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• Low-scale neutrino mass mechanism could help in the generation of the BAU 

• Flavour effects play a crucial role in generating the correct BAU

• Explain the BAU with states with  which significantly mix with 
active neutrinos In reach for colliders 

M ∼ 100 GeV
→

• Still need to study scalar potential and could improve BAU calculation



Back up slides



Diffusion equations
Vanilla scenario

60 80 100 120 140

M1 [GeV]

0.02

0.04

0.06

0.08

0.10

0.12

0.14

y ∫

8.
6
£

10
°1

1

vW = 0.1
Tc = 100 GeV

±W = 0.15 GeV°1

Tr
£ µµ

†
§ =

0.0
45

Tr
£
µµ

†
§

= 0.007

10
°15

10°14

10°13

10
°12

10
°

1
1

0.001

0.050

0.100

0.150

0.200

0.250

0.300

T
r
£ µµ

†§

57



Diffusion equations
Vanilla scenario

60 80 100 120 140

M1 [GeV]

0.02

0.04

0.06

0.08

0.10

0.12

0.14

y ∫

8.
6
£

10
°1

1

vW = 0.1
Tc = 100 GeV

±W = 0.15 GeV°1

Tr
£ µµ

†
§ =

0.0
45

Tr
£
µµ

†
§

= 0.007

10
°15

10°14

10°13

10
°12

10
°

1
1

0.001

0.050

0.100

0.150

0.200

0.250

0.300

T
r
£ µµ

†§

Current bound at  on 2σ θ
E. Fernandez-Martinez, J. Hernandez 

& J. Lopez-Pavon, arXiv: 1605.08774

58



Diffusion equations
Vanilla scenario

60 80 100 120 140

M1 [GeV]

0.02

0.04

0.06

0.08

0.10

0.12

0.14

y ∫

8.
6
£

10
°1

1

vW = 0.1
Tc = 100 GeV

±W = 0.15 GeV°1

Tr
£ µµ

†
§ =

0.0
45

Tr
£
µµ

†
§

= 0.007

10
°15

10°14

10°13

10
°12

10
°

1
1

0.001

0.050

0.100

0.150

0.200

0.250

0.300

T
r
£ µµ

†§

Bound on  if avoiding the 
invisible width of the  boson

θ
Z

Current bound at  on 2σ θ
E. Fernandez-Martinez, J. Hernandez 

& J. Lopez-Pavon, arXiv: 1605.08774

59



Scalar sector

60

Add real scalar singlet

V(ϕ, H†H) = −
1
2

μ2
hH†H +

1
4

λh(H†H)2 +
1
2

μ2
ϕϕ2 +

1
4

λϕϕ4 +
1
4

μmϕH†H +
1
4

λmϕ2H†H + μ3
1ϕ +

1
3

μ3ϕ3

Espinosa, Konstandin & Riva, arXiv: 1107.5441



Scalar sector

61

Add real scalar singlet

V(ϕ, H†H) = −
1
2

μ2
hH†H +

1
4

λh(H†H)2 +
1
2

μ2
ϕϕ2 +

1
4

λϕϕ4 +
1
4

μmϕH†H +
1
4

λmϕ2H†H + μ3
1ϕ +

1
3

μ3ϕ3

Espinosa, Konstandin & Riva, arXiv: 1107.5441

After SSB → ⟨H⟩ = ( 0
vH), ⟨ϕ⟩ = vϕ



Scalar sector

62

Add real scalar singlet

V(ϕ, H†H) = −
1
2

μ2
hH†H +

1
4

λh(H†H)2 +
1
2

μ2
ϕϕ2 +

1
4

λϕϕ4 +
1
4

μmϕH†H +
1
4

λmϕ2H†H + μ3
1ϕ +

1
3

μ3ϕ3

Espinosa, Konstandin & Riva, arXiv: 1107.5441

After SSB → ⟨H⟩ = ( 0
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Study  dependence


in the mean field approximation

T
 when Tc V(0,0,Tc) = V(vH(Tc), vϕ(Tc), Tc)



Scalar sector

63

 GeVTc ∼ 115



Scalar sector

64

 GeVTc ∼ 115

°0.50 °0.25 0.00 0.25 0.50 0.75 1.00 1.25 1.50

z/±W

0.0

0.2

0.4

0.6

0.8

1.0

v i
(z

)/
v i

Unbroken
phase

Broken
phase

ª
=

10
00

ª
=

25

ª
=

10

vH(z)/vH

v¡(z)/v¡



Scalar sector

65

 GeVT = 0

Absolute minimum at (vexp
H , 830 GeV)
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Bubbles nucleate at

 when Tn < Tc S3/Tn ∼ 140

Find bounce solution

to compute S3

Example point


