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The original motivation to study the beta decay of TZ=-2 
nuclei was to compare with the mirror process (3He,t)
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The first Tz=-2 cases were
measured at GANIL (LISE), 

with the
Fragmentation of  58Ni 

beam
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58Ni

Fragmentation target

TZ=-2

B. Rubio, IFIC-Valencia, Nuclear Tapas 2023
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Studies of T=2 multiplet allow us to locate 
states of a well defined state at high excitation energy

B. Rubio, IFIC-Valencia, Nuclear Tapas 2023
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high-energy nucleus

In-flight fragmentation

heavy projectile

thin target

spectrometer

These nuclei have half lifes of the order of 20-100 ms
One has to study them at fragment separators

Stopper and     
charged 

particle detector

g detectors



58NI26+ (74.5 AMEV) + NATNI @ GANIL  2010

Ni target
(natural)

Incoming 58Ni 26+

V1
ı

V2
ı

V3
ı

Brho1

Brho2
Slits

Slits

wedge

Wien Filter

DETECTORS

Cyclotrons
CSS1 and CSS2

74.5 MeV / nucleon
3.7 eµA intensity

200 μm thick

DSSSD detector
Implantation and 

decay (β, p)

LISE3 Fragment Spectrometer

4 EXOGAM  CLOVER Gamma Detectors

1 DSSD implantation detector

B. Rubio, IFIC-Valencia, Nuclear Tapas 2023



ISOSPIN MIXING OBSERVED IN BETA-DECAY

Level(3508)=77%(T=2)+33%(T=1)

mixing=40(23) keV

The data were 
nicely reproduced
In Shell Model 
calculations by
N. Smirnova el al
PRC 93 (2016)044305
and 
A. Poves
independently

The B(F) strength
splits between the two
0+ states providing a 
measure of the Isospin mixing

b delayed 
proton

spectrum

Triton 
spectrum



If the two states are so strongly
Mixed, should not they decay in a 

similar way?

But this experiment was not sensitive enough
to inspect the gamma decay in detail
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To study the mirror was 
easy because it lies close to the

stability



56CO LEVEL SCHEME

IAS



56Fe(p,n-gamma)56Co with
Miniball array at 

Munich

Four Miniball CLUSTER detectors

A.Montaner-Piza, Ph. D thesis
Experiment at Munchen, one of the latest

Beforeshut down of the facility



Shell-model calculations in a truncated fp-shell valence space with the ANTOINE 
code were made by Alfredo Poves. The effective interaction used was the KB3GR, 
an updated version of the KB3G interaction which improves the spectroscopy near and 
beyond N = Z = 28 nuclei.



There are two states with a dominant A+B configurations, one at 
Low energy 1. 5 MeV and the other at high energy, 3.5 MeV

The IAS of the 56Fe(T=2) ground state in 56Co (T=2) and the AAS (T=1)☜
parent

daughter
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48
26Fe22

52
28Ni24

Tz=-2 decays below 56Zn
(in the f7/2 shell)

S. Orrigo PRC 93(2016)044336

T=2

T=1

A=48
A=52

T=2

T=1

In the two cases
bellow, AAS was 

not observed, that’s 
normal since 

neither Fermi nor GT
decay can populate it 

directly, so…, we forgot 
for a while
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48
26Fe22

52
28Ni24

Tz=-2 decays below 56Zn
(in the f7/2 shell)

S. Orrigo PRC 93(2016)044336

T=2

T=1

A=48
A=52

T=2

T=1

A=56 (56Zn)

AAS

S. Orrigo, PRL



With these experiments we saturate the possibilities to study Tz=-2 
using fragmentation of 58Ni  
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17B. Rubio, Cocoyoc, 2019 Jan 10th
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2p 2p

60Ge and 64Se are the
heaviest Tz=-2 b-bound

nuclei

60Ni and 64Zn are the
heaviest Tz=+2 stable

targets
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B. Rubio, IFIC-Valencia, Nuclear Tapas 2023

Tz=-2 60Ge
S. Orrigo el al. PRC 
103(2021)014324

Tz=-2, 64Se
P. Aguilera, Ph. D
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The decay of Tz=-2 64Se, the heaviest beta-decaying Tz=-2 that exists
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Our data also contained the odd-odd 64As Tz=-1 nucleus into the N=Z 64Ge. 



E. Farnea et al. Phys. Lett B 551 (2003) 56–62

Previous knowledge
from in-beam studies at LNL

N=Z nucleus

E1 forbidden, mainly M2
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2p

2p 2p

This is the heaviest
Tz=-2 nucleus that b decays



This is the heaviest T=2 multiplet that exits

T=2

Tz=0
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IAS

-27429 (100)keV

-39597(44)

IAS T=1

64Se

64As

64Ge

64Ga

64Zn

P.Aguilera et al F. Diel et al.
PRC 99, 054322 (2019)

for the (3He,t) data
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S. Orrigo el al. PRL 112(2014)222501

S. Orrigo el al. PRC 103(2021)014324

P. Aguilera Ph.D and preprint 

A=56 (56Zn) A=60 (62Ge) A=64

AAS

AAS☜

☜
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64Se

64As

AAS

IAS
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If these two states 
are very similar…

b

b



29

64Se

64As

AAS

IAS
0+

0+

0+

If these two states 
are very similar…

Should not the two 
decays be also similar too…

??

b

b



30P. Aguilera Ph.D and preprint 

64As decay
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64Se

64As

AAS

IAS
0+

0+

0+

If these two states 
are very similar…

Should not the two 
decays be also similar…

??

If this idea is backed up
by some theoretical 
calculations, it might be 
a way to reach information 
about an state with isospin N+2
by looking at N+1
(talk by J. Menendez tomorrow??)
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