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OvpBpP experiments — a worldwide competition of ideas and underground physics technologies
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Isotope | Qzi(MeV) | N.A.
(%)

43Ca 4.268 0.187
6Ge 2.039 7.8
82Se 2.998 8.8
%Zr 3.356 2.8
100Mo 3.034 9.7
1opq 2.017 11.7
16Cd 2.813 7.5
124Sn 2.293 5.8
130Te 2.528 34.1
136X e 2.458 8.9
150Nd 3.371 5.6

4




uy

o Ovpp-decay — R
(AZ) — (AZ+2) +e +e (LNV at ~ GUT scale, exchange of three light v) S &
X m,
0w\ 1 mgaa 2 1 o2 A0 .
(Ti _{-.J) — g4 | M) GV Phase space factor W s €
. Me o well understood s v—A;H\ R
N
10°
NME must be evaluated :
using tools of nuclear theory
Mgs = 10-" F KamLAND-ZEN sensitivity
C13C1o€ % My + C13859€" 2 My + 85913
- %
Constraint from cosmology = q0-2L
¥ =m, +m,+m, = |
<0.90 eV NO I
<0.26 eV (Planck COll.) istavored by cosmology
<0.12eV  Contrary, the constraint from
Ovpp-decay (KLZ)
mg, < 0.036-0.156 eV . .
) BB 102 101 10°
implies mo [eV]

Y <0.12 eV




Ovpp-decay NME
The nuclear w. f. of status 2023(25)
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- ~100 MeV

v'B-decay, EC and 2v[[3 decay

v u-capture

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

Supporting nuclear physics experiments
(Measurements still not conclusive for Ov3[3 NME)
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Understanding of the 2vp3B-decay NMEs is of crucial
importance for correct evaluation of the OvBp-decay NMEs

(‘412)_}(‘412—'_2)—'_2{ _|_2|-||_;f

Both 2vpf and 0OvfB operators connect the same states.
Both change two neutrons into two protons.

Explaining 2vpfB-decay is necessary but not sufficient

Let’s put credit approaches that allow
to reproduce 2vf@p-decay NMEs, in particular
without closure approximations

QRPA calculations at the forefront:

i) importance of pairing int.; ii) importance of isospin
and spin-isospin symmetry restoration (isoscalar and
isovector residual int.); iii) importance of relative
deformation of the initial and final nuclei

There is no reliable calculation of

the 2vpBp-decay NMEs yet Fedor Simk
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2vpBp-decay NME

Weak interaction Hamiltonian  7,5(,.) — &2 e (2)Yaler, ()] ju(z) + h.c.
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Double beta decay is a two-body process

H = one — body + two — body, A.(0) = one-body

n tirmes
. = ()"
4u(t) = 3o S THTH- A, A4(0))..]
n=>0 :
n=0 [H9A] [1]
LN
n=1 [HW A] [1] 2
oo LN
n=2 [H? A [1] 2 3]
A VA
n=3 [H® Al ] 2] [3] 4

If H =~ one-body op. = Ay(t) is one-body op.

Fedor Simkovic
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The two-nucleon B-decays in 2vff-decay
are connected through strong and EM interactions.
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P(z1)7a(l + y5)n(21), P(22)Ya(l + 75)n(22)
er(xo)yer(x2)] X B

o _ (=0, (

/ N €L Il)’.}’yﬁL(

g sm

str +Pm ¢, d, e pion-exchange contributions
i a('Ll ) J B (‘LQ) expy—t [ H 33' dry dxy are already included in a and b diagrams

p_]u( ) UT(T[]? 0) jﬂ(ﬂﬂ') U(:I:Djl 0) Cj %
t !
L?(f* f‘[]) =T (E’L’p |:—? / H-‘f‘f’!‘—}-frn A
Jto
f)% é

//.

——___——-.

6/29/2026 Fed



2vpp-decay rate

—1 m
T256 )+ ] — e (Gam2)A1 (0t
[ 2 (07) SerIna (Camme) T (07).
A2 = g | DI AR 1 S K kP
= gv 4\i F + M7 +4\i F — Mg - ZH{{]:HF
Mp = e
— g% gARe {ME* My + MEME 2
: K(1})
J; [ [MEr + M| + |JI§TM’£T|2} Mer =) —5"Cn.
Fn = (0} HZTm | 0705 HZ T 1 0F).
Gn = (0F | Z’r om || 13) (13 | Z’rmcrm 10;")
EK — EEQ —I_EVQ T Eel _ELq
€L — Eel _|_ Evg T EEQ T Evl

OB, — Ei — Ef = 0

) > -0

In the closure approximation,
by assuming

1 E;i—FEs—m,
I (U+) = 5 / FO(Zf'-E61 )peiEe1dE€1
Ei—Eef—Ee:l
X / Fo(Zp, Eey)pey EcydEe,
Ei—Ef—Eei —E.,
X / E> E; AVdE,,. |
0
_.’L}_’I{.’ _ Z J..-WH ,'Fn
L|:1+j|
_-'U.'!: = L GJL'
&T Z 9
Kn(JT) = -
" - (2En(J*) = E; - Ef) + e
2
_l_
(QER(J—i_) - Ei - Ef) — €K
Ln(Jt) = =
T REL.(JN) - Ei—Ep) t ez
2
_|_
(QER(J+) — Ei — Ef) — €],

Is the real closure value close?
Cancellation of contributions from higher
and lower lying states
of intermediate nucleus
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Single State Dominance (Mo, 1%¢Cd,""¢Cd, '28Te ...)

HSD, higher levels
contribute to the decay

II \\ SSD, 1* level
1 ,/‘ 100c Y ', dominates in the decay
1’ \\ (Abad et al., 1984,
0+ 'I/ \ Ann. Fis. A 80, 9)
\
|

~ M (1H) MY (1+ Mi (1) MZ (1
M GT — Z m ( ) m ( ) f m ( ) m ( )
Em — E; + e+ 110 Em — FE; + €20 + Vg

Isotope f.s. T,,(SSD)[y] T,,(exp.)|yl]
2vpp-

_ MMt MMt 21\-1}'(1+)A-If (11)
SSD E,—FE,+eqo+vie FEi —E;+exn+uvo E,—-E;,+ A
f common approx.
M5y = Msr(vig < va) Gt e © Bpihn
~ (Ez—Ef)/QE A
Domin, Kovalenko, F.S., Semenov, NPA 753, 337 (2005) Fedor Simkovic
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06Cd  0,, >4.410%  >4.7102
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5‘ E-E.~-0.343 MeV
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Study of
differential
characteristics

E;-E; = 0 or neg. =
sensitivity
to lepton energies
in energy
Denominators

= SSD and HSD
offer different
differential
characteristics

F.S., Smotliak, Semenov
J. Phys. G, 27, 2233, 2001
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Semi-empirical Z 100 (Tﬁfz)‘l = |M Zu}ﬁ Q2
formula el ) |
fOl‘ ZVBB'decay 50 ﬂﬂf?y—ph _ (_f) ( N ) (Tf)g
(g-s- to g.s.) Ny 1 —5</B oo
0
7 50
4 2v—ph _ & T5
0.10 + y (N>
MQI/—ph
0.05 }+
]h J J |1l.|l.|J l.lnllh.lbhh.lbl.nh.
i ..,l.l-l.l.l |
0.00 e

o0
100

Apy = A% N2 NZF2 NZH2 .

PRC 111, 024307 (2025)
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There is no reliable

calculation of the 2vff-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 -




M2V, , =0 The DBD Nuclear Matrix Elements M%erq=0
and the SU(4) symmetry restoration)

Suppression of the Two Neutrino Double Beta Decay by Nuclear Structure Effects
P. Vogel, M.R. Zirnbauer, PRL (1986) 3148

] 1 i I T 1 1 1 I 'f,
O. Civitarese, A. Faessler, T. Tomoda, PLLB 194 (1987) 11 6.0+ 38 Vi
E. Bender, K. Muto, H.V. Klapdor, PLB 208 (1988) 53 years ago »
4.0
The isospin is known to be a good approximation o 20
in nuclei =
O
In heavy nuclei the SU(4) symmetry is strongly 20
broken by the spin-orbit splitting.
_..4.0 -
What is beyond this behavior? 0 0.4 0.8 |.2 | 6 20
Is it an artifact of the QRPA? g'PP/qParr

6/29/2U20 Fe.  _ .



s.p. mean-field Conserves SU(4) symmetry

Study of
2vpL NME H

AL 10, M7)Ag 1 (0. MT) + Y AI_O(MS.O)ALO(J[S.O)) +0pn Y Bl Fap
within the

Mr=-1,0,1 Ms=-1,0,1 a,b

schematic _4T= Al o(Ms,0)A10(Ms, 0) + (gpair — 97 AS 1(0,0) 40,1 (0,07, Hy Violates SU(4)
model . 9 symmetry
pair- Strength of isovector like nucleon pairing
(L=0, S=0, T=1, M,=+1) - onre
- —— :| .
T=1_ ° . _ o o = 1 ,1“ Y E
T strength of isovector spin-0 pairing 00 (0410 (1,3,10) oar)
(L=0, S=0, T=1, M =0 : (1,5,10) i
T=0 . . . . SOF  (0.6,10) 06100 3
Sop -strength of isoscalar spin-1 pairing — Ok 1710 -
—0 =1 T= - (028 :
(L=0, S=1, T=0) % 60 Eg’i’;‘" (138 ——— (0810)
g,n- Strength of particle-hole force E 49 (15.8) 048 3
~ 40 £ 0.6.8) (1,9,10) (0,6,8) =
= F T —_— (0,10,10) 3
70! E (0,10,10) (1,7,8) — (0,2,6) 3
M 20F (0,4,6) (13,6) —_— (0,4,6) 3
Energies of excited states ;::? (L5.6) 53%2;
0 :_ EAL ] — e _:
for the case of conserved SU(4) symmetry = s (134) s
M;=0, M =0 (see SU(4) multiplets) 20 | | —— @ E
4 2

o

D. Stefanik, F.S., A. Faessler, PRC 91, 064311 (2015) Fedor Sir



Mt up to the second
order of perturbation theory due to
the violation of the SU(4) symmetry by

Mg and Mgy are the particle-particle interaction of H
governed by a weak violation

of the SU(4) symmetry by the OB Errrrrrrr T T e
article-particle interaction of H -

A4 /33 T=1
,.1“_(21; _ 13 F

(‘Sg-pair + :ggph) (lﬂgpaﬂ + GQph,)

My and M, do not depend on the mean-field part of H

----- perturbation theory (1st order)

144 /33 E
4 T T:{] =

nlirﬁy . lh]:_l &) { gPﬂiT' o gpp _0'8§_ exact solution
LW E

GT — Sgpa-i’r' —— Qgph (1[]9?&1'?, -+ Qngh) —1.05— — — — - perturbation theory (’l_’nd order) | | | \ E
:IIIIIIIII|I||||||||||||||||||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII—
2 _1'%).4 0.6 0.8 1 1.2 1.4 1.6 1.8
. T=0
+ — Ipr - Epp fgpair
(lﬂgpai?- + 2093:-?1 Qpair + bgph)

Results confirm the dependence of My and M, on
6/29/2026 Eador ok g, . and g, " by the QRPA



By assuming a fixed violation of the SU(4)
symmetry by particle-particle int.
Mgy decreases by increase of isospin
of the ground state

Results confirm dependence
of My and M,
ong, ™ and g by the QRPA
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Improved description of  Both 2vf$ and Ovpp operators connect the same states.
the OvBB—decay rate Both change two neutrons into two protons.

Explaining 2vpp-decay is necessary but not sufficient

(a way to fix g, i)
E, — (EL + Ef)/2

PRC 97, 034315 (2018) MEE = m, Z M, |
’ [En — (Ei + Ef)/2)? — ek,
EK.L —
Taylor expansion E” o (E _|_ Ef)/? g = (Eﬂg —|_ Eil:-"g - Er 1 Em ) /2
€, = (Em + Eu; o Erg, o Evl)/Q
€KL e (_Q Q)
We get B 272
—1 eff\4 2w o v MM
[T75] " = (94)" [Mor | [GE" + En G Mér_s Ve = Zﬂ’f"‘(m)En(1+) — (Ei+ Ey)/2
. ) 631 = ' A m3
+(£31)°G% + (‘(531)2 + &,1) G MGT 1 M2y =Y M, (0%) Te .

1 2 2 Qv 551 ﬂ/f 1'2:/ _ Z ﬂ{ O-I- ]‘6 mg
—|—§€315.5104‘2 + 553155106 ofr ETE T n (Eﬂ(lJr)_(Et._i_Ef)/Q)S

T

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) 24



&5 tell us about

The running sum of the 2vpBp—-decay NMEs importance of HSD: £, ~0
* 9137

(QRPA)

higher lying states
1 M2 of int. nucl. €,5~1 (large)
12w _ 1
Mgr—, = Z*"""r” 3T e GT—3 Possible because of a large cancellation
n (E + E f / 2 AT
1 ME¢ GT—1 of contributions through lower and
A f{?f;. , = Z M, e . M2y higher-lying states of (A,Z+1) nucleus
0 SN E, — (B + Ef)/2) 2 GT—5 QO e
' 15— as2v C
Mér— osk : o s 1
I A ChER
R 04F ) ]
— =3 - ]
— 55 ] ?ﬂuﬁ 03F L A }‘

B | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
- 0 | 1 1
. 0 48 4 76 8 82 12 96_ 16 100 ”'3' 116 24 130 28 136 32
- Ca Ge Se Zr Cd Te Xe

&5 can be determined phenomenologically from the shape

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




KamLAND-Zen Exp. . §13<0.26 (136 Xe) KamLAND-Zen Coll. (+J. Menendez, F.S.),

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

€5 can be determined phenomenologically

from the shape of energy : - —- QRPA (CD-Bonn)
distributions of emitted electrons . — — QRPA (Argonne)
s shell model (GCN)
m  shell model (MC)

The g,° can be deterimed with measured
half-life, ratio of NMEs &;, and calculated NME,
dominated by transitions through
low lying states of the intermediate nucleus.

(gf)i 1 €75
‘iﬁ' (“1 '3‘ \/TEFQ Lﬂp va + g%%G%p)

M3 have to be calculated

II|IIII|IIII|I-.
by nuclear theory - ISM 0.2, 0.005 0.01 0.015 0.02 0.025 0.03

2v

M GT-3

PandaX-4T data (37.8 kg y): &,;=0.591%41 ;. (1°¢ Xe) arXiv:ZSI;?)Zg:;( [gl(l)ill.-,exl,(Z(lZS)



CUPID-Mo Exp. : §,,=0.45%0.03 (stat) £0.05 (syst) (' Mo)

Phys.Rev.Lett. 131, 162501 (2023) 12— Statistical
700 [
L Data 10_ Stat 68% c.i.
600H- [
2 500 ‘ MOdeI 'al : ——— Stat+ Systematic
2 2vpp S 8f
> — — at +Sys 6 C.i.
2 400 Background o _F Stat +Syst 68%
~ - 6_
o 300 @©, B
c - B
3 200F g a4l
o o B
100 B
0 L1 1 I L1 L1 T M e = ---::.:..!.-:__:4,-__..]_.' [ T T 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
S 1.3F
g 1E 1.2 E—
o 3 . - o . Lt . . 1.1 —— CD-Bonn
~4 500 1000 1500 2000 2500 3000 3500 4000 % 1 f_
Energy [keV] =X 0.9 ;_ —— Argonne V18
18 0.8F — sSD
T,, =1[7.07£0.02(stat)£0.11(syst)] x 10*® yr 0.7F
0.5E .
0.2 0.3 0.4 0.5 0.6 0.7

Es1/E3; = 0.364-0.368 (QRPA), 0.367 (SSD), 0.349 (ISM)

6/29/2026 g T (pnQRPA) = 1.0 £0.1(stat)+0.2(syst)

g

3,1

g T (ISM) = 1.11 £0.03(stat)=0.05(syst)



Determining g, from the 2vf33 differential characteristics
CUPID-Mo, NEMO3

Measurement of the 2vf decay rate and Toy model
shape of 1"Mo from the CUPID-Mo experiment
CUPID-Mo Coll., C. Augier, et al., 2307.14086 [nucl-ex] Mgr= Mgy (SSD) + x M (HSD)
3
£, = 0.45 £0.03 (stat.) £0.05 1.0
(syst.) i
£,,(SSD) = 0.37
&,,(HSD) = 0.008 (GTR) a0 -
- - (£51 Jssp = 01363
-15 -10 -5 5 10 h . _
! — [£3) Jusn = 0
s}

6/29/2026




CUORE Exp. (*'Te) £, = 0.01+031

—0.01 It does not make sense(!?)
arXive: 2503.24137 [nucl-ex] €51 = 1.46703 We are confused ...
_ +0.05 +0.07 20
Tl;’z = (9 3275 p4stat. 00783/'813-) X 10" yr ——  Fit mode
639 C1 * GCN —— pnQRPA-Argonne
o QX ==-- pnQRPA-Bonn
Reconstruction [ 2w spectrum 90% CI
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The role of the width of the states of the intermediate nucleus
(E,~>E +T./2)

1 R3 11 13
2v 813 . ff\4 R1 |2 2\ 12 Mg Mt Mgr
T = @ ME [+ enn®) G amn = o G = 1 o = 1
o GT GT GT
+ (Errs1 + Err11€1R31) G5 —
1 : :
2 2 2 2 3 2
+3 (&rr31% + €rp3”) (Gas + GY) o
12;— —
M, D. -
TRl __ . n+’n — 10F
MWT_meZ(DQ—FFQ/ﬁl) % -
n n n 2 8 3
, 2 a2 = F
:'urg% = 4??12 Z ﬂann (Dﬂ 31_‘;}/4) — .5:_ A=16
n (D% + F%/ﬁl)l - — A=48
M,T, /2 i et
:'l[é]—r = Me Z (DQ :_;2/4) 23— - — Z=136 A
s ax= MDL/2(3D2 — T2/4) S TR N N TR T
ML, = 4m? SR = L
G = 4m} Z (D2 + T2/ E [MeV]

D, =FE, — (E'E + B f) / 2 Fedors We found that &, and ;;, are negligibly small



(AT [d(E., + E,))/T* [MeV ]
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Effect of the electron p,,-wave state in 2vpB-decay (preliminary)
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S 1 1 1 1 1 |
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2vpp probes All 100 kg- and ton-class OvBp experiments can also study a diverse

New Beyond SM Physics range of exotic phenomena, e.g. through spectral distortion in 2vf.
Future searches will probe the 2vf B with high statistics about 10°-10° events.

Common subjects: o SR o
2.5

Majoron(s) emission 2w36-SM (n = 5)

(partly)bosonic neutrinos,

Lorentz invariance ~ 20 0vBBx (n=1)
violation < 0vBBx (n = 2)
=T 15
Recent subjects: § : mrmrees OvBBx(x) (n = 3)
Lepton-number conserving = 10" ——— 2uBB-LIVv (n=4)
right-handed currents o=

(PRL 125 (2020) 17, 171801) 2vf33-bosonic v (n = 6,

- . . 0.5
Neutrino self-interactions 0vBBxx (n=T)
(PRD 102 (2020) 5, 051701) ;
Sterile neutrino and light 0.05 B
fermion searches through 0.0 1.0 1.2 1.4
energy end point (Eey + Eey — 2me) [Qpp
(PRD 103 (2021) 5, 055019; dr

=C(Q — &1 —&)" [preiF(e1)] [p2&2F(e2)] Spectral index n

PLB 815 (2021) 136127) deydey
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Eur. Phys. J. C 85, 174 (2025)

150Sm (keV) Present work Previous results ZVﬁB-decay
334.0 27 > 2.42 x 1020 [28] to 27 state
334.0 2] > 7.3 x 101 > 1.26 x 1023 [28]° (First observation)
740.5 07 1.037035 x 10 See Table |
740.5 07 > 7.1 x 101 > 1.36 x 10> [28]°
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[Jung et al. (GSI), 1992] observed beta decay of 122Dy®¢* ions with Electron
Production (EP) in K or L shells: T/, = 47 d

Double Beta Decay
Bound-state double-beta decay OVEPB~ (2vEPS ™) with EP in available s, /, or with emission of
p1/, subshell of daughter 2+ ion: a single electron
92X — 25 +ep +e 4+ (Vo + V)
Z Z+2 b e e
B O _ — o=
EP ol 297 B
Ze~ ; — 2vEPG™
Ay ® Ly 0.8F VEPE™
Z+2 7, 2 :
) = 06! i
Ve = 7
— 04 ]
2vEPP can be detected 02 : Supressed ~ 1073 ]
Half-life predictions ]
are independent 0.0t b e
Value of 2vB NME

E —m, [MeV]



Is there a proportionality between OvBp- and 2vpp-decay NMEs?
Known
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ISM, EDF : M%» &¢ M%¢1.q MPGT = M, —only 1*  QRPA: There is no proportionality between

- | | | @ MY - contribution 0Ovpp- and 2vpp-decay NMEs
1.2 Ca & (a) .
: T e from many J*(!) (change of sign at GTR level)
-~ 1 Cr —
+5 - KB3G O B ]
r 08ITGXPFIB O = .
= [ EDF ¥ : Region of GT resonance
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ISM: N. Shimizu, J. Menendez, K. Yako,

PRL 120, 142502 (2018) QRPA: F.S., R. Hodak, A. Faessler, P. Vogel,

PRC 83, 015502 (2011)



A connection between closure 2vB[ and 0vBB GT NMEs

F.S., R. Hod4k, A. Faessler, P. Vogel, PRC 83, 015502 (2011)

Going to relative
coordinates:

(b L
‘lurlf N—1 T

r- relative distance
of two decaying nucleons

MZ

L-*"v
[P,
/ ﬂr

F.S., A. Smetana, P. Vogel, PRC 98, 064325 (2018)
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v—and N- exchange
potential (x 2, (1)
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Neutrino potential prefers short distances
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in between the initial and final nuclei

in 1sosp

The role of the difference
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Closure 2vBS GT NME
(role of the higher multipolarities)

Y o <O0f|tra|l T m > < 1T
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Many multipole
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the model space
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Restriction on the energy range
of intermediate states
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J-PARC 3-50 GeV p,
vV, L

Measurement of GT strength via pu-capture
wpt (AZ) — (A,Z-1) +v,

Contradicting QRPA results:
* Strong quenching (g, ~ 0.6)
PRC 100, 014619 (2019)
*Weak quenching (g, = 1.1)
PRC 74, 024326 (2006)

PRC 79, 054323 (2009)

PRC 102, 034301 (2020).

= Small basis nuclear structure Momentum

calculations (NSM, IBM) are transfer
disfavored. = | q~80 MeV
S 1.5 T
T £
Monument = -
Exp. & = i
& 0.5
= ¥ 0
. *iiii*i
0 I
S ¥ W - , , 0 10 20 30 40 50 60 70
‘: R b A . : P Excitation energy MeV

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



(G,gmi)z

I'=m,
21

2 Bor
x (g5 ( gﬁﬁ)z + CorBocr + CTB¢T)

Muon capture
rates
evaluated
within
QRPA

F. S, R. Dvornicky,
P. Vogel,

PRC 102, 034301 (2020).

K(J”Uk] —

New formalism
(derivation
as for Ovpp-decay
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FIG. 1. The radial dependence of the bound muon wave func-
tions g_y(r)and f_(r) for 6Se, 'Ry, and P®Ba.
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Muon capture rates evaluated within QRPA
In agreement with soft quenching (g, ~ 1.1) E
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Double GT Giant resonances
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The 139Te(?°Ne,?°0)139Xe DCE reaction
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in the Region Of Interest
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you are having fun.

Albert Einstein
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