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Isochronous Nuclear Mass Measurements in CSRe
Zhang Yuhu and CSRe mass measurement collaboration

We have performed isochronous mass measurements for the neutron-deﬁcient fp-shell nuclei[1] produced via projectile fragmentation of an energetic 58 Ni beam. Special techniques have been applied to the current measurements
and data analyses in order to increase the resolving power of isochronous mass spectrometry in the heavy ion storage
ring CSRe in Lanzhou, e.g., inserting a metal slit in the dispersion section of the ring, and using a new technique to
correct the eﬀects of the unstable magnetic ﬁelds of the RIBLL2-CSRe system. On the basis of the newly measured
masses, several nuclear structure studies in the fp shell have been performed. Main results and conclusions from
this work are summarized as follows:
(1) The mass excesses of the Tz = tx nuclei 52g,52 Co and 56 Cu have been measured for the ﬁrst time with an
uncertainty of ∼10 keV. This is the highest precision reached in the isochronous mass spectrometry for short-lived
neutron-deﬁcient nuclei. Our measurements show that 52g,52 Co and 56 Cu are ∼370 keV and ∼400 keV more bound
than the evaluations in AME12[2] , respectively. The new mass of 56 Cu allows us to observe the mirror symmetry of
low-spin excited levels between 56 Cu and 56 Co within an uncertainty of 50 keV. The energy of the T = 2 isobaric
analog state in 52 Co is newly assigned precisely, which ﬁts well into the fundamental Isobaric Multiplet Mass
Equation.
(2) The mass excesses of ﬁve Tz = −1 nuclei 44 V, 46 Cr, 48 Mn, 50 Fe, and 54 Ni have been re-measured with a
precision of one order of magnitude higher than the values in AME12. Especially, the mass excesses of 44 V and
54
Ni are ∼300 keV and −60 keV, respectively, deviating from the literature ones. The new mass data allow us
to establish the general A-dependence features of vector and tensor Coulomb energies up to A = 58 for the T = 1
isobaric triplets. We have shown that the oscillation pattern of tensor Coulomb energy persists for fp-shell nuclei.
This fact may provide a test ground for investigating the eﬀects of isospin symmetry breaking, as well as a guideline
for mass extrapolation and measurement of heavy nuclei in and even beyond fp shell.
(3) The masses of four Tz = −1/2 nuclei 45 V, 47 Cr, 49 Mn, and 51 Fe, which are obviously outside the isochronous
window, were also measured. The deduced mass excess values agree well, within the experimental errors, with the
recent JYFLTRAP measurements (for 45 V and 49 Mn) or with our previous IMS measurements (for 47 Cr and 51 Fe)
in CSRe. The consistent results for 51 Fe and the new mass of 52m Co help us to re-assign the T = 2 isobaric analog
state in 52 Co by referring to the experimental data on β-delayed protons and β-delayed γ’s of 52 Ni.
(4) The mass excess of the expected low-lying 6+ isomer in 44 V has been determined for the ﬁrst time to be
−23541(19) keV, which is, similar to its ground state, ∼300 keV less bound than the evaluations in AME12[2] . The
excitation energy Ex =286(28) keV was found to be very close to the Ex value of an analog state (Ex =271 keV) in
its mirror nucleus 44 Sc.
(5) We have investigated the Z and N dependences of residual p-n interactions around the doubly magic nucleus
56
Ni using our new mass of 56 Cu. Similar to the case around 208 Pb, the hypothesis still holds that the p-n interaction
strength is positively correlated with the spatial overlap of wave functions of the last valence neutron(s) and proton(s).
Further analyses show that the empirical p-n interactions deduced from atomic masses change suddenly across the
shell closures throughout the chart of nuclides. This is due to sudden changes of the spatial overlap of shell model
orbitals of the last valence neutron and proton. Consequently this sets constraints on the applicability of local mass
relationships, e.g., Eqs. (8), (9) and (10) of Ref. [3], to predict unknown masses with high accuracy.
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