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MOTIVATION: Exotic A~70 nuclel

70 nuclei could be produced and studied at the RIBF-RIKEN

» The most exotic A
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MOTIVATION: Structure of exotic A=70 nuclel
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MOTIVATION: Shell evolution in neutron-rich A~70, N>40 nuclei

Z =28 gap reduced — d;;
when neutrons occupy
the gq, Orbital.
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» Underlying mechanism
N =40 gap reduced 52 p-n tensor force component
with removal of the enhances multicle particle-hole excitations
f;» protons.
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MOTIVATION: Development of shape coexistence in "ONi

Monte Carlo shell-model (MCSM)
» Full pf-g9/2-d5/2 model space
« A3DA Hamiltonian

[Y. Tsunodaetal., PRC 89, 031301(R) (2014)]
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Tensor-force component of proton-
neutron interactions plays a crucial
role in the shape coexistence
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MOTIVATION: Nature of the low-spin f—decaying isomer in Co

» Coupling of the f,, proton-hole to the 1/2- E;g
B-decaying isomer in Ni — (3%) . K=5/2 4
[W.F. Mueller et al., PRC (2000)] %-1{] .: K=7/2 — -
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MOTIVATION: Shell evolution in proton-rich A~70 nuclel

» N~Z nuclei
Qor2
P12 .!”
fs
p3/2—0-0“—

55
I 5/2[422 > d I i h ; . .-
5 e Underlying mechanism: p-n pairing
32[312]
1/2[310]
s 3204311 a T=1’AJ=0 bT=0,J>0
i S35
3/2[202
1 @ @ %
1/2[440]
4 5/2[202]
i 32321
2 Ul | |



MOTIVATION: Superallowed 0*—0" 3 decay in "°Br
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Search for new physics beyond
the Standard Model
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¢ Unitarity of CKM matrix

*» Conserved Vector Current (CVC)
hypothesis

Experiment Theory

= Half-lives u
= Branchingratios =
= Masses

. Ft ocGEZV”iZ, V”i = Gii/GE y,

> Ftvalues obtained from:

Isospin impurities
Radiative corrections
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THE BIGRIPS AND EURICA SETUPS

Radioactive Isotope Beam Factory (RIBF) @ RIKEN
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Counts / keV

Counts / keV

B decay 'Fe—"°Co—'°Ni

s Two long-lived B-decaying states at high
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B-decay °Fe—"°Co

» Strong population of the states at

« 274 keV: logft = 4.45(13)
« 1696 keV: logft = 4.95(15)

> Gamow-Teller transition = J7 = 1%

If spherical,
» Low-lying levels: 1f;,1&®vgg

> 1% state: 1Tf7/2'1®Vf5/2_1 [-m=Ni (0

r)—e—Co (1/2-
SE ~1MeV
E 2000
If deformed, i
* Proton: 1/2[321] 0 32I3IBI4IOI4I4

= Negative parity

Neutron: 1/2301], 3/2*[431]
» 0Odd-odd = K™ =04, 1*, 2+
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B decay 'Fe—"°Co

» MCSM calculations: A3SDA Hamiltonian & pf + gg,, + ds/, Orbitals
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B decay °Co (low spin) —/°Ni

low spin

0Co "\
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» Similar deformed structure
» Proton 2gp configurations

with K™ = 0%, 1*, 2*

= Prolate deformed

= MCSM = Much higher population of 2*, than 2%,
= Experiment = Slightly prefer to feed 2*, than 2*;, but almost comparable
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B decay "°Br—'9Se
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» Superallowed B decay e o

» Selective population of 1* states
= T=0, J~=9*
» Selective population of deformed structures

T=1, J*=0*
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[Rog14]A.M. Rogers, PRC (2014)
[Vos81]B. Vosicki, PRC (1981)

[Sch02] K. Schmidt, PRC (2002)
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B decay °Br (T=0, J* = 9*) —/9Se

Half-life extracted from time
behaviour of transitions at
945, 964, 1034, and 1093 keV
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B decay °Br (T=0, J* = 9*) —/9Se
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[Kan15] K. Kaneko, PRC (2015)
[Hon09]M. Honma, PRC (2009)

B decay °Br (T=0, J* = 9*) —/9Se

» SM calculations: PMMU [Kan15] and JUN45 [Hon09]

‘0Br is predicted to be
prolate deformed by
both calculations

predicted to be prolate
deformed by both
calculations
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B decay °Br (T=0, J* =9*) —"9Se
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Selective population of shapes in A=70 isobars

70|v|n
. 251V1 145 ZgFeM Neutron-rich side
‘ 0

S
-
5
4
.
Te,
°

70
27C043
Opny:
_ _ 28Nl
Proton-rich side (7)) X
«(1__ 0 - a(6) 3591
+ 70 "".
. Q) _229 229% 345€35
......... . ."A(2+) 1§67
0* 0 - (82) 30606 DEFORMATION (01) 1566
(211259
70 "o“ 2+ 945 SHAPE
35835 COEXISTENCE

a0
0* 0}




B decay °Br (T=1, J* = 0*) —'9Se
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B decay °Br (T=1, J* = 0*) —'9Se

[Har77]J.C. Hardy, PLB (1977)

' ' + T=1,J"=0*
» Branching ratio through the 2+, state 214.C. Hardy, PRL (2002)
“* When the 3 feeding is strongly fragmented X
the y transitions to the ground state might
not be observed [Har77]. { —
. — 6. 5 Oty pm o~ | T=0(o+
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B decay °Br (T=1, J* = 0*) —'9Se

Need of Qgc, t;» and BR

5y

Ft= ft(l + ci:q}{l +dNs —0¢) = -

Test of CVC hypothesis

2G (14 AR)

% For 79Br, there are two conflicting Qg values:

J.C.Hardyand I.S. Towner, PRC (2015)

1. Positron end-point energy 1oeoer e
= Qgc = 9970(170) keV [cN. pavids, AMFC (1980)] < sooof S -
2. Penning-trap mass measurement j | " |
6000 | . -
= Qgc = 10504(15) keV [a. savory, PRL (2009)] . 1
mw . 2IO 40
Z of parent
World average Ft = 3072.27 £0.72 s
Qrc (keV) ty2 (s) f R (%) Prc (%) ft (s) Fi (s)
0070 £ 170 [3] | 0.07842 £0.00051 38600 + 3600 [2]  07.94 + 1.75 0,173 3006 +203 | 3086 + 203
10504 +15 [4] | 007842 £0.00051 50079 + 385 [65]  97.94 + 1.75 0,133 4087 £83 | 4078 +83
\_ ) \___ 22 )




Summary and conclusions

s The 3 decay of exotic A=70 nuclei has been exploited by the EURICA
collaboration at RIBF (RIKEN) to investigate the nuclear properties
of nuclei at both extremes of the chart of nuclides.

* On the neutron-rich side, evidence for the stabilization of prolate
deformed structures in the ground states of "°Mn, "°Fe, and "°Co has
been found. Shape coexistence in "°Co and °Ni has been described
in terms of “Type II” shell evolution, howing an excellent agreement
between experimental results and theoretical predictions.

% On the proton-rich side, shape coexistence and mixing result in a
complex interpretation of the low-energy spectrum of °Se.

% For the superallowed decay of "°Br, the improved half-life measurement
and the first estimate of the BR obtained here reveal the need for a new
high-precision measurement of the Qg for this decay. This is particularly
relevant to probe the theoretical isospin-symmetry-breaking corrections
which are enhanced for N=Z nuclei with large Z.
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DAQ for decay spectroscopy experiments

 Independent DAQ systems

* Synchronized using time stamp

 Event build based on time stamp Ge
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B decay of neutron-rich A=70 isobars
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B decay of neutron-rich A=70 isobars

< Two long-lived B-decaying states at high » 3 progenitors: °Co, OFe, "1Co
and low spins in /9°Co

% Low-spin B-decaying state in 7°Co isolated

* Gate on 1259-keV transition
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B decay °Co (low spin) —/°Ni : %10
» Significant population of levels at 6 MeV Efmb- S 54?'50 800 4550
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B decay 'Fe—"°Co

Proton Neutron
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MCSM wave functions of the three 1* states in 79Co

» 1% ,: almost identical, involving multiple p-h excitations across the Z = 28 and
N =40 gaps (Type-Il shell evolution) = Largely prolate deformed shape

» 1% dominated by mf,, 1 vfc,1gg™* = Near spherical shape
7 Gamow-Teller »



B-decay °Fe—"°Co

VT

1* 1+

1 fri0 = frio 2
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Despite very similar occupancies, there is a discrepancy in B(GT) (logft) between
the 1*; and 1%, states

B Difference in the Gamow-Teller matrix elements M(GT)

» 1% the main (positive) vp,,»,—TTp;», COMponent almost canceled out by
the other components

» 1%*,. contribution of the vp,,—TTp3, transition remains predominant .



