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We propose a new kind of inverse seesaw model without any additional symmetries. Instead of the
symmetries, we introduce several fermions and bosons with higher SUð2ÞL representations. After
formulating the Higgs sector and neutrino sector, we show that the cutoff energy, which is valid for
our model, is at around the TeV scale by examining behavior of SUð2ÞL gauge coupling. Then we show the
validity of our model for testing at collider physics.
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I. INTRODUCTION

One of the important topics in particle physics beyond the
standard model (SM) is to explore mechanisms generating
tiny neutrino masses and their mixing. Sometimes, one relies
upon a mechanism in which the tininess originates from the
ultra-high-energy scale ΛH such as in the grand unified
theory scale (∼1015 GeV) or string scale (∼1018 GeV), by
embedding the SM gauge group into a larger one. In this
case, the neutrino mass may simply be realized by running a
heavy field inside a diagram for the neutrino mass; therefore,
the neutrinomass is proportional toΛew=ΛH, whereΛew is at
the electroweak scale ∼100 GeV. These theories are elegant
in a sense that the neutrino mass is directly reflected to the
high-energy scale; however, the heavy particle cannot
directly be tested by any current experiments such as those
at the large hadron collider (LHC). To achieve detectability
at the current experiments, a theory should be closed within
the TeV scale. To realize such a low-energy scenario, we
apply higher multiplet fields under the SUð2ÞL group instead
of introducing any larger gauge groups [1]. Once the
neutrino mass is induced after a higher iso-spin scalar field
developing the vacuum expectation value (VEV), the order
of the neutrino mass is, at least, suppressed by 2 orders of
magnitude compared to the origin of SM Higgs. This result
follows from the bound on the ρ parameter that is describe by
the mass ratio between the neutral gauge boson and charged
gauge boson in the SM. The higher multiplet particles there

exist, the more suppression the neutrino mass receives. Thus,
we realize the tiny neutrino mass with a natural hierarchy, by
applying this feature.
To achieve this mechanism in a more effective manner,

an inverse seesaw model [3,4] is a promising candidate to
explain the miniscule neutrino masses with mild hierarchy
of Majorana mass matrix for neutral Majorana fermions
in a theory, and provides a lot of phenomenologies since
the neutrino mass structure is more intricate than the other
mechanisms such as canonical seesaw [5–8] and linear
seesaw [4,9,10]. In order to realize the inverse seesaw
model, heavier neutral fermions with both chiralities have
to be introduced. In addition to these new fields, most of the
cases, one also has to impose an additional symmetry such
as the (non-)Abelian local(global) one to control the texture
of neutral fermion mass matrix.
In this article, we propose an inverse seesaw model

without introducing any additional symmetries to the SM.
Instead, we introduce several fermions (quartet and septet)
and bosons (quintet and quartet) with higher SUð2ÞL
representations [11]. Due to such fields, the behavior of
the SUð2ÞL gauge coupling g2 blows up at the TeV scale via
the renormalization group equation (RGE). It suggests that
our model is tightly relevant at the low-energy scale, and
the testability of our model is largely expected at various
experiments such as the LHC, the ILC, and future colliders.
This article is organized as follows. In Sec. II, we review

our model and formulate the lepton sector. Then we discuss
phenomenologies of neutrinos. In Sec. III, we discuss extra
charged particles at collider experiments. Finally, we
provide the summary of our results and thconclusion.

II. MODEL SETUP AND CONSTRAINTS

In this section, we formulate our model. For the fermion
sector, we introduce three families of vectorlike fermions ψ
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with ð4;−3=2Þ charge under the SUð2ÞL ×Uð1ÞY gauge
symmetry, and right-handed fermions ΣR with (7, 0) charge
under the same gauge symmetry. For the scalar sector, we
add quartet and quintet scalar fields H4 and H5 with,
respectively, 3=2 and 2 charges under the Uð1ÞY gauge
symmetry, where SM-like Higgs field is identified as H2.
Here, we denote each vacuum expectation value(VEV) of
the scalar fields to be hHii≡ vi=

ffiffiffi
2

p
(i ¼ 2, 4, 5) that arises

after the electroweak spontaneously symmetry breaking.
All the field contents and their assignments are summarized
in Table I, where the quark sector is exactly the same as the
one of the SM and omitted. The renormalizable Yukawa
Lagrangian under these symmetries is given by

−Ll ¼ ylaa L̄
a
LH2eaR þ yDab

½L̄a
LH

�
5ðψc

LÞb�
þ fLab

½ψ̄a
LH

�
4Σb

R� þ fRab
½ðψ̄c

RÞaH4Σb
R�

þMaaψ̄
a
Rψ

a
L þMΣaa

ðΣ̄c
RÞaΣa

R þ H:c:; ð1Þ

where SUð2ÞL index is omitted assuming it is contracted to
be gauge invariant, and upper indices ða; bÞ ¼ 1–3 are the
number of families, and yl, M, and MΣ are assumed to be
diagonal matrix with real parameters. After spontaneous
symmetry breaking we obtain mass matrices ml ¼
ylv=

ffiffiffi
2

p
and mD ¼ yDv5=

ffiffiffi
2

p
.

Scalar potential and VEVs: The scalar potential in our
model is given by

V ¼ −μ2hjH2j2 þM2
4jH4j2 þM2

5jH5j2 þ λHjH2j4
þ μ½H4H2H�

5 þ H:c:� þ λ0½H�
4H2H2H2 þ H:c:�

þ V trivial; ð2Þ

where V trivial indicates other trivial 4-point terms and
SUð2ÞL indices are implicitly contracted in the second
line to be gauge invariant. Applying condition ∂V=∂vi ¼ 0,
we obtain the VEVs as

v2 ∼

ffiffiffiffiffiffi
μ2h
λH

s
; v4 ∼

λ0v3

M2
4

; v5 ∼
μv4v
M2

5

; ð3Þ

where we have used v4, v5 ≪ v2. Thus, v4 and v5 can be
naturally the Oð1Þ GeV scale if M4 and M5 are the
TeV scale.

ρ parameter: The VEVs of H4 and H5 are restricted by
the ρ parameter at tree level that is given by

ρ ≈
v22 þ 7v24 þ 10v25
v22 þ v24 þ 2v25

; ð4Þ

where the experimental value is given by ρ ¼ 1.0004þ0.0003
−0.0004

at 2σ confidence level [20]. On the other hand, we have

vSM ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
v22 þ 7v24 þ 10v25

q
≃ v2 ≈ 246 GeV. Therefore, v4

and v5 are restricted via the constraint of the ρ parameter.
Here, we take these VEVs to be v2 ≈ 245.9, v4 ≈ 1.67, and
v5 ≈ 1.72 GeV, which are the typical scale for the VEVs
satisfying the constraint.
Exotic particles: The scalars and fermions with large

SUð2ÞL multiplet provide exotic charged particles. Here we
write components of multiplets as

H4 ¼ ðϕþþþ
4 ;ϕþþ

4 ;ϕþ
4 ;ϕ

0
4ÞT; ð5Þ

H5 ¼ ðϕþþþþ
5 ;ϕþþþ

5 ;ϕþþ
5 ;ϕþ

5 ;ϕ
0
5ÞT; ð6Þ

ψLðRÞ ¼ ðψ0;ψ−;ψ−−;ψ−−−ÞTLðRÞ; ð7Þ

ΣR ¼ ðΣþþþ;Σþþ;Σþ;Σ0;Σ−;Σ−−;Σ−−−ÞTR: ð8Þ

The masses of components in H4 and H5 are respectively
given by ∼M4 and ∼M5 since v4;5 ≪ M4;5. The charged
components in ψLðRÞ have Dirac mass M and neutral
component is discussed with neutrino sector below. The
septet fermion mass is MΣ and charged components have
Dirac mass term constructed by pairs of positive-negative
charged components in the multiplet. Charged particles in
the same multiplet have degenerate mass at tree level which
will be shifted at loop level [21].
Neutrino sector: After the spontaneously symmetry

breaking, neutral fermion mass matrix in basis of
ðνL;ψ0c

R ;ψ0
LÞT is given by

MN ¼

2
64

0 0 m�
D

0 μ�R M

m†
D MT μ�L

3
75; ð9Þ

where μL=R is given by v24fL=RM
−1
Σ fTL=R on the analogical

manner of seesaw mechanism, as shown in Fig. 1. Then the
active neutrino mass matrix can approximately be found as

mν ≈m�
DM

−1μ�RðMTÞ−1m†
D; ð10Þ

where μL=R < mD ≪ M is naturally expected due to the
constraint of ρ parameter and seesawlike mechanism of
μR=L [22]. We thus obtain correlation among size of
neutrino mass and other mass parameters such that

TABLE I. Charge assignments of the our lepton and scalar
fields under SUð2ÞL × Uð1ÞY, where the upper index a is the
number of the family that runs over 1-3, and all of them are
singlet under SUð3ÞC.

La
L eaR ψa Σa

R H2 H4 H5

SUð2ÞL 2 1 4 7 2 4 5
Uð1ÞY − 1

2
−1 − 3

2
0 1

2
3
2

2
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mν ∼
v4
MΣ

�
v5
M

�
2

f2Ry
2
Dv4: ð11Þ

Note thatMΣ andM cannot be much larger than TeV scale,
since v4 and v5 are GeV scale requiring the perturbative
limit for Yukawa coupling constants. The neutrino mass
matrix is diagonalized by unitary matrix UMNS; Dν ¼
UT

MNSmνUMNS, where Dν ≡ diagðm1; m2; m3Þ. Here we
apply a convenient method to reproduce neutrino oscil-
lation data as follows [27]:

m�
D ≈U�

MNS

ffiffiffiffiffiffi
Dν

p
Omix

ffiffiffiffiffi
IN

p
ðLT

NÞ−1: ð12Þ

Here Omix is an arbitrary 3 by 3 orthogonal matrix with
complex values, IN is a diagonal matrix, and LN is a lower
unit triangular [28], which can uniquely be decomposed to
beM−1μ�RðMTÞ−1 ¼ LT

NINLN , since it is symmetric matrix.
Note here that all the components of mD should not exceed
Oð1Þ GeV, once perturbative limit of yD is taken to be 1.
Nonunitarity: Constraint of nonunitarity should always

be taken into account in the case of the larger neutral mass
matrix whose components are greater than three by three,
since experimental neutrino oscillation results suggest
nearly unitary. In case of the inverse seesaw, when non-
unitarity matrix U0

MNS is defined, one can typically para-
metrize it by the following form,

U0
MNS ≡

�
1 −

1

2
FF†

�
UMNS; ð13Þ

where F≡M−1m�
D is a Hermitian matrix, and U0

MNS
represents the deviation from the unitarity. Considering
several experimental bounds [29], one finds the following
constraints [30]:

jFF†j ≤

2
64
2.5 × 10−3 2.4 × 10−5 2.7 × 10−3

2.4 × 10−5 4.0 × 10−4 1.2 × 10−3

2.7 × 10−3 1.2 × 10−3 5.6 × 10−3

3
75: ð14Þ

Once we conservatively take F ≈ 10−5, we find μR ≈
1–10 GeV to satisfy the typical neutrino mass scale, which
could be easy task.
Beta function of SUð2ÞL gauge coupling g2∶ Here, it is

worth discussing the running of gauge coupling of g2 in the

presence of several new multiplet fields of SUð2ÞL [31].
The new contribution to g2 for an SUð2ÞL quartet fermion
(boson) ψðH4Þ, septet fermion ΣR, and quintet boson H5

are respectively given by

Δbψg2 ¼
10

3
; ΔbΣR

g2 ¼ 56

3
; ΔbH4

g2 ¼ 5

3
; ΔbH5

g2 ¼ 10

3
:

ð15Þ

Then one finds the energy evolution of the gauge coupling
g2 as [17,32]

1

g2g2ðμÞ
¼ 1

g2ðminÞ
−

bSMg2
ð4πÞ2 ln

�
μ2

m2
in

�
− θðμ −mthÞ

×
NfðΔbψg2 þ Δbψg2Þ þ ΔbH4

g2 þ ΔbH5
g2

ð4πÞ2 ln

�
μ2

m2
th

�
;

ð16Þ

where Nf ¼ 3 is the number of ψ and ΣR, μ is a reference
energy, bSMg2 ¼ −19=6, and we assume minð¼ mZÞ < mth

with mth being threshold masses of exotic fermions and
bosons. The resulting flow of g2ðμÞ is then given by the
Fig. 2. This figure shows that g2 is relevant up to the mass
scale μ ¼ Oð10Þ TeV in the case ofmth ¼ 500 GeV, while
g2 is relevant up to the mass scale μ ¼ Oð100Þ TeV in the
case of mth ¼ 5000 GeV. Thus, our theory is not spoiled,
as long as we work at around the scale of TeV.

III. COLLIDER PHYSICS

Here, let us discuss the collider physics of our model. We
have rich phenomenology at collider experiments since
there are many exotic charged particles from large SUð2Þ
multiplet scalars and fermions. As the most specific

FIG. 1. Feynman diagram to generate the masses of μL=R.
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FIG. 2. The running of g2 in terms of a reference energy of μ.
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signature, we focus on the production of triply charged
lepton Σ��� and its decay at the LHC. The gauge
interactions associated with the triply charged lepton are
obtained as

Σ̄RiγμDμΣR ⊃ Σ̄þþþγμð3g2cWZμ þ 3eAμÞΣþþþ

þ
ffiffiffi
3

p
g2Σ̄þþþγμWþ

μ Σþþ þ H:c:; ð17Þ

where cW ¼ cos θW with Weinberg angle θW and e is the
electromagnetic coupling: the covariant derivative for the
septet can be referred to Ref. [19]. Then, we estimate cross
sections for the triply charged lepton production processes
using CALCHEP [33] by use of the CTEQ6 parton distri-
bution functions (PDFs) [34], implementing relevant inter-
actions. In Fig. 3, we show production cross section for
triply charged lepton as a function of its mass; pair pro-
duction pp → ΣþþþΣ−−− and associate productions pp →
ΣþþþðþþÞΣ−−ð−−−Þ at the LHC 13 TeV. The cross section
for pair production is the largest one and larger than 1 fb for
1 TeV mass due to large charge.
The triply charged lepton can decay via Yukawa cou-

pling in Eq. (1) as Σþþþ → ϕ
Qϕ

4 ψQψ where QϕðψÞ is the
electric charge of ϕðψÞ withQϕ þQψ ¼ 3, and we assume
exotic scalars are lighter than exotic fermions in our dis-

cussion. In addition, ψQψ decays as ψQψ
→ ϕ

Q0
ϕ

5 lþðνÞ with
Qψ ¼ Q0

ϕ þ 1ð0Þ. There are several decay modes for exotic
charged leptons due to the combination of charges in the
final states which have similar size branching ratios (BRs).
Here, we discuss the representative decay chain,

Σþþþ → ϕþþ
4 ψþ → ϕþþ

4 ϕ0
5l

þ → WþWþZZlþ; ð18Þ

where ϕþþ
4 and ϕ0

5 decay into WþWþ and ZZ via gauge
interaction [17]

ðDμH4Þ†ðDμH4Þ ⊃
ffiffiffi
3

2

r
v4g22W

�
μ W�μϕ∓∓

4 ð19Þ

ðDμH5Þ†ðDμH5Þ ⊃
1

8

g22
c2W

v5ϕ0
5ZμZμ: ð20Þ

Note that the BRs for ϕ��
4 → W�W� and ϕ0

5 → ZZ are
dominant when v4 ∼ v5 ∼ 1 GeV. When Wþ decays into
leptons and Z decays into jets, we obtain the signal of
three same-sign charged leptons with jets and missing
transverse energy, which provides products of BRs;
BRðWþ → lþνÞ2BRðZ → qq̄Þ2 ∼ 0.02 with l ¼ μ, e.
Thus, we can obtain ∼6ð60Þ signal events containing
three same-sign charged leptons for integrated luminosity
of 300ð3000Þ fb−1 when products of the Σ��� production
cross section and BRðϕ��

4 ψ�ÞBRðψ� → ϕ0
5l

�Þ is around
1 fb. This size of the cross section can be obtained for
MΣ ∼ 1 TeV, where we show the expected number of
events in Table II for several values of MΣ considering one
or two pairs of same-sign W bosons decaying into leptons.
We find that the number of events tends to be too small
when both same-sign W boson pairs WþWþðW−W−Þ
decay into leptons although the signal will be very clear.
Thus, the signal of three same-sign charged leptons with
jets and =ET can be a good target in searching for the
signature of our model. We expect a sizable discovery
significance even if the number of signal events is less than
10 since the SM background is very small for three same-
sign charged lepton signals.

IV. SUMMARY AND CONCLUSIONS

We have constructed an inverse seesaw model with large
SUð2ÞL multiplet fields in which we have formulated the
neutrino mass matrix to reproduce current neutrino oscil-
lation data, satisfying the ρ parameter and nonunitarity
bound. We have also checked the relevant energy scale of
our theory via the RGE of SUð2ÞL gauge coupling g2 that
gives the most stringent constraint. Then, we have analyzed
the collider physics focusing on triply charged lepton
production at the LHC as a representative process of our
model and showing a possibility of detection. We have

pp

pp

pp

800 1000 1200 1400 1600 1800 2000

0.01

0.1

1

10

M GeV

fb

FIG. 3. The cross sections for processes pp → Z=γ →
ΣþþþΣ−−− and pp → W� → ΣþþþðþþÞΣ−−ð−−−Þ as a function
of septet fermion mass.

TABLE II. Number of expected signal events for two final state
from pp → ΣþþþΣ−−− production where integrated luminosity
is taken as 300ð3000Þ fb−1.
Signal 3lþ3l−8j=ET 3l�12j=ET

σ · BRðMΣ ¼ 0.8 TeVÞ [fb] 0.73 (7.3) 7.2 (72)
σ · BRðMΣ ¼ 1.0 TeVÞ [fb] 0.21 (2.1) 2.0 (20)
σ · BRðMΣ ¼ 1.2 TeVÞ [fb] 0.064 (0.64) 0.63 (6.3)
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found the specific signal of the triply charged lepton as
three same-sign charged leptons with jets and missing
transverse momentum. The number of events of the signal
can be at the detectable level with integrated luminosity
300ð3000Þ fb−1 when the triply charged lepton mass is
around 1 TeV. More detailed analysis will be given
elsewhere.
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