; and N;Ny NN 10'?— 10" GeV. The presence of heavy RH neutrinos will

I ; UL _ensure the light SM neutrino masses via the seesaw mecha-
annihilaitions can also happen through diagrams in Fig. 2hism 6]
'I;]he r?]te for such _zroczssgsqglgi ' Wh'(;?h will tr)]e Iharge_r Note that the inflaton is considered to be a gauge singlet,
than the one considered above, provitiadis not the heavi- 5 qoes not share any charge with other multiplets in Eq.
est RH neutringnote thatM,«g;). However, as we shall see

_ _ (1). Thus its coupling to the RH neutrino sector is deter-
shortly, successful baryogenesis requires it not be  mineq by non-renormalizable terms which, after symmetry
much smaller tharm,,. This implies thatM, is not very

. breaking, result iy~ O(vg_ /Mp).
different from the largesM;<m,,, and hence the rate for g gimplest extension of the electroweak sector has the

various processes represented by diagrams in Fig. 2 are {1 0o grounSU(2), XU(1), XU(1 with the fer-
general comparable. Moreover, E@4) will indeed give the %Og ql?antl?m r(1ur)‘;ber3( a)égs?gnec(j ;Bsi;c;llo 2.0+1):
U@. ] 3/

largest rate ifN; is the heaviest RH neutrino. L(2.0-1): U(1—2.—21): d(1+2,—1): e(1+2 +1):
N(1,—3,+1). As mentioned earlier, threl are required
from anomaly cancellations conditions. The Higgs fields
We can now estimate the range of parameters withihave the assignmeni (2,+3,0); Hy(2,—2,0); 2(1,+1,
which our scenario can accommodate a successful baryogen-2), >(1,—1,+2). Note that with the above charge assign-

3

M, The RH neutrino sector in Eq1) can be naturally added

1 GeV

IV. MODEL PARAMETERS
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ments, two superfield¥ and S are required for anomaly namely the scattering of RH sneutrinos off each other or RH
cancellation. The mixings and mass differences among diffeutinos. We saw that for reheat temperatures compatible
ferent neutrino flavors as observed in different experimentdith the limit from thermal gravitino production, the wash-
can be generated in this model via flavor violating Majorana@ut processes do not lead to any meaningful constraints on
couplings[32]. Indeed it is possible to find good fits of the the model parameters.

experimental data with Majorana massed0® GeV [32]. The maximum asymmetry is yielded when heavier
The branching ratios of lepton flavor violating decay modes(S)neutrinos have larger couplings to the inflaton. In this case
e.g.7—uy, u—ey can distinguish these models. the lepton asymmetry is mainly created in inflaton decay to
the heaviset RH sneutrird; with massM ;. An acceptable
VI. CONCLUSION baryon asymmetry can then be obtained for moderate Majo-

) ] rana Yukawa couplingg; =102, and my=10M;.
In this paper we have proposed a leptogenesis scenario one important point is that the low-energy supersymme-

where the lepton asymmetry is created in the RH sneutrin9ry breaking induces th&l—N oscillations and, in conse-

zecr:c;;:tr;eiéﬁlgg% It())e\z/vt\/\r/zgﬁithfmget:étﬁ;e;;s?:shgﬁgi?: Z{@f_ence, erases the initial lepton asymmetry. This demands
P J at the decay rate of RH sneutrinos must be larger than the

pling of the RH(s)neutrinos to a gauge singlet inflaton. The frequency of such oscillations. The latter quantity depends
prompt decay of the sneutrinos then transfers the Ieptan the form of the Khler potential, as well as the mecha-

asymmetry to. the SM Ie.pton sector. Th_e realllzat|on Of.th'snism for mediation of supersymmetry breaking. For minimal
scenario requires a considerable branching ratio for the infl

e H 5 H s
ton decay to(at least one 9fthe RH (s)neutrinos, and new Kahler structure we requireM,>10°° GeV i gravity

Higgs boson fiel(s) whose VEV is responsible for generat- mediated models, antit,>10"°GeV in g_auge-med|ated
ing the Majorana masses. The first requirement is a typicarPOdeI?.These bounds can be substantially we_akened for
ingredient of non-thermal leptogenesis scenarios. The seco}_ri;ﬁ)n.'mm'm.""l cases. There will be no other congtramt:NQn .
one will be a necessary part of model building when the R §S|des this, and hence IOW scale Ieptogen_ess can, In prin-
(9neutrinos have gauge quantum charges under some newale, be accommodated with a proper choice of the infla-
physics, e.g. models with a gauged1)z_, symmetry. The tonary model.

mixings and mass differences among different neutrino fla-

vors as o_bserved are _generated in this mode! via flavor vio- ACKNOWLEDGMENTS
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