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Abstract. Isobaric analogue states (IAS) can be used to study the charge independence
of the nuclear force via first order perturbation theory. In this case the IAS multiplet
masses are expected to follow a quadratic form as described by the Isobaric Multiplet
Mass Equation (IMME) with coefficients accessible through experimental measurements.
Higher order effects are expected to appear through cubic, or higher, polynomial terms.
The current IMME coefficient trends, as based on the IAS states included in the 2012
Atomic Mass Evaluation and NUBASE2012 are shown.

1 Introduction
A mass relationship can be observed in isobars belonging to the same isospin multiplet around N = Z
and for masses A < 60. The ground state of a given nuclide may be identified as an excited state in
the multiplet members. The full set of member states, known as isobaric analogue states (IAS) have,
by definition, the same spin-parity and isospin. The main difference between their masses can be
attributed to the charge symmetry of the nucleon-nucleon interaction [1] and so these differences may
be used to explore the charge symmetry and charge independence of the nuclear interaction.
The mass of nuclides around N = Z, with atomic mass number A and A = N +Z, can be considered
to arise from a charge independent strong interaction with an additional charge dependent Coulomb
component due to the interaction between protons [2]. The isospin projection T z for a given nuclide
is written
N−Z
Tz =
(1)
2
where N and Z are the neutron and proton number, respectively. The members of a given isospin
multiplet T have projections T z running from −T to +T . Internal isospin states T , describing the
analogue ground state of the most neutron-rich nuclide, can take the values
N−Z
N+Z
|≤T ≤
2
2

(2)

M(A, T, T z ) = M0 + EC T z + ∆nH T z

(3)

|
The mass M can then be written as
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∆nH being the neutron-1 H mass difference, Ec the Coulomb energy and M0 the charge-free nuclear
mass [3]. In this paper we focus only on the analogues of ground states.
A simplified Coulomb energy description is obtained, as given in equation 4, where EC(0) , EC(1) and
EC(2) are isoscalar, isovector and isotensor Coulomb energies, respectively.
EC (A, T, T z ) = EC(0) (A, T )
− T Z EC(1) (A, T )
+ [3T z2 − T (T + 1)]EC(2) (A, T )

(4)

It is then possible to write the isobaric multiplet mass equation (IMME) [3, 5], for a given isobar,
in a quadratic form as shown in equation 5
M(T, T z ) = a + bT z + cT z2

(5)

where the coefficients a, b and c are related to the Coulomb energy with a = M0 + EC(0) − T (T + 1)EC(2) ,
b = ∆nH + EC(1) and c = 3EC(2) .
The current trends in the IMME coefficients, a, b and c, based on the recent AME2012 [6, 7]
ground state masses and NUBASE2012 [8] excited states are shown along with higher order d coefficients.

2 Second order IMME

IMME a coefficient (MeV)

Experiments giving access to data on mass multiplets up to A ∼ 60 and isospins T = 21 to T = 3
have been studied in detail. The IMME second order polynomial coefficients a, b and c have been
extracted and are shown in figures 1 to 3. The dataset for the T = 52 multiplets covers the range A = 11
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Figure 1. a coefficients, in MeV, shown as a function of atomic mass number A extracted from a second degree
IMME polynomial fit: a + bT z + cT z2 . This coefficient is the mass excess of the excited N = Z nuclide for integer
isospin values, and is more difficult to interpret theoretically.
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IMME b coefficient (MeV)

to 51 while the T = 3 dataset is rather limited, with only three IAS mass multiplets experimentally
established in the range A = 46 to 58. In general only three out of the potential six or seven isobaric
analogue states in each the multiplets have been observed, and so only a second order IMME fit can
be applied to these datasets.
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Figure 2. b coefficients, in MeV, shown as a function of atomic mass number A extracted from a second degree
IMME polynomial fit: a + bT z + cT z2 . This coefficient is interpreted as being directly related to the vector part of
the Coulomb force b = ∆nH + EC(1) .
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Figure 3. c coefficients, in MeV, shown as a function of atomic mass number A extracted from a second degree
IMME polynomial fit: a + bT z + cT z2 . This coefficient is interpreted as being directly related to the tensor part of
the Coulomb force c = 3EC(2) .

02065-p.3

EPJ Web of Conferences

3 Third order IMME
If first order perturbation theory is sufficient to describe the IAS mass relationships, a second order
IMME is sufficient. However, if higher order effects do intervene, each of the coefficients a, b and
c may contain higher order terms [1]. One simple method to test for this is to fit the experimental
multiplets with a third degree IMME and so giving rise to a d term. Datasets with at least four
experimentally established IAS were fitted to a third degree IMME: ∆M = a + bT z = cT z2 + dT z3 .
The a, b and c coefficients should remain stable as compared to the second order IMME if the fit is a
good estimate of the mass excesses. With the exception of the A = 11 T = 23 multiplet, and A > 40
for T = 2, where fragmented states have been observed, the other coefficients remained stable. The
d coefficients are shown in figure 4 and are found to be non-zero (in association with stable a, b and
c coefficients) for A = 8, 9, 32, 40 and 53 and based on a 3 σ displacement from zero. This work is
ongoing and a complete set of precise values is currently being prepared.
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Figure 4. d coefficients, in keV, shown as a function of atomic mass number A extracted from a third degree
IMME polynomial fit: a + bT z + cT z2 + dT z3 .
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