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ESSN———
Neutrinoless $f decay

O Neutrinoless g decay (0vBB) (A, Z) — (A, Z+2)+e +e~

v" Violation of lepton number
v Majorana nature of neutrinos

v Neutrino mass scale and hierarchy

v Matter dominance in the universe

Avignone, Elliott, Engel, Rev. Mod. Phys. 80, 481 (2008)

O Experimental progress on 0vgp3 decay

Isotopes Tgl/’Q (yr) Collaborations v NO OV’B’B _decay Slgnal
8Ca > 5.8 x 1022 ELEGANT VI
has been observed so far.
“Ge  >18x10® GERDA, MAJORANA, CDEX
82 24 _ . .
Se > 3.5 x 10 CUPID-0, NvDEx v Current limit on the
10Mo > 1.5 x 1024 CUPID-Mo
B0Te > 3.2 x 102 CUORE decay half-life ranges
136 > 2.3 x 1026 KamLAND-Zen, EX0-200, PandaX
) ) - . e from 1022 yr to 1026 yr,
150Nd > 2.0 x 1022 NEMO-3
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Nuclear matrix elements

i - g, | )

‘2 Nuclear structure:
Me

Pairing correlations

10 T T T T T T T T T T T T | T T T T | T T T T | T T T T T T T T T T T T T T
S v nosst o] Shapes and fluctuations
IBM2(Barea+) A IT-NCSM ] . .
gL < GCM-REDF(PC-PKI) B VS-IMSRG(EMI1.8/2.0) Noncollective collections
> GCM-NREDEF(DIS) ® GCM-IMSRG(EM1.8/2.0) |
O QRPA(Mustonen+) ¢ CCSDTI(EMI1820) | Valence space ...
»  QRPA(Hyvarinen+)
6L + QRPA(F:ngH 4 < ]
> x < > SN <
5 :
S : > LR Decay operator:
4-§2s >« T o] -
ot o o, , N Relativistic/non-relativistic
<q o X c
, > i S S Nucleon size effects
B v g S .
| o, Short-range correlation
0,,_,,.!”,--77,-1---—— —13 * T | | | Closure approximation
0 20 40 60 80 100 120 140 160

Mass number A Two-body currents

o Contact operator ...
Yao, Meng, Niu, Ring, Prog. Part. Nucl. Phys. 126, 103965 (2022)
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Double Gamow-Teller transition

O Double charge-exchange reaction (A, Z)r + (a,2)p, — (A, Z + 2)1r + (a, 2 — 2),

v" Double Fermi transition

v" Double Gamow-Teller transition (DGT) = Dominant decay process

O Differential cross section of DGT transition can be factorized into a

nuclear part and a reaction factor Santopintoetal., PRC 98, 061601(R) (2018)

v' Determining the DGT NMEs from the cross section of DGT fransition

O 0vBpB decay vs DGT transition: same initial and final nuclear

wavefunctions, similar spin-dependent parts in the decay operators

Rodriguez et al., PLB 719, 174 (2013), Cappuzzello et al., EPJA 51, 145 (2015)

Constraining the 0vBpB-decay NMEs from the DGT transitions?




BENSSS——
Correlation between 0vBf decay and DGT transition

n | | @ .
1.2 o Ca ’ (a) - T T T[T 17T L LI B IR
1 :— (-3“ M —: DGT 136ye
-~ n r . 06 (1| ovpp decay — 0.003
Jbg: - KB3G © m ] L i i
08— -
T GXPE;:? i . — 04t . — 0.002 &

. - . e ®
’g’ 06— o % =] E_‘ R - @
= - . = | | _| =
8 b ll;[ E £ 02 0.001 E
= 2 . & - ] <

0.2 - ﬂ" = e 0
oF— %2 | — ‘ | |
- - 02 (a) - (b) —-0.001
1.2 __ Ge ‘ (b) * __ 11 | Ll | 1l | - I 1| I | |1 I [ L | 111
- Se @ % 35%( ] 0 3 6 9 12 180 200 400 600
~ 1 sn % X WX s [fm] q [MeV]
1 08— Xe * -
- | EDF X 6% .
% C A® o - o a —
0o amPA X Nl ] M™ = /d?‘lzo (r12), 712 = |11 — T2
‘35 0.4 |- om "'V -
= A .
02 - C: L X x X The short-range character of both DGT and Ovff decay
n . X » - matrix elements can explain the simple linear relation
0 1' 2' :'5 "1 between them. References [72,73] showed that if an

operator only probes the short-range physics of low-
energy states, the corresponding matrix elements factorize
into a universal operator-dependent constant times a state-

A good linear correlation is observed  dependent number common to all short-range operators.

MOPRor - 0% )

Shimizu, Menéndez, Yako, Phys. Rev. Lett. 120, 142502 (2018)
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BENSSS——
Correlation between 0vBf decay and DGT transition

Isospin-changing

| e p-shell 4 VS-IMSRG ’;Qr' T T T T
0.4 == i — 2F == aA=2amGom) 4 2F ==+ A=22(0MGCM) -
[ -7 IE LT A=22 (VS-IMSRG) T e A=22 (VS-IMSRG) |
1 = 1t Pty - E 1F 2~ .
e R TR = P
= E : A /’ | [:J il
2 1t ‘“ :fb) 1 % —1F | l(ﬁ) ]
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Iy — y=(121+0.20)x—(0.30 0.05)
0.0 0.5
MOEB A-13 Yao et al., Phys. Rev. C 106, 014315 (2022)
1.0 ML LI I I 1 1 I I
- = °Ge vol. 5 . .
08 o texe vl " um ] 0O The linear correlation between 0vpBp decay
[ 7 £ o . — - .
06 | et ) and DGT transition is much weaker in
= [ [ | " 5
L 04r e o A IMSRG, IMGCM, and QRPA calculations
L o) O
02F & . o : :
[ @} - oo v IMSRG and IMGCM = very light nuclei
0.0 : - oo .
T v" QRPA = spherical symmetry
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In this work

O The correlation between 0vBS decay and DGT tfransition is investigated
within the framework of Relativistic Configuration-interaction Density
functional (ReCD) theory.

v The NMEs of 0vBB decay and DGT transition in “8Ca, 7Se, 82Se, %%Zr,
100Mo, 116Cd, 1245n, 128Te, 130Te and 13¢Xe, which are must relevant to the

current 0vBp decay experiments, are evaluated.

v" The axial and triaxial deformations, which are important for describing

the 0vBpB decay, are included.

v" The origin of the linear correlation is analyzed.
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Relativistic density functional theory

O Lagrangian density and Hamiltonian operator:

(pOTp), O e {l1,7} [ — [free | paf | pder | phot | pem

T € {1,7:,s, Va5, T} H = /d”’"H("‘)

O Relativistic energy density functional:
A
= (B|H|D) = /dr {Z?,[;;r(a-p + Bm)y;

1 1 1 1
+-agp: + =Bsps + =vsps + 505PsAps

2 3 1
IR STV B
+§O"'V3M3 + ZWV(JMJ )° + §5VJMAJ
1 o 1 _ T4
—I—Eaijuj“’ + §5ij,uAj”’ + §€2Aujg} ®) = kl;[lai 0) Slater Det.
o . . . A
O Single-particle Dirac equation: pe =S i J _Z%,},ﬂwk
=1
a(p—V)+ Vo4 3(m+ 9y =¢ e N
- (p ) B( N = ety S Gt
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ReCD theory

O Trial wavefunction:

=) [l1®,), @) = HBK|—>

@) €{|Po), BT 5 1®o), B B3B8l @0%
Bt 5 |q)0> o i

O Symmetry restoration:

(wINZy — Z > fSIIMEK, k)

:—J K

Z{HKK,;HH, EJNKK’ sRK }f

P. W. Zhao, P. Ring, J. Meng, PRC 94, 041301(R) (2016)
Y. K. Wang, P. W. Zhao, J. Meng, PRC 105, 054311 (2022)
Y. K. Wang, P. W. Zhao, J. Meng, arXiv: 2304.12009

Y. K. Wang, P. W. Zhao, J. Meng, PLB 848, 138346 (2024)
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Correlation between DGT and Ovfp decay

2.4 1 T T T L L
® PC-PK1 (Triaxial) {1F © PC-PK1 (Axial) 1 lei:
20 ® PC-F1 (Triaxial) | O PC-F1 (Axial) B O nuclei:
Linear fit

18Ca, 76Ge, 82Se,
967, 100\o. 116C(
? 4 ?
1245 128Ta 130Te
7 ] ?
136) @

Axial and triaxial

deformations

Full model space

04 08 12 16 04 08 12 16 20
MO 5 A-1/3 MO « A173

O A strong linear correlation between 0vBp3 decay and DGT transition
is demonstrated
O The linear correlation is robust against nuclear deformations
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Decomposition of the NMEs

2.4 — T T T 1
® PC-PK1 (Triaxial)
50 L ® PCF1 (Triaxial) py
' i Linear fit 11
16 |- —
o 1.2 F —
= | 1L
0.8 |- —
i -0 |
0.4 I r =0.999
| | |

0.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6 0.8
MOV % A—1/3 MOV % A-1/3

O The leading order term M}Y, correlated strongly with MPCT, while the

correlation between MYV, and MPST is much weaker.




EENIEEEES——————..
Contributions from higher-order terms

1.2 O R, ~ 0.45,R, ~ 0.20, and
ol $ é:; x E:i 1 they are independent on
- . the decay candidates
o i | O consideration of higher-
@ 06 1 ] order terms with even L
04 F . would not worsen the
0.2 ) | correlation
0.0 I R S S R R O Contributions from NMEs
T N S :
&’:; &’& {‘;’& Q %% g& E"; *?% ‘% % with odd L are generally

smaller than those from

R; = MEV/M%/:O the NMEs with even L




EENIEEEES——————..
The origin of the linear correlation

O The OvBS-decay operator contains five terms
0% = 0%, + 0%, + 0% + 0%y + O%,,

O Decay operator in AA coupling channel

OAA = Z<13|OAA(T1,7‘2)0‘1-0'2|24>(ﬂcgé462, |1> = |n111j1m1>
1234

Neutrino potential in coordinate space

dq iq-(r1—7r
O () = [ ST

Multipole expansion for plane waves e*P" by spherical harmonics

7T — Ag Z iLjL(qT)YfM(@)YLM(ﬁ)
LM

2
O (r1,m9) = ;fqquH ) > lielgr) Yo (F))GL(gra) Y (72)] ZOAA 1, 72)

LM




The origin of the linear correlation

O The neutrino potential with L =0

Ofﬁg(f‘lﬂ’z) = ﬁ/q2qu(Q)j0(qu)j0(qT2)

2o(r1,m2) Z a;; X;i(r1)Y;(r2)

Oy (r1,12) = % PACHACHESACH AN

r5 (fm)

X,(r) and Y;(r) are smoothly decreasing

functions that are larger than zero

2.0 40 6.0 8.0
ry (fm)

L =0 term: (13|024,(r1,m2)o1- 02]24) ~ (n1l1| X1 (r1)|nels) (nals| Vi (r2) |nals)
X <j1m1|61|j2m2><j3m3|02|j4m4>67117125713?145515265354

. 1 . . . i
DGT transition: (13|0OP¢T|24) = %(Jlmﬂal |jama) (Jama|o2|jama)dn, ny Ongng 011150151,
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C% ()

CDGT ( r.)

1.6

TBGe
----82g¢

—.—. 100\

1.2

NME distributions in coordinate space

M = /drldrgca(rl,rz)

@ R=§(7‘1 +r,), r=(0;—1y)

Mo = / drC(r)

O The short-range character is
observed for 0vBp decay, but not
for DGT transition

O The explanation that the linear
correlation originates from the
dominant short-range character
in both transitions is thus not
support
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EENIEEEES——————..
Summary

O The NMEs of 0vBpB decay and DGT transition in ten nuclei that are most
relevant to the 0vSp decay experiments are investigated with the ReCD
theory:

v A strong linear correlation between 0vBpB decay and DGT transition
is demonstrated

v The leading-order term of 0vBB-decay operator is very similar fo
DG T-transition one

v The short-range dominant character is observed in 0vBg3 decay but
not in DGT transition

v The resent results provides a strong support to the forthcoming
experiments aiming to constrain the 0vgp-decay NMEs from the

double charge-exchange reactions
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Summary

Predicted decay half-life for mgpz = 10 meV

Isotopes Go, (%1071 yr=1) MO  Half-life (yr)

BCa 24.81 1.45 1.93 x 1028
6Ge 2.363 5.96 1.19 x 1028
82Ge 10.16 4.81  4.26 x 10%7
967y 20.58 6.61 1.12 x 1027
100\ o 15.92 7.11 1.25 x 1027
L6 16.70 4.91  2.49 x 10?7
128Tg 0.5878 3.28 1.59 x 10%°
130Te 14.22 3.85 4.78 x 10?7
136 X e 14.58 3.34 6.16 x 10%7
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Perspective
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Yilong Yang, School of Physics, Peking University 1
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