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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

BR(K+ → π−e+μ+) ≤ 5.0 × 10−10

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

NEW!!!
NA62 (2019)



Outline
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Neutrino mass models
type-I, inverse, ‘model independent’ seesaws

Semileptonic LNV&LNC decays (1)
in presence of one heavy Majorana neutrino

Semileptonic LNV&LNC decays (II)
in presence of two heavy Majorana neutrinos

interference



Why massless in the SM?
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 Higgs* mechanism

*Brout-Englert-Higgs-Guralnik-Hagen-Kibble mechanism
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Why massless in the SM?
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νR νR νR

 Higgs* mechanism

*Brout-Englert-Higgs-Guralnik-Hagen-Kibble mechanism

 Add RH neutrinos

LYukawa = �Y⌫ L̄ H̃ ⌫R + h.c.
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νR νR νR

 Higgs* mechanism

*Brout-Englert-Higgs-Guralnik-Hagen-Kibble mechanism

 RH neutrinos are SM singlets

LMajorana = �M ⌫cR ⌫R
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 Add RH neutrinos

LYukawa = �Y⌫ L̄ H̃ ⌫R + h.c.
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Seesaw mechanism (type-I)
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 Add right-handed neutrinos with Dirac and Majorana terms

Mtype I =
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 After the EW symmetry breaking
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Inverse seesaw model
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 Add two type of neutrinos with almost conserved Lepton number symmetry

 Different spectrum: quasi-degenerate heavy neutrinos with opposite CP

M⌫
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D 0 M
0 M µ
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Effective 3+N neutrino model

Xabier Marcano (LPT Orsay) GDR Neutrino, June 26th 2019 11

 In each kind of seesaw model, different relations between the 
parameters to explain light neutrino masses

In the physical basis translates to related masses and mixings

Bottom-up approach SMm⌫ +N
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 Seesaw particle content, but no seesaw assumptions

Take the mass as a free parameter
Take the mixings as free parameters
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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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 3+N masses

 3+N unitary mixing matrix

m⌫ = (m⌫1 ,m⌫2 ,m⌫3 , m4,m5, . . . )
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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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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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Abada et al. [JHEP 1802 (2018) 169 ]
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narrow width approx.
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<latexit sha1_base64="/7Ye/WVzLDOOO36DFj0ZgU5DVdU="></latexit><latexit sha1_base64="/7Ye/WVzLDOOO36DFj0ZgU5DVdU="></latexit><latexit sha1_base64="/7Ye/WVzLDOOO36DFj0ZgU5DVdU="></latexit><latexit sha1_base64="/7Ye/WVzLDOOO36DFj0ZgU5DVdU="></latexit>
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4 �m4�4
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<latexit sha1_base64="LSuTWAwy8+Gb0aOV0FJ2aM4MztI="></latexit><latexit sha1_base64="LSuTWAwy8+Gb0aOV0FJ2aM4MztI="></latexit><latexit sha1_base64="LSuTWAwy8+Gb0aOV0FJ2aM4MztI="></latexit><latexit sha1_base64="LSuTWAwy8+Gb0aOV0FJ2aM4MztI="></latexit>
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<latexit sha1_base64="hNWJ4X3n5unqga24WnmEo5tm8ME="></latexit><latexit sha1_base64="hNWJ4X3n5unqga24WnmEo5tm8ME="></latexit><latexit sha1_base64="hNWJ4X3n5unqga24WnmEo5tm8ME="></latexit><latexit sha1_base64="hNWJ4X3n5unqga24WnmEo5tm8ME="></latexit>
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<latexit sha1_base64="/7Ye/WVzLDOOO36DFj0ZgU5DVdU="></latexit><latexit sha1_base64="/7Ye/WVzLDOOO36DFj0ZgU5DVdU="></latexit><latexit sha1_base64="/7Ye/WVzLDOOO36DFj0ZgU5DVdU="></latexit><latexit sha1_base64="/7Ye/WVzLDOOO36DFj0ZgU5DVdU="></latexit>

narrow width approx.
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<latexit sha1_base64="LSuTWAwy8+Gb0aOV0FJ2aM4MztI="></latexit><latexit sha1_base64="LSuTWAwy8+Gb0aOV0FJ2aM4MztI="></latexit><latexit sha1_base64="LSuTWAwy8+Gb0aOV0FJ2aM4MztI="></latexit><latexit sha1_base64="LSuTWAwy8+Gb0aOV0FJ2aM4MztI="></latexit>
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<latexit sha1_base64="hNWJ4X3n5unqga24WnmEo5tm8ME="></latexit><latexit sha1_base64="hNWJ4X3n5unqga24WnmEo5tm8ME="></latexit><latexit sha1_base64="hNWJ4X3n5unqga24WnmEo5tm8ME="></latexit><latexit sha1_base64="hNWJ4X3n5unqga24WnmEo5tm8ME="></latexit>
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<latexit sha1_base64="Yndte8qetMy9r0PfPKxQ8q8ZjLM="></latexit><latexit sha1_base64="Yndte8qetMy9r0PfPKxQ8q8ZjLM="></latexit><latexit sha1_base64="Yndte8qetMy9r0PfPKxQ8q8ZjLM="></latexit><latexit sha1_base64="Yndte8qetMy9r0PfPKxQ8q8ZjLM="></latexit>
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Bounds on the one Neutrino case

Xabier Marcano (LPT Orsay) GDR Neutrino, June 26th 2019 15
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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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 Similar to the one N case, but two contributions
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<latexit sha1_base64="3KGzb6XmSMEQHmyzLkh3WbVpCW8="></latexit><latexit sha1_base64="3KGzb6XmSMEQHmyzLkh3WbVpCW8="></latexit><latexit sha1_base64="3KGzb6XmSMEQHmyzLkh3WbVpCW8="></latexit><latexit sha1_base64="3KGzb6XmSMEQHmyzLkh3WbVpCW8="></latexit>
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<latexit sha1_base64="3KGzb6XmSMEQHmyzLkh3WbVpCW8="></latexit><latexit sha1_base64="3KGzb6XmSMEQHmyzLkh3WbVpCW8="></latexit><latexit sha1_base64="3KGzb6XmSMEQHmyzLkh3WbVpCW8="></latexit><latexit sha1_base64="3KGzb6XmSMEQHmyzLkh3WbVpCW8="></latexit>

 Notation:

 ⌘ |U↵5U�5|
|U↵4U�4|

f(m5)

f(m4)
, 0 ⌘

|U↵5U⇤
�5|

|U↵4U⇤
�4|

g(m5)

g(m4)
<latexit sha1_base64="Ty0jqyRsYDqPHkzeonZzFFx1MmI="></latexit><latexit sha1_base64="Ty0jqyRsYDqPHkzeonZzFFx1MmI="></latexit><latexit sha1_base64="Ty0jqyRsYDqPHkzeonZzFFx1MmI="></latexit><latexit sha1_base64="Ty0jqyRsYDqPHkzeonZzFFx1MmI="></latexit>
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1

2
(m5 +m4) , �M =

1

2
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<latexit sha1_base64="lcST9V1w2M9+HAY2yGAi+YXXhgw="></latexit><latexit sha1_base64="lcST9V1w2M9+HAY2yGAi+YXXhgw="></latexit><latexit sha1_base64="lcST9V1w2M9+HAY2yGAi+YXXhgw="></latexit><latexit sha1_base64="lcST9V1w2M9+HAY2yGAi+YXXhgw="></latexit>

 ↵ ⌘ �↵5 � �↵4 where U↵i = e�i�↵i |U↵i|
<latexit sha1_base64="rl+ttqcFU5isSWHSiIpblgpPc6I="></latexit><latexit sha1_base64="rl+ttqcFU5isSWHSiIpblgpPc6I="></latexit><latexit sha1_base64="rl+ttqcFU5isSWHSiIpblgpPc6I="></latexit><latexit sha1_base64="rl+ttqcFU5isSWHSiIpblgpPc6I="></latexit>

relative phases for each flavor 
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<latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit>
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<latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit>

destructive interferences
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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|
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f(m4)
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<latexit sha1_base64="j8STHApYP8j80xofbXC//e9Fx8E="></latexit><latexit sha1_base64="j8STHApYP8j80xofbXC//e9Fx8E="></latexit><latexit sha1_base64="j8STHApYP8j80xofbXC//e9Fx8E="></latexit><latexit sha1_base64="j8STHApYP8j80xofbXC//e9Fx8E="></latexit>
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 Resonant enhancement: on-shell and narrow-width
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⇠ 1

<latexit sha1_base64="j8STHApYP8j80xofbXC//e9Fx8E="></latexit><latexit sha1_base64="j8STHApYP8j80xofbXC//e9Fx8E="></latexit><latexit sha1_base64="j8STHApYP8j80xofbXC//e9Fx8E="></latexit><latexit sha1_base64="j8STHApYP8j80xofbXC//e9Fx8E="></latexit>

 Define LNV/LNC ratio:

Rℓαℓβ
≡

ΓLNV
M→M′ �ℓ±

α ℓ±
β

ΓLNC
M→M′ �ℓ±

α ℓ∓
β
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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|
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⇠ 1
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( ￩ interference ￫)
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LNV ⇠ ( ↵ +  �) LNC ⇠ ( ↵ �  �)
<latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit>

 ↵ ⌘  �
<latexit sha1_base64="I9us8Hj+wjMb0bvS8I1D197L7a8=">AAACEnicdVC7SgNBFJ31GeNr1dJmMASswq4JiTYSsLGMYFTILuHu5CYZnH04MyuGJYX/4D/Yamsntv6AnZ/i5CFE0VOdOecM994TJIIr7Tgf1tz8wuLScm4lv7q2vrFpb21fqDiVDJssFrG8CkCh4BE2NdcCrxKJEAYCL4Prk5F/eYtS8Tg614ME/RB6Ee9yBtpIbXvXSxRveyCSPnh4k/LbiRCghrZdcEruUc11y9QplY+q1YOaIZWy41Rd6pacMQpkikbb/vQ6MUtDjDQToFTLdRLtZyA1ZwKHeS9VmAC7hh62DI0gROVn4yOGtNiNJdV9pOP3bDaDUKlBGJhMCLqvfnsj8S+vleruoZ/xKEk1RsxEjNdNBdUxHXVBO1wi02JgCDDJzZaU9UEC06axfHF2zN1kS1PJ9930f3JxUHJNc2eVQv14Wk6O7JI9sk9cUiN1ckoapEkYuSeP5Ik8Ww/Wi/VqvU2ic9b0zw75Aev9C3xwnx4=</latexit><latexit sha1_base64="I9us8Hj+wjMb0bvS8I1D197L7a8=">AAACEnicdVC7SgNBFJ31GeNr1dJmMASswq4JiTYSsLGMYFTILuHu5CYZnH04MyuGJYX/4D/Yamsntv6AnZ/i5CFE0VOdOecM994TJIIr7Tgf1tz8wuLScm4lv7q2vrFpb21fqDiVDJssFrG8CkCh4BE2NdcCrxKJEAYCL4Prk5F/eYtS8Tg614ME/RB6Ee9yBtpIbXvXSxRveyCSPnh4k/LbiRCghrZdcEruUc11y9QplY+q1YOaIZWy41Rd6pacMQpkikbb/vQ6MUtDjDQToFTLdRLtZyA1ZwKHeS9VmAC7hh62DI0gROVn4yOGtNiNJdV9pOP3bDaDUKlBGJhMCLqvfnsj8S+vleruoZ/xKEk1RsxEjNdNBdUxHXVBO1wi02JgCDDJzZaU9UEC06axfHF2zN1kS1PJ9930f3JxUHJNc2eVQv14Wk6O7JI9sk9cUiN1ckoapEkYuSeP5Ik8Ww/Wi/VqvU2ic9b0zw75Aev9C3xwnx4=</latexit><latexit sha1_base64="I9us8Hj+wjMb0bvS8I1D197L7a8=">AAACEnicdVC7SgNBFJ31GeNr1dJmMASswq4JiTYSsLGMYFTILuHu5CYZnH04MyuGJYX/4D/Yamsntv6AnZ/i5CFE0VOdOecM994TJIIr7Tgf1tz8wuLScm4lv7q2vrFpb21fqDiVDJssFrG8CkCh4BE2NdcCrxKJEAYCL4Prk5F/eYtS8Tg614ME/RB6Ee9yBtpIbXvXSxRveyCSPnh4k/LbiRCghrZdcEruUc11y9QplY+q1YOaIZWy41Rd6pacMQpkikbb/vQ6MUtDjDQToFTLdRLtZyA1ZwKHeS9VmAC7hh62DI0gROVn4yOGtNiNJdV9pOP3bDaDUKlBGJhMCLqvfnsj8S+vleruoZ/xKEk1RsxEjNdNBdUxHXVBO1wi02JgCDDJzZaU9UEC06axfHF2zN1kS1PJ9930f3JxUHJNc2eVQv14Wk6O7JI9sk9cUiN1ckoapEkYuSeP5Ik8Ww/Wi/VqvU2ic9b0zw75Aev9C3xwnx4=</latexit><latexit sha1_base64="I9us8Hj+wjMb0bvS8I1D197L7a8=">AAACEnicdVC7SgNBFJ31GeNr1dJmMASswq4JiTYSsLGMYFTILuHu5CYZnH04MyuGJYX/4D/Yamsntv6AnZ/i5CFE0VOdOecM994TJIIr7Tgf1tz8wuLScm4lv7q2vrFpb21fqDiVDJssFrG8CkCh4BE2NdcCrxKJEAYCL4Prk5F/eYtS8Tg614ME/RB6Ee9yBtpIbXvXSxRveyCSPnh4k/LbiRCghrZdcEruUc11y9QplY+q1YOaIZWy41Rd6pacMQpkikbb/vQ6MUtDjDQToFTLdRLtZyA1ZwKHeS9VmAC7hh62DI0gROVn4yOGtNiNJdV9pOP3bDaDUKlBGJhMCLqvfnsj8S+vleruoZ/xKEk1RsxEjNdNBdUxHXVBO1wi02JgCDDJzZaU9UEC06axfHF2zN1kS1PJ9930f3JxUHJNc2eVQv14Wk6O7JI9sk9cUiN1ckoapEkYuSeP5Ik8Ww/Wi/VqvU2ic9b0zw75Aev9C3xwnx4=</latexit>
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<latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit>
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<latexit sha1_base64="I9us8Hj+wjMb0bvS8I1D197L7a8=">AAACEnicdVC7SgNBFJ31GeNr1dJmMASswq4JiTYSsLGMYFTILuHu5CYZnH04MyuGJYX/4D/Yamsntv6AnZ/i5CFE0VOdOecM994TJIIr7Tgf1tz8wuLScm4lv7q2vrFpb21fqDiVDJssFrG8CkCh4BE2NdcCrxKJEAYCL4Prk5F/eYtS8Tg614ME/RB6Ee9yBtpIbXvXSxRveyCSPnh4k/LbiRCghrZdcEruUc11y9QplY+q1YOaIZWy41Rd6pacMQpkikbb/vQ6MUtDjDQToFTLdRLtZyA1ZwKHeS9VmAC7hh62DI0gROVn4yOGtNiNJdV9pOP3bDaDUKlBGJhMCLqvfnsj8S+vleruoZ/xKEk1RsxEjNdNBdUxHXVBO1wi02JgCDDJzZaU9UEC06axfHF2zN1kS1PJ9930f3JxUHJNc2eVQv14Wk6O7JI9sk9cUiN1ckoapEkYuSeP5Ik8Ww/Wi/VqvU2ic9b0zw75Aev9C3xwnx4=</latexit><latexit sha1_base64="I9us8Hj+wjMb0bvS8I1D197L7a8=">AAACEnicdVC7SgNBFJ31GeNr1dJmMASswq4JiTYSsLGMYFTILuHu5CYZnH04MyuGJYX/4D/Yamsntv6AnZ/i5CFE0VOdOecM994TJIIr7Tgf1tz8wuLScm4lv7q2vrFpb21fqDiVDJssFrG8CkCh4BE2NdcCrxKJEAYCL4Prk5F/eYtS8Tg614ME/RB6Ee9yBtpIbXvXSxRveyCSPnh4k/LbiRCghrZdcEruUc11y9QplY+q1YOaIZWy41Rd6pacMQpkikbb/vQ6MUtDjDQToFTLdRLtZyA1ZwKHeS9VmAC7hh62DI0gROVn4yOGtNiNJdV9pOP3bDaDUKlBGJhMCLqvfnsj8S+vleruoZ/xKEk1RsxEjNdNBdUxHXVBO1wi02JgCDDJzZaU9UEC06axfHF2zN1kS1PJ9930f3JxUHJNc2eVQv14Wk6O7JI9sk9cUiN1ckoapEkYuSeP5Ik8Ww/Wi/VqvU2ic9b0zw75Aev9C3xwnx4=</latexit><latexit sha1_base64="I9us8Hj+wjMb0bvS8I1D197L7a8=">AAACEnicdVC7SgNBFJ31GeNr1dJmMASswq4JiTYSsLGMYFTILuHu5CYZnH04MyuGJYX/4D/Yamsntv6AnZ/i5CFE0VOdOecM994TJIIr7Tgf1tz8wuLScm4lv7q2vrFpb21fqDiVDJssFrG8CkCh4BE2NdcCrxKJEAYCL4Prk5F/eYtS8Tg614ME/RB6Ee9yBtpIbXvXSxRveyCSPnh4k/LbiRCghrZdcEruUc11y9QplY+q1YOaIZWy41Rd6pacMQpkikbb/vQ6MUtDjDQToFTLdRLtZyA1ZwKHeS9VmAC7hh62DI0gROVn4yOGtNiNJdV9pOP3bDaDUKlBGJhMCLqvfnsj8S+vleruoZ/xKEk1RsxEjNdNBdUxHXVBO1wi02JgCDDJzZaU9UEC06axfHF2zN1kS1PJ9930f3JxUHJNc2eVQv14Wk6O7JI9sk9cUiN1ckoapEkYuSeP5Ik8Ww/Wi/VqvU2ic9b0zw75Aev9C3xwnx4=</latexit><latexit sha1_base64="I9us8Hj+wjMb0bvS8I1D197L7a8=">AAACEnicdVC7SgNBFJ31GeNr1dJmMASswq4JiTYSsLGMYFTILuHu5CYZnH04MyuGJYX/4D/Yamsntv6AnZ/i5CFE0VOdOecM994TJIIr7Tgf1tz8wuLScm4lv7q2vrFpb21fqDiVDJssFrG8CkCh4BE2NdcCrxKJEAYCL4Prk5F/eYtS8Tg614ME/RB6Ee9yBtpIbXvXSxRveyCSPnh4k/LbiRCghrZdcEruUc11y9QplY+q1YOaIZWy41Rd6pacMQpkikbb/vQ6MUtDjDQToFTLdRLtZyA1ZwKHeS9VmAC7hh62DI0gROVn4yOGtNiNJdV9pOP3bDaDUKlBGJhMCLqvfnsj8S+vleruoZ/xKEk1RsxEjNdNBdUxHXVBO1wi02JgCDDJzZaU9UEC06axfHF2zN1kS1PJ9930f3JxUHJNc2eVQv14Wk6O7JI9sk9cUiN1ckoapEkYuSeP5Ik8Ww/Wi/VqvU2ic9b0zw75Aev9C3xwnx4=</latexit>

inverse seesaw (et al) 
models live over here
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LNV ⇠ ( ↵ +  �) LNC ⇠ ( ↵ �  �)
<latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit>

 ↵ ⌘  �
<latexit sha1_base64="I9us8Hj+wjMb0bvS8I1D197L7a8=">AAACEnicdVC7SgNBFJ31GeNr1dJmMASswq4JiTYSsLGMYFTILuHu5CYZnH04MyuGJYX/4D/Yamsntv6AnZ/i5CFE0VOdOecM994TJIIr7Tgf1tz8wuLScm4lv7q2vrFpb21fqDiVDJssFrG8CkCh4BE2NdcCrxKJEAYCL4Prk5F/eYtS8Tg614ME/RB6Ee9yBtpIbXvXSxRveyCSPnh4k/LbiRCghrZdcEruUc11y9QplY+q1YOaIZWy41Rd6pacMQpkikbb/vQ6MUtDjDQToFTLdRLtZyA1ZwKHeS9VmAC7hh62DI0gROVn4yOGtNiNJdV9pOP3bDaDUKlBGJhMCLqvfnsj8S+vleruoZ/xKEk1RsxEjNdNBdUxHXVBO1wi02JgCDDJzZaU9UEC06axfHF2zN1kS1PJ9930f3JxUHJNc2eVQv14Wk6O7JI9sk9cUiN1ckoapEkYuSeP5Ik8Ww/Wi/VqvU2ic9b0zw75Aev9C3xwnx4=</latexit><latexit sha1_base64="I9us8Hj+wjMb0bvS8I1D197L7a8=">AAACEnicdVC7SgNBFJ31GeNr1dJmMASswq4JiTYSsLGMYFTILuHu5CYZnH04MyuGJYX/4D/Yamsntv6AnZ/i5CFE0VOdOecM994TJIIr7Tgf1tz8wuLScm4lv7q2vrFpb21fqDiVDJssFrG8CkCh4BE2NdcCrxKJEAYCL4Prk5F/eYtS8Tg614ME/RB6Ee9yBtpIbXvXSxRveyCSPnh4k/LbiRCghrZdcEruUc11y9QplY+q1YOaIZWy41Rd6pacMQpkikbb/vQ6MUtDjDQToFTLdRLtZyA1ZwKHeS9VmAC7hh62DI0gROVn4yOGtNiNJdV9pOP3bDaDUKlBGJhMCLqvfnsj8S+vleruoZ/xKEk1RsxEjNdNBdUxHXVBO1wi02JgCDDJzZaU9UEC06axfHF2zN1kS1PJ9930f3JxUHJNc2eVQv14Wk6O7JI9sk9cUiN1ckoapEkYuSeP5Ik8Ww/Wi/VqvU2ic9b0zw75Aev9C3xwnx4=</latexit><latexit sha1_base64="I9us8Hj+wjMb0bvS8I1D197L7a8=">AAACEnicdVC7SgNBFJ31GeNr1dJmMASswq4JiTYSsLGMYFTILuHu5CYZnH04MyuGJYX/4D/Yamsntv6AnZ/i5CFE0VOdOecM994TJIIr7Tgf1tz8wuLScm4lv7q2vrFpb21fqDiVDJssFrG8CkCh4BE2NdcCrxKJEAYCL4Prk5F/eYtS8Tg614ME/RB6Ee9yBtpIbXvXSxRveyCSPnh4k/LbiRCghrZdcEruUc11y9QplY+q1YOaIZWy41Rd6pacMQpkikbb/vQ6MUtDjDQToFTLdRLtZyA1ZwKHeS9VmAC7hh62DI0gROVn4yOGtNiNJdV9pOP3bDaDUKlBGJhMCLqvfnsj8S+vleruoZ/xKEk1RsxEjNdNBdUxHXVBO1wi02JgCDDJzZaU9UEC06axfHF2zN1kS1PJ9930f3JxUHJNc2eVQv14Wk6O7JI9sk9cUiN1ckoapEkYuSeP5Ik8Ww/Wi/VqvU2ic9b0zw75Aev9C3xwnx4=</latexit><latexit sha1_base64="I9us8Hj+wjMb0bvS8I1D197L7a8=">AAACEnicdVC7SgNBFJ31GeNr1dJmMASswq4JiTYSsLGMYFTILuHu5CYZnH04MyuGJYX/4D/Yamsntv6AnZ/i5CFE0VOdOecM994TJIIr7Tgf1tz8wuLScm4lv7q2vrFpb21fqDiVDJssFrG8CkCh4BE2NdcCrxKJEAYCL4Prk5F/eYtS8Tg614ME/RB6Ee9yBtpIbXvXSxRveyCSPnh4k/LbiRCghrZdcEruUc11y9QplY+q1YOaIZWy41Rd6pacMQpkikbb/vQ6MUtDjDQToFTLdRLtZyA1ZwKHeS9VmAC7hh62DI0gROVn4yOGtNiNJdV9pOP3bDaDUKlBGJhMCLqvfnsj8S+vleruoZ/xKEk1RsxEjNdNBdUxHXVBO1wi02JgCDDJzZaU9UEC06axfHF2zN1kS1PJ9930f3JxUHJNc2eVQv14Wk6O7JI9sk9cUiN1ckoapEkYuSeP5Ik8Ww/Wi/VqvU2ic9b0zw75Aev9C3xwnx4=</latexit>

inverse seesaw (et al) 
models live over here

Das et al. [1709.06553]LHC: same-sign vs opposite-sign dileptons
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only
LFV

LNV ⇠ ( ↵ +  �) LNC ⇠ ( ↵ �  �)
<latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit>
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LNV 
suppressed

only
LFV

LNV ⇠ ( ↵ +  �) LNC ⇠ ( ↵ �  �)
<latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit>
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LNV 
suppressed

LNC 
suppressed

only
LFV

LNV ⇠ ( ↵ +  �) LNC ⇠ ( ↵ �  �)
<latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit><latexit sha1_base64="gXcvnqkMpDiak3Zjn5BoA9Fuw1w="></latexit>



Learning about phases
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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∓



Conclusions

Xabier Marcano (LPT Orsay) GDR Neutrino, June 26th 2019 23

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…

one Majorana neutrino 
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>
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