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I- Dark matter 
framework
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Dark Matter 
Evidence

v = GM(r)/r

Ford, Rubin 1970

CMB
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Zwicky 1933
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Temporal evolution 
of WIMPs DD 

[Goodman and Witten 1985; Drukier, Freese, Spergel 1986] 
[Figure from Snowmass WG, 1310.8327]
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What if WIMPs only couple 
to sterile neutrinos ?NR

 are well motivated by neutrino masses 

DM coupled to SM via : most bounds evaded 

We consider Majorana DM , with  

Other neutrino portals [Escudero, Batell, Blennow…]

NR

NR

χ mN < mχ
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DMSterile ν



Framework
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ℒ4 = ℒSM − [ 1
2

mNNc
RNR +

1
2

mχ χL χc
L + yνLH̃NR + H.c.]

mν ≃
m2

D

mN

DM stability by a  symmetry, :Z2 χ → − χ

Neutrino masses by standard seesaw:

Other options:  
inverse seesaw, etc.



II- Effective operators 
and models
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Effective operators
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𝒪1 = (NR χL)(χLNR) = −
1
2

(NRγμNR)(χLγμχL) ,

𝒪2 = (NR χL)(NR χL) = −
1
2

(NRNc
R)(χc

L χL) ,

𝒪3 = (Nc
RNR)(χc

L χL) = −
1
2

(Nc
RγμχL)(χc

LγμNR) .

LNC

LNV

LNV

UV completions include new scalars



Thermal Equilibrium
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Kinetic eq. early on 
with SM via 

 for 
. 

Kinetic eq. within 
the DS via .

χχ → NN

λσH |H |2 |σ |2

λσH ≳ 10−6

χN → χN
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Kinetic decoupling 
[Berlin 2016] 

TfoTkd
ξ =

TD

TSM
ξfo = 1

mχmN

Tkd

TDS

mN TDS

Tfo mχmN TDS

ξfo ∝ e2ξfo ∝ e

Tfo
ξfo ∼ 𝒪(1)

Tkd

Tkd Tkd

mχ
ξfo ≃ 1

ξfo ≃ 1
Tkd

ξinit = 1

 up to  uncertainty in → 𝒪(1) Ω

ISS, etc.

mN ≲
mχ

20

mN ≳
mχ
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DM annihilations
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σvχχ→NN = a + b
v2

4

a =
m2

χ

4πΛ4 [ |c2 |2 + 4 |c3 |2 + 4 Re(c2c3)]
b =

m2
χ

12πΛ4 [c2
1 + 3 |c2 |2 + 12 |c3 |2 − 12 Re(c2c3)]

 gives wave or chirality-supp. ( ) contributions𝒪1 p− mN

For :mN = 0

For  annihilations c2 = − 2c*3 ⟶ p-wave



Relic abundance
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Models
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III- Phenomenology
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Models’ features
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Model B1
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Model A2c: mN = 0
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NR N c
R N N�L �c

L

� �⇤

�

⇢ , ✓

ℒA2c ⊃ − fNR χLσ −
1
2

mχ χL χc
L −

1
2

μ2
σ σ2 + H.c. .

(mN)ij
≈

μ2
σ

16π2m2
σ

nχ

∑
k=1

f*ik f*jkmχk

Scotogenic-like mass. For : mχk
≪ mρ, mθ

f = 4π
yν vh mσ

2 mν mχ μ2
σ

Casas-Ibarra generalisation:

Need nχ ≥ 2

nχ = nN = 1



Model A2c
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IV- Conclusions

22



Conclusions
• WIMPs still one of the best motivated DM candidates. 

• If coupled to SM only via , they evade most limits. 
Connection to . 

• Genuine models involve channel mediators, with new 
-odd scalars, that are early on in kinetic eq. with SM. 

• For Dirac , wave and light thermal DM are possible.  

• For Majorana ,  may be generated at 1 loop.

NR
mν

t−
Z2

ν p−

ν mN
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Merci!
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It is now or never…
Ain’t gonna live forever…“

“WIMPs…



BACK-UP
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Could N be long-lived enough 
to create a period of MD?
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For the mixings and masses of  that reproduce 
, even if  is relativistic at f.o., it decays soon 

(and before BBN) [Berlin 2016] 
Therefore, it never dominates . 
And there is no entropy injection after fo.

N
mν N

ρU


