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Intro on Heavy Neutral Leptons ii
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Neutrinos oscillate! » Neutrinos have mass



Intro on Heavy Neutral Le

Heavy Neutral Leptons
(aka. Heavy Neutrinos)

e

Light neutrinos
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Intro on Heavy Neutral Leptons v

Spin-1/2 fermions
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Intro on Heavy Neutral Leptons vi

Motivations for Heavy Neutral Leptons :

- Neutrino masses

- Leptogenesis

£ -DE g re, W) - TNG*V“% 9 Wi + h.c.

Goal : Constraints on [6%6,] = |Ua|” and My



Constraints on HNLs i
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We look at the case where the ratio is |Ue|” : |UH\2 (U =1:0:0.



Procedure i
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Procedure ii
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Procedure iii

Neutrino
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Procedure iv
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Solar neutrinos i
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Solar neutrinos

Solar neutrino spectra
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Heavy Neutral Lepton flux i

HNL Flux at the sun
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Electron production i

Propagation of the HNL flux :
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Electron production ii

Neutrino
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Electron production iii

Neutrino
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Positron e+

Electron emission rate spectrum
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Electron production iv

Neutrino
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Electron source
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Electron production v
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Electron production vi
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Electron production vii

Neutrino

SUN Space Probe
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Electron production viii
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Space probes / detectors i

Parker Solar Probe Solar Orbiter

Solar and Heliospheric
Observatory
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Background electrons i
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Background electrons ii
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Background electrons iii

Neutrino
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Background electrons iv

Computed Galactic and Jovian electron spectra as a function of kinetic energy at 1AU
Flux [1/(m? s st MeV)]

100

1 —— Galactic spectrum
— Galactic + Jovian spectrum
0.100 — Jovian spectrum
0.010

0.001

Nndanganeni @‘P‘Dtg\eter 001 010 1 10 E [GeV]

28



Putting everything together i
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Putting everything together i
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Putting everything together iii
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Putting everything toge
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Putting everything together v
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Putting everything together vi
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For further research i

- Only with positrons
- Use Parker Solar Probe and Solar Orbiter

- Ab initio study of electron background
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Conclusion i

- Solar neutrinos can be used to probe HNLs
- The decay N — eTe~v is studied
- Added Jovian background

- Constraints through Ulysses and SOHO
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Conclusion ii

More infos in our paper : ArXiv 241214752

Thanks for listening to my talk!
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Additional slides i

E*x® at 127AU for a positron of energy 8.201 MeV [Positrons/cm?/s]
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Additional slides
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Additional slides iii
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Additional slides iv

Electron coupling dominance: U*: U2: U2 = 1:0:0
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Additional slides v

Channel Opens at Relevant from Relevant to Max BR Reference
[MeV] MeV] [MeV] [%] in text
N — v,V >omy &0 Somy =0 100 (3.5)
N — vgete™ 1.02 1.29 21.8 (3.4)
N — o 135 136 3630 57.3 (3.7)
N —e~nt 140 141 3000 (3.6)
N —p~nt 245 246 3000 (3.6)
N — e ypt 106 315 (3.1)
N — p~veet 106 315 (3.1)
N = vaputp~ 211 441 (3.4)
N = van 548 641 2330 (3.7)
N = e~mtad 275 666 4550 (B.42)
N = vamtn~ 279 750 3300 (B.43)
N — p~mta® 380 885 4600 (B.42)
N = vow 783 997 1730 (3.9)
N — v,(37)° > 405 > 1000 ? No
N — e~ (3m)* 2410 > 1000 ? No
N — va1) 958 1290 2400 (3.7)
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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] :

dE

4
Pp=—""=_"g3~cU
dt 3UT6'7 B

with o7 the Thompson cross-section and Ug the magnetic energy
. o BZ
density Ug = TS
- Energy loss is small enough to be neglected

- Any directional information gets lost!

37



Additional slides ix
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Additional slides x

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

1

[ = ——+—
<UVreL>nSV\/

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

We need the following formula :

fd3pefd3pSW0eeVreLfe(5e)fSW(5SW)
J &Ppefe(Pe)

<UVreL>nSW =

- fsw(psw) = e~ /T being a Boltzmann distribution (Solar wind
particles (electrons) )

(P —F
%

* fetr (Pe+) = ) electron from a HNL decay and V being a

test volume
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Additional slides xii

We have that,

LN dso(s)A/2(s)T(e=E-/T — e=E+/Ty

<0Vret>ne = 917(27_‘_)2 Tk’oﬁ Jum

2
with £y = \/ (=2 /55=i)

momentum, \'/2(s) = /sy/s — 4m2.

-+ m?2, with R* the external
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Additional slides xiii

Thermal Moller/Bhabha cross-section for low temperatures T < me
[Kuznetsova et al. 1109.3546],

64ra’  my
(s —4m2)> m2

o(s) =

i — e
with m., = 8mae.
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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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