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Neutrino Nature
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Dirac

Majorana

νc ≠ ν νc = ν



Neutrinoless Double Beta Decays
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Ana Julia Zsigmond (GERDA), Neutrino 2018



LNV & LFV semileptonic meson decays
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BR(K+ → π+e−μ+) ≤ 1.3 × 10−11 , BR(K+ → π+e+μ−) ≤ 5.2 × 10−10

BR(K+ → π−e+e+) ≤ 2.2 × 10−10 , BR(K+ → π−μ+μ+) ≤ 4.2 × 10−11

BR(K+ → π−e+μ+) ≤ 5.0 × 10−10
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BR(K+ → π+e−μ+) ≤ 1.3 × 10−11 , BR(K+ → π+e+μ−) ≤ 5.2 × 10−10

BR(K+ → π−e+e+) ≤ 2.2 × 10−10 , BR(K+ → π−μ+μ+) ≤ 4.2 × 10−11
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NEW!!!
NA62 (2019)

(see Angela Romano’s talk)



3+N neutrino model
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 3+N masses

 3+N unitary mixing matrix

m⌫ = (m⌫1 ,m⌫2 ,m⌫3 , m4,m5, . . . )
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ŨPMNS
Uν =

Ue4 Ue5

Uμ4 Uμ5

Uτ4 Uτ5
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ŨPMNS
Uν =

Ue4 Ue5

Uμ4 Uμ5

Uτ4 Uτ5

N

e
W

W

W

N

N

µ

𝜏



3+N neutrino model

Xabier Marcano (LPT Orsay) EPS-HEP2019 6

 3+N masses

 3+N unitary mixing matrix

m⌫ = (m⌫1 ,m⌫2 ,m⌫3 , m4,m5, . . . )
<latexit sha1_base64="lls1tRdBzAQfBXmUHk+2KDv5WH0="></latexit><latexit sha1_base64="lls1tRdBzAQfBXmUHk+2KDv5WH0="></latexit><latexit sha1_base64="lls1tRdBzAQfBXmUHk+2KDv5WH0="></latexit><latexit sha1_base64="lls1tRdBzAQfBXmUHk+2KDv5WH0="></latexit>
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Neutral currents⊕

Γ4, Γ5, …
[0901.3589, 1712.03984, 1805.08567 ]
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Semileptonic LNV&LNC decays (1)
in presence of one heavy Majorana neutrino



LNV&LNC from on-shell neutrinos
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LNV&LNC from on-shell neutrinos
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narrow width approx.
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Abada et al. [JHEP 1802 (2018) 169 ]
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Semileptonic LNV&LNC decays (1I)
in presence of two heavy Majorana neutrinos

interference



Computations with 2 neutrinos
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Relative phases in LNV and LFV
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LNV ⇠ ( ↵ +  �) LNC ⇠ ( ↵ �  �)
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Exploring the interference
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 Conditions to have relevant interference effects if 

ΔM ≪ M and ΔM < ΓN

 Resonant enhancement: on-shell and narrow-width

 Maximal interference effects when: 0 ⇠  ⌘ |U↵5U�5|
|U↵4U�4|

f(m5)

f(m4)
⇠ 1
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 Define LNV/LNC ratio:

Rℓαℓβ
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M→M′ �ℓ±

α ℓ±
β

ΓLNC
M→M′ �ℓ±

α ℓ∓
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models live over here

Das et al. [1709.06553]LHC: same-sign vs opposite-sign dileptons
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 Combine LNV and LFV searches:

K+ → π−e+e+

K+ → π−μ+μ+

K+ → π−e+μ+

K+ → π+e±μ∓
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Neutrino mass generation is a mystery
are there new neutrinos? are they Majorana?

Semileptonic meson decays 
good place to search for MeV-GeV heavy neutrinos

Comparing LNV and LNC ratios 
learn about the Majorana/Dirac nature of heavy neutrinos

Interference effect may also impact the bounds derived 
assuming only one Majorana neutrino

to be continued…

Majorana neutrinos 
Dirac neutrinos or interfering Majorana neutrinos
interfering Majorana neutrinos

R =

8
<

:

1 )
0 )

else )
<latexit sha1_base64="HOgAnlJIPsSkACGu+eb0mUKUvG4="></latexit><latexit sha1_base64="HOgAnlJIPsSkACGu+eb0mUKUvG4="></latexit><latexit sha1_base64="HOgAnlJIPsSkACGu+eb0mUKUvG4="></latexit><latexit sha1_base64="HOgAnlJIPsSkACGu+eb0mUKUvG4="></latexit>



Xabier Marcano (LPT Orsay) EPS-HEP2019 18

This project has received funding/support from the European Union’s Horizon 2020 research and innovation 
programme under the Marie Sklodowska-Curie grant agreement No 674896


