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Dirac versus 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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Dirac versus Majorana

» Origin of neutrino masses beyond the Standard Model

» Crucial role of total lepton number L symmetry

Arises accidentally as global U(1); in SM from particle
content and gauge symmetry

L broken non-perturbatively but B — L conserved
Global symmetries expected to be broken gravitational effects?
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Too small to explain oscillations
but too large as subdominant splitting

Connection to matter-antimatter asymmetry

(0]

Frank Deppisch | DBD as a Probe of New Physics | 01/07/2022



iy

Beta Decays and Neutrinos m

» Single beta decay B

. allowed Bp e
A4,2) > (A, Z+1) +e +7, IWWL NL

o Kinematic neutrino mass measurement

» Allowed double beta (2vBB) decay
(A4,72) > (A, Z+2)+ 2e” + 21,

» Neutrinoless double beta (0vBp)
decay
(A4,Z) - (A, Z + 2) + 2e~
> Violation of lepton number
- Mediated by Majorana neutrinos
> Alternatives:
- 0vBTBRT: (4,2) » (A, Z—2)+ 2e™
- OVBTEC: (4,2)+e - (A, Z—-2)+e"
« OVECEC: (4,2) +2e~ = (4,Z - 2)
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dy = vy = u

» Half-life :;7‘7« -

lq| =~ qF
2 m,

Ti/s = Impg|>G%| M| ~ 100 MeV | )

Z{SJ\V_A > é
» Particle Physics g2 - "
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Vi .

» Atomic Physics
- Leptonic phase space % « Q°

» Nuclear Physics

> Nuclear transition matrix element M° =~ 1

but large uncertainties, factor 2-3

Q +2m,
~ 3—5 Me

>7
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Three Active Neutrinos

» Effective OvBp Mass

0008 | I I I I | I | I | | | I I
-KamLAND-Zen upper limit: T;,, > 2.3 x 10%®y |
-arXiv:2203.02139
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Dell'Oro, Marcocci, Viel, Vissani, p3 e
Adv. High Energy Phys. (2016) 2162659 cosm [ V]
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Three Active Neutrinos
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» Current Best Limit from KamLAND-Zen (@rxiv:2203.02139)
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Theory Predictions:

(a) Minimal seesaw with texture
zeros, Harigaya, lbe, Yanagida,
PRD 86 (2012) 013002

(b) Modular A(4) in large volume
limit, Asaka, Heo, Yoshida, PLB
811 (2020) 135956

(UMD pp-r,, UMDy, -1, U
gauge symmetries, Asai, EPJC 80
(2020) 76
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Sterile Neutrinos

» Masses lighter than ~ 100 MeV

12 2 2 2 i 2 i 2 i
= |c12¢i3my,, + S{pc13my, e ¢12+S13mv39 P13 4 S1aMy, € P14 4 .. |

|mgg|

» Masses heavier than =~ 100 MeV
A+ My, V(1 + )N\ Ve < 1 >
BB

l
ep z Vel Vu(l + VS) C[2 Mz Vv(l ]/5) ~ 4 MN g

» Short-distance on nuclear scale

dy Ty by
?V:LLV—A _ o
q ~ 100 MeVX My m)

\ |
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Sterile Neutrinos

' "‘DUNE Indirect : : r.,’IILTLII(_'
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Bolton, FFD, Dev Direct search limits:

Moriond 2022 sterile—-neutrino.org mN [GGV]
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New Physics and OvBpf

» Plethora of New Physics scenarios

iy

University College London

d u
e
e
d u

2
-1 _ 2 ov ov
Tijp = ENPGNP|MNP

dy > V_A,,LLL = up
W \Ali SN e
KXmy
dy > V“\bszL > ug CW Kmy . .
W, via o W V+A R
oS y_oA = u
Kmy t
L ViAo e EERER g “r
dy . V+Ap5fr - e W e
. my&S” - o~
Left-Right Symmetry A )
Wi Ck
dR > yia > g
dy, wr,
e -
W er
€ ! >
- I |
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| .. || Dimensions
Ve R ~ g
X/g :
o= N Majorons
L X/g
P -T- ur,
b ’ up, hL Leptoquarks
o 1
— -t -
R-Parity| . .

Violating SUSY
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New Physics and 0vgf

» Examples in Left-Right Symmetry ' —

d = = Xmy
d u " ey ” Gl o e
A VA - iV;;S}VJrA R

3
d U d—> V*’*f/’ﬁfr > g el‘;-l—jll = z UeiWe; tan (y,
o mA ~ 1079
Tif = ekpGs|MY €3 = 2 Vi~ T ~ (A/10 TeV)3
i=1 NmWR
» OvBB probes LNV . 107°
at the TeV scale " (A/1TeV)s
and above d u
.
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Heavy New Physics

FFD, Graf, lachello, Kotila, PRD 102 (2020)

n P
» Limits on short-range operators N N
-
o .
T

> NMEs from IBM-2 with g, = 1.0 and
short-range correlations in Argonne
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Pion-mediated
contributions

R-parity violating SUSY
(Faessler, Kovalenko,
Simkovic, Schwieger,
I;Péyés).Rev.Lett. 78 (1997)

Chiral EFT with Pion
operators from

Lattice QCD
(Cirigliano, Dekens, de
Vries, Graesser,
Mereghetti, JHEP 1812
(2018) 097)
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Exotic Particle Emission

Cepedello, FFD, Gonzalez, Hati, Hirsch, PRL 122 (2019) | « u
» Majoron(-like) J emission \@ﬁ,;

» Majoron-like ¢ emission g
assisted by RH current

» Electron energy distribution X er
2.5 - - - - - d u
2.0 7 "
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Exotic Particle Emission

Cepedello, FFD, Gonzalez, Hati, Hirsch, PRL 122 (2019) | « u
» Majoron(-like) J emission \@ﬁL

» Majoron-like ¢ emission
assisted by RH current

» Sensitivity to Left-Right symmetric //@k er
model with Dirac neutrinos d u
Tf‘j‘; [ L4dx 1074 2( Mg )4( my )4

10%° y JREYN Yy 25 TeV 100 MeV

» Searched for in EXO-200
(Phys.Rev.D 104 (2021) 11, 112002)

T{5 > 4 x 10%%y
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New Physics in 2vB

Bolton, FFD, Graf, Simkovic, PRD 103 (2021) 067 — ——
» Sterile neutrino search through | _ S e
energy endpoint (also Agostini, Bossio, 2;0'4'
Ibarra, Marcano, PLB 815 (2021)) =
> Emission of one sterile neutrino 0%
in double beta decay: vNgp ‘
- . . = 0F
> Same principle as endpoint i
searches in single B decays -0
. =05 0.5 1.0 L5 2.0 25 3.0
Observed limit at GERDA: | ' T B Mev) / '
|Von|? < 0.013 (Krause, NDM22) 0.1]
= 0.01F
oo R
01 02 05 1 2
my [MeV]

Frank Deppisch | DBD as a Probe of New Physics | 01/07/2022




iy

University College London

New Physics in 2vB

FFD, Graf, Simkovic, PRL 125 (2020) d @
» Lepton-number conserving \‘gfm
right-handed currents VR
> Exotic charged currents probed e.g. v,
 in neutron and single B decay /Gféq
« at LHC in pp - eX + MET d y
o Limits on RH currents

G cosfOc

V2

((1+ dsm + €rr)irJr, + €rLir g, + €LRIRIL, + GRR]%JRM)

less severe due to lack of interference with SM

» Modification of angular and energy
distribution in 2vBp decay

> Current limit exg < 3 x 1072 from
NEMO3 competitive to other searches
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New Physics in 2vB
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FFD, Graf, Simkovic, PRL 125 (2020) g @ u
» Lepton-number conserving \‘geb’»
right-handed currents VR
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New Physics in 2vB

FFD, Graf, Rodejohann, Xu, PRD 102 (2020) . /—
» Neutrino self-interactions g —
> Same signature as SM 2vpBp decay v
> Potential interference with SM 2vBB decay Gs )
- Non-observation of enhanced rate excludes
regime Gs = 4 x 10° G suggested to resolve — —
Hubble tension \—

(Kreisch, Cyr-Racine, Doré,
PRD 101 (2020) 12, 123505) 1.2

I \H/ 11 % 0
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New Physics in 2vB

FFD, Graf, Rodejohann, Xu, PRD 102 (2020)

» Neutrino self-interactions
> Same signature as SM 2vpBp decay
- Potential interference with SM 2vBpB decay

- Non-observation of enhanced rate excludes

regime Gs =~ 4 x 10° G suggested to resolve

Hubble tension
(Kreisch, Cyr-Racine, Doré,
PRD 101 (2020) 12, 123505)

- Excludes quadruple double d

— |
beta decay HL_/L? (/L7 .
v ('/7 - /
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Heeck, Rodejohann,|
EP Lett. 103 (2013) 32001
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Conclusion

» Neutrinos much lighter than other fermions
> Dirac or Majorana? Lepton Number Violation?

> Determination of absolute mass scale
e . o
» OvBp is crucial probe for BSM physics N
> Universal probe of LNV physics < 1U ”
- LNV physics near GUT scale /Ane
- Direct sensitivity to LNV physics TOVBE A 2
at scales my ~ 1 eV - 100 TeV 12 ( NP >
- Light exotic particles 108y 101> GeV

» 2vBp is sensitive to New Physics
> Ongoing and future searches probe 2vBp decay with high statistics
> Exotic (right-handed) currents
> Neutrino self-interactions
- Endpoint searches for sterile neutrinos

Frank Deppisch | DBD as a Probe of New Physics | 01/07/2022



