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Dirac vs Majorana

» Origin of neutrino masses beyond the Standard Model
» Two possibilities to define neutrino mass

Dirac mass analogous to other Majorana mass, using only a
fermions but with ™/,  ~107'2 left-handed neutrino

couplings to Higgs — Lepton Number Violation
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Beta Decays and v Nature m

Single beta decay " R —
(A7) > (A Z+1) +e +7, ML wk
o Tritium decay, KATRIN: mg ~ 0.2 eV @

> Project 8: Atomic Tritium + Cyclotron
Radiation Spectroscopy: mg ~ 0.05 eV

Allowed double beta (2vBB) decay
(A4,Z) > (A,Z+2)+ 2e™ + 2v,
Neutrinoless double beta (0vBB) decay
(A4,2) > (A, Z+ 2) + 2e”
> Violation of lepton number
- Mediated by Majorana neutrinos

Majoron assisted double beta (0vBSJ) decay
> Missing energy = lepton number violated?
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Majorons and MLPs

» Emission of one or more neutral bosons
> Majoron model of neutrino mass generation
> “Majoron-like” boson J with coupling to v,
e.g. gijviVsV;/

Bamert, Burgess, Mohapatra ‘95
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Majorons and MLPs

» Emission of one or more neutral bosons
> Majoron model of neutrino mass generation
“Majoron-like” boson J with coupling to v,
e.g. gijviVsV;/
> Light scalar associated with Weinberg-like operator

(Blum, Nir, Shavit, Phys. Lett. B785 (2018) 354) v
_____________ 0
yaﬁ N
Lie = -3 d(HL)(HLs)| | :
- Extensions with derivative couplings or P

two-Majoron emission %v
n o
we -

Bamert, Burgess, Mohapatra ‘95
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Majorons and MLPs

» Standard Majoron classes

Model n Mode Goldstone L T10/V2x MOvx GYrx (9)

boson [1023y7] [yr—1]
1B 1 X no 0 > 4.2 (2.30 — 5.82) 5.86 - 1017 < (3.4-8.7)-10"°
IC 1 X yes 0 > 4.2 (2.30 — 5.82) 5.86 - 1017 <(3.4-87)-107°
1D 3 XX no 0 > 0.8 10-3+1 6.32-10~19 <2115
IE 3 XX yes 0 > 0.8 10— 3+1 6.32 10719 <21t15
IF 2 X bulk field 0 > 1.8 - - -
1B 1 X no -2 > 4.2 (2.30 — 5.82) 5.86 - 10~ 17 < (34-8.7)-107°
IIC 3 X yes -2 > 0.8 0.16 2.07-10—1° < 4.7-1072
11D 3 XX no -1 > 0.8 10—3+1 6.32-10719 <21t13
IE 7 XX yes -1 > 0.3 10— 341 1.21-1018 < 22119
IIF 3 X gauge boson -2 > 0.8 0.16 2.07-10-19 < 4.7-1072

GERDA, Eur. Phys. J. C75 (2015) 9, 416
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Majorons and MLPs

» Standard Majoron classes
» Different electron energy distribution
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Astrophysical Effects

» If massive, Majoron can be Dark Matter

> Singlet Majoron Model
(Garcia-Cely, Heeck, JHEP 05 (2017)102)

» Strong constraints from Supernovae
|Zeel Brune, Paes, Phys.Rev. D99 (2019) 096005
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Majorons and RH Currents m

» Effective RH lepton currents with massless scalar ¢

G cosfc e e?

o SO 9 7 R *1 RR g i
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» Giving rise to long-range contribution to 0vBB¢ decay

s (Gpcosbc)? / g / d*q d u
M =€ d’xd’y 7( )eatx=y)
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W+ UN —j(E1 Ez—E(;‘)) W+ UN —j(E1 Ey + Ey)

> No suppression with v mass
» Calculation follows long-range /@keL
d u

n and A OvBB modes

Doi, Kotani, Takasugi, Prog. Theor. Phys. Suppl. 83 (1985) 1
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» Effective RH lepton currents with massless scalar ¢
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Majorons and RH Currents m

» Non-standard total and single electron energy distributions
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Majorons and RH Currents .m
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» Sensitivity (massless ¢, recasting single Majoron searches)

Isotope

T1/2 [Y] |€%L| |€%R|

828e

136Xe

3.7x10% [14 41x107* 4.6 x 1072

PEXTOA P 11x10% Lixid™

8286
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1.0 x 10%4 80x10"° 88x107?
1.0 x 102° 57%x107° 58x 1073

» Standard long-range NMEs

Isotope Qs [MeV] Mgt

XF XeTy XFw X,GT X’F AT XR XP

82Ge 2.99 2.993
136X e 2.46 1.770

—0.134 0.947 —-0.131 1.003 -0.103 0.004 1.086 0.430
—0.158 0.908 —-0.149 1.092 -0.167 —-0.031 0.955 0.256

Horoi, Neacsu, Phys. Rev. D93 (2016) 113014
Caurier et al., Phys. Rev. Lett. 77 (1996) 1954, Eur. Phys. J. A36 (2008) 195
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» Sensitivity modification for massive ¢
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> Suppression of MoSumenergy specium - Blum, Nir, Shavit, Phys. Lett. B785 (2018) 354
1.0
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UV Model: LR Symmetry

» Extended Gauge Symmetry

Gir=SUB)e X SUR), X SUR)g X U(1)y = SUB) s X SUR), x U(1)y

o Minimal LR model: X =B - L Field | SUQ). SU@r B-L ¢ X SU@B)c
- We consider X # B — L broken . 5 | 13 0 1/3 3
but B — L conserved - | 5 /3 0 1/3 3
> Dirac neutrinos (and charged SM o > 1 4 B 4 1
fermions) via Dirac seesaw via P ) 40 a4 1
heavy, vector-like fermions Urr| 1 ) 13 41 4/3 3
(Bolton, FFD, Hati, arXiv:1902.05802) Dy g 1 i 13 1 23 3
)( >= ELR 1 1 a e oF 1
)K<\ L . <7(R)< Npr 1 1 1 41 @ 1
/ XL 2 1 0 +1 1 1
NL NR y YR 1 2 0 +1 1 1
R 1) 1 1 2 -2 0 1

Frank Deppisch | 0vppB Decay with Majoron-like Emission | 28/05/2019



iy

University College London

UV Model: LR Symmetry

» UV Diagram
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UV Model: Leptoquarks

» Add heavy scalar leptoquarks S,(3,2,1/6), S,(3%,1,1/3)

- Effective operator at tree level
> Lepton number conserved if dr Ur

L(S1) = L(Sz) = -1, L(¢) = -2 i

S " S
- _(____.!.____).___

i
L E €R

H

> LNV and Majorana neutrino mass
at two-loop if (¢p) # 0
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Conclusion

» Neutrinos much lighter than other fermions
> Dirac or Majorana? Lepton Number Violation?
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> Natural suppression of charged LFV? (H)
o Determination of absolute mass scale

(H)

» OvBp is crucial probe for BSM physics - 4 ”
- Standard interpretation: New Physics near [Ane
GUT scale breaking lepton number Tlovzﬁﬁ Agp 2
> Important to look for alternative scenarios /28 ~ T
N 104°y 10+ GeV
- If missing energy, lepton number may not

be broken
- Neutrino mass may be associated with exotic light particles

» Majoron emission with RH currents

- Example of novel decay mode
> Other possibilities?

VAN
\ \ \
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