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One-boson-exchange models all seem to give low val-
ues of e&, near those of BS-III, LF, and Green (DSM) in
Fig. 2. Thus an e& standard deviation of 1.8' should dis-
tinguish between one-boson-exchange-type models and
the others. The model of L. Ingber and R. M. Potenza,
Phys. Rev. C 1, 112 (1970), discussed by K. Brueckner,
in Proceedings of the International Conference on Prop-

eRies of Nuclear States, Montreal, Canada, Z989
(Presses de 1'Universitd de Montreal, Montreal, Cana-
da, 1969), predicts an e~ value which falls between
those of LF and Green (DSM) in Fig. 2. Most of the in-
creased nuclear binding of the Ingber model over those
in the main cluster in Fig. 2 can be ascribed (Ref. 10)
to this lower value of e&.
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A combination of direct (distorted-wave Born-approximation) aud resonance scattering
terms has been used to represent the reaction i'4Sn(l, P') to the 2+ collective excited
state in the region of the+2 analog resonance at an incident energy of 10.65 MeV. Fits
to on- and off-resonance cross sections and analyzing-power angular distributions have
yielded spectroscopic information about the parent state in Sn, represented as single-
particle neutron states coupled to the 0+ ground state and the 2 collective core state of
"4Sn

Recently, investigations of inelastic proton
scattering cross sections' and analyzing powers'
through isobaric analog resonances (IAR) have
been made in order to obtain information on the
parent states. However, the extraction of de-
tailed spectroscopic information was inhibited
in these studies either by approximations made
to handle the resonance-plus-background scat-
tering, or by the lack of analyzing-power angular
distributions. In this Letter, we report on mea-
surements of off- and on-resonance cross sec-
tions and analyzing-power data for inelastic pro-
ton scattering to a collective excited state. These
data were fitted by adding a Breit-Wigner term
to the distorted-wave Born approximation (DWBA)
scattering amplitude, thereby representing both
the direct-reaction and resonance components of
the scattering. Fitting these data has yielded
spectroscopic information about weak-coupling
states, the analogs of which we have observed.

The Rutgers-Bell tandem Van de Graaff ac-
celerator was used in conjunction with the Rut-
gers metastable polarized ion source' to mea-
sure the cross section and analyzing-power data.
Angular distributions were measured for scatter-
ing to the 2' state of '"Sn which lies at 1,13 MeV
excitation. Incident beam energies were 10.65
MeV, at which energy there exists a —,

' IAR,
and 10,00 MeV, which is an off-resonance ener-

The parent state for this resonance can be rep-
resented as an f», neutron coupled to the "48n

ground state t C&, plus neutron single-particle
states coupled to excited collective states of
' 4Sn, giving the —,

' wave function

The analog state results from the T operator
acting on the parent state, and is given by

~„„„=~(2T,+I) "[2ted», N C&„, +(2T,)"'tv„, eA&», ]

t decay, the emitted proton wi11 come from a level
corresponding to a filled neutron level, and the
residual nucleus wi11 be a 2 neutron coupled to
a hole in that level of filled neutrons. The third
term represents a nucleus which will decay via
proton emission from leve1 k, which must cor-

+ZP.;(».+ I) "'I t&. C;*&.i.-+»0)"'t &.~ *&.i.-~

The first of the four analog terms represents
a compound nuclear state which emits a proton
from the —,

' level and leaves the residual nu-
cleus in its ground state. The second term rep-
resents a nucleus which can have either neutron
decay (although this is isospin forbidden to T,
states) or proton decay. In the case of proton
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respond to an unfilled level, and leave the re-
sidual nucleus in the excited collective state i.
Proton decay of the fourth term is mostly to two-
particle, two-hole configurations.

The decay to excited collective states, as in-
dicated by the widths I ~ L,J,, can be extracted
by measuring angular distributions of (p, p') to
these states and adequately accounting for the
background. The widths can then be used to cal-
culate spectroscopic factors S„. Care must be
taken, however, in relating I„ to the coefficients
P», , since mixing can occur between the second,
third, and fourth terms of the analog-state wave
function. This mixing is a result of the collec-
tive state really being a linear combination of
particle-hole states, so that the residual par-
ticle-hole configurations represented by these
terms can be quite similar. The 2' collective
state is mostly a one-particle, one-hole config-
uration' so that the fourth term can be neglected.
The second term can be neglected either if the
collective state is composed solely of proton par-
ticle-hole excitations, or if the emitted proton
is from a level corresponding to an empty neu-
tron level in the target nucleus. In the even tin
nuclei, the protons form a closed shell, so that
it is l.ikely that neutron particle-hole excitations
are important contributions to the 2' collective
state. Therefore, only if the second condition
holds can we determine P», . If the proton is
emitted from a level corresponding to a partially
filled neutron level, then the two terms may in-
terfere and, as a result, no conclusion can be
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made regarding P»,
Since the (P, n) threshold for "'Sn (Q~„= —1.5

MeV) is well below the energy region in which
we are working, it shoul. d be valid to ignore the
effects of Hauser-Feshbach compound nuclear
scattering. The measured off-resonance cross
sections agree very well with the DWBA predic-
tions (see Fig. 1), thus validating this assump-
tion. Hence the observed scattering should be
well represented by a combination of direct in-
elastic and resonance terms, as outlined by Lane
and Thomas. ' We have modified the DWBA code
D%UCK to provide such a representation. This
involves adding a Breit-Wigner resonance term
to the DWBA collision function U I J o J to
give the total scattering amplitude as
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20 40 60 BO IOO l20 l40 160
ANGLE

FIG. 1. DKBA fit to off-resonance cross-section
(do/dO) and analyzing-power Q) data using optical-mod-
e1 parameters from e1astic-scattering analyses.

[(2L, +1)(2L +1)] ~ ( LS omlJ, M.) (L,S'Om, IJ,M, )
& La JaLb Jb

where

The incident (exit) particle spin is represented
by S and m~ (S' and ms'), the initial (final) target
spin by 0 and 0 (I' and m, '); and n and o. ' repre-
sent incident and exit particle energy, respective-
ly. The angular -momentum coupling scheme used
is illustrated for the exit channel: The particle
spin S' and orbital angular momentum Lb were
coupled to J, , which was then coupled to residual
nuclear spin I' t;o give total angular momentum
J having projection M. The quantity d» b is the

b
rotation matrix. '

i
In the resonance term, 6," and 5b" are incom-

ing and outgoing channel nuclear phase shifts,
respectively, and co, and cob are the Coulomb
phase shifts. The elastic and inelastic resonance
mixing phases are given by q„and q „L J re-
spectively. The parameters I'~, 1"~ », E~,P LbJb P

and I" are, respectively, the total proton width,
partial inelastic proton width in channel (L, , J,),
resonance energy, and total resonance width.
Note that the quantity (I'» I»» )'" can be posi-
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tive or negative, depending on the relative phase
of the proton reduced width and amplitudes, Note
that the x*esonance term is summed over all the
single-particle waves which couple to the core
to give the spin and parity of the IAB. In addi-
tion, the resonance term was energy averaged'
over the target thickness.

Figure 1 shows the measured cross sections
and analyzing powers at the off-resonance ener-
gy of 10.00 MeV for the proton inelastic scatter-
ing to the 2' state of "~Sn. The fits were calcu-
lated using the DNA code DWUCK. ' The op-
tical-potential parameters chosen were inter-
polated fx om the optical-model pax ameters which
give best fits to off-resonance elastic cross-sec-
tions and polarization angular distributions' in
this energy region. Thus, the only parameter
adjusted for the off-resonance inelastic fits was
the deformation parameter. The value obtained
for this parameter is 0.089, in reasonable agree-
ment with the value obtained for 16,00-MeV pro-
ton scattering. "

The measured on-x'esonance angular distribu-
tions and their fits are shown in Fig. 2. The fits
were determined by gridding over the values of
the various I'~.~ ~ to determine the best simul-
taneous fit to the inelastic cross section and ana-
lyzing-power data. The elastic resonance param-
eters were taken from the "Sn(P,P,) analysis"
and were I'=82.9 keV, F~ =23.7 keV, and p~
= 6.3'.

Also included in Fig. 2 are the angular distribu-
tions which would result for pure ps» and pure

f», neutron single-particle states coupled to the
2' core excitation. These two curves exhibit os-
cillations typical of those seen in all of the sin-
gle-partial-wave angular distributions. Since
the differences between predictions with various
partial waves are considerably greater for the
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FIG. 2, Best fit to on-resonance data obtained by
adding resonance terms to the DWBA.

analyzing powers than for the cxoss sections,
accurate analyzing power data are essential to
the precise determination of the separate I'~.«, .

The best fit to the data was obtained using the
widths I"~ » which are given in Table I alongP IgJ~
with the relative phases of the reduced widths.
Spectxoscopic factors I„were calculated using
the method of Thompson, Adams, and Robson"
with the computer code SSKAHCH. '3 The mixing
phases p», ~

' were also calculated with this code
and used in the modified version of DWUCK to
obtain the best fits. The coefficients o and P „
were obtained by taking the square root of 8„.

The importance of direct scattering in calculat-
ing the analyzing power at a resonance is evident
by the large values of analyzing power obsexved
(-0.5); these would be zero in the absence of
direct scatter1ng. Thus' we see that by flttlng
both cross section and analyzing-power angular
distributions with an accurate representation of
direct and resonance inela, stic scattering, useful
spectroscopic information is obtained.

TABLE I. Widths for the decay of the +2 resonance at 10.65 MeV in Sb to the 2 coIleetive state in Sn ob-
tained from the best fit to the data.

BesldUal
state

Relative
phase

P LgZy
(keV)

+M, y J'g

(deg)

2+, 1.13 MeV

2=
2

2

2

2

2

23.7 +1.8
0.55 +0.15
0.40 +0.15
0.55 +0.15
0.30 +0.10
0.00 ~0.10

10.3
8.8
7.6
6.2

11.3

0.56
0.012
0.018
0.022
0.31
0,00

+ 0.75+0.09
O 0 —0.11+0.02

—0.13+0.03
—0.15 +0.03
—0.56+0.10
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A locally Lorentz-invariant curved-space theory of gravitation where the local field is
a massless, spin-2 field p&" of Pauli-Fierz type is presented. In this theory g» is no
longer the gravitational potential itself but reduces to a functional g»{p~ ) of p& . Sev-
eral rigorous and a general iteration solution of this type are exhibited. The static cen-
tral body problem reduces exactly to author's 1958 theory in the special case p&"
= p and 8"p& ~o(tt}'=0 so that as in that theory the three crucial tests are satisfied.

About ten years ago there existed at least sev-
en, more or less plausible, theories of gravita-
tion. Three of these were the flat-space theories
of Poincare, Whitehead, and Birkhoff. In the
curved-space category were the theories of Ein-
stein, Jordan, Brans-Dicke, and the author, Ein-
stein's theory being of course the most prominent
among them. In 1961 with the measurement of
gravitational red shift in earthbound laboratories
it became clear that the flat-space theories have
to be abandoned. ' This situation led, since 1961,
to a vigorous development of Jordan and Dicke
type theories (Brans-Dicke theory in fact belongs
to a class of Jordan theories) and until recently
Brans-Dicke theory was considered quite serious-
ly in many quarters.

In the fall of 1970, however, the experiment on
the time delay of radar signals reflected from
Venus and Mercury reached accuracies high
enough to permit at least a preliminary judge-
ment against the Jordan and Brans-Dicke type of

theory. ' If the present trend of results continues,
the 1916 theory of Einstein and the largely unde-
veloped 1958 theory of the present author will
probably be the only two generally known and ex-
perimentally viable theories of gravitation. ' On
the other hand the 1958 theory of the author, as
published, has the theoretically objectionable fea-
ture that it does not possess time-dependent dy-
namic solutions. This of course casts serious
doubts on the validity of this theory leaving Ein-
stein's 1916 theory practically unrivaled. We are
therefore motivated to present a natural extension
of our 1958 theory which seems to open a new and
interesting avenue of inquiry as well as avoiding
the above mentioned objection.

Formulation of the theory. One of the main—
differences between Einstein's theory and the
present theory of gravitation is that in Einstein's
theory the components of the metric tensor g „,
are considered as the components of the gravita-
tional potential and are therefore functions of


