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Why neutrinos?
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Neutrino Nature




Neutrinoless Double Beta Decays
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LNV & LFV semileptonic meson decays

BR(KT = zte ut) <1.3x 107!, BR(K* = ztetu™) <5.2x 1071V
BR(K* = n7ete®) <22x 107", BR(K* = z7utu*) <4.2x 107"

BR(KT —» 77etu™) <5.0x 10710
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LNV & LFV semileptonic meson decays

BR(KT - zte ut) <13 x 107", BR(KT - ztetu™) <5.2%x 10710
BR(Kt —» zetet) <2.2x 1071, BRK' - 2 utu?) <42x 1071

BR(KT —» 77etu™) <5.0x 10710
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Outline

- Neutrino mass models
type-l, Inverse, 'model independent’ seesaws

- Semileptonic LNV&LNC decays (1) ——
N presence of one heavy Majorana neutrino

Semileptonic LNV&LNC decays (1) ——

in presence of two heavy Majorana neutrinos
interference
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Why massless in the SM?

2 Higgs*™ mechanism

£Yukavva ~ EHR )




Why massless in the SM?

2 Higgs*™ mechanism
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Why massless in the SM?
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Seesaw mechanism (type-l)

2 Add right-handed neutrinos with Dirac and Majorana terms
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Inverse seesaw model

2 Add two type of neutrinos with almost conserved Lepton number symmetry

o~ _ 1
Liss = —Yp LHvg — Mvg v, — §,u vevs + h.c.

2 Different spectrum: quasi-degenerate heavy neutrinos with opposite CP
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Effective 3+N neutrino model

2 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 - SMmV + N

N — n— _— S

2 Seesaw particle content, but no seesaw assumptions

Take the mass as a free parameter

Take the mixings as free parameters




Effective 3+N neutrino model

2 3+N masses m, = (1M, Myy, My, Mg, M5, ... )

2 3+N unitary mixing matrix

: Ue4 UeS
- I
UPMNS | U,u4 UMS
UD a : UT4 UTS
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Effective 3+N neutrino model

2 3+N masses m, = (M, , My, My, Mg, M5, ... )

2 3+N unitary mixing matrix
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Effective 3+N neutrino model

2 3+N masses m, = (1M, Myy, My, Mg, M5, ... )

2 3+N unitary mixing matrix

@ Neutral currents

\/
e
;]’—J

[0901.3589, 1/12.03984, 1805.0856/ ]
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Semileptonic LNV&LNC decays (1)
in presence of one heavy Majorana neutrino
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LNV&LNC from on-shell neutrinos

Abada et al. JHEP 1802 (2018) 169 ]

may g
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LNV&LNC from on-shell neutrinos

Abada et al. JHEP 1802 (2018) 169 ]
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LNV&LNC from on-shell neutrinos

Abada et al. JHEP 1802 (2018) 169 ] _
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LNV&LNC from on-shell neutrinos

Abada et al. JHEP 1802 (2018) 169 ] _
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Bounds on the one Neutrino case

Abada et al. [JHEP 1802 (2018) 169 ]
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Semileptonic LNV&LNC decays (I11)

In presence of two heavy Majorana neutrinos
interference
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Computations with 2 neutrinos

2 Similar to the one N case, but two contributions

2 5 B
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Computations with 2 neutrinos

2 Similar to the one N case, but two contributions

2 2 2

2 2 :
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kﬁ relative phases for each flavor




Relative phases in LNV and LFV

LNV ~ (¢ +15)  LNC ~ () — 135)
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Relative phases in LNV and LFV

LNV ~ (¢ +15)  LNC ~ () — 135)
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destructive interferences




Exploring the interference

2 Conditions to have relevant interference effects if

AM < M and AM <T'y
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Exploring the interference

2 Conditions to have relevant interference effects if

AM < M and AM <T'y

2 Resonant enhancement: on-shell and narrow-width
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Exploring the interference

2 Conditions to have relevant interference effects if

AM < M and AM < Ty

2 Resonant enhancement: on-shell and narrow-width

UasUss| £m5)

2 Maximal interference effects when; ' ~ k =

UaaUpga| f(my)




Exploring the interference

2 Conditions to have relevant interference effects if

AM < M and AM < Ty

2 Resonant enhancement: on-shell and narrow-width

UasUps| f(ms)

~ 1
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2 Maximal interference effects when; ' ~ k =

2 Define LNV/LNC ratio:

FLNV
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Exploring the interference

2 Conditions to have relevant interference effects if

AM < M and AM < Ty

2 Resonant enhancement: on-shell and narrow-width
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Dirac Majorana




Exploring the interference

2 Conditions to have relevant interference effects if

AM < M and AM < Ty

2 Resonant enhancement: on-shell and narrow-width

UasUps| f(ms)

~ 1
|UqaUpga| f(ma)

2 Maximal interference effects when; ' ~ k =

2 Define LNV/LNC ratio:
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Interference: simple case ¢, = ¥

LNV ~ (o + )  LNC ~ (o — 1p)

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



Interference: simple case ¢, = ¥

LNV ~ (o + )  LNC ~ (o — 1p)

(\ inverse seesaw (et al)
>

models live over here
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Interference: simple case ¢, = ¥

LNV ~ (o + )  LNC ~ (o — 1p)
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Interference: more general case

LNV ~ (1o +13)  LNC ~ (1o — 93)

~

Rey Rey
170




Interference: more general case

LNV ~ (1o +13)  LNC ~ (1o — 93)
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Interference: more general case

LNV ~ (1o +13)  LNC ~ (1o — 93)
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Learning about phases

i b
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2 Combine LNV and LFV searches:
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Conclusions

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

1 = one Majorana neutrino
R = 0 = Dirac neutrinos or interfering Majorana neutrinos
else = interfering Majorana neutrinos

Interference effect may also impact the bounds derived
assuming only one Majorana neutrino
to be continued...
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