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We propose an extension of the standard model with a B-L gkymametry that is broken softly at the TeV
scale. The neutrinos acquire masses through a type-llweghde the lepton (L) asymmetry arises in the
singlet sectobut without B-L violation. The model has the virtue that tleale of L-number violation/X)
giving rise to neutrino masses is independent of the scdptdgenesis/’). As a result the model can explain
neutrino masses, singlet scalar dark matter and leptogerashe TeV scaleThe stability of the dark matter
is ensured by a surviving, symmetry, which could be lifted at the Planck scale and theedlowing Planck
scale-suppressed decay of singlet scalar dark mattecleartf mass= 3 MeV to e e~ pairs in the Galactic
halo. The model also predicts a few hundred GeV doubly cldbsgalar and a long lived charged fermion,
whose decay can be studied at Large Hadron Collider (LHC)@tednational Linear Collider (ILC).

PACS numbers: 12.60.Fr, 14.60.St, 95.35.+d, 98.80.Cq

I. INTRODUCTION comes from the Yukawa couplings that determine the Dirac

mass mass of neutrinos via the one-loop radiative vertex cor

Within the standard model (SM), neutrinos are masslesd€ction, requires at least two RH neutrinos. The masseseof th
On the other hand, the current low energy neutrino osaitati RH neutrinos producing the final L-asymmetry then satisfy [7

data [1, 2/ B3] indicate that at least two of the physical left-"-
handed (LH) neutrinos have tiny masses and therefore mix

among themselves. However, as yet we do not know if the M = 0(109)Gev. ®)
neutrinos are Dirac or Majorana. If the neutrinos are assumeys e corresponding theory of matter is supersymmetric

to be Majorana then the sub-eV neutrino masses can be gepsysy) then this bound, being dangerously close to the maxi-
erated through the dimension five operator [4] mum reheat temperature, poses a problem. A modest solution

ol was proposed in ref.[9] by introducing an extra singlet !yeav
Oy =—, (1) fermion. However, the model only achieves a reduction of
A above bound [7] by an order of magnitude.
whereA is the scale of lepton (L) number violatioAl{ = In the type-Il seesaw models, on the other haBid(2).
2). The dimension five operatdr (1) can originate through thdriplet Higgses 4's) are added to the SM gauge group. Ex-
celebrated see-saw mechanism. plicit breaking of the L-number by trilinear couplings ofeth

In type-I seesaw models, three right-handed (RH) neutrino§iplet Higgs scalar then induces a tiny vacuum expectation
(N's) are added without extending the gauge group of the SMvalue (VEV) of the heavy triplet Higgs scalars [10], generat
The canonical seesaw (or type-l seesaw) [5] then gives th&d alight neutrino mass matrix:
light neutrino mass matrix: ¥

m =il = fu @

my, = m, = —mpMymp, 2 Mz’

wherem is the Dirac mass matrix of the neutrinos connect-WhereMa is the mass of the triplet Higgs scalar |t is the

ing the LH neutrinos\( ) with the RH neutrinos an¥y is  coupling constant with mass dimension 1 for the trilineamte
the Majorana mass matrix of the RH heavy neutrinos, whichVith the triplet Higgs and two standard model Higgs doublets
also sets the scale of L-number violatiok) ( The Dirac mass andf is the Yukawa coupling of the triplet Higgs to the light
terms determine the L-numbers of the RH neutrinos to béeptons.Ma andpare of the same order of magnitude and set
+1 and hence the Majorana mass of the RH neutrinos viothe scalef) of L-number violation.v is the VEV of the SM
lates L-number by two units. The decays of the RH neutrinog1iggs doublet. In these models, the L-asymmetry is genetrate
would then violate L-number and their CP violating out-of- through the L-number violating decays of théo SM leptons
equilibrium decay to SM fields can be a natural source of L-and Higgsi[11]. The CP-violation, originating from the one-

asymmetry([6] in the early Universe. The CP-violation, whic 100p self-energy correction, requires at least two tripldthe
scale of L-number violation is determined bl andpand is
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required to be very high. In most cases the scale of L-vimfati duce a model which simultaneously explains neutrino masses

in type-1l seesaw models is larger than the type-l seesaw modinglet scalar dark matter and singlet leptogenesis. ltisec

els [12]. I, the type-1l seesaw model of neutrino masses and the via-
From the above discussion we see that the L-number vibility of testing it at colliders are discussed. In sectidwe

olating scalesMy ~ A in type-l see-saw models oy ~ A give a brief description of singlet leptogenesis, whiclsesi

in type-1l seesaw models comes out to be large because tHgom a conserved B-L symmetry. Section V is devoted to sin-

same L-number violation gives rise to both neutrino masseg|let scalar dark matter and its Planck scale suppresseg deca

and mixings and to the L-asymmetry. While sub-eV neu-to €"e™ pair in the Galactic halo. In section VI we give a brief

trino masses require large values/ofthe large values dfly description of collider signatures and section VIl conelsid

andM, can easily satisfy the out-of-equilibrium decay condi-

tion, a necessary condition for the generation an L-asymymet

without any fine-tuning of the Yukawa couplings. From this Il. THEMODEL: SMxU(1)s-L

perspective, these models are attractive. However, they ca

not be verified in future colliders since the scale of L-numbe  We extend the SM gauge symmetry with a globdl)g_ |

violation is very high. Alternatives to these models are-pro symmetry, which is softly broken at the TeV scale. In additio

vided by mechanisms which work at the TeV scale, either irto the quarks, leptong) and the usual Higgs doublet of

SUSY extensions of the SM [13] or by introducing an addi-the SM, we introduce two triplet scalafsandA and a singlet

tional source of CP violation into the model [14]. complex scalag. We also introduce two neutral singlet heavy
On the other hand, one could ask if the origin of neutrinoscalarsS;,a = 1,2 and a charged fermion~. The particle

masses and leptogenesis is different? It is well-known thagontent of the model and their respective quantum numbers is

there is no one-to-one correspondence between the parangiven in table[{l).

ters in the neutrino mass matrix and those involved in lepto-

genesis|[15]. In particular, in type-l see-saw model withtB8 R

- . . . TABLE I: Fermions and scalars included in the model.
neutrinos, while 15 parameters enter into leptogenesseth

are only 9 parameters: 3 masses, 3 mixing angles and 3 phases | Particle ConteniSU(3)c x SU(2)r xU(1)y |U(1)p-L

(one L-number conserving phase called the Dirac phase and ¢ (1,2,-1) -1

two L-number violating phases called Majorana phases) in -

the low energy neutrino mass matrix. Obviously there is no R (1.1-2) -1

connection. Conservatively, if one considers type-l ssesa ® (1,2,1) 0

model with 2 RH neutrinos for leptogenesis as well as for low

energy sub-eV neutrino masses, then the number of parame- 3 (1.3.2) 2

ters in both cases are 9. However, one can show that there is

no one-to-one correspondence between the Majorana phases A (1.3.2) 0

responsible for L-number violation in leptogenesis and Ma- X (1,1,0) 0

jorana phases in neutrino mass matrix [16]. The connection

between leptogenesis and low energy neutrino mass matrix is neoNR (1.1.-2) -1

even worse in case of type-ll see-saw models. s 1.1.0) 0
Motivated by the fact that there is no one-to-one correspon- o

dence between leptogenesis and the effective low energy neu

trino mass matrix, we propose a new mechanism of leptogen-

esis which occurs completely in tisinglet sectomt the TeV It is then straightforward to write down the Lagrangian in-
scale [17]. As we will show, the origin of neutrino masses isvariantunder the SM and the glots{1)g_.. We present here
different from the origin of L-asymmetry. The L-asymmetry only those terms in the Lagrangian that are directly relet@n
then arises without any B-L violation. We will show that the the rest of our discussions. Those are given by

B-L violation required for neutrino masses does not conflict

with the leptogenesis. This model is then extended to incor- —£ D fij&bly + paTep+ MZETE + MZATA
porate a singlet scalar dark matter particle. While the ngatu h.&; -1 M2 st O €
of dark matter is still a mystery, we will show that the sin- + 'aa_RSanL + %Sdso+y.,cp€¢ R
glet dark scalar can either be collisionless cold dark matte +ditfiLnNr +Mpn nNg + IJ(paSa(pT(p

(CCDM) or self-interacting dark matter (SIDM). The stabil- t
ity of the dark matter is ensured by a survividig symmetry S X FV(OX SA) +he., ()

which could be lifted at the Planck scale_ and thereby a||°VKNhereV(m7x7S,A) constitutes all possible quadratic and quar-
Planck scale-suppressed decay of the singlet dark scalars ¢ terms invariant under the SM and the globdll)g |
ete™ pairs in the Galactic halo. The most important feature '

of the model is that it predicts a few hundred GeV doubly V(@X,SA) = mee o+ méx X +A(0'@)? + Aa(xx)?
charged scalar and a long lived singly charged fermion whose + T + + n +
decay can be studied at the LHC/ILC. AP P(X'X) + Aa(S) (@' P) +Ao($) (X'X)

The paper is organized as follows. In section Il we intro- +A4(ATA)(¢'@) + As(ATA)(XTX). (6)



As the Universe expanda,acquires a very small VEV,

£ >
V2 Y

@ =tz ) g A
Forp~ Ma ~ 10% GeV andv = (@) = 174 GeV one can get
the VEV of A to be a few eV. The singlet scalas andS <>
acquire VEV much below the mass scale®ofThey develop I i
VEV at a temperaturd@ ~ 10 TeV. The VEVs ofS; andS
are:

2 FIG. 1: Modified type-Il seesaw for neutrino masses arisiognf

(Sy) = _U‘PaM—Z’ a=12. (8) soft L-number violation.
S

For Yga ~ Mg, ~ 10 TeV, the VEV ofS, are in the order of

1 GeV. The singlet scalax does not acquire a VEV. With = Since the soft terni{9) introduces L-number violation by two

a Z; symmetry under whicly is odd while all other fields units, the neutrino can acquire a mass. The effective L-raxmb

are eveny becomes a candidate for dark matter [18,19, 20]violating Lagrangian ig:

As we will see below, the L-asymmetry arises from the

number conserving decay & to e andn;” while the neu- m _; mé +

trino masses arise from theviolating interactions produced ~ £v-mass— fij&li i "HIM_gE Pp-+ fij M_EM”-EJ'- +HA pp+h.c..

via a soft breaking interaction gfandA. (13)
After electroweak symmetry breaking, the fi€ccquires

an induced VEV,
Ill. SOFT BREAKING OF B-L SYMMETRY AND
NEUTRINO MASSES Vzmg

(&) = —Hm- (14)

The VEV of A does not break B-L gauge symmetry since

it is inert under theU(1)g_L symmetry. This also ensures This can be verified by minimization of the complete poten-

that B'Ll's an exaﬁt syémmetry until it is broken softl;r/] atthe i The VEVs off andA will contribute equally to neutrino
TeV scale. Note thaf does not acquire any VEV at the tree 1, ,qqe5 and thus the neutrino mass matrix, derived from fig.
level and hence there are no neutrino masses unless the B@) is given by

symmetry is broken. We assume thét < Ma and thag and

A contribute equally to the effective neutrino masses. V22
To generate neutrino masses we need to break the global (m;)i,- = —fijUW-

U(1)g_L symmetry without destroying the renormalizability grA

of the theory while ensuring that there is no massless Nambu- )

Goldstone boson that can cause conflict with phenomenologif We consider the mass scalgs- M ~ 10" GeV,ms ~ 100

This can be achieved by adding a soft term in the Lagrangial€V @ndMg ~ v, a natural choice of the Majorana Yukawa
©) couplingf gives the scale of neutrino masses tafe- 0 (1)

eV, as required by laboratory, atmospheric and solar reutri

—Lpg= mgATE +h.c., (9)  experiments. As discussed previously, one of the triplggsli

scalarg could remain very light without any conflict with neu-
nJirino masses or any other phenomenology. Since the mgss of
could be in the range of a few hundred GeV, its decay through
same sign dilepton can be tested at the LHC or ILC. Thus
the proposed type-Il seesaw is testable in contrast to the co
ventional type-1l seesaw. We will come back to this point in

(15)

where the mass parametey is of the order of a few hundred
GeV. We assume that such a soft term could originate fro
theories with larger symmetries. However, we will not con-
sider its origin in this paper. The mixing betwe&mandA is
then parameterized by

2 section VI while discussing collider signatures.
tan® - 2T _ (10) J J
M3 — Mg
Since we have assumed thdh > Mg, the mixing angle is IV. LEPTON ASYMMETRY FROM CONSERVED B-L
simply
m2 We note that the interactiorgn, e; conserves B-L-
0~ (11)  number. Therefore, out-of-equilibrium decay 8&f cannot

_M_g.

As a result the mass eigenstates are:

E/ =&— (@2) A~E andA = A+ (@2) E~A. (12 2We thank Hiroaki Sugiyama for pointing out a typographicastake in
M3 M3 equation[(IB).



generate any B-L asymmetry. However, if there is CP- ec c
violation in the decay o8, then it can produce an equal and R eJ_
opposite B-L asymmetry betweesk (ez) andn, (n). If ‘ ‘

T
these two B-L asymmetries never equilibrate with each other .0
before the electroweak phase transition then the B-L asym- Y (P
metry ineg can be transferred to the left-handed fields in SM, |
while keeping an equal and opposite B-L asymmetryn eB | e|

The Yukawa couplings of the charged leptons with the SM

Higgs field will transfer any asymmetry i into an asym-  F|G. 3: The L-number conserving process which transfer tHe B

metry ine_, which will then take part in sphaleron processesasymmetry from right handed sector to the left-handed secto

before the electroweak phase transition. Thus the B-L asym-

metry ineg will generate the required baryon asymmetry via

sphaleron transitions, while the equal and opposite amount _

of B-L asymmetry inn," will remain unaffected even after ~ The L-asymmetry irez can be transferred & through the

the electroweak phase transition. Eventually this field wil t-channel procesereg < @o < € €f as shown in the figure

decay slowly after the electroweak phase transition, whicH3). These interactions will be in equilibrium for all ther¢le

can generate a small L-asymmetry, but the baryon asymméenerations of charged leptons below® ¥BeV and hence

try of the universe will not be affected at this time since thethere will be equal amount @ ande. asymmetry. This B-L

sphaleron processes are out of thermal equilibrium. Thegef asymmetry ine. will be converted to the baryon asymmetry

the baryon asymmetry will survive. of the universe before the electroweak phase transitiomwhe
As the Universe expands, the temperature of the thermdhe sphaleron processes are in thermal equilibrium. Anlequa

bath falls. Below their mass scales the CP violating decay ond opposite amount of B-L asymmetryrjn will remain un-

the heavy singlet scalag,a= 1,2 generate an equal and op- affected by these interactions.

posite B-L-asymmetry betweesg (e};) andn;" () through Note that the generated B-L asymmetry in the left-handed
sector is not washed out by the L-violating interactions me-
S — eg+n’ diated by& and A because those processes are suppressed.
~ ehing. In particular/¢ < @@ is suppressed byg/M2. Forms ~ 1
100 GeV andViy ~ 10 GeV the suppression @fl. = 2 pro-
The decay rate can be given as cesses are of the order148. However, this asymmetry can be
washed out through the decayg — ¢+ @, unless the decay
(h™h)aa rate
Ma=-—+—Msg, (16)
l6m 12
where the masses gf andeg are small in comparison to the T oem

mass ofS,. Anet CP asymmetry is generated through the NG otisfiesr -1 = Ty > Tew, WhereTgw ~ 10125 is the time
terference of tree-level diagram and the one-loop selfggne n

. : : : Lo f electroweak phase transition. Furthermaye,should be
correction diagram involving andy as shown in figure {2). 0 : .
: . decayed away well before Big-Bang Nucleosynthesis (BBN)
The CP-asymmetry in the decay &f can be estimated as . S ha
y y! V&I I in order not to conflict with the prediction of BBN. Therefore

& ¢.X Tn <TBB "~ 1s. (19)
. / s. ™ o /
————————————— < L---- From Eqns.[(T8) and(19), and using: H 1 ~ (T2 /Mp)) 1,
s \ we get
\ ® X n?
nt _ 19ul?

L Tée/Mp1 < Ton

FIG. 2: The tree level diagram and the self energy correcliagram whereTgw and Tgg respectively are the temperatures corre-
of S which give a net CP violation. sponding to the electroweak phase transition and BBN. We
show the allowed masses and Yukawa couplingsa$ a plot
of In|g| versusM,. From figure[(#) it can be seen thgtan

Mn < Téw/Mer, (20)

i i i vary from 107 to 1012 for M, taking its values between 200
. Im | (Hg1bgo + Hx1kyo) 3 hilhiZ} {MSB] 17) GeVto 1 TeV.
a=— - -
8re(MZ —M2) Ma
The lightest ofS, will generate an equal amount ef andn V. SINGLET SCALAR DARK MATTER

asymmetries. If the masses@fandS, are close enough then
the CP asymmetry can be resonantly enhanced| [21, 22] such As the universe expands the temperature of the thermal bath
that the mass scale &f can be a few TeV. falls. As a result the heavy fields, and A acquires VEV
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dark matter (CDM)([1€, 19, 28] ForAs > 0.01, the gauge sin-
glet scalar CDM density is produced via conventional freeze
«_1A5 out from thermal equilibrium. For 10GeVm 1t < 1TeV and
2100 GV 0.015 A3 = 1, the scalar density is naturalrlr;(of the order of the
4! ] observed CDM density over a wide region of tti&, my tot)
parameter space [18].m{ ot denotes the physicg| mass,
—_ r-10% GV including the contribution from the Higgs expectation \&lu
i Mot = M + A3 < @'¢ >.) Such scalars have annihilation
'\ ) | and nuclear scattering cross-sections which make them a po-
;=100 GeV tentially detectable CDM candidate in cryogenic detecaoics
neutrino telescopes, on a par with more conventional WIMP
o T— 1210 GV | candidates [18]. They may also be produced at the LHC via
Higgs decayl[18, 20].
For smallAs there is an alternative possibility for gauge sin-
. glet scalar dark matter [19]. N3 <« 1, gauge singlet scalars in
-2 ~—— [}=100 MeV 1 thermal equilibrium are unable to annihilate efficientbsult-
ing in too much CDM after freeze-out [23]. In order to evade
— =10 MeV this problem)s must be sufficiently small that the gauge sin-
I | glets never come into thermal equilibrium. Although these i
200 400 600 800 1000 ho freeze-out thermal relic de_nsit_y in this case, it is ﬂxijs-_ _
(M,/GeV) s_lble to produce a CDM de_znsny via qlecay of thermal e_qumb-
rium Standard Model particles tppairs, in particular Higgs
decay[19]. In this case the density of CDM is given by [19]
FIG. 4: Allowed contours of ;; = 109y, required for generating a 2 3 2
successful L-asymmetry, are shown in the plane {g|ImersusMy,. 0. —03 ( A3 ) (11566\/) (ﬂ) ( M tot )2
X 2x10°10 m h 4.8MeV/
24)
wherem, is the physical Higgs boson mass dngarameter-
below their mass scales. Consequently the effective gatent izes the Hubble constant. Thag ~ 1019 is necessary to

InClgl)

before the electroweak phase transition is given by account for CDM. A particularly interesting possibilitytisat
+ . % X gains its mass mostly from the Higgs expectation value. In

Vert = M@ o+ A1(9'9)” + mex'x generaln® ., = N +A3\?/2 (v = 174 GeV). Therefore for
+ )\Z(XTX)2+)\3((PT(P)(XTX) (21) My =0, thex mass is a function only ofs. In this case the

dark matter density is entirely determined fwy ot and my

where [1€],
= (M +Aa(S)?+Aa(8)? _ 0 115GeV\? (07N / Mytor \S
m = ) =03 = 7 ) (zevew) - @

and Mg = (M +Ap(S)?+As(D)?) . (22)
. o ] Thusmy ot =~ 3 MeV is predicted for the scalar mass in this
The above effective potential is bounded from below if andcase. (Note that this is a rather precise estimate, due to the

only if A1,A2 > 0 andAz > —2yAskz. Formg < 0andm? >0,  high power ofmy tot in Eq.(25).) As discussed below, this is a

the minimum of the potential is given by physically significant mass scale. Light gauge singletassal
with masses in the 1-10 MeV range [19] 24] can account for
(@) = (O) and (x)=0. (23)  self-interacting dark matter (SIDM) [25], whilst the deoaly
v 1-6 MeV scalars t@" e~ pairs can account for the 511 ke

; . DE )
The VEV of @ gives masses to the SM fermions and gaugelcl;ns,of\[_och]he galactic centef [25, 1217.128) abserved by INTE

bosons. The physical mass of the SM Higgs is then given by

my = \/4A1V2. Sincey is odd under the surviving, symme-
try it cannot decay to any of the conventional SM fields and B. Self-Interacting Dark Matter
hence the( can constitute the dark matter component of the

Universe. SIDM has been suggested as a way to explain the ab-

sence of peaked galaxy halo profiles and the small number

A. Cold Dark Matter

Gauge singlet scalars interacting via the renormalisable The notation used i [18.1.9] is such tit> x, As <> Az, m <> my, mg
Xx"™x@@ coupling to the Higgs doublet can account for cold My tor andn « 4.



of sub-halos in galaxies as compared with CDM simulationsPlanck scale suppressed Lagrangian
[25]. This requires that the self-interaction cross-secnf

the dark matterg, satisfiesy = o/my = (0.45—5.6)cm?g~! XQler . XE0L X(mg/l\/lzz)M@

[25]. Recently, comparison of the theoretical dynamics of L =Yy Mpi +f Mpi +f Mpi

the merging galaxy cluster 1E 0657-56 (the 'Bullet cluster’ o= -

with observation has placed a new upper bound on this range, -|-gx Mr + hXS’]L R + ﬁxr][eg +hc.. (29)
ry < lcnmPg~! [30]. Nevertheless, a window still remains Mpi Mpi

where SIDM scalars could have a significant effect on galaxy

Sincemy, < My, the decay modeg — n e andx — é_(mg,
I ek are forbidden. Thus the relevant effect&eviolating
Lagrangian is given as:

halos.
For a gauge singlet self-interactiap|x|*, the total scatter-
ing cross-section is [19]
3\2 L= Mﬁxe{ew f'xee+ #/(mg/Mg)xee+he.,  (30)
0 = Oyyt_yxt T Oxx—xx = w . (26) Pl
wheref’ = f/((A)/Mp)) < 10725, Therefore, the contribution
This self-interaction can modify galaxy halos if the mas®is of the second and third terms are negligible to the observed
the rangems = 0‘%3 (38.8—90.1) MeV (with o, = \3/4m),  Y-ray flux while the first term is in the right ballpark.
where the lower bound is the value at which galaxy halos
would evaporate due to interaction with hot particles irstdu
halos, while the upper bound is the value at which the scalars
do not interact within a typical galactic halo during a Hubbl
time and so have no effe¢t [19,/25]. (The new constraint from The doubly charged component of the light triplet Higgs
the Bullet cluster raises the lower boundto'ﬁﬂ}/3 MeV,) If & can be observed through its decay into same sign dilep-
we consider the magnitude of tiyeself-coupling to be simi- NS [31]. SinceMs > Mg, the production ofA particles in
lar to the SM Higgs self-coupling, such that ~ 0.025, then pomparlson_t(i is hlghlyiiuppressed. Hence it is worth look-
this mass range isy ~ 1— 4 MeV., In this case there is a good N9 for the signature of == either at LHC or ILC. From Eq.
possibility that light scalar dark matter will have an ohgdrie ~ (13) One can see that the deday” — ¢* ¢~ are suppressed

effect on galaxy halos. since the decay rate involves the facﬁ ~ 1020, While
A

the decay mod€** — h*W= is phase space suppressed,
the decay mod&** — W*W+* is suppressed because the
C. Decayingx Dark Matter and the INTEGRAL 511 keV flux VEV of & is small as required for sub-eV neutrino masses and
to maintain thep parameter of SM to be unity. Therefore,
In order to explain the 511 keV-ray flux observed by once produced, mostly decays through same sign dileptons:
INTEGRAL, we need a large number density of dark mat-§** — ¢*¢*. Note that the doubly charged particles cannot
ter particles at the center of the galaxy plus low energycouple to quarks. Therefore the SM background of the pro-
positrons from their decay in order that the positrons caws| cessé** — ¢*¢* is quite clean and so the detection will be
to non-relativistic velocities before annihilating wittadk-  unmistakable. From Eq.[(IL3) the decay rate of the process
ground electrons. These conditions require that the degayi §** — ¢*¢* is given by
particles are in the range 1-6 MeV, corresponding to pasitro
injection energies< 3 MeV [28], in good agreement with
my ~ 3 MeV. For an interaction of the formpmeee/ M., the
y flux relative to the experimentally observed fluxlis|[27]

VI. SIGNATURES OF &*+ AND n*

_ il
8m

|fij |2

Fi 41t

and rij = ME++, (31)
where thefj; are highly constrained by lepton flavor violating
o 101%GeV\ 2 / O decays. Therefore if a doubly charged scalar can be detected
~ 25( ) (—X) , (27)  in the future, the neutrino mass patterns can be probed at a
collider [32]%.

Since the mass off~ is a few hundred GeV, the decay
n- — he can be observed in future colliders (LHC/ILC). On
the other hand;~ can also be produced in high energy neu-
trino collisions with matter throughiLegy — ViLng. Since it
My ete = mg_mx ) (28) s long-lived, it can travel large distances and be detected
8rm?2 neutrino telescopes [33]

exp M. 0.23
where the dominant decay mode is assumed tg beet e

with decay rate

Thus with a Planck-suppressed decay rate, light gaugessing|

scalars of massy, ~ 3 MeV can account for the observed 511

keV flux. L, . . 4 There has been recent interest in detecting neutrino massnpeers at
The ?bove decay — e"e can be realized if we alloa, colliders [38]. These references appeared on arXiv aftepaper.

to be violated at the Planck scale. We have then the allowed we thank John F. Beacom for bringing this to our notice.



VIl. CONCLUSIONS high energy neutrino collision with matter. Since it is leng

lived, it can travel large distances and be observed in imeutr

We have introduced a new leptogenesis mechanism in tglescopes.
U(1)g_L extension of the SM which allowed us to explain si- We proposed a singlet scalg(, with mass~ 3 MeV as
multaneously neutrino masses, dark matter and leptogenesi candidate for dark matter, whose stability is ensured by a
The important message is that the L-asymmetry arises withow> symmetry. ThisZ, discrete symmetry can be broken at
any B-L violation. Since the L-number violation required fo the Planck scale. We then showed that a possible origin of
leptogenesis and neutrino masses are different, the lepéag 511 KeV Galactic line detected by INTEGRAL could be the
sis scale can be lowered to as low as a few TeV. Planck scale-suppressed decay td e~ e* pairs in the Galac-
Neutrino masses arise through a modified type-ll seesadic halo.
which predicts a few hundred GeV triplet scalar. Note that
in conventional type-1l seesaw models the mass scale of the
triplets is required to be at lea®(10'°) GeV to produce sub-
eV neutrino masses. Since one of the triplets in our model,
namely&, has a mass of a few hundred GeV, the proposed
model can be tested in the near future at colliders through JM and NS were supported by the European Union through
same sign dilepton decay &f the Marie Curie Research and Training Network "Uni-
The model also predicts a singly charged fermipnof  verseNet" (MRTN-CT-2006-035863) and by STFC (PPARC)
mass ranging from 200 GeV to 1 Tely. can be produced in Grant PP/D000394/1.
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