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The previously measured decay of the ground state of “0 was  reanalyzed based on new experimental
and theoretical  results  for the ground state of ‘IN. In the previous analysis no evidence for &proton
emission wa8  found and the measured large decay width WM  inconsistent with seqaential  proton
decay via the intermediate system of “N.  The recent results on “N  show evidence that the ground
state of “N is at substantially lower energy &wing  for a consistent explanation of the two-proton
decay of “0  in terms of sequential proton emission.

PACS numbers: 23.50.+a, 25.60.-t, 27.20.+n

The recent availability of radioactive beams has opened
the possibility to study nuclei along the driplines increas-
ing the feasibility to search for di-proton emitters of pro-
ton rich nuclei over a wide maw  range [1,2]. For ex-
ample, Ia0 was predicted to have a substantial ground
state di-proton branch [3] based on the adopted value
for the ground state of “N at 100 keV above the one-
proton threshold of laO.  Thus the sequential proton de-
cay branch through this intermediate state would be
strongly suppressed favoring di-proton emission.

In a measurement of the decay of 120,  no evidence
for correlated tw-proton  emission was observed [l]. The
strongly suppressed sequential decay through the tail of
a broad ground state of “N is not consistent with the
observed large decay width of Ia0 [1,3]. However, the
ground state of “N was only deduced from systematics
(41  and had not been measured at the time. Recent cal-
culations (5,6] and experiments [7,8] present evidence for
a substantially lower value for the ground state of “N.
In the present paper we reanalyze the results of the 110
decay measurement [l] to test the consistency with these
new results.

In this experiment I20  ~88 populated via the one “eu-
tron stripping reaction from a radioactive beam of IsO.
The lifetime of “0 is extremely short (- lo-”  s) decay-
ing into “C  by emitting two protons. The decay energy
spectrum, relative energy of the two protons, as  well as
the opening angle between the two protons were deter-
mined in a kinematically-complete experiment detecting
all decay products. Further details of the experiment can
be found in reference [l].  A decay energy of 1.77(02)  MeV
and a decay width of 578(205)  keV for the ground state of
‘*O  were extracted which are consistent with previously
reported values of 1.79(04)  MeV and 400(250)  keV,  re
spectively [3,9,10].

The 1.8 MeV decay energy of the ground state of I20
would make it bound to one proton emission by 100 keV
based on the previously estimated “N ground state. This
ground state estimate was based upon a study of “N
which observed a proton unbound state with a decay en-
ergy of 2.24(10)  MeV which was  interpreted as  the PI/Z
first excited state. The ground state of “N was pre-

dicted to be a” sl,a  state similar to the level inversion
observed in the mirror nucleus “Be [9,11]. Calculations
using the Isobaric Multiplet Mass Equation (IMME) pre-
dicted the sllz state to be unbound to proton decay by
1.9 MeV [4].  The width wa8  predicted to be large due
to the s-wave character of this state. Even though a
1.9 MeV decay energy ground state within ‘IN  is ener-
getically closed to ‘*O  decay by 100 keV,  the sequential
decay could proceed through the tail of this state. I” ref-
erence [l] results of simulations of this sequential decay
were in good agreement with the data, however, in order
to reproduce the decay width of 120 a” unrealistically
large reduced width of 42 MeV for I20  was necessary, in
comparison to the calculated Wigner limit of 3.3 MeV.
Details of the simulations can  be found in reference [l].
The large reduced width is needed due to the strong sup-
pression of low energy proton emission in the presence of
the Coulomb barrier. A lower “N ground state energy
reduces the barrier, thus the data could potentially be
explained with reasonable values for the reduced width.

Recent calculations and experimental observations of
“N indeed report a lower decay energy for the ground
state. Sherr  [12]  questioned the accuracy of the iscapin
assignments of the states in “C  and llB used in the origi-
“al IMME calculations. He reanalyzed the available data
and obtained a decay energy of 1.5(l)  MeV. Similarly,
potential model calculations for the ground state of “N
[5,6]  resulted in a decay energy of 1.6 MeV. A recent ex-
periment [7] using the reaction p(‘°C,loC’)p’  measured a
decay energy of 1.30 f 0.04 MeV and a width of 990+$$
keV for the ground state of “N. A second experiment
used the one neutron stripping reaction 9Be(1aN,11N)
and found evidence for a decay energy of 1.45 MeV  and
a width of 2.4 MeV for the ground state of “N [8].  An-
other recent experimental study of the “N [13]  system
did not observe evidence for the 2sl,a  ground state in
the reaction 1%(‘4N,‘5C)11N.  However, in this reaction
any  2s111  resonance is strongly hindered and difficult to
observe in the presence of background and the strongly
populated p states.

The decay energy and width of “N determine the tc-
tal decay width af Ia0  which is directly related to the
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