-@D @ elusi@es

LPT Orsey

—— e e e e == — = = == ———————

INTERFERENCE EFFECTS IN SEMILEPTONIC
DECAYS FROM HEAVY MAJORANA NEUTRINOS

S — =

Xabier Marcano
Laboratoire de Physique Théorique d’Orsay

xabier.marcano@th.u-psud.fr

arXiv:1904.05367
with Asmaa Abada, Chandan Hati and Ana M. Teixeira

July 13th 2019, Ghent


http://arxiv.org/abs/arXiv:1904.05367
mailto:xabier.marcano@th.u-psud.fr

Why neutrinos?




Neutrino Nature




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

(see Angela Romano’s talk)
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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
_____ 4+ — — — — — —
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3+N neutrino model

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

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

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

2 3+N unitary mixing matrix

@ Neutral currents
v

| ’ S— > F4, FS’

N 09013589, 171203984, 1805.08567 ]
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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 ]

my g *
ALNV ~ Upy 5 5 Up 4 ALNC ~ UM 2 ) T U£/4
q¢ —mjz —mul'y q° —myz —myly
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LNV&LNC from on-shell neutrinos

Abada et al. JHEP 1802 (2018) 169 ]

My 1 ,
~ / ~ U U/
Arnv ~ Upg 2 —mZ — mal'a Up4 ArLNc 4 2= m2 — maT, 04
on-shell neutrino > = m3
: 1 @ 2 2
narrow width approx. @ —m) il ~ mal 0 ™)
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LNV&LNC from on-shell neutrinos

Abada et al. JHEP 1802 (2018) 169 ] _

my

Ay ~ Ups — 5
q° —my —myly

ALnc ~ U — 5 Upr 4

q° —ms — mal's

on-shell neutrino

narrow width approx.

1 T
5(q® —mj)

~
2 272

2 Ty

|~ALNV‘2 ~ ‘UM‘Q U

4
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LNV&LNC from on-shell neutrinos

Abada et al. JHEP 1802 (2018) 169 ] _

my g *
~ / N U U/
Arnv ~ Upg 2 —mZ — mal'a Up4 ArLNc 4 2= m2 — maT, 04
on-shell neutrino > = m3
1 r
. -~ 5 2 2
narrow width approx. @ —m) il ~ mal 0 ™)
m 2 2 2 M
|~ALNV‘2 ~ ‘UM‘Q Ups i F—j [Arnc|” ~ |Ues|” |Ups —j
FLNV _ FLNC
M1—>M2€:|:£/:|: T M1—>M2£:|:€/:F
w ‘w
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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 (11)
N 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 ) )
2 2 .
AI](}\IXM%M; X |UaaUgs f(ma) + UasUps f(ms)| = |Uaa| |Usa|” | f(M)|? ‘1 + g eTil¥atis)
2 ) ,
AI]\J}\I_?M/ngg X UOé4U54 g(m4) T UO&5Uﬁ5 g(m5) — Ua4 U/84 g(]\4)‘2 ‘]. -+ /43, et (Ya—1p)
2 Notation: f(m), g(m) > full integrands [JHEP 1802 (2018) 169 ]
1 1

M:§(m5—|—m4), AM:§(m5—m4)

. — UasUss| f(ms) UasUps| g(ms)
[UaaUgal f(ma)’ UaaUg,| g(ma)

wa = ¢a5 — ¢a4 where Uai = 6_i¢ai |Uoz7j‘

L/7 relative phases for each flavor
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Relative phases in LNV and LFV

LNV ~ (¢q +15)  LNC ~ (Yo — 13)

ettt

K+—>7r‘e+,u+ K+—>7r+ei,u“_“

destructive interferences




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:

FLNV
M-M'C>¢ 'é—“

Calp ['LNC ~
M—>M’f;—“fﬂ+




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)
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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

UasUgs| f(ms)
UaaUpga| f(my)

~ 1

2 Maximal interference effects when; ' ~ k =

2 Define LNV/LNC ratio:

FLNV
M-M'C>¢ 'é—“

Calp ['LNC ~
M—>M’f;—“fﬂ+
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Interference: simple case ¢, = ¥

LNV ~ (o + )  LNC ~ (o — 1p)
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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)

L —— e —
—

dileptons
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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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Interference: more general case

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

i b
|

2 Combine LNV and LFV searches:

Kt - nete™
K* — mutut =
K" > a7etu™
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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 = Majorana neutrinos
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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