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Theory of OvpB-decay
(a unique decay or simply a mystery)
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OUTLINE

. Introduction
Il. Ovypf-decay
a particle physics problem (sterile v, LR symmetric model)
a nuclear physics problem (NMEs, contact term, g,,
supporting nuclear physics studies)
an atomic physics problem (electron exchange effect,
radiative corrections, atomic relaxation time and overlap factor)
I11. 2vBB-decay
nuclear physics issues (phenomenological approach, improved
description)
beyond SM studies (sterile neutrinos)
V. Outlook
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After 94/68 years we know

« 3 families of light
(V-A) neutrinos:
Ves Vi Vs
* v are massive:
we know mass
squared differences
e relation between
flavor states
and mass states
(neutrino mixing)
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Fundamental V properties

Currently main issue

Nature, Mass hierarchy,
CP-properties, sterile v

No answer yet

e Are v Dirac or
Majorana?

|Is there a CP violation
In v sector?

e Are neutrinos stable?

« What is the magnetic
moment of v?

o Sterile neutrinos?

« Statistical properties
of v? Fermionic or

partly bosonic?

The observation of neutrino oscillations has opened a new excited era in neutrino physics and
represents a big step forward in our knowledge of neutrino properties



Even mass
number

Nuclear
double-
decay

(even-even nuclel,
pairing int.)

N, Z odd

Nuclear mass

BB’

Bp

N, Z even

[ [
Z+1 Z+2

|
z2 71

Atomic number

Phys. Rev. 48, 512 (1935)
Two-neutrino double-B decay — LN conserved

(AZ) - (AZ+t2)+e +te+v, +v,
Goepert-Mayer — 1935. 15t observation in 1987

Nuovo Cim. 14, 322 (1937)

Neutrinoless double-pB decay — LN violated
1« (AZ) — (A,Z+2) + e + e (Furry 1937)
Not observed yet. Requires massive Majorana v’s

Phys. Rev. 56, 1184 (1939)
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PandaX = Particle and Astrophysical Xenon Experiments CANDLE
CaF

" ® scintillatin
QPHNDHH T

‘ Liquid xenondetector |
3 decay 1sotopes and experiments |
CUPID-0

SuperNEMO
Se source foil

GERDA, MAJORANA
Ge crystal

Candidates Q,4(MeV) N.A. (%)
ZnSe
BCa—Ti 4.268 0.187 scintillating
crystal
6Ge—76Se 2.039 7.8 SO
82Se—82Kr 2.998 8.8 IF‘upei‘HE
% Zr—9Mo 3.356 2.8 i Sesource
1000V o—100RyY 3.034 9.7
110Pd—>110Cd 2017 117 CUORE
16Cd— 163N 2.813 7.5 TeO, crystal
124 124 Amore
Sn —124Te 2.293 5.8 CaMoO, crystal
130Te—»130)X¢ 2.528 34.1 By i
136X 13683 2.458 8.9 (...
EXO, KamLAND-Zen
150N d—190Sm 3.371 5.6 Liquid Xe




OvBp experiments — a worldwide competition of ideas and underground physics technologies

1.2 ¥ T T ey Tyt

of 2w : GERDA (7°Ge)

S 08} .
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g ool : 1/2 Y GUORE (**°Te)

E oaf ] Phys.Rev.Lett.125(2020)252502 -
o2 o\fsrs‘ “- / T1/2 > 2.2 %X 10%yrs
00 ......... |

Nature 604(2022)53

00 04 08 12 16 20 24 2.8

Summed [ eneray (MeV) CU pl D-o (8258)

Ty), > 2.4 X 10%4yrs
Phys.Rev.Lett.120(2018)232502 | CUPID (*°°Mo)

I,% > 1.5 % 10%*yrs
Phys.Rev.Lett.126(2021)181802
NvDex, PandaX,

v-r"f'
CDEX, CUPID- Chlna

e
. KamLAND-Zen (*3°Xe)
JUNO

;F Ty, > 2.3 X 10%yrs

% Phys.Rev.Lett.130(2023)051801
. ¥

S B

MAJORANA (7°Ge)

TYh > 8.3 X 10%°yrs

Phys.Rev.Lett.130(2023)062501
& i @

SNO+

»

EX0-200 (**°Xe)

Ty)y > 3.5 X 10%5yrs

Phys.Rev.Lett.123(2019)161802
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OvBp is a particle physics problem

Origin of Mass

€ \?

Origin of Universe

Unification of Forces

New Physics
Beyond the Standard Model

dark matter
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(A,Z) — (A,Z+2) + e + ¢

(15) " =

33 2
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NME must be evaluated

using tools of nuclear theory
Mgy =
Cl3CT2€ " My + C13855€" 2 My + 87413 >
=
E%
Constraint from cosmology
2 =mg+m,+m;g Contrary, the constraint from
<0.90 eV Ovpp-decay (KLZ)
< 0.26 eV (Planck coll.) Mgg < 0.036-0.156 eV
<0.12eV

Implies
Y <0.12eV

Ovpp-decay
(LNV at ~GUT scale, exchange of three light v)

Phase space factor
well understood

Y
Y
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Beyond the SM physics

L=ry) +AZ

Amplitude for
(A,Z)—(A,Z+2)+2e
can be divided into:

mass mechanism: d=5

o+ 3

long range: d=7

+

Weinberg, 1979
4/10/2025

Oo x LLLe“H

Oz < LLQA°H
O4 x LLOGH

Og ox Le“u“d“H

Babu, Leung: 2001
de Gouvea, Jenkins: 2007

short range: d=9 (d=11)

d u
.

o, €

d u

Os x LLQA“HHHT
O¢ o< LLQu°HHTH
O < LQeCQHHHT
Og o<« LLLeLe”

O10 < LLLe Qd"
O11 < LLQA Qd°

Valle



OvBp governed by
exotic mechanisms

Ov 33 decay:

mgs mech.
strongly
suppressed

Any OvBf mech. generates
a small correction to v-mass

y y
V- 'Wl COVB B] |W' v
Schechter, Valle: PRD 1982

Light v-mass mechanism can be strongly suppressed: mgs <1 meV

» Itis not possible to discover OvBp with 10-100 ton-class experiment

* Itshould be a subject of theory to justify it
* There might be a dominance of other OvB mechanisms
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Majorana neutrino mass eigenstate N
with arbitrary mass my mixed with 3 active neutrinos (U,y)

Dominant contribution of N

2
WO 4 - 2 1 ! Ow eff
[Tlff.z] — Y A Z (er”*’?*i) mp M (i, g3
N
General case light v exchange
1 R 1
A _If O . ett / dﬁ d.?p d3 1 770v _ eff o 10
(MmN, g8 ) = e 278 2 rd’y M™ (my = 0,9%) = g M (g5)
ey (01 )l DD e = L
VPE+ mai(Vpt +my? + B, — F5F) M™ (my — 00,93 ) = mZ (9%

Particular cases heavy v exchange

[Tﬁfz]_l = Gﬂpgi x

’mﬂ

‘ﬂ,-f"{'” EH)‘Q for my < py

2
<”l >?np‘ ‘ 1“”% (giﬁ)‘ for mx > PF or simkovic



Sterile v T "/

(Ugn, my)

Current Direct Searches

Constraints
from
Direct
Searches
are less
Stringent
as those
from

OvBp
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10—10
PRD 90 (2014) 096010
PRD 102 (2020) 095016 10_9 10—6 10_3 1 103 106

Direct search limits:
sterile-neutrino.org my |GeV]
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The Ovpp-decay within L-R symmetric theories
(D-M mass term, see-saw, V-A and V+A int., exchange of heavy neutrinos)

oS

U TV

Mixing of 3 light
and 3 heavy neutrinos:

15 angles + 15 phases

The most economical: S=T=( 1
(€ - see-saw parameter)

The mixing for heavy neutrinos,
(VEVg= Upyns With U = Upys )
follows from the unitarity

of the whole 6x6 matrix U

PRD 98, 015003 (2018)
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1
PRL 126, 051801 (2021)

( 1?2)_1 = G{}L, JME‘”?.{;/;F

= Go, MZ(|me¢|* + |ms¢|?)

KamLAND-Zen 90% C

Mw, =7 TeV ﬁ"“‘Futu re ton-scale
My, =900 GeV experiments
Ve=V/"
(O 0.001 0.010 0.100 1

my,.. in (eV)



OvBp Is a nuclear physics problem

ELECTROSTATIC REPULSION
FORCES THE PROTONS IN
THE NUCLEUS APART

THE STRONG FORCE HOLDS
ALL THE NUCLEONS TOGETHER

KEY
© = PROTON @ = NEUTRON

4/10/2025 Fedor Simkovic



OvBp-decay NME

The nuclear w. f. of
(A,2), (A,Z+1)*, (A,Z+2) SRS 202 | Isospin, and spin-isospin symmetries
Many-body methods The OvBp nuclear transition operators (M¢=0, M, strongly suppressed):
of choice: (F, GT, and tensor type):

All 8 - EDF.GCM ® | | | | | | ' B
models - IBM Riv. Nuovo Cim. 46, 619 (2023) -
missing 7 aRPAl -
essential b NSM 1| = J \ N E
ohysics —NSM+GCF | ) :

C VS-IMSRG | v ¥ N v :

: > ° [ IMGCM 1 v .
Impossible :5 [ A * ]
toassign = 4 [ cC A I _ x y -
rigorous [ =T | Tz :
uncertainties 3 o % : -
N 2 -
L "‘ (U

Differencies: | I "
Many-body appr. ' [ i. -
Sizeofthems. ~ f | A1 | | | | | ]

| |
Residual int. 4803 TGGe 8289 1OOM0 1160d 130Te 136Xe 150Nd



Chiral effective-field theory approach — contact term ~ PRL126,172002 (2021)

Assuming that the OvBp process is mediated by a light-Majorana-neutrino exchange, a systematic analysis in
chiral effective field theory shows that already at leading order a contact operator is required to ensure
renormalizability of the amplitude for nn -> pp + ee process. Without the strong 'S, short range interaction
(which appears universally in all nuclear potentials) there would be no need of contact term.

2 orININ
nl?r g:.

| 1 [ -
i,.‘\___va _ _Zﬂj(gu + ﬂflgl% 1 A{%ﬂ + 9 ) A[gliqd Nucleus QRPA Short range
gA gj—'l M[S]U /MI‘?U (%) M(S)l) /MEU (%)
76
Long-range Short-range q Ge  32-73 15 —42
2Se 30— 70 15 — 41
B7r 29 — 69
Some questions: 100Mo0 49 -108
A correspondence of the standard and the chiral field ecd 26— 61
theory formalisms. Is the contact term involved in the 1245n 36 — 81 17 — 46
standard mechanism (completeness ...)? 128Te 35-77 17 — 46
What is the magnitude of the contact term NME? Can B0Te  34-77 17 — 47
it be large? Justification with other phenomenology 136Xe  30-70 17 — 47

needed — pion and heavy-ion DCX, etc.




Supporting nuclear physics experiments  v'B-decay, EC and 2vp decay
(Measurements still not conclusive for OvBg NME) v 'p-capture
100 MeV v/(n*, ), single charge exchange
v (*He,t), (d,’He), transfer reactions
v'y-ray spectroscopy, yy-decay
v'A promising experimental tool:
Heavy-lon Double Charge-Exchange

Multipole
decomposition 020 T o
of lightand heavy . Ed Se

Ovfp-decay NMEs > . © i E
normalized to unity : T :

0.05F —+ -

0.00 F

0.15 —+ -

3 _Zowf T E
Higher multiploles 00s - . :
are populated mostly due large v- ook T :

0123 4567891011 012345678 91011

momenta transfer Fedor Simkovic T J



Measurement of GT strength via p-capture J-PARC 3-50 GeV p, v, 1
l'l'-b+ (A,Z) — (A,Z—l) + Vu 1 Vo

Contradicting results:

« Strong quenching (g, = 0.6)
PRC 100, 014619 (2019)

* Weak quenching (g, ~ 1.1)
PRC 74, 024326 (2006)

PRC 79, 054323 (2009)

I. Hashim H. Ejiri, MXG16, PR C 97 2018

Momentum transfer g~80 MeV
S 1.5 T
= T{.
s ;
= .
& 0.5
= : -
= Small basis nuclear structure o 'I'-I--I--I-'I"I'.I.__
- HEmm EEEEEE
calculations (NSM, IBM) are © % 10 20 30 40 50 60 %0

. Fedor ¢
disfavored. —d Excitation energy MeV



Muon capture rates evaluated within QRPA e e -
In agreement with soft quenching (g = 1.1) ‘ E ]
16 : 3 :
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will study contributions from all multipoles 7t J
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Double GT Giant resonances

/
Heavy-ion DCE / (exhausts a major part of
as Su rrogate Processes J ‘ | ‘ sum-rule strength)

. 1 4
Of B B -decay ]}[}_décay Exin grand-daughter nucleus
(180,5.00)
v Induced by strong interaction
v'Sequential nucleon transfer mechanism 4th : (©0,20) | 1/Sn < (®0:®0)]118Sn s
order: Kinematical matching - ~ SCE
v'Meson exchange mechanism 15t or 2" order (Y X 9 Blo-p
v Possibility to go in both directions SN Xy B p
v'Low cross section i i n-n
Tiny amount of 11510 { PEZF) | 1 (CF.2F) | 117)n ;
DGT strenght for 5 .
low lying states u_ T -
___________________ < S TG o
RIKEN 2 4’6’% 2 TR\ E
Sum rule almost
eXhaUSt_ed by RENP 114Cq < (?'Ne,2Ne) 115Cd < (*°Ne,2'Ne )i gly
DGT Giant Mode, Future: ’

still not observed

INFN-LN (®°Ne,*’Ne)




== 130Xe
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g.s. — g.S. transition can be isolated
Absolute cross section measured

The 130Tg(?°Ne,2°0)130Xe DCE reaction
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— 1o :
B — 400
1 E
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B E, (MeV) :
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- 7 100
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e
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95% limit (nb)
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5 13

[3--18]

Analysis of cross-section sensitivity < 0.1 nb
In the Region Of Interest
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OvBp Is an atomic physics problem

Fedor Simkovic

22



Atomic effects in B-decay

/(electron exchange effect)

Eo) =f(2Te+ T2) + (1 — £)(2Tp + T5) = ns(Ee) + np(E-
X{le” E} ) ) ( )( i ) T?( ) T?;( )

dl dl
—

dE. dE.

Overlap of (A, Z) bound and (A, Z+1) continuum e-states

e:/ <ﬁ;ice ‘I,i?ns> g,f,,_l(R)

5 — Tns - E II -
Z <'l_.i':f‘:75 'I,.i':f‘ns> gil(Ee: R)

(ns)’ (ns)’

] g’ (Ee,R)
5 p—
g% (Ee,R) + f/1(Ee, R)
Transition L |AJ] Am
allowed 0 01 0
first-forbidden 1 012 1
second-forbidden 2 123 0
third-forbidden 3 234 1
fourth-forbidden 4 345 O
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Orthogonalization of bound and continuum states

Old results: without orthogonalization

— n)at3keV

Ar shell L n;g at 3 keV
closure ]
Kr shell
closure
\ Xe shell
NU closure A
20 40 60 80 100 120
Atomic Number =
4/ 10U/ 4040 Feuul S

0.150F
0.125F
U.lm}f;
= [}.D?Sfi
0.05035

0.025}-

- Ths __
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« 125 | E
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M
geasvesnBRERTSSIASSEEIEE E E
e E
_5:.";{ S S
FPH “.::::I!Iul....“lr aday :
(}D'D(}:I": st + o Iy 0 0 L | I_
: n a - 20 100
A

with orthogonalization

PRC 107, 025501 (2023)



1Mo > Ru+e+e

PRC 111, 035501 (2025)

Electron exchange effect _ Camvewd | o N
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Atomic Binding Energy (keV

=
N
o

=
o
o
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NPA 1032, 122623 (2023)

82 82
349€ — 5K

A E, =9.75 keV
wGe — .Se E,

AE, = 8.97 keV

O
o
\
=

AE, =4.76 keV
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The relaxation time of the atomic orbits can be very long
(who knows?).

OvBp decay happens quickly in picoseconds, causing the atomic
structure to be unable to respond to the nuclear charge change. The
daughter atom becomes a double-ionized ion, surrounded by atomic
electrons from the mother atom. It is reasonable to assume that the
release of the atomic bindin energy after the Ovpp decay may not
come within the detection time window for the energy deposition
from the two ejected beta particles.

20 25 30 35 40 45
%2405— % =
20 < 3001
Q 180 116 116 @ 250
i 60 wCd — 1°Sn & 505
€ 140F 100 100 A E, = 15.80 keV £ 200 AE, =18.74 keV
£ 120 2 00 1 AT 13,08 keV g F ARSI VY
O 100E-  w0Fr = Mo AE, =12.22 keV @ 150}
£ 80:_ [= —
2 / £ 100F-
60} < -
oF sof-
20 -
0 lllllllllllllllllllllllll : O_llllllllllllllllllllllllllllllllllllllll
4/10/ 35 40 45 50 55 i 46 48 50 52 54 56 58 60 62 64 66

Atomic Number (Z) Atomic Number (Z)



Overlap in electron shells in double beta decay
(assuming no problem with a relaxation of atomic orbits)

The p and double-f§ decay channels, which are not accompanied by excitation of the electron shells, are
suppressed due to the nonorthogonality of the electron wave functions of the parent and daughter atoms. The
effect is sensitive to the contribution of the outer electron shells. Since valence electrons participate in
chemical bonding and collectivize in metals, the decay rates of the unstable nuclides are modified when they
are embedded in a host material. Core electrons are less affected by the environment, and their overlap
amplitudes are more stable.

Overlap 30 Ge (4) 36Kr (8) 12 Mo (6)
amplitude [Ar]3d 4524 p? [Ar]3d 04524 p© [Ki]4d5s'  |¢'s excellent that OvBp has been
R studied using various isotopes
Kz 6.2-10™ 0.89 0.56 In different environments.
K Sore shells 0.26 0.90 0.58
so'Te (6) s4Xe (8) 67Ho (3)
, [Kr]4d 195525 p* [Kr]4d 95525 p [Xel4 1652
L, —1 mgags . 2
(T75) " = |—=| IK@2F ga [M™]" G™ 4 5 0.22 0.53
€
TL0/2025 re 0.069 0.36 0.64

Eur. Phys. J. A56, 16 (2020)
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2vpBp-decay and 2vECEC - g.s. to g.S.

(directly measured for 9 nuclei)
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L i N |
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(1) 0
0 0 ey

61
150
Nd \

0,,= 3371.38(20) keV 58‘

St 1255512

Fa T
2 & ed & 1193843
o Y g
f S~ 3
2 S e 1046.148
"’—6\1‘\
S
0, v o~ 740.464
y
9‘1\:
n,
27 BRERE 333.955
0 0

2v2p

Level of

Experimental limit, lim 77 /> (year)

= [0.83F0 13 (stat) T 1S (syst)] x 10°0year

Eur. Phys. J. C 85, 174 (2025)

1509 m (keV) Present work Previous results ZVﬁﬁ_decay
3340 27 > 2.42 x 1020 [28] to 2" state
334.0 2} > 73 % 101 > 126 x 1023 282 (FIrstobservation)
740.5 07 1.037035 x 10 See Table |
740.5 07 > 7.1 x 101 > 1.36 x 10> [28]°
1046.1 25 > 6.0 x 10% > 8.0 x 102% [52] — .
1193.8 2F > 5.1 x 102 > 5.4 x 1020 [52] A6, 7263, 781 7273
1255.5 0F > 3.9 x 102 > 47 x 10052 2 !
= - “'Bi 719.9
S 5004 21981 703.1
5A¢ 701.7 l‘ol\d —2"1046.1
_ ] 7122
400 ~
300 ~
| 1B 710.7 T
Fedor Sim 700 | 720 740

Energy (keV)




Semi-empirical Z 100 (T#) " = |M*]" G*
formula =

| : 1 v _ (2N (B T e
Or(gzﬁgg'se-)cay M (Nf> (1—%&://3:») (Tf).
0
| Z 50
2u—ph __ & i
a grac e N ‘(N) T
M2v—ph -
0.05
- ]h J J |1l.|l.|J l.lnllh.lbhh.lbl.nh.
i ..,l.l-l.l.l I
0.00 S

50
100
Apn = A2 AZ N2 NI N 150 PRC 111, 024307 (2025)



N

53

(0, — P)*
o;

There is no reliable

calculation of the 2 vg#-decay NMEs yet

PRC 111, 024307 (2025)

=1
ﬂf?u—th ﬂqu—ph

Nucleus QRPA QRPA IBM IBM IBM NSM NSM PHFB FSQP ET M?2v—exp SEF  SSD
Fitted

Ca — 0.016 0.069 0.024 0.045 -  0.039 — — —  0.0314+0.0030 0.022 —
(el - 0.063 0.083 0.018 0.085 -  0.007 - 0.083 0.085 0.0087 =0.0010 0.105 =
82Ge - 0.058 0.072 0.024 0.063 0.099 0.105 - 0.103 0.156 0.0828 +0.0005 0.081 =
A - 0.133 0.058 0.0564 0.034 - = 0.002  0.072 —  0.0770£0.0040 0.063 =
1900\ o 0.105 0.251 0.197 0.157 0.045 — - 0.164 0.154 0.179 0.2019+0.0016 0.199 0.174
1160q 0.112 0.049 0.080 0.069 0.031 - - = 0.088 0.137 0.1142 £0.0027 0.120 0.148
130 0.057 0.053 0.035 0.010 0.038 0.027 0.036 0.059 0.027 0.034 0.0265+0.0003 0.028 -
D € 0.036 0.030 0.056 0.022 0.032 0.024 0.021 = = —  0.0174£0.0002 0.016 -
150Nq - -~ 0.077 0.054 0.017 0.069 - 0.048 - —  0.05274+0.0019 0.032 0.023
23877 - -~ = - 0.023 - = - - —  0.0550+0.0110 0.026 =
Y2/N 5170 2100 2845 2828 1773 470 686 3442 480 4774 — 30 233
Predicted

HUpq 0.167 — — 0.022 0.041 - — - 0.233 0.211 < 2.61 0.147 —
124Gy 0.023 = = —  0.034 0.037 - = = = — 0.029 -
125 0.051 0.063 0.022 0.018 0.044 0.013 0.049 0.058 0.030 0.050 0.0366 =+ 0.0007 0.047 0.015
P ye 0.063 = = — - —~ - -~ - — < 1.25 0.033 -




Improved description of Both 2vBp and OvBp operators connect the same states.
the OvB[S—decay rate Both change two neutrons into two protons.
(a way to fix g, &) Explaining 2vpp-decay is necessary but not sufficient

E, — (E;+ Ey)/2

PRC 97, 034315 (2018) 41{5,?1-'5 = Z M,
’ [En — (B + Ef)/[2]? — e
EK,L =
Taylor eXpanS|On E” o (E _|_ Ef)/? g = (Eﬂg + Eil:-"g - Erl - Eu1)/2
€, = (Eru + Eu.z - Er;. - EFI)/Q
€ € (_Q Q)
We get B 272
—1 eff\4 2w 2w v e
[TI/Z] — ( IMGT 1| [GU + 531(;2 J[{_,j . ﬂ/fg;T—l - Zﬁfn(0+)En(1+) B (Et i Ef)/2
: ‘ 5:31 = ! 3
2 ~2u _ 2 21 ﬂ/f o + 4 mg
+(&31)°Go + | =(&31)" + &1 | G GT-1 M%._, = M,(0
(&31)° G2 <3(55|) § 1) 4 1[(2_; 1 M%. ; ( )(En(1+) — BB

—|—§§31551G42 + 553155106 Gy Mar—s — " (E,(1%) — (Ei + Ef)/2)°

The g, can be deterimed with measured half-life and ratio of NMEs and calculated NME
dominated by transitions through low lying states of the intermediate nucleus (ISM) 32



The running sum of the 2vpp—decay NMES

(QRPA)
L M2y,
M2, . = M, W G1T'-3
G g (Eu o (Ei + Ef)/? J-:% o IIEU
A GT—1
M%. .= M, . 2
S L By g~ Mt
' 5 o 2;
Mér
— I=1
— =3
— I=5
o .
15 20

€, tell us about HSD: &;,=0
Importance of
higher lying states 5151 (large) |
of int. nucl. P053|ble_due_ to a large cancellation
of contributions through lower and
higher lying states of (A,Z+1).
0.6 [ I LI I AL B
m QRPA -
0.5+ } ® SSDH
A ChER ]
041 N a
L L i
f%luﬁo:’,— - }—
i A ]
02 E - N
01F = ]
i F Y
0{;II — glllulI|l|6lll”|(}lII”LIII”"SIII:Q
4sCa4 76Ge szse %Zr 100 m.C d mTe 136Xe

€15 can be determined phenomenologically from the shape

of energy distributions of emitted electrons
F.S., Smotlak, Semenov, J. Phys. G, 27, 2233, 2001



KamLAND-Zen Exp. : €,,<0.26 (3¢ Xe)

€,5 can be determined phenomenologically
from the shape of energy
distributions of emitted electrons

The g,° can be deterimed with measured

half-life, ratio of NMEs &;, and calculated NME, « «
L
o0 0.7

dominated by transitions through
low lying states of the intermediate nucleus.

€15

(g

2
) ‘flf‘ff"_f q‘\/ 12;2—6-’53'? GEI"-I-«E qu)

MgT.3 have to be calculated
by nuclear theory - ISM

4/10/2025

1.2
1.1
1.0
0.9
0.8

0.6
0.5
04
0.3
0.2

— - QRPA (CD-Bonn)
— — QRPA (Argonne)
s shell model (GCN)
m  shell model (MC)

0

Fedor Simkovic

0.005 0.01 0.015 0.02

2v
M GT-3

KamLAND-Zen Coll. (+J. Menendez, F.S.),

Phys.Rev.Lett. 122, 192501 (2019)

0.025

0.03



CUPID-Mo Exp. : &,3=0.45+0.03 (stat) £0.05 (syst) (*°° Mo)

Phys.Rev.Lett. 131, 162501 (2023) 1o Statistca
700 [
L Data 10_ Stat 68% c.i.
600 —
2 500 ‘ MOdeI 'a' B ———— Stat+ Systematic
2 2vpp T 8¢
> — — at +Sys 6 C.i.
© Background o _F St Syst 6%
~ = 6_
@ 300F S,
c . B
3 200F S 4afF
100 |
0 L1 1 I L1 L1 T M e = ---::.:..!.-:__:4,-__..]_.'I B T T ) I - I [ - - | : f.ff(
— 4 |=falal ENaTa¥al LN ~a¥a [aTalala [al~aTa [aTaYaTal [aT~TaTal AN o B /’
g g -0 | l_l——k‘r’JI/l/l 1 | |||||||| Ml 1
o 1.3F
g 1E+ 1.25—
o 3 . - - . Lt . . 1.1 —— CD-Bonn
~4 500 1000 1500 2000 2500 3000 3500 4000 % 1 f_
Energy [keV] o< 0.9 ;— —— Argonne V18
_ 18 0.8E — sSD
T,, = [7.07£0.02(stat)+0.11(syst)] x 10 yr 0.7E
0.5E .
0.2 0.3 0.4 0.5 0.6 0.7

£, /€., = 0.364-0.368 (QRPA), 0.367 (SSD), 0.349 (ISM)

4/10/2025 0,8 (DNQRPA) = 1.0 +0.1(stat)+0.2(syst)

g

3,1

0,5 (ISM) = 1.11 +£0.03(stat)+0.05(syst)



CUORE Exp. (*3Te
P ( ) 6‘31 — 0. 01"'3 g}

arXive: 2503.24137 [nucl-ex +0.33
[ ] gal = 1.46 —0.62
_ +0.05 +0.07 20
Tl;’z = (9 3275 p4stat. 00783/'813-) X 10" yr ——  Fit mode
63% CI * GCN —— pnQRPA-Argonne
o QX  ==== pnQRPA-Bonn
Reconstruction [ 2w spectrum 90% CI

Counts / keV

Data—Model

—
(-
o

1.6

____1 Background $ Data

-
o
||||Im L L

f—
-
[—

1.4+

1.2

1.0

gy

0.87

0.6+

0.4

500 1000 1500 2000 2500 0.002 0004 0006 0008  0.010
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ISM, EDF: M% oc M?V1 Assumption exploited by the EFT-3 MPET — onl;_/ 1* _
MOV - contribution

12 ca & (@ | ¢ _approach for the calculation of o
- T e OvBB NMEs from many J*(!)
=~ 1= Cr T
+5 KB3G © = ]
t+ 08 [GXPFIB O ]
-~ [ EDF % " 1 ISM versus QRPA
il 2 E PRC 83, 015502 (2011)
9 4l " ] S e ) A R
= ~ ]
0.2 :_ y —: 1.0:
0 : ?? I I I : 0.5
12 Ge @ (b) o St
- Se @ ] >
~ 1B Sn ** ;% ] NEU 0.0F
) B X N -
o> B Te @ ) N C
1 0.8 | Xe * ] 05k
= ~  EDF ¥ 4 S - :
+5 06 | A ‘. » | C
59_ i QRPA X Nre : aof
= M n v -
= A X X x - ] T T T T R MR RO
oo [ ol N 0 5 10 15 20 2 30
| : “( ﬂ Eexc [MeV]
oL | |

—

X
 —_ — QRPA - no proportionality between M% and M?V

MOPB0Z ;- 0% ) (modest quenching of g, )

PRL 120, 142502 (2018) Favored by &,; (19 Mo) =0.450.03 > £SSD,, 37



2vpBp probes All 100 kg- and ton-class 0vBp experiments can also study a diverse
New Beyond SM Physics range of exotic phenomena, e.g. through spectral distortion in 2vB.
Future searches will probe the 2vB g with high statistics about 10°-10° events.

Common subjects:
Majoron(s) emission

(partly)bosonic neutrinos, z 1 — B . o 2vpB
Lorentz invariance o I " 5 S — OvM2
violation 808 L NN . N\ T OvM3
= I A A A S ovM7
O L LN\ s\ - 2v-LIV
. . .0 6 -
Recent subjects: : 2v-Boson
Lepton-number conserving -
right-handed currents 0.4
(PRL 125 (2020) 17, 171801) i
Neutrino self-interactions 0.2 I~
(PRD 102 (2020) 5, 051701) /A e, s
- = = 0 i-— 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 ' : ‘-" -.‘ | [ [ 1 I ]
penerewomaion %o a5 115z 25 3 s
J Energy (MeV)

?nergy e(nd p)oint
PRD 103 (2021) 5, 055019; dr :
PLB 815 (2021) 136127) o1 dos =C(Q —g; — &))" [plglF(gl)] [ngzF(gz)] Spectral index n




(' cos ¢ ‘ _ § |
L= /2 [‘:1 +dsm)Jzdp,, + HN.?ETHJL# +@J}¥”JLH +g“JRJ + h.c.

Consider either mixing of sterile v with active v,

or right-handed currents
Phys.Rev.D 103 (2021) 055019

Exotic 2vpp
Sterile Neutrino
(or HNL)
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2vPp probe — sterile neutrino search my= 0.5 MeV and 1.5 MeV/ sin?6= 0.01

CUPID-Mo
Eur. Phys. J. C 84, 925 (2024) 0.16 - —— GERDA
== CUPID-Mo w Syst. [Improved model]
- 0.14 === CUPID-Mo wo Syst. [Improved model]
— ——— CUPID-Mo w Syst. [SSD]
é 0.12 - ~ == CUPID-Mo wo Syst. [SSD]
i S
mixed with g 0.107
active v N
= 0.08 1
= 0.06 1
=
7
. Pure sterile v 0.041
contr.
0.02 1
0.00 0.25 0.50 0.75 1.00 200 400 600 800 1000 1200 1400

my [keV]

Energy / Qggp



THANK YQU!

Time flies when

you are having fun.

Albert Einstein

4/10/2025 41
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