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Abstract

We explore the discovery potential of doubly charged Higgs bosons (ξ±±) at the CERN Large

Hadron Collider (LHC). For moderate values of the coupling constants in the original Type-II

seesaw model, these doubly-charged Higgs bosons are not accessible at any present or near future

collider experiments. In a gauged B − L symmetric model we introduce two triplet scalars to

execute a variant of type-II seesaw at the TeV scale. This leads to a clear like-sign dilepton signal

in the decay mode of ξ±± for a small vacuum expectation value ( <∼ 105 eV) of the triplet scalar

ξ = (ξ++, ξ+, ξ0) of mass <∼ 1 TeV. To be specific, for a mass range of 200-1000 GeV of ξ±±, the

like-sign dilepton signal can be detected at CERN LHC at a center of mass energy 14 TeV with

an integrated luminosity, say, >∼ 30 fb−1. The same analysis is also pursued with center of mass

energies 7 TeV and 10 TeV as well. We also comment on the decay mode of singly charged scalars

and neutral B − L gauge boson in this model.
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I. INTRODUCTION

The CERN Large Hadron Collider (LHC) has already started to set up a new milestone

in the high energy physics experiment. Besides Higgs bosons search, different types of

TeV scale new physics will also be examined. In this work, we explore one such TeV scale

physics necessary to explain the sub-eV neutrino masses, required by the low energy neutrino

oscillation data, at the LHC.

The nature of neutrino: Dirac or Majorana, is yet a mystery. If the neutrinos are assumed

to be Majorana, then the sub-eV neutrino masses can be generated through the dimension

five operator [1]

Oν =
HHLL

Λ
, (1)

where Λ is the scale of doubly lepton number violation, which can be at any point in between

the electroweak scale and GUT scale, H and L ≡ (νl l)TL are Higgs and lepton doublets of

standard model (SM). The gauge structure of the SM implies that the effective dimension five

operator (1) can be realized in many extensions of the SM [2]. A popular way of generating

it is to invoke the seesaw mechanisms.

If the seesaw is implemented by introducing a singlet heavy fermion (N) per family with

hypercharge Y = 0, then it is called type-I seesaw [3]. The effective light neutrino mass is

then given by

Mν ≡ M I
ν = −mDM

−1
N mT

D , (2)

where mD is the Dirac mass matrix of the neutrinos connecting to the left-handed neutrinos

(νL) with the singlet heavy fermion (N) and MN is the mass matrix in the flavor space of the

singlet fermions, which also sets the scale of lepton number violation (Λ). Assuming that

mD ∝ Mu, the up quark mass matrix, as in the case of SO(10) grand unified theories, the

neutrino mass can be given as Mν ≃ m2
t/MN , where mt is the top quark mass. Conservatively

if we take Mν ≤ 1 eV, MN will then become heavier than 1013 GeV which is beyond the

reach of any near future colliders. However, one can lower the mass scale of MN by tuning

the Yukawa coupling Y = mD/v, v being the vacuum expectation value (vev) of the SM

Higgs H . This loses the philosophy of seesaw 1, unless the experimental constraints on Y

1 One can bring down the scale of seesaw by using either dimension-7 [4] or dimension-9 operator [5] for

neutrino masses. However, these operators can not be realized within the particle content of minimal
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demand so.

If the singlet N in type-I seesaw is replaced by an SU(2)L triplet heavy fermion Σ with

hypercharge Y = 0 then it corresponds to type-III seesaw [8] and the effective light neutrino

mass is then given by Eq. (2) except MN is replaced by MΣ, the mass of Σ. This implies that

one can not bring down MΣ to TeV scale without tuning the Yukawa couplings which connect

the left-handed neutrinos to the heavy triplet fermions. However, the advantage of type-III

seesaw over type-I seesaw is that the triplet fermions can have gauge interactions and can

be copiously produced at collider even though the Yukawa couplings are small. Therefore,

the triplet fermions can give rise to distinctive signatures at collider [9], but plagued with a

large SM background.

Another way of implementing the seesaw mechanism is to introduce an SU(2)L triplet

scalar ∆ with hypercharge Y = 2. Then it is called type-II seesaw [10, 11]. The effective

light neutrino mass is then given by

Mν ≡ M II
ν = fµ

v2

M2
∆

, (3)

where M∆ is the mass of the triplet Higgs scalar ∆, µ is the coupling constant with mass

dimension 1 for the trilinear term with the triplet Higgs and two standard model Higgses and

f is the Yukawa coupling relating the triplet Higgs with the SM lepton doublets. Both M∆

and µ are assumed to be of the same order of magnitude and they set the scale (Λ) of lepton

number violation and v is the vev of the SM Higgs doublet. Optimistically if we assume

Mν
<∼ 1 eV, then we get f <∼ 10−3 for M∆ ≃ 1010 GeV. Therefore, the traditional type-II

seesaw is far reach from near future colliders. To bring down further the scale of lepton

number violation one needs to fine tune the coupling f and/or µ. For example, assuming

µ ∼ M∆, the ∆ mass can be brought to TeV scales only at the cost of f ∼ 10−10 as it is clear

from Eq. (3). Alternatively, taking f ∼ O(1) the sub-eV neutrino masses can be achieved

by assuming M∆ ∼ v and µ ∼ O(1) eV [12].

Thus from Eq. (3) we see that to bring down the mass scale of ∆ to TeV scales one can

have two choices. In one case, the Yukawa coupling f can be small, while in the other case

the trilinear coupling µ can be small. In the former case, the the theory losses its predictivity

type-I seesaw model [3]. By adding extra degrees of freedom to the minimal type-I seesaw model, one

can of course implement double [6] and triple type seesaw [7] to realize the scale of seesaw at TeV scale.

However, these models are not predictive due to the addition of extra singlets.
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as ∆ dominantly decays to SM Higgses and rarely to leptons, while in the latter case, it is

attractive [12, 13] as the triplet rarely decays to SM Higgses and dominantly decays to SM

leptons, which can be verified at near future colliders. In this article we follow the latter

approach and propose a variant of type-II seesaw to explain the sub-eV neutrino masses.

The proposed seesaw can be accessible at LHC and/or ILC, while keeping the philosophy

of seesaw 2 intact. This is accomplished by extending the SM with two SU(2)L triplet

scalars ∆ and ξ, instead of one super heavy triplet scalar ∆ as in the usual type-II seesaw.

However, as we will see the number of degrees of freedom in the effective theory are same as

that of the original type-II seesaw [11], while the low energy predictions are almost similar

to the triplet scalar model [12]. The doubly lepton number violation, required for neutrino

Majorana masses, is achieved in a TeV scale gauged B − L symmetric model. As a result,

the neutral gauge boson corresponding to U(1)B−L gauge symmetry gives rise to distinctive

signatures at collider. In particular, if the B − L gauge boson mass is a few TeV then its

on-shell decay can populate doubly and singly charged scalars at collider. Alternatively, if

B − L gauge boson mass is less than a TeV then it contributes to the pair production of

charged scalars via Drell-Yan process. We then present the relevant collider signature of

singly and doubly charged scalars, which can be accessible at CERN LHC.

The paper is organized as follows. In section-II, model independently we present a TeV

scale type-II seesaw to explain the sub-eV neutrino masses. In section-III, a gauged U(1)B−L

symmetric model is proposed to realize the TeV scale type-II seesaw. We delineate the

parameter space of Mν , allowed by three flavor neutrino oscillation data, in section-IV by

imposing the lepton flavor violating constraints. Section-V is devoted to probe the model

at LHC through the observation of like-sign dilepton decay of doubly charged scalars. We

briefly comment on the decay modes of a singly charged scalars in section-VI. Finally, we

conclude in section-VII.

2 In many extensions of SM including SU(2)L singlets and doublets seesaw is realized at TeV scales [14].
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II. A TYPE-II SEESAW AT THE TEV SCALE AND SUB-EV NEUTRINO

MASSES

To realize the type-II seesaw at the TeV scale let us extend the SM Lagrangian by

including two SU(2)L triplet scalars ξ(1, 3, 2) and ∆(1, 3, 2), where the quantum numbers

in the parentheses are under the SM gauge group GSM ≡ SU(3)C ×SU(2)L ×U(1)Y . While

the mass scale of ξ is at the TeV scale, the mass of ∆ is assumed to be at the GUT scale.

We assume that the B − L quantum number of ξ and ∆ to be 2 and 0 respectively. As a

result, the B−L conserving terms in the Lagrangian involving ξ and ∆ can be given as [13]

−LB−L ⊃ M2
∆∆

†∆+M2
ξ ξ

†ξ +
1√
2

[

µ∆†HH + fαβξLαLβ + h.c.
]

, (4)

where H and L are the SM Higgs and lepton doublets respectively. After the Electroweak

(EW) phase transition ∆ acquires a small induced vev 3

〈∆〉 = −µ
v2√
2M2

∆

, (5)

where v = 〈H〉. Thus for µ ∼ M∆ ∼ 1012 GeV and v = 246 GeV one can have a small

vev for ∆. However, the vev of ∆ does not break lepton number since the B − L quantum

number of ∆ is zero. Therefore, we can not generate Majorana masses for neutrinos until

it is broken. To generate Majorana masses we need to break the global U(1)B−L symmetry

of the SM without destroying the renormalizability of the theory while ensuring that there

is no massless Goldstone boson that can cause conflict with phenomenology. This can be

minimally achieved by adding a soft term to the Lagrangian (4)

− L∆ξ = M2
B−L∆

†ξ + h.c. , (6)

where MB−L is assumed to be at the TeV scale in order to explain the sub-eV neutrino

masses. The mixing between ξ and ∆ can be parameterized by

tan 2θ =
2M2

B−L

M2
∆ −M2

ξ

. (7)

Since MB−L ∼ Mξ and M∆ ≫ Mξ,MB−L, the mixing angle is simply

θ ≃ M2
B−L

M2
∆

∼ 10−18 , (8)

3 However, ξ can not acquire any vev since its coupling with SM Higgs is forbidden by conservation of

lepton number.
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where we have used MB−L = 103 GeV and M∆ = 1012 GeV. As a result the mass eigen

states are:

ξ′ = ξ −
(

M2
B−L

M2
∆

)

∆ ∼ ξ and ∆′ = ∆+

(

M2
B−L

M2
∆

)

ξ ∼ ∆ . (9)

Since the soft term (6) introduces an explicit lepton number violation through the mixing

between ∆ and ξ, the left-handed neutrinos can acquire masses. The effective L-number

violating Lagrangian involving ξ and ∆ is then given by

− LB−L = M2
∆∆

†∆+M2
ξ ξ

†ξ

+
1√
2

(

fαβξLαLβ + µ
M2

B−L

M2
∆

ξ†HH − fαβ
M2

B−L

M2
∆

∆LαLβ + µ∆†HH + h.c. .

)

(10)

We, thus, see that ξ couples to HH with a small mass dimension coupling: µM2
B−L/M

2
∆ ∼

O(1) eV, while its coupling to lepton doublets can in principle be O(1). Similarly, ∆ couples

to LL with a small dimensionless coupling: M2
B−L/M

2
∆ ∼ 10−18, while its coupling to HH

is as large as its mass scale. After EW phase transition the triplet scalar ξ acquires a vev:

〈ξ〉 = −µ

(

v2√
2M2

∆

)(

M2
B−L

M2
ξ

)

. (11)

Since MB−L ∼ Mξ, from Eqs. (5) and (11) it is evident that 〈ξ〉 ∼ 〈∆〉, although they have

orders of magnitude difference in their masses.

Let us explicitly write the bi-lepton coupling ξLL as:

− Lν =
1√
2
fαβLc

αiτ2ξLβ + h.c.

=
1

2
fαβ

[√
2ℓcαPLℓβξ

++ + (ℓcαPLνβ + ℓcβPLνα)ξ
+ +

√
2νc

αPLνβξ
0 + h.c.

]

, (12)

where we have used the matrix form of triplet scalar:

ξ =

( ξ+√
2

ξ++

ξ0 − ξ+√
2

)

. (13)

From Eq. (12), we get the Majorana mass matrix of the neutrinos:

(Mν)αβ =
√
2fαβ〈ξ〉 = fαβ

(

−µv2

M2
∆

)(

M2
B−L

M2
ξ

)

. (14)

Thus for MB−L ∼ Mξ, µ ∼ M∆ ∼ 1012 GeV and v = 246 GeV, we can generate O(1) eV

neutrino masses as required by the laboratory, solar and atmospheric neutrino experiments.

Note that the suppression for neutrino mass in Eq. (14) comes from the “small mixing
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θ = M2
B−L/M

2
∆" between ∆ and ξ. This is in contrast to the original type-II seesaw, where

the suppression for neutrino mass is provided by the mass scale of lepton number violating

triplet itself. This is the basic difference between our proposed model and the original type-

II seesaw [10, 11]. Since the mass of ξ in our model is at the TeV scale, its like-sign dilepton

signature can be studied at CERN LHC, which is almost background free.

III. GAUGED U(1)B−L SYMMETRY AND TEV SCALE TYPE-II SEESAW

In order to elaborate our claim in the previous section let us consider a gauged U(1)B−L

symmetric model. The B − L gauge symmetry is allowed to break by φB−L(1, 1, 0,−1) at

a TeV scale, where the quantum numbers in the parenthesis are under the gauge group

GSM × U(1)B−L. As in the section-II, the B − L quantum numbers of ∆ and ξ are taken to

be 0 and 2 respectively. Then the relevant B − L conserving Lagrangian can be given as 4:

− LB−L ⊃ 1√
2

[

µ∆†HH + fαβξLαLβ

]

+ yφ2
B−L∆

†ξ + h.c. . (15)

As in section-II, we assume Mξ is at the TeV scale and M∆ ≫ Mξ. Before φB−L acquires a

vev, there is no mixing between ξ and ∆. At TeV scale φB−L acquires a VEV and provides

a mixing between ∆ and ξ, which is given by the parameter M2
B−L = y〈φB−L〉2. As a result

lepton number violates by two units and generates a Majorana neutrino mass: (Mν)αβ =
√
2fαβ〈ξ〉. The vev of ξ can be obtained by minimizing the scalar potential:

V (∆, ξ, φB−L, H) = M2
∆∆

†∆+ λ∆(∆
†∆)2 +M2

ξ (ξ
†ξ) + λξ(ξ

†ξ)2 + λ∆ξ(∆
†∆)(ξ†ξ)

+ M2
φ(φ

†
B−LφB−L) + λφ(φ

†
B−LφB−L)

2 +M2
HH

†H + λH(H
†H)2

+ λφH(H
†H)(φ†

B−LφB−L) + λ∆φ(∆
†∆)(φ†

B−LφB−L) + λξφ(ξ
†ξ)(φ†

B−LφB−L)

+ λ∆H(∆
†∆)(H†H) + λξH(ξ

†ξ)(H†H) + µ∆†HH + yφ2
B−L∆

†ξ + h.c.(16)

where λ∆, λξ, λφ, λH > 0 and λ∆ξ > −2
√

λ∆λξ, λ∆φ > −2
√

λ∆λφ, λξφ > −2
√

λξλφ, λφH >

−2
√

λφλH , λ∆H > −2
√
λ∆λH and λξH > −2

√

λξλH are required for vacuum stability. As-

suming 〈∆〉 ≡ u∆ ≪ 〈H〉 and 〈ξ〉 ≡ uξ ≪ 〈H〉, from Eq. (16) we get

u∆ = −µ
v2

M2
∆

and uξ = − yv2B−L

M2
ξ + λφξv2B−L + λξHv2

u∆ , (17)

4 The mixing between ∆ and ξ, while keeping lepton number conserved, can also be achieved by introducing

the renormalisable term µ′φB−L∆
†ξ, where the B − L quantum number of φB−L is -2. In that case by

assuming µ′〈φB−L〉 ∼ M2

ξ , one can achieve 〈ξ〉 ∼ 〈∆〉.
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FIG. 1: Neutrino Majorana mass generated through the Modified type-II seesaw in a U(1)B−L

symmetric model.

where vB−L = 〈φB−L〉 and v = 〈H〉. Thus from Eq. (17) we see that for M2
B−L = yv2B−L ∼ M2

ξ

we get u∆ ∼ uξ. As in the case of type-II seesaw, if we assume that µ ∼ M∆ ∼ 1010 GeV

and v = 〈H〉 = O(100) GeV then one can generate sub-eV neutrino masses for low energy

neutrinos, provided that the ratio: (Mξ/MB−L) ∼ O(1). This is an important point to be

noticed in contrast to the usual type-II seesaw where one allows the explicit lepton number

violating couplings (µ∆†HH + f∆LL) of a super heavy triplet scalar ∆ making almost

impossible to test type-II seesaw at collider. Instead here we are making use of two triplet

scalars: ∆ and ξ so that one is a super heavy scalar (∆) and other scalar (ξ) is at the TeV

scale. Their mixing gives rise to neutrino masses as shown in Fig. (1). From there we see

that ξ strongly couples to SM lepton doublets, while its coupling to SM Higgs doublets is

suppressed by ∆ mass.

Minimizing the scalar potential (16) we get the true minimum for 〈H〉 = v and 〈φB−L〉 =
vB−L as:

v =

√

√

√

√

λφHM
2
φ − 2λφM

2
H

4λφλH − λ2
φH

, and vB−L =

√

√

√

√

λφHM
2
H − 2λHM

2
φ

4λφλH − λ2
φH

. (18)

The electroweak vacuum is then given by a linear combination of v and vB−L:

vEW = v cosΘ− vB−L sinΘ = 246GeV and v′ = v sinΘ + vB−L cosΘ. (19)

Thus for non-zero mixing between v and vB−L we can achieve the EW symmetry (i.e. vEW =

0) in the limit tanΘ = v/vB−L.

Since mass of ∆ is O(1012) GeV, as required by the sub-eV masses of neutrinos, it gets

8



decoupled from the rest of the scalar fields. On the other hand, the mixing between ξ and

φB−L, and ξ and H are of O(uξ/v) ∼ 10−11 as the vev of ξ is O(1) eV, required by the sub-eV

neutrino masses. Therefore, the only significant mixing occurs between H and φB−L.

Since ∆ is heavy and decoupled from the rest of the scalars, the number of real scalar

degrees of freedom that appear in the low energy effective theory are 12 (four from the SM

Higgs H , two from the B − L Higgs φB−L and six from the triplet scalar ξ). Out of which

four degrees of freedom are eaten by the gauge bosons W±, Z and ZB−L and hence making

themselves heavy. As a result in the low energy effective theory we have 8 physical scalars,

namely ξ±±, ξ±, Reξ0, Imξ0, hB−L and h, where h is the SM like Higgs and hB−L is the

B − L like Higgs.

A. Masses and Mixing of φB−L and H

The quantum fluctuations around the minimum can be given as

φB−L = vB−L + h′
B−L and H =

(

0

v + h′

)

. (20)

Now using (20) in Eq. (16) we get the mass matrix for h′ and h′
B−L as:

M2(h′, h′
B−L) =

(

2λHv
2 λφHvB−Lv

λφHvB−Lv 2λφv
2
B−L

)

, (21)

where the coupling λφH decides the mixing between h′ and h′
B−L Higgses, which can be

parameterized by:

tan 2γ =
λφHvB−Lv

λφv
2
B−L − λHv2

. (22)

The above equation shows that the mixing angle γ between h′
B−L and h′ vanishes if either

λφH → 0 or vB−L ≫ v. While for a finite mixing, the masses of the physical Higgses can be

obtained by diagonalising the mass matrix (21) and is given by:

M2
h =

(

λHv
2 + λφv

2
B−L

)

− 1

2

√

4(λHv2 − λφv2B−L)
2 + 4(λφHvB−Lv)2

M2
hB−L

=
(

λHv
2 + λφv

2
B−L

)

+
1

2

√

4(λHv2 − λφv
2
B−L)

2 + 4(λφHvB−Lv)2 . (23)

corresponding to the mass eigen states h and hB−L. Due to the mixing between h and hB−L,

their couplings to SM fermions and gauge bosons can be given as:

Yhff = i
(

mf

v

)

cos γ , YhB−Lff = i
(

mf

v

)

sin γ

9



ghWW = −i

(

2M2
W

v

)

cos γ , ghB−LWW = −i

(

2M2
W

v

)

sin γ

ghZZ = −i

(

2M2
Z

v

)

cos γ , ghB−LZZ = −i

(

2M2
Z

v

)

sin γ

ghZB−LZB−L
= −i

(

2M2
ZB−L

vB−L

)

sin γ , ghB−LZB−LZB−L
= −i

(

2M2
ZB−L

vB−L

)

cos γ (24)

where mf is the mass of the SM fermion f and MW , MZ , MZB−L
are masses of W, Z and

U(1)B−L gauge boson respectively.

B. Mass and Decay width of ZB−L Gauge Boson

The neutral B−L gauge boson, ZB−L, gets a mass from the vev of the B−L Higgs φB−L.

This can be derived explicitly from the kinetic term, (DµφB−L)
†(DµφB−L), where

Dµ = ∂µ − i
g

2
τaW

a
µ − i

g′

2
Y Bµ − igB−LYB−L(ZB−L)µ . (25)

The YB−L in the above equation is the B − L charge associated with φB−L and (ZB−L)µ is

the new U(1)B−L gauge boson. Note that there is no tree level mixing between the SM Z

boson and ZB−L. Therefore, they can leave distinctive signatures at collider 5.

Now expanding the kinetic term using Eq. (25), one gets the mass of ZB−L to be MZB−L
=

gB−LvB−L. The non observation of ZB−L gauge boson at CDF [17] gives a lower bound on

its mass to be MZB−L

>∼ 800 GeV, while from LEP-II [15] we have

MZB−L

gB−L

> 6 TeV . (26)

Thus the above two bounds agrees with each other for gB−L > 0.1. The agreement also

implies that vB−L > O( TeV).

From Eq. (25), we see that ZB−L couples to all the SM leptons and quarks as they carry

non-zero B − L quantum numbers and the strength of the coupling is proportional to the

corresponding B − L quantum number . As a matter of fact, ZB−L dominantly decays to a

pair of leptons since the B−L quantum number of a lepton is -1, while its decay to a pair of

quarks is sub-dominant since the B −L quantum number of a quark is 1/3. Assuming that

5 Collider signature of U(1)
′

gauge boson has been studied extensively in the literature [15, 16].
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MZB−L
< Mξ,MhB−L

, the branching ratio of the decay of ZB−L to a pair of charged leptons

can be given as

BR(ZB−L → ℓ+ℓ−) =
ΓZB−L

→ ℓ+ℓ−
∑

f ΓZB−L
→ f̄ f

≃ 15.2% , (27)

where ℓ stands for each individual generation of charged lepton and f stands for the SM

fermions. Thus we see that the branching ratio of ZB−L → ℓ+ℓ− is significantly larger than

the corresponding SM branching fraction BR(Z → ℓ+ℓ−) ≃ 3.4%. Hence for MZB−L
∼

O(1) TeV, the signature of ZB−L can be studied at LHC through the decay ZB−L → ℓ+ℓ−.

Alternatively, if MZB−L
> Mξ,MhB−L

, then the total decay width of ZB−L increases as it

additionally decays to hB−LhB−L, ξ±±ξ∓∓, ξ±ξ∓ and ξ0ξ0
∗
. As a result, the branching

fraction of the decay of ZB−L → ℓ+ℓ− decreases down to 7.11%. However, it strongly decays

to doubly charged scalars as the branching fraction of the decay of ZB−L → ξ++ξ−− is

BR(ZB−L → ξ++ξ−−) =
ΓZB−L

→ ξ++ξ−−
∑

f ΓZB−L
→ f̄ f +

∑

hB−L,ξ ΓZB−L
→ (hB−L − pairs), (ξ − pairs

) ≃ 21.34%

(28)

This implies that for heavy ZB−L the production of ξ++ξ−− pair can be enhanced by its

on-shell decay, although the production cross-section via ZB−L mediated Drell-Yan process:

q̄q → ξ++ξ−− decreases. We postpone the further discussions on the production of ξ++ξ−−

pairs in presence of ZB−L gauge boson to section-V.

IV. NEUTRINO OSCILLATION PARAMETERS AND CONSTRAINTS ON (Mν)αβ

From Eq. (15), we see that in the effective theory the neutrino mass matrix is given by:

Mν =
√
2fuξ = UPMNSM

diag
ν UT

PMNS (29)

where the mixing matrix UPMNS is the unitary Pontecorvo-Maki-Nakagawa-Sakata matrix

and is given by:

UPMNS =













c12c13 s12c13 s13e
−iδ13

−s12c23 − c12s23s13e
iδ13 c12c23 − s12s23s13e

iδ13 s23c13

s12s23 − c12c23s13e
iδ13 −c12s23 − s12c23s13e

iδ13 c23c13













. Uph , (30)

with cij and sij stand for cos θij and sin θij respectively. In equation (30), the phase matrix

is given by:

Uph = diag(e−iγ1 , e−iγ2 , 1) . (31)
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where γ1 and γ2 are Majorana phases and are chosen in such a way that the elements of

Mdiag
ν are given by

Mdiag
ν = diag(m1, m2, m3) , (32)

with mi, i = 1, 2, 3, chosen to be real and positive. The Dirac phase δ13 is considered for

the net charge-parity (CP) violation in lepton number conserving process, where as the

Majorana phases γ1 and γ2 take part in doubly lepton number violating processes. Once

the mixing angles are defined to be in the 1st quadrant, the Dirac phase δ13 take values in

[0, 2π) and the Majorana phases γ1 and γ2 can take values between [0, π).

A global analysis of the current neutrino oscillation data at 3σ confidence level (C.L.)

yields [18]

0.25 < sin2 θ12 < 0.37, 0.36 < sin2 θ23 < 0.67, 0 ≤ sin2 θ13 < 0.056 . (33)

While the absolute mass scale of the neutrinos is not yet fixed, the mass square difference

have already been determined to a good degree of accuracy:

∆m2
◦ ≡ m2

2 −m2
1 = (7.05 · · ·8.34)× 10−5eV2

∆m2
atm ≡ (m2

3 −m2
1) = ±(2.07 · · ·2.75)× 10−3eV2 . (34)

A crucial issue of neutrino physics is yet to be solved is the mass spectrum which is deeply

rooted in the sign of atmospheric mass. That means neutrino mass spectrum could be normal

hierarchical (NH) (m1 < m2 < m3) or it could be inverted hierarchical (IH) (m3 < m1 < m2).

Another possibility, yet allowed, is that the neutrino mass spectrum could be degenerate

(DG) (m1 ∼ m2 ∼ m3). In any case, cosmology give an upper bound on the sum of the

masses of the neutrinos to be [19]

∑

i

mi < 1.3eV(95%C.L.) (35)

In the following we see that it is possible to distinguish NH and IH spectrum of neutrino

masses at LHC with a reasonable values of the Yukawa couplings: fαβ = (Mν)αβ/
√
2uξ.

However, these couplings can not be too large as they are strongly constrained by the

non-observation of lepton flavor violating (LFV) processes. In our case the tree level LFV

processes are mainly mediated via the triplet scalar ξ±± and the one-loop level LFV processes

are mediated by ξ±± and ξ±. Thus for M±±
ξ ,M±

ξ
<∼ 1 TeV, the spectrum of neutrino masses

at LHC can be studied via the decay of ξ±± and ξ±.

12



FIG. 2: Scatter plots of (Mν)ee(Mν)eµ (red points), (Mν)ee(Mν)eτ (blue points) and (Mν)ee(Mν)eµ

(green points) are shown as a function of lightest neutrino mass for NH (left panel) and IH (right

panel), keeping the Majorana phases γ1 = γ2 = 0. The LFV constraints on (Mν)ee(Mν)eµ (red solid

line), (Mν)ee(Mν)eτ (blue long-dashed line) and (Mν)ee(Mν)eµ (green dot-dashed line) are shown

for Mξ±± = 500 GeV and uξ = 1 eV.

It is almost impossible to constrain the magnitude of individual element of Mν via the

LFV processes since they depend quadratically on the elements of Mν . The strongest LFV

constraint on the elements of Mν comes from the non-observation of µ− → e−e+e−. This

can be easily checked by estimating the branching fraction:

Br(µ− → e−e+e−) ≡ Γ(µ− → e−e+e−)

Γ(µ− → e−ν̄eνµ)
=

1

u4
ξG

2
F

(

|(Mν)ee||(Mν)eµ|
M2

ξ++

)2

, (36)

where GF = 1.166 × 10−5 GeV−2 is the Fermi coupling constant. Comparing with the

experimental upper bound: Br(µ− → e−e+e−) < 1.0 × 10−12 (at 90% C.L.) [20], we get an

upper bound on the neutrino mass matrix elements to be:

|(Mν)ee||(Mν)eµ| < 2.9× 10−6 eV2

(

uξ

1 eV

)2 ( Mξ++

500GeV

)2

. (37)

The stringent constraint of (Mν)ee(Mν)eµ from µ− → e−e+e− can be easily seen from Fig.-2

(see the red solid line), which is shown for Mξ±± = 500 GeV and uξ = 1 eV. The red data

points above that line, allowed by three flavor neutrino oscillation data, are ruled out. The
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branching ratios of other tree level LFV processes of the kind ℓα → ℓ̄βℓγℓγ , but some what

less constrained than µ− → e−e+e−, are given by:

Br(τ− → e−e+e−) ≡ Γ(τ− → e−e+e−)

Γ(τ− → ℓ−α ν̄ℓαντ )
=

1

G2
Fu

4
ξ

(

|(Mν)ee||(Mν)eτ |
M2

ξ++

)2

, (38)

Br(τ− → e−µ+µ−) ≡ Γ(τ− → e−µ+µ−)

Γ(τ− → ℓ−α ν̄ℓαντ )
=

1

u4
ξG

2
F

(

|(Mν)µµ||(Mν)eτ |
M2

ξ++

)2

, (39)

Br(τ− → µ−e+e−) ≡ Γ(τ− → µ−e+e−)

Γ(τ− → ℓ−α ν̄ℓαντ )
=

1

u4
ξG

2
F

(

|(Mν)ee||(Mν)µτ |
M2

ξ++

)2

, (40)

Br(τ− → µ−µ+µ−) ≡ Γ(τ− → µ−µ+µ−)

Γ(τ− → ℓ−α ν̄ℓαντ )
=

1

u4
ξG

2
F

(

|(Mν)µµ||(Mν)µτ |
M2

ξ++

)2

, (41)

where α = e, µ. Now comparing the above flavor violating processes with their experimental

upper bounds [20]: Br(τ− → e−e+e−) < 3.6 × 10−8(90%C.L.), Br(τ− → e−µ+µ−) < 3.7 ×
10−8(90%C.L.), Br(τ− → µ−e+e−) < 2.7 × 10−8(90%C.L.), Br(τ− → µ−µ+µ−) < 3.2 ×
10−8(90%C.L.) we get the following constraints on the elements of (Mν):

|(Mν)ee||(Mν)eτ | < 5.5× 10−4 eV2

(

uξ

1 eV

)2 ( Mξ++

500GeV

)2

, (42)

|(Mν)µµ||(Mν)eτ | < 4.4× 10−4 eV2

(

uξ

1 eV

)2 ( Mξ++

500GeV

)2

, (43)

|(Mν)ee||(Mν)µτ | < 4.76× 10−4 eV2

(

uξ

1 eV

)2 ( Mξ++

500GeV

)2

, (44)

|(Mν)µµ||(Mν)µτ | < 5.18× 10−4 eV2

(

uξ

1 eV

)2 ( Mξ++

500GeV

)2

. (45)

At one loop level the LFV processes are mediated by ξ±± and ξ±. In particular, the

concerned processes are µ → eγ, τ → eγ and τ → µγ. The upper bound on µ → eγ is given

by the MEG Collaboration [21], which reads Br(µ → eγ) < 1.2× 10−11. On the other hand

the estimated branching ratio of Br(µ → eγ) is given by [22, 23]:

Br(µ → eγ) ≡ Γ(µ− → e−γ)

Γ(µ− → e−ν̄eνµ)
≈ 27α

64πG2
Fu

4
ξ

(

|(M †
νMν)eµ|
M2

ξ++

)2

, (46)

where α = e2/4π, the QED coupling constants. Comparing the above processes with their

experimental upper bounds we get the constraint on the elements of neutrino mass matrix

to be:

|(M †
νMν)eµ| < 3.2× 10−4 eV2

(

uξ

1 eV

)2 ( Mξ++

500GeV

)2

. (47)
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FIG. 3: Scatter plots of (Mν)µµ(Mν)µτ (red points) and (Mν)µµ(Mν)eτ (blue points) are shown as

a function of lightest neutrino mass for NH (left panel) and IH (right panel), keeping the Majorana

phases γ1 = γ2 = 0. The LFV constraints on (Mν)µµ(Mν)µτ (black solid line) and (Mν)µµ(Mν)eτ

(blue dashed line) are shown for Mξ±± = 500 GeV and uξ = 1 eV.

Similarly the constraints on (M †
νMν)eτ and (M †

νMν)µτ can be obtained as follows:

|(M †
νMν)eτ | < 3.07× 10−2

(

Mξ++

500GeV

)2

, (48)

|(M †
νMν)µτ | < 1.96× 10−3

(

Mξ++

500GeV

)2

. (49)

V. PRODUCTION AND DECAY OF ξ±±

The triplet scalar appears in several extensions of the SM. There exist many extensive

discussions on the collider search of this triplet scalar for various models at LEP, Tevatron

and LHC [12, 24–30]. Here we discuss the same sign dilepton signature of triplet scalars

in presence of an extra ZB−L gauge boson [31]. Our analysis is based on the parton-level

simulation. However, we have not included any QCD corrections [32] which may enhance

the cross-sections by 20% - 30%.

As discussed in section-III, the low energy effective theory of our model contains not

only a TeV scale B − L gauge boson, but also a pair of doubly charged scalars: ξ±± of
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FIG. 4: Scatter plots of (M †
νMν)eµ (red points), (M †

νMν)eτ (blue points) and (M †
νMν)µτ (green

points) are shown as a function of lightest neutrino mass for NH (left panel) and IH (right panel),

keeping the Majorana phases γ1 = γ2 = 0. The LFV constraints on M †
νMν)eµ (red solid line),

(M †
νMν)eτ (blue dashed line) and (M †

νMν)µτ (green dot dashed line) are shown for Mξ±± = 500 GeV

and uξ = 1 eV.

mass Mξ±±
<∼ 1 TeV. Therefore, depending on the relative magnitude between MZB−L

and

Mξ±±, the production cross-section of ξ±± will vary. In particular, if MZB−L
> 2Mξ±±, then

at LHC ξ±± particles can be pair produced via ZB−L decay since the branching fraction of

ZB−L → ξ±±ξ∓∓ is not negligible. On the other hand, if MZB−L
< 2Mξ±±, then at LHC ξ±±

particles can be produced via Drell-Yan process. In such a case we discuss the parton level

process: qq̄′ → ξ±±ξ∓∓ mediated by Z∗, γ∗ and Z∗
B−L. The differential cross-section6 for

this process is given by:

dσ

dt̂
(qq̄ → ξ±±ξ∓∓) =

πα2

3ŝ2
M2 , (50)

where the M2 is given by

M2 =
{

M2
γ +M2

Z +M2
γ−Z + (4πα)−2

(

M2
ZB−L

+ 4πα
[

M2
γ−ZB−L

+M2
Z−ZB−L

])}

×
[

(t̂−M2
ξ++)2 + ŝt̂

]

. (51)

6 We have neglected a small contribution that may appear from the two photon channel [33].
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FIG. 5: The Drell-Yan production cross-section of ξ±± at LHC is shown as a function of MZB−L
with

center of mass energy 14 TeV for gB−L = 0.1 (solid red-line) and gB−L = 0.5 (dashed black-line)

at Mξ±± = 200 GeV (left-panel) and Mξ±± = 1 TeV (right-panel). The SM contribution, which is

independent of ZB−L, is shown by a horizontally-flat dotted line (Blue).

In the Eqs. (50) and (51) ŝ, t̂ are the parton level Mandelstam variables and α is the QED

coupling constant. Different M2 in Eq. (51) can be read as

M2
γ = −2Q2

ξQ
2
q

ŝ2

M2
Z = − (1 +X2

q )

8 [(ŝ−M2
Z)

2 + Γ2
ZM

2
Z ]

(

1− 2 sin2 θW
sin2 θW cos2 θW

)2

M2
γ−Z = − QξQqXq(ŝ−M2

Z)

ŝ [(ŝ−M2
Z)

2 + Γ2
ZM

2
Z ]

(

1− 2 sin2 θW
sin2 θW cos2 θW

)

M2
ZB−L

= − 2g4B−L(Y
q
B−LY

ξ
B−L)

2

(ŝ−M2
ZB−L

)2 + Γ2
ZB−L

M2
ZB−L

M2
γ−ZB−L

= −
4Qξg

2
B−LQqY

q
B−LY

ξ
B−L(ŝ−M2

ZB−L
)

ŝ
[

(ŝ−M2
ZB−L

)2 + Γ2
ZB−L

M2
ZB−L

]

M2
Z−ZB−L

= −
2g2B−LXqY

q
B−LY

ξ
B−L

[

(ŝ−M2
Z)(ŝ−M2

ZB−L
)− ΓZΓZB−L

MZMZB−L

]

[(ŝ−M2
Z)

2 + Γ2
ZM

2
Z ]
[

(ŝ−M2
ZB−L

)2 + Γ2
ZB−L

M2
ZB−L

] . (52)

Here Qξ = 2, Qq = 2/3, Xq = 1 − (8/3) sin2 θW for up-type quarks and Qq = −1/3,

Xq = −1 + (4/3) sin2 θW for down-type quarks, while Y ξ
B−L and Y q

B−L are the B-L quantum

numbers of the ξ-scalar and quark respectively.

The Drell-Yan production cross-section of ξ±± at LHC mediated by γ, Z and

17



ZB−L gauge bosons are shown in Fig.-5 by taking B − L gauge boson decay width:

ΓZB−L
= 0.03MZB−L

. For illustration purpose we have shown the production cross-section of

ξ±± for gB−L = 0.1, 0.5 and Mξ±± = 200 GeV, 1 TeV. We have used CTEQ6 [34] for the

parton level distribution function with the factorization scale is set as the partonic center

of mass (c.m.) energy (
√
ŝ). From Fig.-5 we see that the production cross-section of ξ±±

at resonance (ŝ ∼ M2
ZB−L

) is significantly larger than the SM contribution (dotted-blue

line), which is independent of MZB−L
. However, we note that this enhancement strongly

depends on the magnitude of gB−L. This can be easily checked from the amplitude square:

M2
ZB−L

, which varies as g4B−L. Recall that for gB−L > 0.1(0.5), the current experimental

constraint on ZB−L mass, given by Eq. (26), gives MZB−L
> 600 GeV (MZB−L

> 3 TeV).

Thus for Mξ±± = 200 GeV, as shown in the left-panel of Fig. (5), we see that at gB−L ≥ 0.1

(gB−L ≥ 0.5) and MZB−L
≥ 600 GeV (MZB−L

= 3 TeV), the total production cross-section

of ξ±± due to the presence of ZB−L enhances by 14.7% (4.6%) with respect to the SM

contribution. On the other hand, for Mξ±± = 1 TeV, as shown in the right-panel of Fig.

(5), we see that at gB−L ≥ 0.1 (gB−L ≥ 0.5) and MZB−L
≥ 600 GeV (MZB−L

= 3 TeV),

the off-shell contribution of ZB−L to the production of ξ±± dominates over the SM

contribution. This can be easily seen from Fig.-6, where we have shown the variation of

the production cross-section as a function of Mξ±± at different values of MZB−L
. In all

the cases the cross-section drops quickly with the increase of the charged scalar mass, as

it is expected. However, for large MZB−L
, the resonance occurs for higher values of Mξ±±

and hence the ZB−L contribution drops slowly than the SM contribution. Our estimation

shows that at Mξ++ = 300 GeV, for gB−L = 0.1 and MZB−L
= 700 GeV, the number

of expected events (cross-section × Luminosity), at LHC with an integrated luminosity

of 30fb−1, is 200, 450 and 900 respectively at center of mass energy 7 TeV, 10 TeV and 14 TeV.

A. Decay of ξ±±

Once the ξ±± particles are produced, they decay to SM particles. The decay channels of

ξ±± can be studied at LHC for Mξ±±
<∼ 1 TeV with an integrated luminosity >∼ 30fb−1. A

ξ++ can decay either to two like-sign charged leptons (l+α l
+
β , α, β = e, µ, τ) or to W+W+. It

can also decay to W+ξ+. However, the decay rate of ξ++ → W+ξ+ is phase space suppressed
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FIG. 6: The Drell-Yan production cross-section of ξ±± at LHC is shown as a function of Mξ±±

for gB−L = 0.5 and MZB−L
= 3 TeV with center of mass energy 14 TeV (solid black line), 10 TeV

(double dot-dashed red line) and 7 TeV (double dash-dotted blue line). The same is also shown for

gB−L = 0.1 and MZB−L
= 700 GeV at center of mass energy: 14 TeV (dotted maroon line) 10 TeV

(dashed magenta line) and 7 TeV (dot-dashed green line).

as the mass of ξ+ is of the similar order of Mξ++ . Therefore, in what follows we will consider

only the decay of ξ++ in the former two channels. The corresponding partial decay widths

can be given as:

Γ(ξ++ → l+α l
+
β ) =

Mξ++

4πu2
ξ(1 + δαβ)

|(Mν)αβ|2 (53)

and

Γ(ξ++ → W+W+) =
g4u2

ξ

32π

M3
ξ++

M4
W



1− 4

(

MW

Mξ++

)2




1/2



1− 4

(

MW

Mξ++

)2

+ 12

(

MW

Mξ++

)4


 , (54)

where δαβ is the Kronecker delta. From Eqs. (53) and (54) we see that the decay rate of

ξ++ depends not only on it’s mass, but also on the vev uξ. For small uξ, Γ(ξ
++ → l+α l

+
β )

dominates since it varies inversely with u2
ξ, while for large uξ, Γ(ξ

++ → W+W+) dominates

as it varies directly with u2
ξ. This can be easily seen from the right panel of Fig.-7, where
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FIG. 7: The variation of
∑

α,β |(Mν)α,β |2/(1 + δαβ) with respect to the lightest neutrino mass (i=1

(NH) and i=3(IH)), keeping the Majorana phases γ1 = γ2 = 0, is shown on the left panel, while the

contours of R in the plane of Mξ++ versus uξ are shown on the right panel. In the shaded region

(right panel) R < 1 and hence ξ++ decays dominantly to W+W+.

we have shown the contours of the ratio:

R =
Γ(ξ++ → l+α l

+
β )

Γ(ξ++ → W+W+)
. (55)

for a typical value of
∑

α,β |(Mν)α,β|2/(1 + δαβ) = 3 × 10−3. However, from the left panel

of Fig.-7 we infer that the value of
∑

α,β |(Mν)α,β|2/(1 + δαβ) does not change significantly

for mi < 0.1 eV, with i=1 (NH) and i=3 (IH)). In other words, the value of R is almost

independent of the hierarchy of neutrino masses. In either case (NH or IH), for uξ < 105 eV,

the decay of ξ++ is leptophilic and hence dominantly decays to two leptons of same sign.

The like-sign dilepton channel of ξ++ is almost background free and can be seen without

mistaken at LHC for Mξ++
<∼ 1 TeV. The mass of ξ++ is approximately about the invariant

mass of the two like sign leptons.

By studying the dilepton signal of ξ++ the nature of neutrino mass spectrum (NH or

IH) can be resolved. A ξ±± can simultaneously decay to e±e±, µ±µ±, τ±τ±, e±µ±, e±τ±

and µ±τ± with different strengths depending on the magnitude of (Mν)αβ , α, β = e, µ, τ .

However, the decay of ξ±± to τ±τ±, e±τ± and µ±τ± can be misguided at collider since

the muons coming out from τ decay can have similar momentum distribution as that of
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FIG. 8: Branching ratios: ree (red points), reµ (blue points), rµµ (green points) and ree+ reµ + rµµ

(cyan points) for NH (left panel) and IH (right panel) are shown against the lightest neutrino mass

keeping Majorana phases γ1 = γ2 = 0.

muons coming out from ξ±±. Therefore, in what follows we focus only the signature of ξ±±

through its decay to e±e±, µ±µ± and e±µ±. In order to study the decay of ξ±± through

these channels we define the branching fractions:

ree ≡ Br(ξ±± → e±e±) =
Γ(ξ±± → e±e±)

∑

αβ Γ(ξ
±± → ℓ±α ℓ

±
β )

rµµ ≡ Br(ξ±± → µ±µ±) =
Γ(ξ±± → µ±µ±)

∑

αβ Γ(ξ±± → ℓ±α ℓ
±
β )

reµ ≡ Br(ξ±± → e±µ±) =
Γ(ξ±± → e±µ±)

∑

αβ Γ(ξ±± → ℓ±α ℓ
±
β )

(56)

where α, β = e, µ, τ . The branching ratios are shown in Fig.-8. It can be seen from there

that in case of NH with m1 ≪ 0.1 eV, the decays of ξ±± to µ±µ± is 20 to 50 percent while

the decay of ξ±± to e±µ± is less than 10 percent and to e±e± is less than a percent. On

the other hand, in case of inverted hierarchy with m3 ≪ 0.1 eV, the decay of ξ±± to e±e±

is about 40 to 50 percent and to µ±µ± is less than 20 percent while its decays to e±µ± is

almost negligible. Thus the sum of ree + reµ + rµµ is 20 to 40 percent in case of NH, while

it is 50 to 70 percent in case of IH. This is the striking feature for distinguishing NH from

IH at collider.

Even though we argued that the decay of ξ±± is background free, it is not necessarily

21



 0.00

 0.15

 0.30

 0.45

 0.60

 0.75

 0  125  250  375  500

dσ
/d

M
l 1

l 2
 (

fb
/G

eV
)

Ml1l2
 (GeV)

NH

 0.0

 0.2

 0.4

 0.6

 0.8

 1.0

 0  125  250  375  500

dσ
/d

M
l 1

l 2
 (

fb
/G

eV
)

Ml1l2
 (GeV)

IH

FIG. 9: The Differential cross section versus the invariant mass at center of mass energy 7 TeV

(green), 10 TeV (blue) and 14 TeV (red) with gB−L = 0.1 and MZB−L
= 700 GeV. We set ree +

rµµ + reµ to be 40% for NH (left panel) and 60% for IH (right panel).

true. The small SM background will appear from the two Z-boson decay. We have estimated

the parton level SM background using MADGRAPH [35] and CTEQ6. The differential

scattering cross section are plotted as a function of the two like-sign charged leptons invariant

mass Ml1l2 . Both the like-sign charged lepton invariant masses, coming from two SM Z-decay

or the doubly charged scalar decay, are shown in the Fig.-9 for three different values of the

c.m energy. The like-sign dileptons appearing from the doubly-charged scalar decay will

show a peak at it’s mass and are shown at c.m. energy 7 TeV (green, dotted), 10 TeV

(blue, dashed) and 14 TeV (red, solid). On the other hand, a very small background from

two Z-boson decay will show up at MZ . We have used a minimal cut off pliT > 5 GeV for

both signal and background. In addition, to remove any possible background of lepton pairs

produced from photons we have incorporated Ml1l2 > 5 GeV and also ∆R-isolation of 0.12

between each pair of leptons (where the angular separation, ∆R =
√

(∆η)2 + (∆φ)2). Since

the signal and background dilepton peaks are well separated from each other, so with the

use of a cut |Ml1l2 − Mz| 〉 5GeV, we can remove this background without any ambiguity.

From Fig.-8 we see that the ree + reµ + rµµ is 40% in case of normal hierarchy while it is

60% in case of inverted hierarchy. Using this in Fig.-9, we have shown the invariant mass
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distribution for NH (IH) in the left (right) panel. One important message from Fig.-9 is

that the differential cross-section, hence the number of events, in case of NH is reasonably

less than the corresponding value in case of IH. For example, with 14 TeV c.m. energy the

number of expected events are 540 (360) for IH (NH). This criteria can be used to distinguish

the NH spectrum from the IH spectrum of neutrino masses.

VI. PRODUCTION AND DECAY OF ξ±

Before going to conclusion let us briefly discuss about the signature of singly charged

scalar particles ξ±. The ξ± can be produced along with the doubly charged scalars (ξ∓∓)

through the Drell-Yan process: qq̄′ → ξ∓∓ξ± mediated via the charged weak gauge boson

W±∗
. Moreover, ξ± can also be pair produced through the Drell-Yan process: qq̄ → ξ±ξ∓

mediated by Z∗, γ∗ and ZB−L, the same way as the doubly charged scalar particles are

produced. Hence the decay of these particles can be studied at LHC.

Once the ξ± particles are produced, they decay dominantly through the channel: ξ+ →
ℓ+ + ν. Since the neutrinos are invisible at detector, the decay of ξ±, produced through the

channel qq̄′ → ξ±±ξ∓ mediated via the the charged weak gauge boson W±∗
, will lead to a

three lepton final state: ℓ±ℓ±ℓ∓. On the other hand, the decay of ξ±, produced through

the channel qq̄′ → ξ±ξ∓ mediated by Z∗, γ∗ and Z∗
B−L, will lead to a two lepton final state:

ℓ±ℓ∓. In either case, we have large SM background. However, with a proper selection of

cuts one can study these events at LHC [30].

VII. CONCLUSION

In this article, we proposed a variant of type-II seesaw to generate the sub-eV neutrino

masses. The seesaw is realized at the TeV scale, while retaining the philosophy of seesaw

intact. It is executed in a gauged U(1)B−L symmetric model by introducing two SU(2)L

triplet scalars ∆ and ξ with B-L quantum number 0 and 2 respectively. The triplet scalar

∆ is assumed to be super heavy, while the mass of ξ is at the TeV scale. However, we

showed that they equally contribute to the neutrino masses even though their masses differ

by several orders of magnitude. This could be achieved due to a small mixing between ∆

and ξ, which arises at the TeV scale via the breaking of U(1)B−L symmetry. Note that the
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small mixing is required to realism the seesaw at TeV scale. Since ∆ is super heavy and its

mixing with ξ is very small, it gets decoupled from the low energy effective theory. As a

result, in the low energy effective theory, the only doubly and singly charged scalars appear

are ξ±± and ξ±. In other words, the number of degrees of freedom in the effective theory is

exactly same as that of “original type-II seesaw" or its variant “triplet scalar model", apart

from a B-L gauge boson. Therefore, it is worth mentioning the following distinctive features

of the model:-

• The low energy effective theory not only have doubly charged scalars, but also have a

ZB−L gauge boson whose signature at collider can be studied.

• If MZB−L
< 2Mξ±± mass then the ZB−L boson enhances the production cross-section

of doubly charged scalars via Drell-Yan process.

• If MZB−L
> 2Mξ±± then the on-shell decay of ZB−L to ξ±±ξ∓∓ can populate doubly

charged scalars at collider.

Since the mass of ξ±± is at the TeV scale, it can be pair produced at LHC via the Drell-

Yan process. For 〈ξ〉 < 105 eV, the ξ±± is leptophilic and dominantly decays to two leptons

of same sign. This signature of ξ±± is almost free of SM background. For example, we found

that by taking Mξ++ = 300 GeV, gB−L = 0.1, MZB−L
= 700 GeV and with an integrated

luminosity of 30fb−1, the number expected events are 200, 450 and 900 at c.m energy 7

TeV, 10 TeV and 14 TeV respectively. By studying the decay of ξ±± → ℓ±ℓ± the nature

of hierarchy (NH or IH) can be resolved at LHC. We have considered the decay channel of

ξ±± involving e and µ only. It is shown that in case of NH, the branching ratio of the decay

of ξ±± → e±e± + µ±µ± + e±µ± is about 20 to 50 percent, while in case of IH it is about

50 to 70 percent. So, one could expect more number of events in case of IH than NH. This

conclusion is obtained by setting the Majorana phases to zero.

The singly charged scalars ξ± can also be pair produced via the Drell-Yan process at LHC.

The ξ± particles then dominantly decay to charged leptons and neutrinos. Since neutrinos

are invisible, the number of final state leptons in this case is two. On the other hand, ξ±

can also be produced along with the doubly charged scalars and hence lead to a trilepton

final state. In either case, the SM background is significantly large. However, it is possible

to study these events by proper selection of cuts.
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