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Overview

Over the past two decades, a wealth of experimental has been collected to explore single-
particle aspects of OvB-decay candidates in a direct challenge to nuclear theory. Other groups
(theory and experiment) have explored other properties such as the ground state shapes.

Basic premises (ground-state nucleon occupancies, pairing)
Experiments (now a 10-year+ project)

Analysis techniques

Normalizations, quenching

An overview of results, compared with theory

Comments on pairing, quenching
Shapes (breifly)

O O O O O O O

Argonne National Laboratory is a

ENAERGY U'S. Department of Energy laboratory For a great overview on many aspects of Ov33 decay, see: M. Agostini et al. Rev. Mod. Phys. 95, 025002 (2023) Argon ne A

managed by UChicago Argonne, LLC.
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Beta decay, double beta decay ...

67020 . —T—T
A=72
(~74% of isobars)
67015 odd-odd _

even-even

> 67010

Mass (Me

67005

67000

Pairing in nuclei results in a displacement of even-even and odd-odd mass parabolas for given
isobars. Data from AME 2012.

4”7 R U.S. DEPARTMENT OF _ Argonne National Laboratory is a
gl i ENERGY U.S. Department of Energy laboratory Ar On ne
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Beta decay, double beta decay

67020 —— - . 70740
A=72 i
(~74% of isobars) -
67015 odd-odd 1 70735+
' even-even . B
%\ o/010 70730 |-
= ' i
D) N
D)
Qv " B
= 67005 70725 L
67000 70720 L
66995 707150+ 1 11
8 28 30 32 34 36 38

Pairing in nuclei results in a displacement of even-even and odd-odd mass parabolas for given
isobars. Data from AME 2012. Precise masses = precise Q value.
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Beta decay, double beta decay

Elucidating the nature of neutrinos is one e Mo Ordene with i
of the major challenges to contemporary

Inverted Ordering with uncertainty

Normal Ordering without uncertainty

. 100 = | mmm Inverted Ordering without uncertainty
science — i :
® Majorana or Dirac? > ol KamLAND-Zen + EXO 200 |||||| H _
. L on? r w
epton number conservation . \\\|\\\|\\\\||\|\\\|\\\\\\“\|\\\|\\\\\\N\\||\|\\\|\\\\\\\\\I\\\|\\\|\\\\M\\\|\\\|\\\w\\\\IH\I\\\I\\\\\\\\\|INININNI|\\I| || ||||||| ||||||| L :
® Absolute mass scale? 2 102 || % : ]
® Mass mechanisms? - |||I| B
o | ,, nmmmmuuw|||||||||“M| M\
atter-antimatter asymmetry: 10-3 5i B .
. o o o . .
"l e e
Param Best fit Range I 10 -3 10 -2 1071 100
Am2/105 eV 7.50 7.00-8.09 es = Z mil Mo [eV] |
Am132/10-38 ev2 2.473 2.2276-2.695 5
5 / C12C13 $12C13 s1ge 0P B0 0
Oz 33.96 31.09-35.89 Uai = | —S12C23 — C12513523€"  C12C23 — S12513523€" 13523 (60 e’z 0
B15° 8.66 7.19-9.96 \ 512823 — C12513C23€"  —Ci2823 — S12513C23€™  Ci323 0 01
023° 40.0, 50.4 35.54.8 PVINS matrix

e National Laboratory is a CI_I COSBI] Slj — Slnelj 0 < 6[] < WZ
i 7 ENERGY an;zee%as;“s?%h?saz“oe;%ygﬁaziaﬁfg E.g., from article, NPB 893, 89 (2015) Argonne °
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Beta decay, double beta decay ...

Elucidating the nature of neutrinos is one "M Nommal Ordering with unceriainty. | . ¢ -
§ #hn moine chollomnc 4n samtnmnorary N B eichikomicu M I B B
, \ 10 - B Inverted Ordering without uncertainty :
{ B — (1), )" (111:)‘*1 -
(Am7), e - H
(m, )’ —— > KamLAND-Zen + EXO 200 »
“ Q10 || P
T 2 immnnmwmw\||nmmn|mmmummmmnnnm|||||| =
(Am), > 102 A R
.. \\|\\\l\\\|\\\\|I\IH\I\\“\\\\\\\\H\\\\N“|||||||||||||||||||||
103 R 3 .
I (1)) i
(Am”)_, I . . T < o
0 —— 107 102 10 100
normal hierarchy inverted hierarchy mgg = Z mz m 0 [eV]
3 n=1
mps = Y miUZ; o
n—1 / C12C13 $12C13 sige T r eBr 0 0
Uai = | —S12C23 — C12813523€™ 12023 — S12513823€" C13523 0 €2 0
O15° 8.66 7.19-9.96 \ S12823 — C12513C23€™  —C12823 — S12513C23€™0  Ci30a3 0 0 1
623° 40.0, 50.4 35.54.8 PVINS mairix

I Cij = c0S0j;, sj=sinBj, 0 <0 <m/2
ENERG r%i%%g{/nugh e A?é|yb atory E.g., from article, NPB 893, 89 (2015) Argon ne °
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BPB and the chart of nuclides

Which isotopes are candidates? omad

H EEE
I
[ =IIII [

In about 25% of the isobaric
s chains, double beta decay, of

I - E'EI:“ one kind or another, is
HH v N possible.
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BPB and the chart of nuclides

Which isotopes are candidates? %%% :
Double electron capture: Has many final %%% :
states; experimentally challenging due c%;%j :
to need to detect low-energy photons. - I:Hﬂ -
| will ignore for rest of talk. aaa
o5 Moving in the “B*” direction ...
et [ 2, Q< 1.022 MeV
;185 (] 2e / eB+ 1.022 < Q < 2.044 MeV
i [0 2e/ B+ / 2B+ Q > 2.044 MeV
Z F I.éll Ll
I EH_ =-E@\E:l
G : - 34 total candidates, 22 of which can undergo €+ and 6 23+ decay. One
LR — N confirmed observation of the 2v version of 2« in 130Ba, via geochemical analysis.
=.E“ (Note: resonant neutrinoless double capture (ROvZ2e) discussed as being more
_=='“ viable)
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BPB and the chart of nuclides

Which isotopes are candidates? : %I:Hﬂ

i

307 . %-%5

0,1 : EE%@: hall
X Ke/Q Tl

0.54 / Moving in the “-” direction ...

o0t —— Seanal There are 35 double-f3-

+ decay candidates, with Q
values ranging from 0.1-4.3
- MeV, with natural

abundances of 0.004-35%*.

Figure of 23- spectrum from Elliott and Vogel, Annu. Rev. Nucl. Part. Sci. 52, 115 (2002)

e — N *Excluding the alpha emitters (232Th and 238U, which are ~100% alpha decay)
mni For 11 of these, the 2v mode has been observed. Also, 2v mode to excited 0+ states
_=='“ seen in 100Mo and 150Nd.

2

[Tf/”Q]_l = (Phase Space Factor) x |Nuclear Matrix Element|* x [{(mgg)]
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BPB and the chart of nuclides

Which isotopes are candidates? %%Eﬁ:

et

%%%E%.:

.

%_ Typically, only about 11 are
: %ﬂ discussed as viable, and in
bt reality, only a subset of these
are practical.
— N

|

y?

|~! = (Phase Space Factor) x |Nuclear Matrix Element|® x |[(mg3)]

2
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Ov3B candidates

Best candidates?

Large Q value is desired ...
backgrounds. Additionally, the decay
probability scales with ~Q5 and Z.

The rest is a compromise between

natural abundance, detector
technology, economics, and nuclear
structure.

QQB— (MeV)

0.5

0.3

0.2

0.1

8Ca - 7,

150Nd 8236

e /
B 100

Mo

1 SOTe —

0.01

0.1 1
Natural abundance (%)

10

4~ R U.S. DEPARTMENT OF _ Argonne National Laboratory is a [Tl 2 ]
o i ENERGY U.S. Department of Energy laboratory
%‘S\PTESO“'

managed by UChicago Argonne, LLC.

= (Phase Space Factor) x |Nuclear Matrix Element|* x [(mgg)|?

100
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Ov3B candidates

Best candidates?

Large Q value is desired ...
backgrounds. Additionally, the decay
probability scales with ~Q5 and Z.

The rest is a compromise between

natural abundance, detector

technology, economics, and nuclear
structure.

Ov phase-space factor (10'15 yr'l)

48, T6Ge 82ge 967, 100N1,110pg 1164 124gy, 130, 136, 150N
Data: Kotila and lachello, Phys. Rev. C 85, 034316 (2012).

|

y?

]—1

= (Phase Space Factor) x |Nuclear Matrix Element|* x [(mgg)|?
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NME:s -- "the principal problem"

6
O X IBM-2
§ I o o ® QRPAJy
= 5 L s QRPA-TU
(@] u
P Ji L
Many groups, using different gt I .
models and assumptions, carry & | | ® X *
out these calculations. The E’ . : I * «
. . § o
spread is considerable. o ¢ ¢ 0' ¢
s ol
. =2F _ .
Horoi and Neacsu, Phys. Rev. C 93, e I ) I
024308 (2016) 5
E 1 l .
) [
4804 76 82Ga 124G 130T 136y o

[T{)/”Q]_l = (Phase Space Factor) x |Nuclear Matrix Element|* x [(mgg)|?
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NME:s -- "the principal problem"

Experimental searches are

often discussed in terms of

their sensitivity to a given half

life, accounting for enrichment,
efficiency, backgrounds, L
resolution, and mass. ;

o« [NME[?

QRPA IBM EDF SM SM
Iwata et al., Phys. Rev. Lett. 116, 112502 (2016) (pf)

[T{)/”Q]_l = (Phase Space Factor) x |Nuclear Matrix Element|* x [{(mgg)]

2

SM
(MBPT) (sdpf)
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Mechanism, rationale for our work

ov2B 0v2B
Dominated by Gamow-Teller Probes all intermediate states up to
transitions via 1+ states in the 10s of MeV, any spin, up to 5 to 6h

iIntermediate nucleus, confined to
low excitation energy

0* ias r=6
A A
75As N 77As \ o6

E I'=5 0*das > E %
| - : =
2 S
0*gs. [/1-6 0*gs. [ T—-6 ?
76Ge 0"9sv71-4 76Ge 0798-v 14
7686 7636
Can probe/do probe: No obvious probe*:
e.g., 76Ge(p,n)’6As, 76Se(n,p)76As e.g., 76Ge(18Ne,180)76Se
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Ground states...

« Single- and two-particle properties should be important:
= How do the protons and neutrons rearrange themselves going from the
initial to final state? (we can probe that)
» Are the ground states ‘simple’ BCS like states? (we can probe that too)
« Can knowledge of the above inform or constrain theoretical calculations?

« How well are the uncertainties (in the analysis of the experimental data) understood?

« (Are all these things not already known (after all, these are [essentially]
stable isotopes?)

AAAAAAAAAAAAAAAAAA



Series of experiments ...

Single-nucleon and two-nucleon transfer on nuclei involved in the 76Ge—7¢Se, 100Mo—100Ru,
130Te—130Xe, and 136 Xe—13¢Ba decays

QOriginal works, including cross sections and analyzed data:

S.J. Freeman et al., Phys. Rev. C 75, 051301(R)(2007): A = /6 neutron pairing

J. P. Schiffer et al., Phys. Rev. Lett. 100, 112501 (2008): A = /éneutron occupancies

B. P Kay et al., Phys. Rev. C 79, 021301(R) (2009): A = /6 proton occupancies

I. Bloxham et al., Phys. Rev. C 82, 027308 (2010): A = 130 neutron (and proton) pairing

J.S. Thomas et al., Phys. Rev. C 86, 047304 (2012): A = 100 neutron pairing

B. P. Kay et al., Phys. Rev. C 87, 011302(R) (2013): A = 130 neutron occupancies

A. Roberts et al., Phys. Rev. C 87, 051305(R) (2013): A = /6 proton pairing

J. P Entwisle et al., Phys. Rev. C 93, 064312 (2016): A = 130 and A = 136 proton occupancies
S.V.Szwec et al., Phys. Rev. C 94, 054314 (2016): A = 136 neutron occupancies

S.J. Freeman et al., Phys. Rev. C 96, 054325 (2017): A = 100 proton and neutron occupancies

““\;O%n U.S. DEPARTMENT OF  Argonne National Laboratory is a
ENERGY U.S. Department of Energy laboratory r Onne
Rens? managed by UCh icago Argonne , LLC. ‘ \
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Focus of brief experimental highlights

Single-nucleon and two-nucleon transfer on nuclei involved in the 76Ge—7¢Se, 100Mo—100Ru,
130Te—130Xe, and 136 Xe—13¢Ba decays

T =0
. 7Se | 78Se
SAs | 76As | 77As
4Ge | 7°Ge .

s /2

//2

9/2

5/2
3/2

//2

. e
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7T =0

132X e

130]

131]

1 28Te

e .

— /2
m— 52

9/2

11/2
3/2
//2

9/2

138Bg

135Cs 136(Cs 137Cs

134X e 135Xe | 136Xe
——— 02

82
82)

— /2
E——C 7
— 52
e 7/2
s O/ 2

T F# 0
9Tc | 100T¢ | 101Tc
//2 9/2
50 82
=), (2,
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Reminder (again), transfer reactions

Around 10 MeV/u (direct reactions)
Variety of reactions (momentum matching)

io00 ————————r————7—————— ,

: . | & .
Yield c00l = 130Te(d,p) -
(Cross section) O ©
600F @, 9 (g
Momentum o EIR
o) Q QV ™
Ejectile (Energy) s L N oo b N
e.g. >He ,proton | & Lol a8 o =2]lB
g g8 &7
» e JLANL 3 ZSN SIW,
§ 0 et : *
o

_— 32

9/2

82 11/2

172

o/2
//2

50

9/2

PrOJeCtlle lk\:‘ t e
e.g. a ,deuteron / 0r =
Transferred neutron s
' > sol }‘& 130Te(a,3He)
SR
Jlls %
+ & QY
100t & |1 2
Cl\li‘ 8 I
)
50+ gl l %
Target nucleus -

Excitation energy (MeV')

Spectra from BPK et al., Phys. Rev. C 87, 011302(R) (2013)
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Does it work? A question not asked yet

[ J [ J
® Need a nOrmallzatlon REVIEWS OF MODERN PHYSICS VOLUME 32, NUMBER 3 JULY, 1960

Stripping Reactions and the Structure of Light
and Intermediate Nuclei”

« Typical uncertainty is between

M. H. MACFARLANE
+/ B 0' 1 - 0' 2 n u Cle O nS Argonne Nalional Laboralory, Lemont, Illinois, and Universily of Rochester, Rochesler, New Yorkt
« Demonstrated in many systems R
o o Universily of Rochesler, Rochester, New York
(groups of isotopes/isotones) I

across the chart of nuclides

Neutron Occupancies

/! ___
S" = Oexp/ODWBA

— Q %)
N, =S'/S %
S
Nj = (2G+S£dding T EG—Siemoving)/(zj +1).
+ Butis the normalization just arbitrary? 58Ni  60Nj  62Ni 64N

Ni occupancies from J. P. Schiffer et al., Phys. Rev. Lett. 108, 022501 (2012) Argon ne A
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Analysis, e.g., of 76Ge,Se

| | I I I ] I I | | I 1 I | I I | | I ] I I I I | | | I | | | | | |

e |

— /7
1/2
i 5/2

75As \ 77As
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Analysis - sum rules and normalization

E 7 (2j+1)S’
205 4
421 2
505 2

384 2

1250 3
1410 0

Cwst 1 osr 12500
1580 3 1385 2

N;

[Z Sr{emoving + Z(QJ T 1) ;dding]/(Qj + 1) /

N; = [(0.45 4 0.12 4+ 1.29 + 0.10 + 0.11 + 0.37) + (0.44 + 0.15 + 0.12 + 0.04)] /(2 + 4) = 0.53

f%é U.S. DEPARTMENT OF  Argonne National Laboratory is a
@ ENERGY U.S. Department of Energy laboratory r Onne
Rt managed by UCh icago Argonne, LLC ) ‘ \
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Analysis - sum rules and normalization

E 4 (2j+1)S’ 2/+1)S
225 4
421 2
505 2

384 2

1250 3
1410 0

Swst 1 o o0 P00
1580 3 1385 2

N;

[Z Sr{emoving + Z(QJ T 1) ;dding]/(Zj + 1) /

N; = [(0.45 4 0.12 4+ 1.29 + 0.10 + 0.11 + 0.37) + (0.44 + 0.15 + 0.12 + 0.04)] /(2 + 4) = 0.53

f%é U.S. DEPARTMENT OF  Argonne National Laboratory is a
@ ENERGY U.S. Department of Energy laboratory r ane
Rt managed by UCh icago Argonne, LLC ) ‘ \
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... old results

Isotope  Ofso 1p1p3ze  0gore Sum  Expect
74Ge 1.8 1.1 4.3 7.2 8
76Ge 1.4 1.1 3.5 6.0 6
76Se 2.2 1.6 4.2 8.0 8
8Se 2.3 0.9 2.8 6.1 6

Isotope  Ofso 1p1rpse  0gone Sum  Expect
4Ge 1.89 1.52 0.37 3.78 4
76Ge 1.75 2.04 0.23 4.02 4
76Se 2.09 3.17 0.86 6.12 6
8Se 2.35 1.82 2.05 6.22 6

Qo

Neutron vancancy
N

N

o

Qo

Proton occupancy
)

N

0

T
EEXPE
7666:

o)

N

- | |
CEXP
- 7GGe

I T R A R

| [
_ EXP
- 76g¢

) I I I T -

| I
CEXP
7689 -

lllllllll
11

J. P Schiffer et al., Phys. Rev. Lett. 100, 112501 (2008) [neutrons]

BPK et al., Phys. Rev. C 79, 021301(R) (2009) [protons]

%" RCNP

ARy EPEmAtY T —
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... old results

Neutron vancancy
~ @) Qo
| L L I LI

N

-

Qo

Proton occupancy
EAN )
L ' L L | VP T

N

0

]

I

|

1
EXP
ﬂﬁae

' A B B O B B A |

| |
EXP
76Ge

[N TN T O O T T O O T O O N

2

0

1
EXP
7686

) I I I T -

lllllllllll

| |
EXP
7689

I A A A

Isotope  Ofsp 1p1re3ze  0gore Sum  Expect
> f L B | |
V=TT .
————— /7 1
H EEE
— EEEEE
— T
— 3 /)
— [ /)
34 |- }
32 1
- 16/ B B
llIII H B
“ H B
28 |- H BEEE B ;
i 1 1 1 1 1 | 1 1 1 - 1 1 1 1 1 1 | 1 | 1 | | ] |
28 42 44 50 N
8Se 2.35 1.82 2.05 6.22 §)
ENAERG gg%%ﬁu&'%iﬁgybag J. P Schiffer et al., Phys. Rev. Lett. 100, 112501 (2008) [neutrons]

BPK et al., Phys.

Rev. C 79, 021301(R) (2009) [protons]

ARAE YRRty T~
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Change in occupancy

B Oggpo
B ip
B Ofy)

gExpg EA

N
| rrraTa

—i

Neutron vancancy (765e-"5Ge)

O

N

—

Proton occupancy (768e—76(3e)

o

—
I T

ry—experiment
-

Neutrons

Tpeo

|
N
T 1 1 I
-

N
T

—
T 1
|

y—experiment

()
| T T | LI

Protons

Tpeor
|
1

_2- 1 I L
QRPA QRPA

J. P. Schiffer et al., Phys. Rev. Lett. 100, 112501 (2008) [neutrons]

BPK et al., Phys. Rev. C 79, 021301(R) (2009) [protons]

Rodin et al., Nucl. Phys. A 766, 107 (2006) [A]
Suhonen et al., Phys. Lett. B 668, 277 (2006) [B]
Caurier et al., Phys. Rev. Lett.100, 0562503 (2008) [C]

Error bars are dominated by the systematic
uncertainties relating to the analysis
(Does not include more recent IBM results)
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Change in occupancy
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I T
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N
T 1 1T 1
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| T T | LI
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_2- 1 I L]
QRPA QRPA

J. P. Schiffer et al., Phys. Rev. Lett. 100, 112501 (2008) [neutrons]

BPK et al., Phys. Rev. C 79, 021301(R) (2009) [protons]

Rodin et al., Nucl. Phys. A 766, 107 (2006) [A]
Suhonen et al., Phys. Lett. B 668, 277 (2006) [B]
Caurier et al., Phys. Rev. Lett.100, 0562503 (2008) [C]

Error bars are dominated by the systematic
uncertainties relating to the analysis
(Does not include more recent IBM results)
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Impact? Any? Maybe ...

® QRPA(Tu)
I B RQRPA(Tu)|
° ¢ QRPA(Jy)
A ISM
L - ¢ - ® 14 o . . . .
= - Clearly, having the experimental orbit occupancies available,
Z 3 ; and adjusting the input to fulfill the corresponding constraint,
8 I A makes a difference. It would be very useful to have similar
E constraints available also 1n other systems, 1n particular for
£, g 139Te and/or °°Xe.
> 22
= | _
A v.
3 I
I Modified figure from Menéndez, Poves, Caurier, Nowacki, J. Phys.: Conf. Ser. 312, 072005 (2011) |
2

Yes, some. Much discussed. A 40-70% reduction in the well-known gap between QRPA and the ISM,
resulted. This predated recent IBM work and newer calculations.

JENT OF
S
() i
B
e
2\
2
R
s

ENAERGY 0& Department of Energy Iboratory Simkovic et al., Phys. Rev. C 79, 055501 (2009) [quote] Argon ne é

managed by UChicago Argonne, LLC.




How to tackle the rest .......os,.

Each case presents its o S RaaTyiE:
own challenges, _ a2
demands on facilities " L
. 3/2 (1T 1
(Others in progress: 5/ - .
[82Se] 116Cd, 124Sn, 150Nd) . e
7[ — U . N 2y | ;
7 \>.136Xe—>1368a, IPN, RCNP
"""
» 130Te—+130Xe, Yale/RCNP

5/2
3/2

Protons

100Mo—100Ru, MLL

Neutrons
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How to tackle the rest .......os,.

Each case presents its o o
own challenges, _ N .
demands on facilities "

(Others in progress: %g -

[82Se] 116Cd, 124Sn, 150Nd)

9/2

7w =0
7/2 . \\.136)(9_’1363&, IPN, RCNP
m—— . /. & & % R % % R % % %111 . 1 1 _\
9/2 —+— ﬂ
172 o LR 130Te—130Xe, Yale/RCNP
5/2 . /2
3/2 -
.-28 —+- 11/2
7/2 - ;g
5/2
— - 7/2
9/2
A
4
: § 100Mo—100Ru, MLL
EED 00N L1 — >
Neutrons
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A = 100 occupancies
High level density, Munich Q3D (as good as 8-keV FWHM resolution

i : NEUTRONS
X5 98 | . 2
1000 :—> Mo(p,d) | . 3| '“Mo-Ru : . 1d
| c ot =
m L .
~—~ 500 : ' S 27 1d | QEJ r )
- | 8 2 J G:) 2s
— S 1 12
S LU by l “_L..LLJJL.L_LJM 2 on’” 1 & o =
- 100 ! | og,, |
> 3000 : Mo(p,d) 8 o e -
_g 2000¢ : . ;13_) 1 i EXP : I_GED Ak 11/2 _
= | ] I 0
'c% 1000} : : O I WS ADJ j Iz
_\5 NIl ¥ ll 2 2 WSADJ WS IBM
= " : 100Ru(p ) PROTONS
= 1500} 9]
>. | " 100 °
1000 [ I . c>), 3 ' Ru-Mo
I =S e
5OOJ | 1 g_ 2 - GEJ 1F -
0 i Ny UL“ e ol C8) i 09,,, 'é
2000} : 102 - c a5 o
Ru(p, d) o | 1 '
1500} | S ol P12
s | EXP wsS  IBM 1 9
1000¢ | 5 | | © 4t _
SOO-J “ ! I ! l \ s ' WS ADJ 1F
0 iy ILL - 2 [ ' D
0 1000 2000 3000 WS ADJ WS IBM

Excitation Energy (keV)

ENERG gagnaDg %“:};Eucth'?é’ Agtélvb atory Freeman et al., Phys. Rev. C 96, 054325 (2017) Argon ne o
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A = 130 occupancies

Cryogenic targets, gas targets ...
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Theory — Experiment

Theory — Experiment
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A = 130 occupancies

Take advantage of N = 82 being a good closed shell for neutrons
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Overview of all results
A decade of work ...
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Comment on occupancies
A decade of work ...

« The agreement is perhaps qualitatively okay, in some instances within the
uncertainties (but not for both protons and neutrons), but quite poor on the whole

> We can ask whether it matters? ... it does, regardless of how (in)sensitive
the NME is to the change in occupancies
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Pairing properties (important)
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Pairing around A ~ 76

Pair-transfer reactions are a simple and effective probe of pairing correlations

No evidence of ‘pairing vibrations’ in the A = 76 region
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S. J. Freeman et al., Phys. Rev. C 75, 051301(R) (2007) [neutrons]

A. Roberts et al., Phys. Rev. C 87, 051305(R) (2013) [protons]
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Pairing around A ~ 100

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
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A transitional region with deformation playing a role in the nuclear structure:
Reactions leading to and from 190Ru show ~95% of the L=0(p,t) strength is in the g.s. (on the
spherical side of the transitional region)
For 100Mo about 20% of the L=0(p,t) strength is an excited 0+, a shape-transitional nucleus
No evidence for pairing vibrations, but structure is complicated

' ENERGY gng %“:)%Z' %""E;"’;gtéﬁyssamy J. S. Thomas et al., Phys. Rev. C 86, 047304 (2012) Argon ne A

AAAAAAAAAAAAAAAAAA




Pairing around A ~ 130,136

10° i')i ° 128T%(i ’212%‘; Reaction E MeV) o (mb/sr) Ratio* Normalized strength®
Al s Lg ' 28Te(pt) 0 421 90 1.21
© 5 1.873 0.06 20 0.02
2.579 0.15 21 0.04
E B0Te(p,t) 0 3.49 89 1.00
g 1.979 0.05 50 0.01
2 5 2.3134)° 005  >20 0.01
3 28Te(*He,n) 0 0.24 - 0.96
2.13 0.095 - 0.32 -
? 30Te(*He,n) 0 0.26 - 1.00
1.85 0.098 - 0.34 <
2.49 0.062 = 0.21 <

Excitation energy (MeV)

From the proton-pair adding Te(3He,n) reactions by Alford et al., significant strength is seen in £=
0 transitions to excited states ...

A classic case of pair vibration and likely a consequence of a sub-shell gap at Z = 64
Consequences for QRPA? (Does the shell-model include this feature also?)

T. Bloxham et al., Phys. Rev. C 82, 027308 (2010) [neutrons] W. P. Alford et al., Nucl. Phys. A 323, 339 (1979) [protons] Argon ne é
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Summary on the Ov2p occupancies

Experimental nuclear-structure data is an essential part of the story of the NME challenge

The candidates are not ‘generically similar’ systems (pairing, e.g. Z = 64, closed shells,
deformation, etc., all different in each case)

‘Traditional’ calculations do not reliably reproduce information extracted from experiments (what
level of agreement should we expect?)

New ab initio calculations likely essential (model space, interactions, Hamiltonians, correlations,
weak currents, all still being worked on)

Quenching (not of g, but of occupancy) likely has some consequence also
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Shapes ...

Here, the naive expectation is that parent-daughter systems with similar shapes are likely to be
favored™* over those that are different.

Isotope  (BE)"  (BE)™ R™ R §? iy M (By) M (By, &) Var (%) Ty/2(Ba, 8)/T1/2(B)
“8Ca 420919 415991 3467 3473 1348 144*22 2370)34 2229077 —6 1.13
48Tj 4237753 418699 3560 3.591 194 1.9*05
6Ge 664.604 661.598 4.025 4.081 20.96 19.89 4601371 5.551%879 21 0.69
76Se 665268  662.072 4.075 4.139 126 1.45 *0.07
82Se 717.034  712.842 4.122 4.139 2357 21.91 42183381 4.674318 11 0.81
82Kr 718220 714273 4131 4192 126
%Zr 829.801  828.995 4.298 4.349 27.73 56501818  6.4983:3%6 15 0.76
- %Mo 834.212 830.778 4.320 4384 264 0.29 + 0.08
“;‘.8 10Mo  862.003 860.457 4373 4.445 28.04 26.69 5.084053  6.58873% 30 0.60
o I0Ru 865230 861.927 4388 4.453 2.63
s 116Cd  988.809 987.440 4.567 4.628 34.40 32.70 4.7953931  5.348%372 12 0.80
= 116Sn  991.390 988.684 4.569 4.626 2.61 1.09 =0.13
124Sn 1051.981 1049.96 4.622 4.675 40.71 4.808357  5.787%68 20 0.69
124Te 1052019 1050.69 4.664 4.717 1.63
128Te  1082.541 1081.44 4.685 4.735 40.48 40.08 4107395 5.6874% 38 0.52
128Xe  1081.249 1080.74 4.724 4775 145
130Te  1097.320 109594 4.695 4.742 43.69 45.90 51303448 6.4057181 25 0.64
30Xe  1097.655 109691 4.733 4783 1.33
36Xe 1143500 1141.88 4757 4799 46.77 41993813 4.7733110 14 0.77
36Ba  1143.606 114277 4.789 4.832 1.06
IONd 1234729 123745 5.033 5041 50.35 1.7075278  2.190}:83 29 0.61
150Sm 1236249 1239.25 4987 5040 1.54

Argonne National Laboratory is a

=7 | ENERGY U.S. Department of Energy laboratory
2 » managed by UChicago Argonne, LLC.

Demostrated in EDF calculations for quadrupole deformation: N. L. Vaquero et al., Phys Rev. Lett. 111, 142501 (2013)
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Shapes ...

Here, the naive expectation is that parent-daughter systems with similar shapes are likely to be
favored™* over those that are different.

B 150Nd
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In summary, we have presented the first calculations of
Ov B B decay within the energy density functional framework
including beyond-mean-field effects. We have analyzed the
role of the intrinsic quadrupole deformation and pairing
content of the nuclei involved 1n this process. Decays be-
tween spherical initial and final shapes are found to be
favored while large differences 1in deformation significantly

hinder the transition probability. Our calculations constitute
the first consistent evaluation of the 0383 decay of "YNd.
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Shapes ... 76Ge and triaxiality

Here, the naive expectation is that parent-daughter systems with similar shapes are likely to be
favored™* over those that are different.

00" o jj44b
PHYSICAL REVIEW C 87, 041304(R) (2013) ”
o \_ . ® JUN45
Evidence for rigid triaxial deformation at low energy in 7°Ge <4 This work
Y. Toh,'? C. J. Chiara,>* E. A. McCutchan,>* W. B. Walters,> R. V. F. Janssens,” M. P. Carpenter,” S. Zhu,’

R. Broda,’ B. Fornal,’ B. P. Kay,? F. G. Kondev,® W. Krélas,’ T. Lauritsen,? C. J. Lister,>" T. Pawtat,’ D. Seweryniak,’
I. Stefanescu,> N. J. Stone,”® J. Wrzesifiski,” K. Higashiyama,” and N. Yoshinaga'’

S TT——

PHYSICAL REVIEW C 99, 054313 (2019)

Triaxiality in selenium-76

2
J. Henderson,!"* C. Y. Wu,! J. Ash,>3 B. A. Brown,>? P. C. Bender,* R. Elder,>> B. Elman,>> A. Gade,?>3 M. Grinder,>3
H. Iwasaki,>> B. Longfellow,>* T. Mijatovié,” D. Rhodes,> M. Spieker,? and D. Weisshaar?
PHYSICAL REVIEW LETTERS 123, 102501 (2019)
0.1 0.2 0.3
Evidence for Rigid Triaxial Deformation in 7Ge from a Model-Independent Analysis (02)[e2b?]

A.D. Ayangeakaa ,1’* R.V.E Janssens,2’3’Jr S. Zhu,4’i D. Little,z’3 J. Henderson,5 C.Y. Wu,5 D.J. Hartley,1 M. Albers,4
K. Auranen,4 B. Bucher,s’§ M.P. Carpenter,4 P. Chowdhury,6 D. Cline,7 H.L. Crawford,8 P. Fallon,8 A. M. Fomey,9
A. Gade,lo’11 A. B. Hayes,7 F. G. Kondev,4 Krishichayanf”12 T. Lauritsen,4 J. Li,4 A. O. Macchiavelli,8 D. Rhodes,lo’11
D. Seweryniak,4 S.M. Stolze,4 W. B. Walters,9 and J. Wu*
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Conclusions

Experimental nuclear-structure data is an essential part of the story of the NME challenge

The occupancy story is likely not resolved
Pairing properties could be explored further

A great deal of detailed spectroscopy has been carried out (not shown in this talk) via e.qg. (n,ny)
measurement

Shapes and shape differences (of OvB-decay candidates) can be explored further ... there are
many probes of nuclear shape, Coulomb excitation, inelastic scattering, spectroscopy, ..., each
with their own limitations, ...
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