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L\ TRIUMF Neutrinoless Double-Beta (01/,6,3) Decay

@ Violates lepton-number conservation
(A, Z) = (A, Z +2) + 2e 2
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@ Violates lepton-number conservation
@ Requires that neutrinos are Majorana particles  (4,2) = (4,7 +2) 4 2" 42
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L\ TRIUMF Neutrinoless Double-Beta (01/,6,3) Decay

@ Violates lepton-number conservation
@ Requires that neutrinos are Majorana particles  (4,2) = (A,Z +2) 4 2e” 2
@ If observed, tY7, > 10%° years
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L\ TRIUMF Neutrinoless Double-Beta (01/,6,3) Decay

@ Violates lepton-number conservation
@ Requires that neutrinos are Majorana particles  (4,2) = (A,Z +2) 4 2e” 2
@ If observed, tV7, > 10%° years
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SNOLAB (Canada):
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Next-Generation Ov33-Decay Experiments

Kamioka (Japan):
KamLAND2-Zen (136Xe)

SNOLAB (Canada):
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M. Agostini et al., Rev. Mod. Phys. 95, 025002 (2023)

4/13



& TRIUMF

Next-Generation Ov33-Decay Experiments

Kamioka (Japan):

SNOLAB (Canada):

KamLAND2-Zen (136Xe)

SNO+II (13%Te)

emilab (Korea):
7| PandaX-I11-200 (13¢Xe)

__ LNGS (ltaly):
1 CUPID (%Mo)

| Aim: ¢ o ~ 1028 years

: .o

= > 7 50

’& \\ LSM (France): a E

e e SuperNEMO (%%Se) 3.0

o9

+nEXO (*3°Xe), LEGEND-1000 (7Ge), NEXT-HD (*¢Xe), Darwin (136Xe), | g 8
©

M. Agostini et al., Rev. Mod. Phys. 95, 025002 (2023)

4/13



A
<« TRIUMF Ov33-Decay Half-Life

1 ” m 2
What would be = giGo | MO 2 (ﬂ)
measured 1/2

e

Discovery,
accelerated

5/13



9
~

TRIUMF

What would be
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Ov33-Decay Half-Life
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T. Shickele, LJ, A. Belley, J. D. Holt, in preparation

Discovery,
accelerated

5/13



AL
<« TRIUMF Ov33-Decay Half-Life

1 mgg\2| Majorana mass
What would be = A G| M2 ( Bﬁ) ]
tOV gato | | mas = Zk(Uek)ka

measured 1/2 ¢
Nuclear matrix element
T T
EDF # A Y
7F B T E Y |
. ] | |
QRPA T +e L] Py 1 [oge 1 100y
i St * E TR T
- 1 100, Xe
MSRG T T 4 » . v i | 1307e I 1
- N o | 3
) 5F cc T N .E I‘ A W7 . ] 10 07 combinea
25 ) = ] = e T
Eﬂ ar . . T . _: z‘; © Combined: ©
3k T ;\ r T . I E b >"-lq-'!
v " o + 102 1 = ©
. 4 ] TR
[ T e , 20
1| i I E N o °
. Phen. Ab Initio ()
b =T e - ®Q
Boa  Toge B2 Wy MBoy 13pg 1By 150y Mightest [eV] E 8
M. Agostini et al., Rev. Mod. Phys. 95, 025002 (2023) T. Shickele, LJ, A. Belley, J. D. Holt, in preparation

5/13



& TRIUMF

What Can We Learn from
Double-Charge-Exchange

Reactions?
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Ov 33 Decay vs Double-

Charge-Exchange
Reactions

2
M» = M% — (g—Z) MY + MY + MY

Leading contribution
MEr = (flI| 2k 7j 7 05 0k Var(rie) i)
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Ov 33 Decay vs Double-

Charge-Exchange
Reactions

2
M» = M% — (g—Z) MY + MY + MY

Leading contribution
MEr = (flI| 2k 7j 7 05 0k Var(rie) i)
@ Double-Gamow-Teller (DGT) strength function

1
2J; +1

B(DGT; ) = (DY o7y x o IV 1)

ik

» Could we probe 0v33 decay by DGT
reactions?
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Correlations Between DGT and 0v 33 Decay
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H. Ejiri, LJ, J. Suhonen, Phys. Rev. C 105, L022501 (2022)
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«“ U Correlations Between DGT and 0v 33 Decay

Mpar = (05 (I gy < owrg IVN05 )| * o s
jk 30 . g:“/':AC.I. === 95% P..

@ Correlation between M% and Mpgr
found in nuclear shell model and EFT

@ Correlation also holds in ab initio
VS-IMSRG

MDGT

—osfT
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MOEE . A-1/3
J. M. Yao, I. Ginnett, A. Belley et al., Phys. Rev. C 106, 014315 (2022)
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Mpgr = —<0g+s,fH[Z o;T; X ‘Tka_](O)HOgs,i
jk

)

@ Correlation between M% and Mpgr
found in nuclear shell model and EFT

@ Correlation also holds in ab initio
VS-IMSRG
@ ..and QRPA, when proton-neutron
pairing varied
» Observation of MpgT —
constraints for M %"

Correlations Between DGT and 0v 33 Decay

NSM
EDF
IBM-2
QRPA
VS-IMSRG

A=Y/ M07 (1b)

LJ, J. Menéndez, Phys. Rev. C 107, 044316 (2023)
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Could We Learn Something from
Single-Charge-Exchange
Reactions?
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2
mgp
s = IR GV M M Mg M P (22
e

1/2

V. Cirigliano et al., Phys. Rev. C 97, 065501 (2018), Phys. Rev. Lett. 120, 202001 (2018), Phys. Rev. C 100, 055504 (2019)
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> TRIUMF XEFT Analysis of 0033 Decay

2
mgp
s = IR GV M M Mg M P (22
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V. Cirigliano et al., Phys. Rev. C 97, 065501 (2018), Phys. Rev. Lett. 120, 202001 (2018), Phys. Rev. C 100, 055504 (2019)
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usoft

@ A N2LO correction from “ultrasoft”
(k| << kr =~ 100 MeV) neutrinos:
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Mass excess
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usoft

@ A N2LO correction from “ultrasoft”
(k| << kr =~ 100 MeV) neutrinos:

Musoft <f‘ ZUGT; |n> <n| ZabTI;’— |Z>
n a b
% (Bo+ By — E;) (In Hhus +1
2(E.+ E, — E;)

@ A~ 10% increase in pnQRPA, and ~ 10%
decrease in nuclear shell model
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D. Castillo, LJ, P. Soriano, J. Menéndez, arXiv:2408:03373
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usoft

@ A N2LO correction from “ultrasoft”
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usoft

@ A N2LO correction from “ultrasoft”
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usoft

@ A N2LO correction from “ultrasoft”
(k| << kr =~ 100 MeV) neutrinos:

Musoft <f‘ ZUGT; |n> <n| ZabTI;’— |Z>
n a b
X (Bo+ Ep— E;) (In Hhus +1
2(E.+ E, — E;)

@ A~ 10% increase in pnQRPA, and ~ 10%
decrease in nuclear shell model
@ Many potential explanations:
» Missing spin-orbit partners in NSM?
» Missing correlations in pnQRPA?
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usoft

@ A N2LO correction from “ultrasoft”
(k| << kr =~ 100 MeV) neutrinos:

Musoft <f‘ ZUGT; |n> <n| ZabTI;’— |Z>
n a b
X (Bo+ Ep— E;) (In Hhus +1
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@ A~ 10% increase in pnQRPA, and ~ 10%
decrease in nuclear shell model
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usoft

@ A N2LO correction from “ultrasoft”
(k| << kr =~ 100 MeV) neutrinos:
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n a b
X (Bo+ Ep— E;) (In Hhus +1
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@ A~ 10% increase in pnQRPA, and ~ 10%
decrease in nuclear shell model
@ Many potential explanations:
» Missing spin-orbit partners in NSM?
» Missing correlations in pnQRPA?
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@ Charge-exchange reactions can probe

the virtual transitions

Mass excess

TRIUME!rge-Exchange Reactions as Probes of M%”
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@ Charge-exchange reactions can probe
the virtual transitions

@ Available data ends at £ =~ 5 MeV

76Ge(®He, t)7As: J. H. Hies et al., Phys. Rev. C 86, 014304 (2012)

765e(d,2He) " As: E.-W. Grewe et al., Phys. Rev. C 78, 044301 (2008)

« TRIUM!;rge-Exchange Reactions as Probes of M? .

:m\ — r\—_\_h\ T No
g H { Ttaa, pnQRPA
S 05| T exp.
s 05 P S
AT ] ]
3 F I 1
= 15 -
-a =) —
=1 i
= L
~ L

T T T O N T R RO R q

0 10 20 30 40 50

E(MeV)

Modified from: D. Castillo, LJ, P. Soriano, J. Menéndez, arXiv:2408:03373

8 Discovery,
& accelerated



A
o~

@ Charge-exchange reactions can probe
the virtual transitions

@ Available data ends at £ =~ 5 MeV

76Ge(®He, t)7®As: J. H. Hies et al., Phys. Rev. C 86, 014304 (2012)
765e(d,2He) O As: E.-W. Grewe et al., Phys. Rev. C 78, 044301 (2008)

@ Charge-exchange reactions can also
probe 2v 33 decays

2 TRIUMF
UMmrge-Exchange Reactions as Probes of M%”
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@ Charge-exchange reactions can probe
the virtual transitions

@ Available data ends at £ =~ 5 MeV

76Ge(®He, t)7®As: J. H. Hies et al., Phys. Rev. C 86, 014304 (2012)
765e(d,2He) O As: E.-W. Grewe et al., Phys. Rev. C 78, 044301 (2008)

@ Charge-exchange reactions can also
probe 2v 33 decays

» Good benchmark for future ab initio
studies

2 TRIUMF
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Summary

@ Theoretical efforts needed in the hunt for Ov 35 decay

@ Correlations between 0v33 decay and double charge-exchange reactions may
help constrain the Ov33-decay nuclear matrix elements

@ Measuring single-charge-exchange reactions up to high excitation energies
would help probe

— N2LO corrections to 0v33 decays
— 2vp3-decay calculations
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« U Nuclear Many-body Methods
@ Ab initio methods (IMSRG, NCSM,...)
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@ Ab initio methods (IMSRG, NCSM,...)

+ Aim to solve nuclear Schrodinger equation
(SE) with interactions between nucleons
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«~ TRIUMF Nuclear Many-body Methods

@ Ab initio methods (IMSRG, NCSM,...)

+ Aim to solve nuclear Schrodinger equation
(SE) with interactions between nucleons

— VERY complex problem — computational 0 %° ©
limitations Quantum Chromodynamics quarks, gluons
(QCD) W E
Chiral Effective -
Field Theory —

(parameters fitted @
to NN data)
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@ Ab initio methods (IMSRG, NCSM,...)
+ Aim to solve nuclear Schrodinger equation
(SE) with interactions between nucleons
— VERY complex problem — computational
limitations

@ Nuclear Shell Model (NSM)

Nuclear Many-body Methods

’ Excluded
space

| (empty)

20

Valence
space

Core

(full)

accelerated

2 "Discovery,
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@ Ab initio methods (IMSRG, NCSM,...)
+ Aim to solve nuclear Schrodinger equation
(SE) with interactions between nucleons
— VERY complex problem — computational
limitations
@ Nuclear Shell Model (NSM)

» Solves the SE in valence space
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@ Ab initio methods (IMSRG, NCSM,...)
+ Aim to solve nuclear Schrodinger equation
(SE) with interactions between nucleons
— VERY complex problem — computational
limitations
@ Nuclear Shell Model (NSM)

» Solves the SE in valence space
+ Less complex — wider reach
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@ Ab initio methods (IMSRG, NCSM,...)
+ Aim to solve nuclear Schrodinger equation
(SE) with interactions between nucleons
— VERY complex problem — computational
limitations
@ Nuclear Shell Model (NSM)
» Solves the SE in valence space
+ Less complex — wider reach
— Effective Hamiltonian relies on experimental
data

Nuclear Many-body Methods
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| (empty)
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«~ TRIUMF Nuclear Many-body Methods

@ Ab initio methods (IMSRG, NCSM,...)
+ Aim to solve nuclear Schrodinger equation
(SE) with interactions between nucleons p i
— VERY complex problem — computational (. (.

limitations
@ Nuclear Shell Model (NSM) IBCS
> Solves the SE in valence space E &
+ Less complex — wider reach 'y ' '

— Effective Hamiltonian relies on experimental

@ Quasiparticle Random-Phase Approximation
(QRPA) lanRPA

jw) =
T (o P+ D)

data (u<.+v( \1) (u<.+v \

~
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@ Ab initio methods (IMSRG, NCSM,...)
+ Aim to solve nuclear Schrodinger equation
(SE) with interactions between nucleons p 1
— VERY complex problem — computational (. <.

limitations
@ Nuclear Shell Model (NSM) IBCS
> Solves the SE in valence space o a
+ Less complex — wider reach ' '

— Effective Hamiltonian relies on experimental = =

data (u(. +v<::1) (u(. +v<::

@ Quasiparticle Random-Phase Approximation BPA
(QRPA) lan
» Describes nuclei as two-quasiparticle excitations lw) =

g Discovery,
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@ Ab initio methods (IMSRG, NCSM,...)
+ Aim to solve nuclear Schrodinger equation
(SE) with interactions between nucleons
— VERY complex problem — computational
limitations
@ Nuclear Shell Model (NSM)
» Solves the SE in valence space
+ Less complex — wider reach
— Effective Hamiltonian relies on experimental
data
@ Quasiparticle Random-Phase Approximation
(QRPA)
» Describes nuclei as two-quasiparticle excitations
+ Large model spaces, wide reach
— Missing correlations, adjustable
parameters,...
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Radial Densities of A/’ and Mpar
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Correlation Survives 2BCs and Short-Range
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Probing 055 Decay by 2v53 Decay

® How about 2v33 decay?
@ 2v3p-decay also correlated with 0v 5 3-decay!
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@ TRIUMF Probing 055 Decay by 2v53 Decay
@ How about 2v33 decay?
@ 2v3/-decay also correlated with 0v33-decay!
@ We can use the existing data to estimate Ov33-decay NMEs!
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