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Structure of ?Be and 20 ground states
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Consideration of Coulomb energies f&O and *?Be, combined with other information, strongly suggests
that the 1Be(g.s) contains about 52% of the configuratio?Be(g.s.)» (253)2. [S0556-28189)04512-4

PACS numbgs): 27.20:+n, 21.10.Sf, 21.60.Cs, 23.50z

I. INTRODUCTION culation yielded a ratio of 1.38 f@?/d? components in the
lowest 0" (sd)? state. With thas?/d? ratio, the &d)? cross
In a recent paper, Barkéd] computes the width of the sections are 7 times those for Cohen and Kuraf]s'%Be
ground state of*?0, the mirror of 12Be. Involved are the +p2—'%Be transfer.
proportions of the two nucleons?,s?,d? and the energy of Assuming the neutrop shell is filled in °N, the three-

the 1IN(3 ™) ground state. The configuration admixture is theneutron pickup in*°N(3He ®He) should populate thepé)?
same as for its mirrot?Be. neutron piece of?N(0",2). A measurement at 76 MeV was
A reasonable shell-model calculation of the structure ofreported by Robertsdi6]; no sign was found of such a level
the lowest 0, T=2, level for A=12 is very difficult. It  at the expected energy of 12.3 MeV, from the isobaric mul-
involves bothp- andsd-shell excitations, and hence two ma- tiplet mass equation(A similar attempt at Princeton also
jor problems:(1) the competition between interngtshell  failed) An upper limit was set which wa$ of that for the
excitations and components of the tyfBe® (sd)?, and(2)  same reaction to théB(0*,2) state, suggesting that the

within (sd)?, the competition betweers§)? and d3)2. The  (p3)? strength in*?Be might be less than 25%. Of course,

two-body residual interaction within thed shell has 0 di-  with the dominanp ™! g.s. of 1°N the (sd)? components of
agonal elements that are significantly more attractive fothe 12N(0*,2) state could not be populated.
(d$)? than for (s%)2. But for °Be+n, thes} single-particle Table | lists the reportefil,3—9 percentage populations

energy is significantly below that fadS, so that the one- for the three components and the rat/d®. Results of

2 structure calculations are included. The wide variation is dis-
body (s3)* Hamiltonian is significantly lower than for couraging, but excluding Reff7], the indication is that thp
(d2)2. The upshot is that, even withirs)? space, small strength is less than 35% and the ratioséfd? averages to
changes in the interaction can drastically alter the ratis?of 1.30. We have calculated Coulomb shifts across the,Zp
to d? in the lowest state. And, of course, the raticséfto d>  quintet to estimate thes)? strength.
greatly affects mixing with th@-shell components. Further-
more, the lowesp-shell 0" state[2] is roughly degenerate

. ; I1l. POTENTIAL MODEL CALCULATIONS
with the lowest §d)? state[3]. Because of this shell-model

instability, we seek other avenues for clues to #ied?:p The procedure is to use a Woods-Saxon nuclear potential,
shell admixture in*?Be(g.s.). plus a uniform sphere Coulomb potential, to compute ener-
gies of a nucleon plus the appropriate=11, T=32 nucleus.
Il. EXPERIMENTAL INFORMATION Of relevance here is as2, 1p3, or 1d3 nucleon coupled to

. . L _ 3%, 37, and3" core states, to make'Q) T=2. This proce-

The experimental information is sparse and ambiguous:

The 5 decay of’Be, the '*Be(t,p), and the*N(*He,°He) TABLE |. Two-neutron occupancy?) for ?Be(g.s.) as'’Be
reactions offers some information. Lon.

Suzuki and Otsuk@4] note that the loft for the decay of
1?Be is about 3.83 whilg-shell calculations yield 3.4—3.5. Ref. (1p)2 (29)2 (1d)2 (25)%(1d)? Source
They estimate that thep&)? occupancy is less than 35%.
Keller et al. [5] searched for decay to the llevel of 1°B
which requires (8)2 in *?Be. They conclude that the latter is

(6] 25 (HefHe)
(8] 38 32 29 1.10 Calc.

no more than 20%. Barkdd] uses recent half-life data to (3] 1.38 Calc.
arrive at 50% for p3)2. The 8 decay has shed no light on % 74 22 18 0.39 p (ée;(?y
the amount ofd(3)2. [9] 142 Calc.
In the '%Be(t,p)*?Be reaction[3], the calculated cross [4] 35 B decay
sections for the ground statg.s) show negligible differ-  [q] 50 B decay

ences in shape fqu?, s?, or d? transfer. A shell-model cal-
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TABLE II. Calculated and experimental excitation energies particle energies fost andd$, the lowest (Sd)20+ state has
(MeV) in ¥B, *2C, and*?0 for pure configurations and a mixture 78%$2, 22%d?. If the physical g.s. arises from mixing of

thereof. this state with theCK p-shell g.s.[ignoring the second
125 120 126 (sd)?0"], then our result of 0.58@?<0.55 implies
|4(g.5.)?=(0.64-0.70)6d)>. and hence(0.30-0.36 p
Expt. 12.75(0. 27.60(0.0 0 (0.0 . L. .
(1Xp)2 12 é15) 27(772) (0 52 shell. For the remainder of this paper, we adopt a mixture of
n ' ' ' 67%, giving 52%s?,15%d?, and 33%p shell. If the experi-
(29) 12.71 27.56 -0.52 12 . ,
5 mental state in‘?Be at 2.70 MeV is the other Olevel aris-
(1d) 12.80 27.75 0.63 ing from mixing (sd)? andCK, the observed separation and
M@ 12.75 27.65 —-0.03 ’

the intensities above provide a value\6f 1.27 MeV for the
A is 0.55(2)+0.45 (1p)2+ (1d)2]. residual matrix element mixing the two. This seems quite a
reasonable value. With this value ¥f the initial separation
dure has been used successfully Tor2 quintets withA  between §d)? and CK would have been 0.916 MeV, very
=16[11] and 20[12]. In A= 16, the competition is between close to the relative separation calculated: 0.211 MeV for
d? ands?, with no p2 component. The resuftL1] is an 52 (Sd)z, 1.095 MeV forCK. Of course, both would have to be
percentage of (454)%, to becompared with a value of t00 low by about 0.7 MeV in order for thebsoluteenergies
53% computedi13] in a two-body shell model—using global to correspond. _ o
two-body residual matrix elements, but “local” single-  Barker[1] obtained what he termed as upper limits on the
particle energies. IA=20, there is no evidence for any -O(g.s.) width for sequential proton decay through
appreciables contribution for the 19th and 20th nucleons “N(g.s.). With the latter energy at 1.5 MeV, his upper limits
[12]. were in the range 40-50 keV. It would seem he should then
With the usual parameters=1.25 anda=0.65 fm for ~ multiply these upper limits by the product of spectroscopic
the Woods-Saxon well, the well depth, is chosen to cor- factors S;S,/2 for the two decays. He takeS,=0.40
rectly bind a P, 2s, or 1d neutron to the; ~, 3*, and3 ™" (20%s?); S, is known experimentally to be 0.77. Thus, he
levels of 'Be. The consequential energies 3B, 1°C, and would have I'tor(2p) =12-15 keV, although he quotes
20 and the experimental values are listed in Table II. The'less than 100 keV,” and again “less than about 100 keV.”
120 values were found using calculatétio] values 1.60, If his upper limits correspond t&;S,=2, then even with

2.48, and 3.90 MeV for thé *, 1=, and 3" levels of the our 52%s?, S;S, is still only 0.80—still giving a very small
YN core. Thus, this is really equivalent to coupling two 120 width, if Barker's convolution is correct. These widths

nucleons to'°C. suggest that perhap simultaneoys 2e., 2He) decay could
As expected, the pure 22 predictions are low while the be important.

(1p})? and (1d)? values are high and about the same. Thus, With this admixture we compute the decay widths for

. . ) 20—19%C+ two protons. The diproton’He) energy is 1.78
2

an apprzoxmately equal admlxtu_re of¢)2 and either () MeV. For (1p?) the diproton cluster has one node and

or (1d)< would match the experimental values.

Because the? andd? results are so similar, we can lump — 2" while for (25)” or (1d)?, there are two nodes arid
e ' P —0. The results for the “single-particle” widtlr (?He) are

them togeth.er 0 Qet a one-parameter de?cgpuon of the CO"![BS keV and 227 keV, respectively. Our proposed admixture

lomb energies, viz., the amount of thes@)“ component. g ggests a width of about 340 keV fsimultaneou2p de-

The result is 0.55(8%)2+0.45 (average ofp? and d?),  cay.

whose energies are listed as the last entry in Table 1. Experimental results for the decay have been reported by
Alternately, we can use th&?O Coulomb energy calcu- Kekeliset al.[14] to be 400=250 keV and by Krygeet al.

lations for the three configurations, together with unit nor-[15], more recently, to be 5728205 keV. Barker'd1] width

malization [a?(s?)+ B%(d?)+ y?(p shel)=1], to obtain of less than 100 keV, found fromR-matrix formulas forse-

any two of the three intensities in terms of the other oneguentialdecay, is much smaller than any of these. Ours is

When we do this, we find/?<0.495, andg?=0, with a? not inconsistent with the experimental value. We suggest the

=0.505 at that limit. Wheny?=0, B2 is 0.45, givinga® need for a new experiment to look for simultaneous two-

=0.55. For any value ofy?, a?/B?>1.21. The striking proton decay.

point is that asy? varies from 0 to 0.495¢? changes only

from 0.55 to 0.50. Putting in the 40 keV uncertainty in

120(g.s.) mass gives 0.30035< o?<0.55+.035. ACKNOWLEDGMENT
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