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The scotogenic model

• Take the SM and add a 𝒁𝟐 symmetry 

• All SM fields are even under 𝑍2, new BSM 
fields will be odd

• New scalar doublet and two to three 
generations of a neutral fermionic singlet

• The 𝜂0 VEV is zero, so that 𝒁𝟐 is exact 

𝑆𝑈 3 𝐶 × 𝑆𝑈 2 𝐿 × 𝑈 1 𝑌 × 𝑍2

𝜂 ∼  𝟐, 1/2, − 𝑁𝜎 ∼  𝟏, 0, − 

⟨𝜂0⟩ = 0 → 𝑍2 does not break
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Σκότος : Darkness
Γένος : Kin, generation

𝐿, 𝐻, 𝑒𝑅 … ∼ +
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The scotogenic model

• Very minimal model with interesting 
phenomenology

• DM candidates (bosonic or fermionic), 
stable thanks to an exact 𝒁𝟐

Lightest Re(𝜂0) or Im(𝜂0)

Lightest mass eigenstate of 𝑁𝜎  

Bosonic: Radiative Majorana 
neutrino masses at 
1-loop LOFermionic:
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Neutrino masses!

𝜆5 𝑌2 ∼ 10−8

But why’s 𝝀𝟓 small?
𝑚𝜈

𝛼𝛽
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• We can get neutrino masses ∼ eV 
with loop masses 𝑴 ∼ 𝟏 TeV if:

• A sufficiently small 𝝀𝟓 will get us 
there without the need to make 𝒀 
too small…
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There is always a bigger fish

• We want to build a SM extension that 
includes the Scotogenic at low 
energies…

• … with the added benefit of generating 
𝝀𝟓’s smallness naturally

• We will also generate 𝒁𝟐 as an accidental 
symmetry
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How to model build

𝑺𝑼 𝟑 𝑪 × 𝑺𝑼 𝟐 𝟏 × 𝑺𝑼 𝟐 𝟐 × 𝑼 𝟏 𝒀

𝟐 𝟏𝟏 −1/2𝐿

𝟐 𝟏𝟏 +1/2𝐻

𝟏 𝟐𝟏 +1/2𝜂

𝟐 ഥ𝟐𝟏 0𝜒

𝟏 𝟑𝟏 +1

𝟑 ഥ𝟑𝟏 0Ω

Δ

...is fixed by a scalar bitriplet

𝟐, 𝟏 2 × 𝟏, 𝟑 × (𝟑, 𝟑) ⊃ (𝟏, 𝟏)
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Why is 𝑣Δ the smallest?

• The smallness of 𝝀𝟓 comes from it 
being an effective operator after 𝚫 
is integrated out.

• Therefore we need
 𝒎𝜟 ≫ any other mass scale

• From the tadpole equations, this 
forces small 𝒗𝜟

𝑣Δ ∝
𝑣𝐻

2 𝑣Ω

𝑚Δ
2

Effective theory!
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Symmetry breaking

• The first symmetry breaking step 
comes from 𝒗𝛀 and 𝒗𝝃

𝑣Ω, 𝑣𝜉 ≫ 𝑣𝐻 ≫ 𝑣Δ

𝜆5 =
𝑣Ω 𝜇2 𝜆𝐻ΔΩ

4𝑚Δ
2 Small!

𝑆𝑈 2 1 × 𝑆𝑈 2 2 𝑆𝑈 2 𝐿

𝑣Ω , 𝑣𝜉

• We return to the SM symmetry and
recover the scotogenic’s diagram
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Is 𝑍2 two 𝑆𝑈(2) in a trenchcoat?

• Our model also induces an 
accidental 𝒁𝟐 symmetry

• The scotogenic fields always appear 
in pairs within the lagrangian

𝜂 ∼ ( 𝟏, 𝟐 )

𝜒 ∼ ( 𝟐, ഥ𝟐 )
𝑆𝑈 2 𝐿

𝟐

𝟑 ⊕ 𝟏

𝜂!

𝑁!
*Artist’s rendition
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• New physics scales are multi-TeV… 
cannot see anything

• We have Majorana neutrino 
masses… LFV decays?

• 𝜇 → 𝑒 + 𝛾 is a classic choice

• BR 𝜇 → 𝑒 + 𝛾 < 1.5 ⋅ 10−13 
(90% CL, MEG II 2021-2022) (All particles mass eigenstates)

We did some pheno two



(All particles mass eigenstates)



∼
𝑚𝜈

𝑚𝑊

4

Mega suppressed

(All particles mass eigenstates)
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Final point: Dark matter

• We have a bunch of stable 
DM candidates thanks to 𝒁𝟐

• For scalars, it’s the 
scotogenic guys 𝜼𝑹 and 𝜼𝑰

• For fermions, we have two, 
𝜒𝑡1 and 𝜒𝑠1 ; coming from the 
neutral components of

 Actual picture displayed on the door to my office𝜒 → 𝟑 ⊕ 𝟏
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• The scotogenic model has a 𝒁𝟐 symmetry and a small quartic 
coupling 𝝀𝟓, but does not explain their origin

• We can get both things extending the SM from 𝑆𝑈 2 𝐿 to a double 
𝑆𝑈 2 1 × 𝑆𝑈 2 2, and adding some new representations

• Can get BSM phenomenology at the TeV scale

Summary of the summary



Thanks!

The other picture displayed on the door to my office
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