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Intro on HNLs i

Motivations for Heavy Neutral Leptons :

• Right handed neutrinos
• Leptogenesis

L ⊃ −mW
v N̄θ∗

αγµeLαW+
µ − mZ√

2v
N̄θ∗

αγµeLαZµ − M
v θαhν̄Lα + h.c.

Goal : Constraints on |θ∗
αθα| ≡ |Uα|2 and MN
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Constraints on HNLs i

Bolton et al [1912.03058]

We look at the case where the ration is |Ue|2 : |Uµ|2 : |Uτ |2 = 1 : 0 : 0.
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Procedure i
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Procedure ii
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Procedure iii
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Procedure iv
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Solar neutrinos i
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Solar neutrinos ii

Solar neutrino spectra

BELLERIVE et al
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Heavy Neutral Lepton flux i

Solar neutrino flux
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Heavy Neutral Lepton flux ii

ϕHNL,sun(ẼN) = |Ue|2
√
1−

(
MN

ẼN

)2
ϕν(ẼN)
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HNL decay

N

ν

e+

e−

N → νe+e−

ΓN→νe+e− ≈ G2FM5
N

192π3 |Ue|2

Opens at : MN = 1.02MeV

N

ν

ν

ν

N → 3ν

ΓN→3ν =
G2FM5

N
96π3

|Ue|2

Opens at : MN ≈ 0MeV
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Electron production i

Convention :

We need to distinguish between the different quantities : those in
the rest frame of the HNL and those in the rest frame of the sun.

• Tilted quantities are in the rest frame of the sun : Ẽ, cos θ̃, etc.
• Non-tilted quantities are in the rest frame of the HNL : E, cos θ,
etc.
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Electron production ii

Propagation of the HNL flux :

ϕHNL(ẼN, R̃) = exp

− R̃√
Ẽ2N
M2
N

− 1
Γ

ϕHNL,sun(ẼN).
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Electron production iii

Electron emission rate

ϕN→e+e−ν(ẼN, R̃) = −dϕN

dR̃
(ẼN, R̃)Γe

Γ
.
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Electron production iv

As such, we can get the electron emission rate as the following
expression,

dϕe

dẼedẼNdR̃d cos θ̃
(Ẽe, ẼN, R̃, cos θ̃) =

1
β

dΓ̃e
dẼed cos θ̃

(ẼN, Ẽe, cos θ̃)ϕHNL(ẼN, R̃)

15/46



Electron production v

To get the total flux, we need to integrate over every variable,

ϕe =

∫
dẼe

∫
dẼN

∫ R

0
dR 1

β

dΓ̃e
dẼe

(ẼN, Ẽe)ϕN(ẼN, R̃)Θlimits
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Electron propagation i

Do the Electrons reach us all the way from the decay to the detector ?
Two main ways on how the particles won’t reach the detector :

• Loss of energy during gyromagnetic radiation

• Absorption/ collision with solar wind particles
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Total electron flux i
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Total electron flux ii
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Total electron flux iii
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Space probes / detectors i
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Solar Orbiter i

similar to Gómez-Herrero et al. 2021
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Solar Orbiter ii
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Solar Orbiter iii
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Solar Orbiter iv
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Solar and Heliospheric Observatory i
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Solar and Heliospheric Observatory ii
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Constraint Plot i

Borexino : 1311.5347
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Background electrons i
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Background electrons ii
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Background electrons iii

Nndanganeni & Potgieter
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For further research i

• We only studied Ue, what about Uµ and Uτ

• Remove the background

• Study it with Parker Solar Probe

• Proper turbulent electron propagation
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Conclusion i

• Solar neutrinos can be used to probe HNLs

• The decay N → e+e−ν is studied

• Propagation of charged particles is not disturbed by magnetic
field or collisions

• Constraints through Solar Orbiter and SOHO
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Additional slides i
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Additional slides ii
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Additional slides iii
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Additional slides iv
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Additional slides v
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Additional slides vi
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Additional slides vii
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Additional slides viii

The rate of energy lost during this process is given by [James J.
Condon and Scott M. Ransom] :

P = −dEdt =
4
3σTβ

2γ2cUB

with σT the Thompson cross-section and UB the magnetic energy
density UB = B2

2µ0
.

• Energy loss is small enough to be neglected
• Any directional information gets lost !
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Additional slides ix
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Additional slides x

The mean free path is given by [Kuznetsova et al. 0911.0118]

L = 1
⟨σvrel⟩nSW

L being the mean free path and ne being the solar wind particle
density.
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Additional slides xi

We need the following formula :

⟨σvrel⟩nSW =

∫
d3pe

∫
d3pSWσeevrelfe(p⃗e)fSW(p⃗SW)∫

d3pefe(p⃗e)
(1)

• fSW(pSW) = e−ESW/T being a Boltzmann distribution (Solar wind
particles (electrons) )

• fe+(pe+) =
δ3 (⃗pe+−k⃗)

V electron from a HNL decay and V being a
test volume
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Additional slides xii

We have that,

⟨σvrel⟩ne = g1
1

(2π)2
1
4k0

1
2k

∫ ∞

4m2
e

dsσ(s)λ1/2(s)T(e−E−/T − e−E+/T)

with E± =

√(
k(s−2m2)±k0

√
s(s−4m2)

)2
4m4 +m2, with kµ the external

momentum, λ1/2(s) =
√
s
√
s− 4m2

e.
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Additional slides xiii

Thermal Möller/Bhabha cross-section for low temperatures T < me

[Kuznetsova et al. 1109.3546],

σ(s) = 64πα2

(s− 4m2
e)
2
m4
e

m2
γ

with mγ = 8πα ne
me
.
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