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ing I = 0.1 and the remaining parameters the
same as for curve 3, we obtain curve 4 which
reproduces the data very well. We do not want,
however, to stress the importance of this fit,
since the last modification introduces an addi-
tional parameter.
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HOLE-PARTICLE STATES IN ' Ff
R. Middleton, L. M. Polsky, * C. H. Holbrow, t and K. Bethge&

Department of Physics, University of Pennsylvania, Philadelphia, Pennsylvania
(Received 20 August 1968)

Using the reaction ' N(Liv, t )' F we have assigned hole-particle configurations to ten
states of ' F. The results support a model which assumes weak coupling between holes
and particles. It has also been found that the reaction obeys a 4T =0 selection rule.

Recently there has been considerable inter-
est' ' in the possible hole-particle nature of
many of the low-lying states of "F. In particu-
lar, it has been proposed that the positive-parity
states at 1.70 and 2. 52 MeV have (1p,i2) '(2s,
1d)~ configurations a.nd the known or suspected
negative-parity states at 1.08, 2.10, and 3.13
MeV have (1P„,) '(2s, ld)s configurations. It is
clear that such states cannot be reached with the
previously studied double-stripping reaction
"0('He, P)'sF or single-stripping reaction "0('He,
d)"F, but many of them can in principle be excit-
ed with the four-nucleon-transfer ('Li, t) reac-
tion.

This Letter reports confirmation of the config-
urations of these states and the identification of
other hole-particle states in "Fwith the reac-
tion '4N('Li, t)"F. We have also ascertained
that the T=1 states in "Fare not excited by the
reaction although 4T= 1 excitations are not for-
bidden in principle.

The experiment was performed with a 15-MeV
'Li beam from the University of Pennsylvan-

ia tandem accelerator, and reaction products
were detected with nuclear emulsions in the
multiangle magnetic spectrograph. Solid targets
containing ' N were found to be unsatisfactory
because of either premature failure or inade-
quate energy resolution, and to avoid these dif-
ficulties, a gas cell without an entrance window
was designed. Beam entered the cell through
six tantalum apertures 1 mm in diameter spaced
2 mm apart. This geometry permitted -90% of
the available beam (0.15-0.30 pA) to enter the
cell and gave a high impedance to gas flow, al-
lowing the internal pressure to be kept at 12
Torr while the pressure in the spectrograph vac-
uum tank was 1.2&&10 ' Torr. Reaction products
left the cell through a 0.15-mil Mylar window,
and the primary beam through a 0.5-mil nickel
foil. Spectra were recorded simultaneously at
7.5' intervals from 15' to 152.5'.

A typical spectrum is shown in Fig. 1 and ab-
solute differential cross sections obtained at
two angles are given in Table I. A striking fea-
ture of the data is the relative strength with
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FIG. l. Spectrum of the reaction N( Li, t ) ' F recorded at a lab angle of 15' and ELi =15.0 MeV. Deuteron and
alpha groups arising from the reactions N( Li, d) F and ' N(VLi, 0,) 170 are labeled F and Ox, respectively.
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Table I. Existing information on F states below 7.4
MeV and absolute differential cross sections for their
excitation with the reaction 4N( Li, t) SF. Excitation
energies are taken from Refs. 6 and 7 with the excep-
tion of the 6.30-MeV level which has not been previous-
ly reported. Spins, parities, and isospins for levels
below 5 MeV are taken from Refs. 5 and 7; the assign-
ment to the 5.30-MeV level is taken from Ref. 8, and
all other assignments are those quoted in Ref. 6. New
assignments to hole-particle states, consistent with
the existing values and the weak-coupling model, are
shown in square brackets.

which certain states are excited. Specifically,
the transitions to the six states at 1.70, 2.52,
3.36, 4.23, 5.30, and 6.55 MeV account for more
than one-half of the summed cross section ob-
served at 15' for transitions to all states below
7-MeV excitation. It is also significant that
these same six states are, at most, only weakly
excited by the reactions "0('He, P)"F and "O(He,
d)xaF s

Consideration of the above in light of the exist-
ing information'~ on the spins and parities of "F
levels has led us to propose that the six strongly
excited states are predominantly of a four-par-
ticle, two-hole nature and are excited by the
transfer of four nucleons into the (2s, ld) shell.
If the hole-particle coupling is weak, as suggest-
ed by Arima, Horiuchi, and Sebe, ' then the par-
ticle wave functions are substantially the same
as the eigenfunctions of the 2'Ne ground-state ro-
tational band, and the hole wave function is like
that of the '4N ground state.

The first three states in the ~'Ne ground-state
band have 4~=0, 2+, and 4+, ' and, when weakly
coupled to the (1g,q~),+

~ hole configuration, give
rise to seven hole-particle states in "Fas shown
in Fig. 2. The figure also shows the proposed
correspondence between the observed and expect-
ed levels made on the basis of consistency with
the existing spin and parity assignments. An im-
mediate result is that we further restrict the
previous spin and parity assignments to J = 3
for the 3.36-MeV level, 1 for the 4.23-MeV lev-
el, and 3+ for the 5.30-MeV level. The 6.55 MeV
level can have either VII=4+ or 5+. We are un-
able to locate the third level with parentage in
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FIG. 2. Proposed association between the two-hole,
four-particle states in ' F and states in Ne. The Ne
level diagram has been shifted to align the ground state
with the 1.70-MeV level in F.

the 4+ state of 2'Ne, but there are several candi-
dates among the strongly excited states above
7-MeV excitation.

If the slightly different kinematical situations
are disregarded, it follows that the cross sec-
tions for the 2'Ne 0+, 2+, and 4+ rotational bands
measured from the reaction" "0(Li', t)~'Ne
should be similar to those observed from the
reaction "N('Li, t)"F to the proposed four-par-
ticle, two-hole states of F. A comparison of
the present differential cross sections measured
at 15' with those from Ref. 10 bears this out
within an accuracy of about +30%. It would also
be expected that the ratio of intensities of the
groups corresponding to the 1+ state 4.23 MeV,
the 2+ state at 2.524 MeV, and the 3+ state at
3.358 MeV of "F, all of which arise from the
coupling of the "N core with the 2+ state in ~Ne,
should follow the 2J+ 1 rule. The observed dif-
ferential cross sections at 15' are in the ratio
3:4.14:6.65, which is in reasonably good agree-
ment with the predicted ratio of 3:5:7.

The situation with respect to the low-lying neg-
ative-parity states is only slightly less clear.
Poletti" has proposed that their configurations
are obtained by promoting a particle from the
1P»~ shell to the (2s, ld) shell to form (1P,»)
x(2s, ld)' configurations. That is, they are
thought to arise from the coupling of a Pg/2 hole
to the lowest positive-parity states of "F. Since

there are two such states with 4 =
& and &,II = —'+

four odd-parity states can be formed with spins
0, 1, 2, and 3. The 0 and 2 states have been
identified" as the 1.08- and 2.10-MeV levels in
"F, and there is evidence' that the spin-1 level
at 3.13 MeV also has negative parity. Following
the suggestion of Warburton, Olness, and Polet-
ti" we propose the 3.79-MeV level as the expect-
ed 3 state with the justifications that (a) it is
excited with moderate strength by the ('Li, t) re
action, (b) it is only weakly excited by the reac-
tions "0('He, p)"F and "0('He, d)"F, and (c) it
is the only state below 4.4 MeV which has a & de-
cay' consistent with a 3 assignment.

It is notable that the transitions to the (1P„,)
&&(2s, ld)' states are, with only one exception,
markedly weaker than tra. nsitions to the (IP»~) ~
&(2s, Id)~ states but are stronger than the trans-
itions to states thought to have (2s, ld)~ configur-
ations. This observation suggests that the ('Li, t)
reaction preferentially excites states formed by
transferring all four nucleons into the same
shell, that cross sections are reduced somewhat
when one of the four nucleons is transferred into
a different shell, and that the cross sections are
further reduced when the transferred nucleons
are equally distributed between two shells.

The weakest transitions in the spectrum (by
about an order of magnitude or more at 15') are
those to the five known'y' T =1 states at 1.04,
3.06, 4.65, 4.74, and 4.96 MeV. Both'Li and the
triton have T= T, =

& and the elementary coupling
rules therefore allow either ~T=0 or ~T=1 ex-
citations by the ('Li, t) reaction. The apparent
4T =0 selection rule is evidence for a direct
alpha-transfer mechanism for the reaction and
an alpha-triton cluster model for 'Li.

The direct character of the reaction is further
supported by the pronounced forward peaking
seen in the angular distributions. Additional evi-
dence is the fact that the deuteron groups arising
from the reaction '~N('Li, d)' F are very weak
(see Fig. 1) compared with the average triton
strength. If the reaction mechanism were dom-
inantly compound, one would expect the deuter-
on groups to be stronger because of their higher
probability of evaporation from a compound nu-
cleus.

Data on the reaction '~N('Li, d)"F have also
been obtained and preliminary analysis indicates
substantial agreement with our conclusions con-
cerning the hole-particle states in ' F. A more
detailed analysis including the ('Li, d) results
and angular distributions for both reactions is

1400



Vox,v~z 21, NvMsER 19 PHYSIt AL REVIEW LETTERS 4 NovKMBER 1968

being prepared.
%e gratefully acknowledge the assistance of

Mr. J. D. Garrett, Mr. W. K. F. Grant, Jr. , Mr.
C. W. Nicholes III, and Mr. T. A. Caldwell in

taking and analyzing the data.

)Work supported by the National Science Foundation.
*Present address: State University of New York,

Stony Brook, New York.
)Summer visitor from Colgate University, Hamilton,

N. Y.
50n leave from the University of Heidelberg, Heidel-

berg, Germany.
'A. Arima, H. Horiuchi, and T. Sebe, Phys. Letters

24B, 129 (1967).
T. Engeland and P. J. Ellis, Phys. Letters 25B, 57

(1967).
3T. Inoue, T. Sebe, K. K. Huang, and A. Arima, Nucl.

Phys. A99, 305 (1967).
4R. Middleton, C. T. Adams, and K. Bethge, Nucl.

Instr. Methods 61, 115 (1968).
5L. M. Polsky, thesis, University of Pennsylvania,

1968 (unpublished); L. M. Polsky, C. H. Holbrow, and

R. Middleton, to be published.
6Nuclear Data Sheets, compiled by K. Way et al.

(Printing and Publishing Office, National Academy of
Sciences-National Research Council, Washington,

D.C.).
J. W. Olness and E. K. Warburton, Phys. Rev. 156,

1145 (1967).
8P. D. Parker, Yale University Report No. YALE-

3223-123, 1968 (to be published).
J. A. Kuehner in Nuclear Spin-Parity Assignments,

edited by H. B. Gove (Academic Press, Inc. , New York,
1966).

R. Middleton, B. Rosner, D. J. Pullen, and L. Pol-
sky, Phys. Rev. Letters ~20 118, (1968).
"A. R. Poletti, Phys. Rev. 153, 1108 (1967).

G. M. Matous, G. H. Herling, and E. A. Wolicki,
Phys. Rev. 152, 908 (1966).
' E. K. Warburton, J. W. Olness, and A. R. Poletti,

Phys. Rev. 155, 1164 (1967).
' R. W. Ollerhead, J. S. Lopes, A. R. Poletti, M. F.

Thomas, and E. K. Warburton, Nucl. Phys. ~66 161
(1965).

REPORT ON THE INVESTIGATION OF MACH'S PRINCIPLE
IN THE SCALAR- TENSOR THEORY OF GRAVITY

E. Toton*
Department of Physics and Astronomy, University of Maryland, College Park, Maryland

(Received 3 September 1968)

Most statements of Mach's principle demand that the mass of a solitary object be zero.
The results of self-energy calculations in the canonical formalism of the scalar-tensor
theory for solitary neutral point particles and the solitary charged point particle are re-
ported here. The results show that from the viewpoint of Mach's principle, the sca1.ar-
tensor theory offers no substantial improvement over general relativity.

In 1961, Brans and Dicke~ proposed a new theo-
ry of gravitation, apparently compatible with
Mach's principle. The need for a new theory was
pointed out because of the difficulties encountered
in attempting to incorporate Mach's principle in-
to general relativity.

That some Machian effects do exist in general
relativity has been demonstrated by Brill and Co-
hen. ' Here, the Machian effects are of a kine-
matic nature and refer to the "dragging" of iner-
tial frames by distant matter in the universe. A
thin, spherical, mass shell, whose radius equals
its Schwarzschild radius, is capable of perfectly
"dragging" along with it an interior inertial
frame if the shell is slowly rotating relative to
an inertial frame at infinity. Thus the mass
shell appears at rest relative to the interior in-
ertial frame and observers therein. In fact, this
offers an explanation for the observational fact

that the distant stars of the universe are, in the
large, rotationally at rest relative to a local in-
ertial frame.

There are other Machian effects which appar-
ently are not in general relativity. Of the many
statements of Mach's principle, not a few imply
that the inertia of a body depends upon its inter-
action with the other bodies in the universe and
that, in the absence of these bodies, the inertia
of the body is zero. That this does not occur in
general relativity is, perhaps, obvious, but will
be shown in a review of the self-energy calcula-
tions of Arnowitt, Deser, and Misner (ADM) to
follow shortly.

The statement of Mach's principle in the sca-
lar-tensor theory is more general than the above. '
Local physical laws are assumed influenced by
distant matter in the universe through the funda-
mental constants appearing in the laws, a partial
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