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Width of 12O„g.s.…
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We have calculated the expected width for12O sequential decay through a broad11N~g.s.! to 10C~g.s.! and
for simultaneous (2He) decay by convoluting 2p decay widths with thepp relative energy. Both widths are
found to be about 60 keV.
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The value of the width of the ground state~g.s.! of 12O is
still uncertain. Several experiments@1,2# suggest values nea
400–600 keV, but in all cases their resolution was of
same order, making decomposition of the peak difficult.
unpublished pion experiment@3# provides an upper limit of
100 keV for this width.

Also largely unknown is the competition between sim
taneous (2He) and sequential (12O→11N1p→10C1p1p)
decays. One experiment@2# suggests an upper limit of 7%
for ratio of simultaneous to sequential decays. Most calcu
tions @4# of the total width expected for sequential dec
through a 1/21 11N~g.s.! give values in the range 10–10
keV. Calculations of the width for2He decay depend
sensitively on the relative energy between the two proto
For example, if this relative energy is zero, the width
340 keV @5#, while a relative energy of 700 keV gives
width of 22 keV.

In a recent paper, Grigorenkoet al. @6# have calculated
widths of the ground states of12O and 16Ne, using two dif-
ferent hyperspherical harmonic models. In the first of the
they construct a three-body source function, produce a th
body wave function in a box, and attach it to a decay
asymptotic form. They use repulsive cores to approxim
the Pauli principle. The second is a potential model, w
three-body bound and continuum states from which th
project out the Pauli-forbidden states. They add a collec
potential in order to get the correct energy for the g.s.
12O, the two models produce similar results. Their two m
conclusions are~1! a significant breaking of isospin
symmetry—‘‘at the level of tens of percents’’~for example,
their s2 component in12O is 1.5–2.0 times what it is in
12Be); ~2! the three-body decay mechanism is neither
proton or sequential. The two models give compara
widths—66211

117 keV in the first and'60 keV in the second.
In an earlier paper, we estimated thes2 content of 12Be

and 12O ~which we took to be equal—hence no isospin sy
metry breaking!. Of course, the radial wave functions of th
protons in 12O are different from those for neutrons
12Be—it is merely the orbital occupancies that we take to
equal.

In the present paper, we have computed the width
sequential decay in the manner of Barker@4#, but using
widths for each step of the decay calculated in a Woo
Saxon well, rather than inR-matrix formulation. We have
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also computed the2He width by convoluting the calculate
widths with a variety ofp1p profile functions, in order to
weight with the appropriate relative energies.

For sequential decay through a11N~g.s.! at Ep
51.4 MeV, our convolution givesG574 keV if both single-
particle spectroscopic factors are 1.0. Our wave function@5#
givesS151.04 ~out of a maximum of 2.0! and the mirrorS2
is known @7# to be 0.75, for a productS1S250.80. Hence,
our value forGseq is 58 keV~see Table I!.

For the simultaneous decay, we have tried several dif
ent profile functions. Some of these peak near 700 keV, o
ers in the range 500–600 keV. It turns our that the final res
is reasonably insensitive to the details. For the numer
work presented here, we used the 0°e dependence of Ref.@8#.
As e ~the relative proton energy! goes from 0 to 1 MeV, the
energy in the2He center-of-mass motion goes from 1.78
0.78 MeV. We have calculated the widths forn51 and n
52 appropriate top-shell andsd-shell 2He, respectively.
The former is found to be about 70% of the latter, relative
independent of the energy. Forn52, the width is 227 keV
for e50 and 15.3 keV fore5700 keV. The convolutedn
52 (n51) 2He width is 43.6 keV~30.5 keV! if the 2He
cluster spectroscopic factor is 1.0. As bothp and sd shell
excitations are present, we must add the amplitudes, no
widths. For thep shell part, we note that Cohen and Kura
@9# give S50.786 for 12Be→10Be. Our adopted wave func
tion @5# has 33%p shell, 52%s2, and 15%d2. With this
s2/d2 ratio, the cluster value ofSsd is 0.81. Our totalGsim is
thus (0.51AG110.74AG2)2, i.e., Gsim559 keV. This value
is surprisingly~or perhaps, not so surprisingly! close to the
value ofGseq558 keV.

Why, then, does the12O decay experiment@2# find so
little simultaneous decay? We suggest that the answer
be found in interference between simultaneous and seq
tial decays. We note that in Ref.@2#, at the three smalles

TABLE I. Widths for 12O→10C12p.

Decay mode Gsp ~keV!a Gcalc ~keV!

Sequentialb 74 58
Simultaneousn51, n52 30.5, 43.6 59

aGsp is the width if relevant spectroscopic factors are unity.
bThrough 11N(1/21) at Ep51.4 MeV.
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angles the ratiosexp/sseq is 0.5060.16, i.e., more than thre
standard deviations from unity, whereas at the same
anglessexp/ssim is 0.06760.021.

This result could be explained if the interference at th
angles is destructive. A complete explanation would requ
the sign of this interference to change near the angle at w
the simultaneous process peaks, i.e., destructive at s
angles and constructive at large angles.

Within the experimental uncertainties, the simultaneo
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decay would be in the range 27–46 % of the total, w
sequential decay in the range 73–54 %. As both calcula
widths are near 60 keV, it is very likely that an accura
measurement of the12O~g.s.! width will provide a value
less than 100 keV, rather than the currently accepted 5
600 keV.

We acknowledge interesting correspondence with F.
Barker.
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