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In the absence of Coulomb interactions between the 
protons, a perfectly charge-symmetric and charge-
independent nuclear force would result in the binding 
energies of all these isobaric analogue nuclei being 
identical; that is, they would be structurally 
identical.

Isobaric Spin (Isospin)

!5/2%%%%%%%%%!3/2%%%%%%%%%!1/2%%%%%%%%%%1/2%%%%%%%%%%3/2%%%%%%%%%%5/2%

%
%

2%
%

%
%

1%
%

%
%

0%

!2%%%%%%%%%%%%%!1%%%%%%%%%%%%%%0%%%%%%%%%%%%%%1%%%%%%%%%%%%%%2%

5/2%
%

%
%

3/2%
%

%
%

1/2%
%

%

excited%states%

N
=Z
%

Tz = N −Z( ) 2
even%A%
odd%A%

projec;on%

T%

proton%rich% neutron%rich%

iso
sp
in
%

N
=Z
%

forbidden%states%forbidden%states%



3

JYFL

Coulomb and isospin non-conserving e↵ects in the A = 66, T = 1 triplet
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Candidates for three excited states in the N = Z - 2 nucleus, 66Se have been identified using the
recoil �-tagging method with improved sensitivity through the implementation of a veto detector
for charged-particle evaporation channels. Combining these results with the recent observation of
T = 1 states up to J⇡ = 6+ in the 66As allows comparison of mirror and triplet energy di↵erences
between analogue states across the A = 66 triplet as a function of spin. This constitutes the only
system above 56Ni where such data presently exists. The extracted triple energy di↵erences closely
follow the negative trend observed in the f7/2 shell. Shell-model calculations indicate that as in
the f7/2 shell, the Coulomb isotensor part accounts for only half of the observed trend, pointing to
similar behaviour of the nuclear isospin non-conserving interaction as a function of mass.

PACS numbers: 21.10.Sf, 21.10.Re, 21.60.Cs, 27.50.+e

The concept of isospin is a useful and natural one
for classifying nuclear states. For mirror nuclei, which
have the same mass but where the number of protons
and neutrons is interchanged, mirror energy di↵erences
(MED) [1] may be defined as a function of spin, J :

MEDJ = E⇤
J,Tz=�1 � E⇤

J,Tz=+1. (1)

The MED relates to isovector energy di↵erences; if all
forces were charge-symmetric then the MED ought to be
zero. In practice, it is found that MED vary as a func-
tion of angular momentum on an energy scale of around
⇠100 keV. Even on the assumption of perfect symme-
try of the wavefunctions of the isobaric analogue states
(IAS), calculating the MED for a specific case can be
complex. In addition to the expected two-body Coulomb
e↵ects, contributions to the MED are expected from a
large number of one-body e↵ects such as single-particle
Coulomb shifts, the electromagnetic spin-orbit interac-
tion, and changes in radius or shape as a function of spin.
In cases of weak binding, the breakdown of the symmetry
can also lead to further e↵ects such as Thomas-Ehrman
shifts. Where mirror states are well bound, there has
been considerable success in calculating MED and a good
correspondence is found with experiment for nuclei in the
f7/2 shell [1].

Analogue states in pairs of mirror nuclei are subsets
of complete isobaric multiplets - i.e. sequences of isobars
where states are characterised by the same isospin quan-
tum number T. The simplest case are T = 1 triplets, in
nuclei with Tz = (N � Z)/2 = 0,±1 where, in addition
to the MED, the triplet energy di↵erence (TED) [1] may
be evaluated:

TEDJ = E⇤
J,Tz=�1 + E⇤

J,Tz=+1 � 2E⇤
J,Tz=0. (2)

TEDs are isotensor energy di↵erences and probe a dif-
ferent aspect of the nuclear interaction. They are sensi-
tive to charge-dependent e↵ects since they reflect the dif-
ference between the average of the pp and nn interaction
and the np interaction. TEDs have a special property
that make them particularly attractive to study. This is
because TEDs are simpler to evaluate theoretically since,
in principle, all the one-body terms discussed above can-
cel out in the TED calculations, leaving only contribu-
tions of two-body (i.e. multipole) interactions. These
may have one or two possible origins: a Coulomb in-
teraction and/or a nuclear isospin non-conserving (INC)
interaction and so TEDs have the capability to shed light
on the balance between these terms. It should be noted
that this interpretation of the TED assumes perfect sym-
metry between the wavefunctions of the IAS.
Extensive information on MED and TED exists for the

sd shell, where the relevant nuclei lie close to or on the
line of stability. Over the last fifteen years, information
on low-lying excited states has been gathered in the f7/2
shell, allowing the MED and TED to be studied for the
A = 46 [2] and A = 54 [3] triplets. It would be of high in-
terest to pursue these investigations beyond 56Ni. Here,
the nuclear structure is expected to become significantly
more complex with more orbitals involved. In addition,
phenomena of shape coexistence, driven by the increas-
ing occupancy of the g9/2 orbital, is observed. Unfortu-
nately, while some information on excited states is avail-
able for nearly all the odd-odd N = Z nuclei between 56Ni
and 100Sn, data for the corresponding T z = �1 nuclei is
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For T=1 triplets:

Mirror energy differences are isovector and sensitive to:
single-particle Coulomb shifts, electromagnetic spin-orbit interaction,
changes of shape/radius of nuclei

Isotensor energy differences reflecting differences between nn, pp and pn force.
Not sensitive to one-body terms but only two-body
i.e. sensitive to Coulomb multipole and isospin-nonconserving forces



Shapes of N=Z nuclei

Very, very sensitive to underlying quantum structure… 
The original phenomonological “M-M” theory,  
(Microscopic Macroscopic)  was very sound. 

P. Moller and  J.R. Nix. At.  Nuc. Data Tables, 26 (1981) 1965 
S. Aberg. Phys Scr. 25 (1982) 23 
W. Nazarewicz. Nucl. Phys A435 (1985) 397. 
R. Bengtsson. Conf on the structure in the zirconium region, 1988 

{Classic “Potential Energy Surface” calculations 
 ….  BUT

The whole concept of isolated “shapes” is naive: there are multiple shapes 
with lots of mixing, as the barriers between shapes are not high.

Very Prolate
Oblate
Triaxial



Recoil-decay tagging
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Recoil-beta tagging
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RDT Instrumentation at JYFL

JUROGAM

RITU 
Gas-filled recoil separator 

Transmission 20-50 %

GREAT 
Focal plane 
spectrometer

TDR 
Total Data Readout 
Triggerless data acquisition system 
with 10 ns time stamping
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Test case: 74Rb
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Proof-of-principle

� natCa (36Ar, pn) 74Rb 
� Ebeam = 103 MeV 
� τ½ (74Rb) = 65 ms 
� β+

endpoint  ~ 10 MeV 
� σ  ~ 10 µb
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74Rb
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Crossing the line of N=Z



UoY 								
• Designed	to	suppress	events	associated	with	cp	
evapora3on	channels.	

• Consists	of	96	20	x	20	mm	CsI	crystals	
(Hamamatsu)	divided	into	6	flanges	(8	x	2	
crystals	in	each	flange).	

• Signal	chain:	Mesytech	preamplifiers	->	”GO-
box”	->	Lyrtech	ADCs.	

• Measured	detec3on	efficiency	for	1	charged	
par3cle	is	80-90	%.

JurogamIILISA	chamberRITU
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66Se
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Conclusions
New techniques developed to study structure of nuclei beyond the line of N=Z:

- Beta-tagging
- Charged particle veto
- Highly-pixellated silicon detectors

Results obtained on excited states of N=Z-2 nuclei: 66Se, 70Kr and 74Sr

TED extracted and compared with shell model calculations

TED appear to need additional isospin-nonconserving component to reproduce them
as earlier shown in f7/2 shell

TED can be reproduced using 100 keV INC term irrespective of orbitals involved e.g. fp
for 66Se and g9/2 for 74Rb

What is the origin of this INC component in terms of nuclear force?
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