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Weinberg operator: Tree-level

Od=5
W = 1

2
cαβ

Λ LαLβHH + h.c (Tree Level)

Additional Suppresions (cαβ ∼ 1→ Λ ∼ 1015GeV )

Neutrino mass is generated radiatively.

Neutrino mass is forbidden or supressed at d = 5, but appears

from effective operators of higher dimension.
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Weinberg operator: loop level.
JHEP 1207 (2012) 153, Bonnet et. al.
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6 Topologies. 4 genuine diagrams (2 Topologies: T-1, T-3).

Many possible models for each diagram

Avoiding the tree-level: Discrete symmetry or particle content.

Scotogenic T-3: νR = 1F0 , S = 2S1/2, . Not Genuine!

Minimal ”genuine” possibility T-3: 1F1 , 2
S
1/2, 2

S
3/2.

Zee model: T-1-ii.
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Higher dimensional operators

K. Babu and C. N. Leung, Nucl.Phys. B619, 667

Majorana neutrinos: Od=7 = LLHH ×HH†.
d=7 at tree level: 4 Topologies, 1 genuine: Ψ = 3F1 , S = 4S3/2
Suppresion of OW : Discrete symmetry or particle content.
1

Λ3LLHHH
† → 1

16π2
1
ΛLLHH. Λ . 2TeV (d = 7 dominate).

LHC Phenomenolgy: LNV final state l±l±W± +W∓W∓W∓

F. Bonnet, D. Hernandez, T. Ota, and W. Winter, JHEP 0910, 076 (2009)

Babu et. al., Phys. Rev. D80, 071702 (2009)
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Classification of d = 7 1-loop neutrino mass models.
Cepedello, Helo, Hirsch. JHEP 1707 (2017) 079

48 topologies only 8 have least one genuine 1-loop d = 7 diagram

From the 8 genuine topologies, one can generate 23 diagrams.

1 diagram for which a genuinne model with a triplet as the largest

SU(2)L representation exists.

T2 T3 T10 T11

T12 T13 T14 T16
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Triplet Model

L = Y1H
†ΨPLL+ Y2ψ1PLLη3

+ Y3η
†
1Ψψ1 + Y4η1ΨPLL

+ Y5 eRη
†
1ψ1 + µ1Hη2η

†
3

+ λ2η
†
2Hη1H
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Particle content:

Ψ =

Ψ++

Ψ+

Ψ0

 ∼ 3F1 η1 =

(
η++

1

η+
1

)
∼ 2S3/2 η2 =

(
η+++

2

η++
2

)
∼ 2S5/2

η3 =

η
++++
3

η+++
3

η++
3

 ∼ 3S3 ψ1 =

(
ψ+++

1

ψ++
1

)
∼ 2F5/2.
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Low Energy contraints
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LHC contraints

Doubly charged scalars and multi-lepton final states:
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New LNV searches

M. LNV Signal Particles Model Mass range

4 l±l± +W∓W∓ S±±, φ±±
1 , φ±±

2 Q m < 1.4TeV

6 l±l±W± +W∓W∓W∓ S3+, φ3+2 Q m < 2.0TeV

6 l±l±l± +W∓W∓l∓ χ3+
2 Q m < 2.6TeV

8 l±l±W±W± +W∓W∓W∓W∓ - -

8 l±W±W±W± + l∓l∓l∓W∓ χ4+
2 Q m < 3.2TeV

8 l±l±l±l± + l∓l∓W∓W∓ η4+3 T m < 2.5TeV

Triplet:
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New LNV searches

Triplet: Quadruplet:
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Displaced vertex

Triplet:
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Conclusion

We have discussed neutrino masses at 1-loop d = 7 order.

We have identified all possible topologies that can lead to genuine

models

There is only one possible diagram for which the largest necessary

representation is a triplet. The remaining 7 topologies yield 22

diagrams, with the largest representation being at least a

quadruplet.

We study two examples in detail: Triplet and quadruplet models.

New LNV final states appears. In particular, final states with

large multiplicites are predicted to occur (multiple W and multiple

leptons) for which we expect standard model backgrounds to be

negligible.
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