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consider a case where n clusters are m =1 and the oth-
er (n~-n) clusters of m - 2 have (nz -n) spins as a
whole. Then the number of independent states se(nz,
nz, n) is represented as M =n Cn xn ~Hn ~ . Ac-
cordingly, the mean value of n, i.e. , nz, is given by

nc-1
n =+neo/W= Q nx C x H

e ng n nQ~ n+n n=1

Using a formula of combination products,

C x C = C (o. -q p-q),
Q q r P r A+P qr=p

ns reduces to ns = no(nc-1)/(ns -1)= no 2/ns when nc» 1,
nz»1. Similarly, the number of clusters having m =A,

is obtained as nc /ns(1 nc—/ns)
7M. Date and M. Motokawa, Phys. Rev. Letters 15,

854 (1965).
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Recently it has been suggested' that the 20.3-
MeV 0+ state of He' might be described by a
"breathing mode. " The present note calls at-
tention to certain systematics' of 0+ excited
states in light even-even nuclei, particularly
closed-shell nuclei, which show that a breath-
ing-mode' description of these states is prob-
ably not successful. A more fruitful descrip-
tion in terms of multipair excitations, a pair
consisting of a particle and a hole, is indicated.

Table I lists the 0+ states considered here.
Column 2 gives excitation energies E. Column
3 presents a first systematic trend: The en-
ergies of these states follow roughly a 1/R'
dependence, where R is the nuclear radius.
For a breathing mode one expects a 1/R ener-
gy dependence. ' The argument can of course
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Table I. 0 —0 transitions in light nuclei. The en-
ergy of the transition is denoted by 8, the pair width
by 1'~. The quantities p and f are the normalized mono-
pole transition element and fraction of a monopole sum
rule exhausted by the transition. Exact definitions are
given in the text.

be made' that the He' state represents a breath-
ing mode and that in the other nuclei the cor-
responding state, lying roughly at 20.3 (4/A)'~'
MeV, has not yet been discovered.

Column 4 in Table I lists the internal pair
widths I'„of the states, taken from various
references. " A second systematic trend
can be noted by extracting from I ~ the normal-
ized transition matrix element p = (r')if/R',
where (r'),f is the monopole matrix element
between the initial state i and the final state f
and R is the nuclear radius. As has been cus-
tomary we have put R = (2e'/mc')A''s = 1.41A''
F. Using interpolations of calculations by Zir-
ianova and Krutov, ' the values for p in column
5 of Table I are found. One notes that the nor-
malized transition matrix element for He' is
comparable to that for C", 0", and Ca . A
similar conclusion can be drawn by substitut-
ing the experimental monopole matrix element
into Ferrell's sum rule" for T =0 to T =0 mono-
pole transitions:

N =P 2mE l(r2) P/(I'(r')),f t

where N =number of nucleons, m = mass of nu-
cleon, (r') = mean square radius of ground state.
One then finds that each of the 0+-0+ transitions
considered here exhausts only a fraction f of
the sum rule, shown in column 6 of Table I.
[The fra, ction f is defined as the ratio of the
right-hand side of Eq. (1) to the left-hand side. ]
It ean be seen that the He4 transition does not
exhaust a greater portion of the sum rule than
the C" transition, and neither exhausts the
full sum rule. Since the model discussed in
Ref. 1 does exhaust' the full sum rule (1), it
does not appear that the He4 state is well de-
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atics presented here should encourage further
computations along these lines, in particular
for Fin. In this connection one must take into
account the fact that the 0+ state of He' is un-
bound. '
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FIG. 1. Shapes of form factors for inelastic electron
scattering to 0+ excited states of He4 and C, vs q R
where q is the momentum transfer and R is the nuclear
radius. The value of R has been taken as the equiva-
lent uniform radius of Ref. 12. Solid points, for the
20.3-MeV state of He4, are taken from Ref. 6. Tri-
angle points, for the 7.66-MeV state of C, are taken
from Ref. 7. The solid ("OSCILL.") and dashed
("BREATH.") lines represent results of the oscillating
and the breathing liquid-drop models of Ref. 5. The
dotted line t."W-U(He4)" ] gives the prediction for He4 of
the breathing mode model of Ref. 1. Experimental and

theoretical form factors have been arbitrarily normal-
ized at low q2 values.

scribed by this model.
One can also investigate the nature of the

0+-0+ transitions by studying the shape of the
inelastic electron scattering form factor' E (q')
as a function of the square of the momentum
transfer q'. Figure 1 compares the shapes of

Fin for' the He and' the C" transitions with
those calculated by Walecka' for an oscillating
or breathing quantized liquid drop of radius
R." Also shown is the prediction of Ref. 1 for
the He transition. " All the form factors have
been normalized arbitrarily at low q' values,
where, independently of the model, they are
expected' to be proportional to q'. One sees
that neither the He~ nor the C" form factors
follow the shapes predicted by the models of
Refs. 1 and 5.

Szydlik" has recently computed the energies
of the lowest states of He' on a one- and two-
pair model. He finds a 0+ state close to 20
MeV. Similar success for 0" has been obtained"
by including four-pair excitations. The system-
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