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High-precision mass measurements for the isobaric multipl et mass equation at A = 52
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Masses of52 Co, 52 Com , 52 Fe, 52 Fem , and 52 Mn have been measured with the JYFLTRAP double
Penning trap mass spectrometer. Of these, 52 Co and 52 Com have been experimentally determined
for the �rst time and found to be more bound than predicted by e xtrapolations. The isobaric
multiplet mass equation for the T = 2 quintet at A = 52 has been studied employing the new mass
values. No signi�cant breakdown (beyond the 3 � level) of the quadratic form of the IMME was
observed (� 2=n = 2 :4). The cubic coe�cient was 6.0(32) keV ( � 2=n = 1 :1). The excitation energies
for the isomer and the T = 2 isobaric analogue state in 52 Co have been determined to be 374(13) keV
and 2922(13) keV, respectively. The Q value for the proton decay from the 19=2� isomer in 53 Co
has been determined with an unprecedented precision,Qp = 1558:8(17) keV. The proton separation
energies of 52 Co and 53 Ni relevant for the astrophysical rapid proton capture proc ess have been
experimentally determined for the �rst time.

PACS numbers: 21.10.Dr, 21.10.Sf, 27.40.+z

I. INTRODUCTION

Assuming a charge-independent nuclear force, the iso-
baric analogue states (IAS) in an isobaric multiplet
are degenerate. Their mass di�erences are due to
Coulomb interaction and the neutron-proton mass di�er-
ence. According to the Isobaric Multiplet Mass Equation
(IMME) [1], the masses of IASs in a mass multiplet with
an atomic mass numberA and isospinT should lie on a
parabola:

M (A; T; TZ ) = a(A; T ) + b(A; T )TZ + c(A; T )T 2
Z ; (1)

where the coe�cients a, b and c are interpreted as being
the scalar, vector and tensor Coulomb energies. High-
precision Penning-trap mass measurements have o�ered
new possibilities to investigate the validity of the IMME,
and have revealed a breakdown in the quadratic form of
the IMME in a few cases, such as forA = 8 [2], A = 9
[3], A = 21 [4], A = 31 [5], A = 32 [6, 7], and A = 35
[8]. In general, however, the IMME seems to describe
well the masses of isospin multiplets, and it has therefore
been widely used to predict the masses of the most exotic
members of the multiplets.

Sometimes the quadratic form of the IMME (Eq. 1) is
not su�cient to describe the masses in an isobaric multi-
plet but a cubic (dT3

Z ) or even a quartic coe�cient ( eT4
Z )

is required. The T = 3 =2 quartets have shown an inter-
esting, increasing trend in the cubic IMME coe�cients
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when entering into the f 7=2 shell [9, 10]. On the other
hand, the quadratic IMME at A = 53 has been recently
revalidated with a reduced � 2 of 1.34, and the cubic co-
e�cient has been found to be rather small, d = 5 :4(46)
keV [11] compared tod = 39(11) keV obtained in Ref.
[12].

The T = 2 quintets have not been experimentally ex-
plored in the heavier mass region but could provide fur-
ther insight into the possible trend in the cubic coe�-
cients. In this paper, we have experimentally determined
the masses for52Co, 52Fe, and 52Mn, which are mem-
bers of the T = 2 isobaric quintet at A = 52 together
with 52Cr and 52Ni. Previous IMME evaluations for the
quintet have suggested that a large non-zero cubic coe�-
cient, d = 28:8(45) keV, might be required for the IMME
[9, 10]. However, the test was not very stringent due to
the lack of experimental mass values for52Co and 52Ni.
Thus, the mass of52Co, determined here experimentally
for the �rst time, is pivotal for testing the IMME and
investigating whether there is a trend towards larger cu-
bic coe�cients for nuclei in the f 7=2 shell forming T = 2
quintets.

In addition to the ground states of 52Co, 52Fe, 52Mn,
we have studied isomeric states in52Co and 52Fe as sum-
marized in Table I. The isomeric state of52Co is of spe-
cial interest because it can be used to determine the
mass of the T = 2 IAS in 52Co. The current knowl-
edge of theT = 2 IAS in 52Co is based on� -decay stud-
ies of 52Ni [13, 14]. Two prominent � -delayed proton
groups with center-of-mass energies of 1057(11) keV and
1349(10) keV [13] have been observed from the IAS. Sim-
ilar proton energies at 1048(10) keV and 1352(10) keV
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