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New neutron-deficient isotopes from 78Kr fragmentation
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The most fundamental property of a nuclear species
is its stability or instability with respect to the strong
interaction, i.e. whether or not it is particle stable.
On the proton-rich side of the valley of stability, if
an isotope is sufficiently unbound, it may decay by
one- or two-proton emission, the first being the decay
mode for odd-Z (proton number) nuclei, whereas the
second decay mode occurs for even-Z nuclei. Therefore,
reaching the limits of stability allows one not only to
test mass models predicting these limits, but also to
search for new and exotic decay modes.

Thus two-proton (2p) radioactivity with half-lives
of the order of milli-seconds was first observed in the
region of iron-nickel-zinc with the known 2p emitters
45Fe, 48Ni, and 54Zn1). Just above this region, 59Ge,
63Se, and 67Kr were predicted to be possible new 2p
emitters (see e.g.2)).
In a recent experiment at the BigRIPS separator3) at

the RIKEN Nishina Center, we fragmented a primary
78Kr beam at 345 MeV/A with an intensity of up to
250 pnA on a beryllium target (thickness 4975 µm).
The BigRIPS separator was used to separate the iso-
topes of interest and to detect and identify them by
means of the ∆E-ToF-Bρ method. After removal of
scattered and incomplete events by means of cuts with
beam-line detectors, clean identification spectra could
be produced and three new isotopes, 63Se, 67Kr, and
68Kr, were identified for the first time. In addition,
59Ge was also observed, an isotope which was only very
recently identified in an experiment at MSU and unre-
ported at the time of the present experiment4).
Figure 1 shows the identification plot from the

present experiment. The three new isotopes and 59Ge
are indicated. The observed production rates exceed
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Fig. 1. Identification plot for isotopes produced in a recent

BigRIPS experiment using 78Kr fragmentation. New

isotopes and possible 2p emitters are indicated in the

figure.

rates at other facilities by at least two orders of mag-
nitude. The present experiment thus allowed us to
determine the production cross sections for the nuclei
transmitted close to the central beam trajectory where
the uncertainties due to the momentum distribution
of the fragments and the separator transmission are
minimal. Figure 2 presents these cross sections and
compares them to predictions of EPAX3, an empiri-
cal parametrization of fragmentation cross sections5).
Clearly, EPAX3 overestimates the experimental cross
sections a lot.

Fig. 2. Comparison of experimentally determined produc-

tion cross sections for 78Kr fragments with EPAX3 pre-

dictions.

The experimental data for the decay of these nuclei
are presently under analysis. In particular, the ques-
tion of whether some of them decay by 2p radioactivity
is of prime interest.
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Second campaign of the SEASTAR project
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Within the second SEASTAR (Shell Evolution And
Search for Two-plus energies At the RIBF) campaign,
nuclei “North-East” of the doubly-magic nucleus 78Ni
were studied during 9 days of beam time. The exper-
iment was performed in May, 2015 using the DALI2
γ-ray spectrometer1) and the MINOS liquid hydrogen
target system2). The set-up was employed at the F8
focus following the BigRIPS3) fragment separator and
reaction products were identified with ZeroDegree3).
Specifically, in the second campaign 2+1 and 4+1 ener-
gies of 82,84Zn, 86,88Ge, 88,90,92,94Se, 96,98,100Kr, 110Zr,
and 112Mo were measured with five different secondary
beam settings via knockout reactions.

To produce the secondary beams of interest, a 238U
primary beam was accelerated to 345 MeV/nucleon
and impinged on a 3-mm thick Be target at the en-
trance of BigRIPS. The primary beam intensity was
about 30 particle-nA. In the five employed settings,
BigRIPS was tuned for beam cocktails focusing on
85Ga, 89As, 95Br, 101Rb, and 111Nb ions to enable
(p, 2p) and other reactions to populate the 2+1 and
4+1 states. The particle identification was obtained
by the Bρ-∆E-TOF method, employing standard Bi-
gRIPS/ZeroDegree detectors. In front of the 100-mm-
long MINOS target, beam energies were around 260–
270 MeV/nucleon, and total intensities in the order of
several kHz. At the end of ZeroDegree, the ions were
stopped in the center of the EURICA spectrometer4)

to search for new isomeric decays.
An example for the quality of the Doppler corrected
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Fig. 1. Doppler-corrected spectrum of 92Se following 1p1n-

knockout reactions from a 94Br secondary beam. The

spectrum has been fitted with a double-exponential

background (blue dotted) and simulated response func-

tions (green dashed).

spectra obtained from DALI2 after reconstructing the
vertex position with MINOS is given in Fig. 1 for 92Se
following 1p1n-knockout reactions. For this nucleus,
an isomeric state was previously observed5). However,
the E(2+1 ) could not be assigned. Conversely, the 539-
keV transition in the in-beam spectrum clearly pos-
sesses the highest intensity, and therefore must be the
2+1 → 0+gs transition. Several other transitions were
observed and confirmed in the isomer spectrum of EU-
RICA. In total, data were collected for about 6.5 days,
while secondary beam production and user tuning took
about 2.5 days for the five applied settings. All 2+1 and
4+1 energies of interest were observed. Currently, the
data and many by-products are under analysis by sev-
eral groups affiliated to the SEASTAR collaboration.
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