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THE EXCITATION OF UNNATURAL-PARITY STATES IN.guMg,

QONe AND 16O BY INELASTIC O SCATTERING
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I. INTRODUCTION

An opportunity to study processes that are normally neglected in di-
rect reaction models is found in the excitation of uﬁnatural-parity states
in even-even nuclei by inelastic & scattering. (An unnatural-parity state
in an even-even nucleus is one in which the parity m # (-)J, where J is the
spin of the state. For example a 2- or a 3+ state would be of unnatural
parity.) The study of the excitation of these states by o particles is par-
ticularly useful in the study of reaction mechanisms because the excitation
is forbidden under the assumptions that are often made in direct reaction
models -- & single scattering involving a central interaction with a well-
defined transfer of angular-momentum.l Spin and parity considerations for-
bid simple one-step direct interaction mechanisms. Therefore, if these
unnatural-parity states are excited it must be by more complicated processes.
Since in the excitation of natural-parity states (states in which 7 = (-)J)
both simple and complicated processes are involved, the study of unnatural-
parity levels will yield a better understanding of inelastic scattering
in general. The subject of this research is the study of the excitation
of these states with the goél of understanding the reaction mechanisms in- -
volved.

Previous work2-8 has shown that the unnatural-parity 2- levels in

0 and 20Ne and the 3+ levels in EhMg and 2881 are sometimes made wi@h

16
relatively large cross sections in inelastic scattering of CG-particles,

even though their excitation by simple single-step interactions is forbidden.
The average differential cross sections are a few tenths of millibarns to

a few millibarns per steradian. In fact, for large-angle scattering the
magnitudes of the differential cross sections are about equal to those of
the elastic and natural-parity states. These experimental'cross sebtions
and angular distributions have been interpreted by means of various reaction
mechanism models. For example, some experimental results suggested that
compound nucleus effects dominated the excitation while other experiments
indicated a multiple excitation mechanism played an important role. How-
eVer, there was no one specific mechanism that seemed to explain all the

data. In some cases the results suggested that competing reaction mechanisms

were involved.
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All of these previous experiments were carried out at incident Q-
particle energies of 42 MeV or below. In the present ﬁeries of experiments
the bombarding energy range was increased in several steps to 80 MeV for
l60 and 2ONe énd to 120 MEV for )ﬁkg in order to gain further information

of the means of excitation of unnatural-parity states.

A. TInelastic O Scattering

Inelastic @ scattering is of particulaf interest as a spectroscopic
tool for studying excited nuclear energy levels because of its special_
reaction properties. « particles are spinless projectiles. They are
strongly absorbed by the nucleus and thus can lead to compound nucleus reac-
tions. They can also'pafticipate in direct surface reactions. (Aldirect
'nﬁciear reaction is one in which the interaction between the projectile
and the targét takes place in the time necessary for the projectile‘to tra-
vel‘through the nucleus, or approximately 10-22 seconds.) A direct reac-
tibn can be contrasted with a compound nucleus reaction, in which the pro-
jectile enters the,nucieus, shares its energy with the target nucleons, and
then the nucleus reemits a particle. Since in direct reactions only one
or a few of the degrees of freedom of the nucleus are altered, they are
: particularly useful in study1ng low energy nuclear states--states which -
' dlffer from the ground state in one or a few simple ways.

-If the excitation producing a certaln state is a simple, one-step
méchaniSM, the spin and parity of the state can often be determined from
the angular distribution.9 For a O scattering at energies well above the
Coulomb barrier, the angular distributions are characterized over a large
part of the angular range by strong, regular oscillations which arise be-
cause O bafticles“are strongly absorbed by the nucleus. The particles that
are scattered must therefore have been involved in surface interactions,
and fhe oscillations produced in the angular distributions are analogous to
the interference effects seen when light is scattered from the edge of a
black disk. A model of inelastic diffraction scattering based on these
ideas_haé been developed by Drozdovlo and Inopinll and extended by Bléir.9

In Blair's model9 the differential cross sections for the first few

levels are as follows:

-
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J; (x)]
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Ao/ oy 2,2 .2 2
30(0 »0%) = (k R))® B) Jy(x)

Im
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@ (024 = (k RO) 2 {ff Jo(x) Jg(x)g}

2
do _ 2\2 B
0 =3-) = (k Ry) 2 43 5, (x)2 gJ(x)}

2
do _ 2\2 B
= (0 o k+) = (x B) ﬁ{%: Jo(x)2 + %‘% JE(X)E + %_?— Ju(X)Q}

where k is the wave number, R.o the effective radius, the B's are deformation

parameters, the J's are cylindrical Bessel functions and x = kRO, or more
accurately x = QRO, with Q = IE; - E}l.

elastic scattering is forbidden by selection rules. Figure 1l shows these

The excitation of 1- states by in-

angular distributions. At large angles the odd and even J's approach sines
and cosines and thus give rise to different phases in the differential
cross sections. If the maxima of the oscillations in the angular distribu-
tions for one level correspond to the maxima in another, the distributions
are said to be "in-phase". If the maxima of one correspond to the minima

of another, the distributions are "out-of-phase."

A1l the positive parity

levels will be "in-phase" with each other and "out-of-phase" with the ne-

gative parity levels. This is basically a small angle model: nevertheless

it still gives good qualitative results even at fairly large angles. It also

makes use of the adiabatic assumption. Q is taken to be the same for all

energy levels. Thus if the energy of the level is not very small compared

with the beam energy, the model will not be applicable without modification.
In the asymptotic region the phase behaviour of the angular distribu-

9

tion can sometimes be used to determine the parity of a level. Blair” has
pointed out that the differential cross section for a positive parity level

produced by a single scattering will oscillate "out-of-phase" with the cross
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section for elastic scattering, and a negative parity level will be "in-

phase" with the elastic. If the reaction mechanism is more complicated than
a single scattering, these phase relationships will not hold. For light ele-
ments, the asymptotic region is not really reached, so the phase behavior
will only approach that described above. Also in light elements these pure
distributions are even less valid because the adiabatic assumption (here
meaning degenerate energy levels) is not well met.

The angular momentum transfer involved in exciting a state can some-
times be determined by the behavior of the first few oscillations in the
differential cross section. Tor a simple, single scattering on an even-
even target nucleus this angular momentum transfer will be equal to the spin
of the state. In the special case of & medium weight or heavier target,

Ea Z 30 MeV, and not too strong coupling between states, the first few
oscillations in the differential cross section will behave as follows:

The region where the first minimum in the cross section would be expected
to fall will be filled for a 2+ state. For a 4+ state the first and second
minima positions will be filled in with the cross sec¢tion breaking into re-
gular oscillations at larger angles. Similar differences at small angles
occur between negative parity states of different spins.

Austern and Blair12 have developed a generalized diffraction model that
treats both single and double excitation. This theory is applicable if the
projectile is strongly absorbed by the target nucleus and if the angular
momentum transfers are much smaller than the angular momenta that are impor-
tant for the partial wave expansions. Thus it should be a good model for
0 scattering at medium energies. However in this model the excitation of
unnatural-parity states is forbidden to all orders. This model makes an
assumption that leads to this selection rule. It approximates the succes-
sive steps of angular momentum transfer to the nucleus as taking place at
the same angular location. For spinless projectiles it has the consequence
that for double excitation as well as for single excitation, only states of
natural-parity may be excited. This selection rule results from the fact
that the momentum transfer in the first scattering is IE; - Eﬁl, where ki is
the initial wave number, and k' is the intermediate wave number. The momen-
tum transfer in the second scattering is [Eﬁ - E}[, vhere kf is the final

wave number. Since both scatterings occur at the same radius R, the degrees
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of freedom allowed in the scattering are limited. The two angular momenta
in the double scattering can add only in such a way as to give natural-parity
, states.

Rost and A,ustern13 and Bassel et al.ll'L have interpreted the inelastic
scattering of medium energy & particles as a direct reaction using the dis-
torted waves theory. They found that a deformed potential-well interaction
based on the collective model of the nucleus gives results in good agreement
with experiment. The parameters of the potentiél well are determined by
fitting the elastic scattering. The multipole deformations are then obtained
from the magnitudes of the inelastic cross sections. This model describes
simple one-step processes. It treats the elastic scattering as the dominant
process, and inelastic events are treated as perturbations.

It has been shown by Cohen15 and many others that inelastic O scattering
preferentially excites states which involve collective motions of many nu-
cleons. These are states which involve rotations or vibrations of the nu-
clear surface. The moment of inertia of the best rotational caese is much
less than that of a solid body implying that not all of the nucleons take
part in the deformation or rotation. A rotation in this sense is a wave of
nuclear matter moving around a central core of the nucleus. The type of
vibration of interest here is a motion of the nuclear surface. McDaniels
et al.17
bombarded with & particles. Experimentally Harvey et al.l6 have shown
that rotational levels in 17°

have shown that vibrational levels are excited when a nucleus is

Sm and l5l+Sm are excited by inelastic O scat-
tering. '

In deformed even-even nuclei the first few levels will correspond to a
rotational band having a level sequence O+, 2+, U+, etc. with energies ap-
proximately proportional to J(J + l).18 Rotational bands can also be built

on vibrational levels or levels involving the excitations of single nucleons.

B. Unnatural-Parity States
- As was mentioned previously, states of unnatural-parity are of parti-
cular interest because they camnot be produced in inelastic & scattering
by a simple single scattering ihteraction. This can be illustrated in the

following way: The conservation of parity and angular momentum lead to the
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relationship
L
me = (=)7m;
where the 7's refer to the parity of the initial and final states, and L
is the angular momentum transfer. The total spin of the final nucleus,
Jo, will be the vector sum of the transferred angular momentum and the

£
spins of the incident particle and target nucleus,

=T + +J
Jf L Jd Jt

Both the & particle and an even-even target nucleus have O+ (J ) ground

states. Therefore, J_, = L, and the parity of the final state will be

f
M = (-)°2
giving a natural-parity state. |
The cross sections of the unnatural-parity states that have been mea-
sured show that sometimes they are produced with fairly large amplitudes.
How can this be explained? Eidson and Cram.erl have pointed out that an
unnatural-parity state could théoretically be produced by any mechanism
involving the interplay of two different angular momenta. This can be illus-
trated in the following way. If Ll and L2 are the two transfers of angular
-momentum involved, for an O particle incident on an even-even target nucleus,
the final spin and parity will be
3; = fI + f;'and o = (-)L1+L2
For example if Ll = 2 and L2 = 3, possible Jf values will be 5, 4, 3, 2 and
1, and the parity would be (--)5 = (-). In this way a 2- or a Y- unnatural-
parity state could be produced.
Eidson and Cram.er1 have suggested several possible processes for the
production of unnatural-parity states involving the coupling of two angu-

lar momenta:

(1) Double scattering. The two angular momenta would be the angular momen-

tum transfers in the two scatterings. It has been found experimentally
that for levels that are known to be made primarily by double excitation
the envelope of the angular distribution falls off more slowly with scatfer-
ing angle than that of the elastic angular distribution or that for a single

excitation process. There is also a phase reversal for each simple excitation.
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(2) Compound Nucleus formation and decay. Here it would be the initial

and final relative orbital angular momenta which are separated in time that
could couple to produce the unnatural-parity state. Compound nucleus pro-
cesses would be expected to give total cross sections and angular distribu-
tions that vary greatly with small changes in incident G -particle energy.

(3) A spin-orbit interaction. In this case the coupling would be between

the orbital angular momentum of the incident & particle and the spin of
one or more of the target nucleons. TFor example a proton spin flip of
As = 1 resulting from a change of orbital of the proton from d5/2 to d3/2
could couple with an orbital angular momentum £ = 1 or 3 to produce a 2-

unnatural parity state in the following way:

3} =T+85=2 and Mo = (-)1 = ().

(&) An exchange process, e.g. knock-out or target-stripping. Knock-out

can be thought of as a coupling of the relative angular momentum of the
knocked-out & particle with the angular momentum of the initial system to
give the final unnatural-parity state. This would be expected to give a
forward peaking in the angular distribution. For target-stripping it would
be the angular momentum of the stripped core and O particle which couples
with that of the initial system to produce the unnatural-parity state. A
target stripping interaction would be expected to give backward peaking for
the scattered O particles. Honda and Uil9 have discussed the exchange ef-
fects in the scattering of & particles by light nuclei. The& found a weskly
angle dependent contribution to the scattering amplitude from heavy particle
stripping which would tend to fill in the valleys in the oscillations in

the differential cross section and would cause the diffraction peaks to

alternate in magnitude.
C. Previous Data

Until recently eXperimental results have been available at only a few
incident O-particle energies, with the work being done at 42 MeV and below.
A short summary of this previous work follows: The states of interest will
be

o- at 8.875 MeV in 100,
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2- at 4.969 MeV in “°Ne,2°

3+ at 5.208 MeV in 2'Mg,

3+ at 6.27 MeV in 2881.21
(1) Braithwaite et al.® have studied zumg betveen B, = 15.0 and 2l .5 MeV.
Their results show widely varying angular distribution shapes and large fluc-
tuations in the excitation function indicating possible compound nucleus

contributions.

(2) Eidson and Cramer® studied Qumg and 28

Si at 22.5 MeV incident O-particle
energy. Their angular distributions indicated interference effects, sug-
gesting contributions from both multiple excitation and exchange processes.
(3) Bingham3 studied 2881 at B = 16.2 to 27.0 MeV and his results suggested
that a knock-out mechanism may be important in the production of the unnatural-
pafity state.

(4) Kokame et al.h studied all the levels at E, = 28.5 MeV. Their results
indicate multiple excitation in the reaction mechanism.

(5) For 2uMg Vincent, Boschitz and Priest’ at E, = L2 MeV found a diffrac-
tion.pattern in the angular distribution and an enhanced cross section for
large angle scattering, suggesting that exchange effects may play a role -

in this excitation. Recently, a theoretical analysis of their data leads
them to consider a multiple excitation process.

(6) Malmin et al. also studied the 2“Mg state at 40.175 MeV and found

that the angular distribution had pronounced diffraction peaks consistent
with the data of Vincent et al.”

(7)‘ Work by Blair et al.8 on 16O suggests large compound nucleus contri-
butions for B, = 35.4 to 41.0 MeV.

In all cases in this previous work to produce unnatural-parity states
by d scattering, the angular distributions showed oscillatory behavior with
periods approximately the same as those of the oscillations in the elastic
and natural-parity state angﬁlar distributions, although the phase relation-
ships were, in general, not clear or consistent at all angles. In order
to gain further information on the mechanism of these reactions a study
of the unnatural-parity levels in_euMg, 20Ne and 16O at higherba—particle

energies was undertaken.
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IT. EXPERIMENTAL PROCEDURES

In these experiments the 88-inch Variable Energy Cyclotron at the
Lawrence Radiation Laboratory in Berkeley was used to accelerate & particles

to the desired energy.22

A. Beam Optics

These experiments were done in the 36-inch scattering chamber. Figure
2 shows a layout of the cyclotron and beam transport system. The beam was.
extracted from the cyclotron and focused at a point midway between the cyclo-
tron and switching magnet by adjusting the currents in a quadrupole doublet
magnet. TFor the quadrupole doublets used in these experiments the first ele-
ment was radially focusing and vertically defocusing, and the second element
was radially defocusing and vertically focusing, giving an overall focusing
effect in both planes. The beam was then bent through 57 degrees by the
switching and analyzing magnet and focused at the analyzing slit. The
switching magnet is a circular pole, uniform field magnet with normal
entry and exit. A quartz plate was placed in the beam line at the analyzing
slit position, and the fluorescent glow produced when the beam hit it was
displayed on a television screen in the cyclotron control room. This
made it possible to obtain a good focus at the analyzing slit. The slit
was set to a width of approximately 0.060 inches allowing passage of a near-
1y monoenergetic beam (approximately 0.1% AE/E).

The beam then went down the beam pipe through the concrete shielding into
Cave 1. A radial focus was then made at the center of the scattering chamber
by adjusting the currents in a second quadrupole doublet magnet. The flu-
orescence of a quartz plate was used to determine the quality of the focus
at the target position. The beam was steered to the center of rotation of
the scattering chamber by means of a very small correcting field in a magnet
placéd between the analyzing slit and the quadrupole lens. £

The scattering chamber was aligned so that the centered beam fell upon
the center of a split Faraday cup approximately four feet beyond the target $
pOsition. The current readings on each side of the Faraday cup were balanced

and héld constant during the experiments to minimize any shifts in the beam
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angle in passing through the target at the center of the scattering chamber.
The effective source has the following characteristics:23
Radial 73.5" upstream from quadrupole 1 (Q1) @
~0.016" = 0.41 mm full width at half
maximum intensity Y
0.034 radians full angle of divergence
Vertical ’ ~61" upstream from Q1
0.45" = 11.4 mm full height
0.0088 radians full angle of divergence.
The beam lesves the cyclotron and is transported down a beam pipe to Q1.

Beam optics calculations are handled by matrix algebra.gu’g5 Multi-
plying the matrix for the beam transport element times the column vector
representing the particle will give the new representation of the position
and angle of the particle.

The quadrupole excitation @ is defined as

$ =1 ((dB/ax)/Bp) 2

. where Bp = momentum of particle

charge of particle
" and dB/dx = Field gradient in gauss/inch.
To account for the fringiﬁg field of the elements of the quadrupole
doublet the magnetic field was assumed to extend one inch on eithef side
of each element. For the switching magnet the field was agsumed to extend
2.5 inches beyond the physical pole edge on either side.
The matrices representing the first quadrupole doublet, Ql, with the
quadrupole excitations ¢l = 0.667 and ¢2 = 0.580 are, in the radial plane (r)

Mr = L0014 28.40

-.0351 1.531

and in the vertical plane (v) k -
M= 1.882 30.92

v

-.0143 2964

The matrices for the switching magnet are
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M, = Skl6 3l .6k
-.0203 5lkg
and . M = 1 41.09]
A"
0 1

{

The overall matrices from the effective sources to the focus near the ana-

lyzing slit are

M, o= 1.906 L197k

.0382 L5267

and M, = -1.°773 .260
-.0143 -.5616

The top right hand elements should be zero for a focus; however these calcu-

lations were carried out by hand and represent only an approximate fit to

the physical situation., This accounts for the small, but non-zero values

in the matrices. These elements give a magnification of 1.906 in the radial

plane and -1.773 in the vertical plane. o '
The matrices for the quadrupole doublet in Cave 1, Ql1, with the

excitations ¢1 = 0.494 and ¢2 = 0.496 are

M.r = ,'”585 29.88
-.0098 1.463
M, = 1.456 29.83%

-.0102 LTTT

The matrices from the focus near the analyzing slit to the foecus in the

scattering chamber are

M, = (-1.379 - -.2% )
-.0098 -.7273
and ' M =
o

-.584 .700 )

-.0102 -1.7700
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The overall matrices from the source to the focus in the scattering cham-

ber are
Mr = 2.639  -.k2hg
-.0k65 -.3850
Mv = 1.025 -.54k9

.0kok . 9520

These give magnifications at the target of -2.639 in the radial plane and
1.025 in the vertical plane. Figure 3 shows the results of the beam optics
calculations.

In phase space the. particles can be chafacterized by an emittance, e,
which is equal to 4rr' in the radial plane, where r is tﬁe particle's dis-
tance from the optic axis and r' is the angle it makes with the axis. In
the vertical plane the emittance is Uvv' where the v's have similar defini-
tions. At the source we have

e = 13.8 mm-mradians.

r
and

1

e 100.7 mm-mradians.

v
Using a radial collimator width of 3/# inch 65 inches from the effective
radial source and a vertical collimator 1 inch in height 110 inches from

 the radial source gives the radial emittance at the target

er = 3,17 mm-mradians.

The vertical collimator does not limit the beam so its emittance remains

the same as that at the source

ev = 100.7 mm-mradians.
_The energy resolution of the beam can be calculated using the for-
mulaeu
AE 2MS
E =~ R(1 -cos8) +d sin 6

where M is the magnification from the effective source to the analyzing
slit, S is the radial width of the effective source, R is the radius of

curvature of the trajectory in the analyzing magnet, 6 is the angle of
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deflection through the magnet and d is the distance from the magnet to the

analyzing slit. Substituting in the numbers used in these experiments

gives | |
AE _ 2 X 1.906 X .016 ~ L
B - [T3(1 - .50hg) T 155 X B30 - Pl x 10
or AE
+ = .0493%

This gives 25 keV resolution for a 50 MeV O-particle beam. Experimentally,
a resolution better than 0.08% has never been observed for the Cave 1 beam.
Almost certainly the discrepancy is due to the large uncertainty in the

width of the effective radial source.
B. Scattering Chamber

The scattering chamber was 36 inches in diameter and approximately
12 inches high. A diagram of it and associated equipment.is shown in Fig-
ure_h. Either a solid target holder or a gas target could be placed at the
center of the chamber. The detectors were in boxes that were clamped to
a circular ring on the floor of the chamber which rotated about the center
of the chamber. The detector boxes were thermally connected to a freon
refrigeration system with the expansion tube in the scattering chamber.
The compressor and the remainder of the system were outside the chanmber,
and the freon was fed into the expansion tube by flexible hoses. The
target height and angle and the counter angle could be changed by remote
controls from the counting area. The monitor detector was placed in a port
in the equatorial plane at an angle of 20° to the beam direction. A foil
wheel in the beam line between thebscattering chamber and the Faraday cup
was used to determine the beam energy by measuring the ranges of the &
particles in aluminum. The range was taken to be the thickness of aluminum
whefe the beam transmitted through the absorbers was one-half of its maxi-
mum value. The range-energy tables of Williamsoh, Boujot and Picard26

were used. The tables were considered accurate to 2%.
C. Targets

For the 2umg experiments the targets were self-supporting foils of

/

?
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Fig. 4. Diagram of the 36-inch scattering chamber and equipment.
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isotopically enriched (to 99.96%) 2*Mg from .4 to 1.6 mg/en® thick pre-

pared at our laboratory by evaporation techniques. The separated isotope
was obtained from Oak Ridge. For the 20Ne and 16O experiments gas targets
were used. The neon was isotopically enriched (99.2% QONe), obtained from
Mound ILaboratories, and the oxygen was reagent grade natural oxygen (99.8%
16O), obtained from the Linde Company. The gas target assemblies were
cylindrical. They consisted of a stainless steel frame surrounded by
0.0001" thick havar foil.* The pressure of the gas in the cell could be
controlled from outside the scattering chamber. Typically a pressure of
1/5 atmosphere was used. Four solid targets or one gas target and one
solid target could be placed in the chamber at one time. These different
targets could be placed in the beam at the center of the chamber by means
of remote controls in the counting area. The major impurities in the gases
were carbon and oxygen; however, their peaks in the energy spectra could be

separated from the target peaks at most angles.
| D. Detectors

The angular distributions of the & particles scattered from the
target were measured by using lithium-drifted silicon detectors.27’28
They were mounted on a table in the chamber which could be rotated to any
desired angle. A single collimator near the detector was used in the solid
target experiments, while a double collimator was used with theAgas target
system. The detectors were cooled to -25° C during the experiments with
the freoh refrigeration system. Lithium-drifted silicon detectors produce
a pulse proportional to the energy of the particle they absorb; thus they
give a measure of both the scattering angle and the energy of the particle.
The detectors used varied in thickness from 1.5 - 3.0 mm depending on the
energy of the -particle beam in the experiment. They were made especially
for these experiments at our 1aboratory.29 Two detectors 20° apart were
vused simultaneously in the chamber for the gas target experimehts, and four

detectors 2° apart were used for the 24Mg experiments.

¥Hamilton Watch Company

%
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E. Electronics

Figure 5 is a block diagram of the electronics system. The pﬁlses
produced in the detector were amplified first by a pre-amplifier inside the
scattering chamber, then they were amplified further by a linear amplifier.
They were then put through'a biased amplifier where the bottom of the sig-
nal was cut off and they were amplified five times, increasing the sensiti-
vity of the system. The linear amplifier was an 11 X 1980P-2 Goulding-

Landis system.Bo

Since more than one detector was in use, the signals were
fed through a mixer and then routed into one of the 1024 channel groups of
a 4096 Channel Nuclear Data 160 pulse height analyzer. Thus four energy
spectra (data for four angles) could be measured simultaneously. The dead
time in the detector and electronics system was measured by feeding pulses
from a pulser into each preamplifier. The pulser was triggered by the moni-
tor detector, and the percent dead time was determined by summing the num-
ber of counts in the pulser pesks in the spectrum and comparing this to the

number of pulses put into the system, recorded by a scaler.
F. Data Analysis

The spectra were then transferred from the pulse height analyzer in-
to a small computer -- a PDP-5 manufactured by Digital Equipment Corpora-
tion. The memory size was 8000 12-bit words. Once the data were trans-
ferred to the computer the pulse height analyzer was free to accumulate fur-
ther data while initial data reduction was carried out with the computer.
A Cal-Comp plotter was used in connection with the computer to plot the
energy spectra. The computer also displayed the spectra on an oscilloscope
screen, and a light pen was used to sum the counts in the individual peaks
and to type out the number of counts in the separate channels. The differen-
tial ¢ross sections in the center-of-mass system were obtained from the
number of counts in an individual peak and the number of nucrocoulombs

collected in the Faraday cup by us1ng the formula

do counts
(dn oy, iicoulon X J X G mb/sr

where J is the Jacobian for the transformation from the laboratory to the
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center-of-mascs system and G is the geometry and target thickness factor.

(1) Solid target. The geometry factor is given by

= 5.32 % 1077 (%) 4 cgs

where © is the solid angle of the counter collimator, A is the atomic
weight of the target, ¢ is the angle of the target with respect to the beam
direction, and T is the target thickness in mg/cm .

(2) Gas target. The geometry factor is given by

2 .
= 3.32 X 10'6 (t + 273)(21 + 12) sin 6
Pn wy W, h2 (1 + 11/15)

where t is the gas temperature in degrees Centigrade, Zl is the distance

from the center of the gas target to the rear of the front collimator,

22 is the distance from the rear of the front collimator to the fromt of

the counter collimator, 6 is the laboratory scattering angle, P is the
pressure in cm of mercury, n is the number of target atoms per molecule,

wl and w2 are the widths of the front and rear collimators and h2 is the

height of the rear collimator.

- The approximations made in the derivation of the gas target geometry
factor are (1) that'the widths of the two collimators are approximately
equal, (2) that the lengths ll and 12 are approximately equal and much lar-

ger than the collimator widths and thicknesses, (3) that the scattering

-1 ¥ 4+ Y5 yhich is itself greater than

2 22

and that (4) ‘N sin8 is much greater than £, cos 6.7t

angle 6 is much greater than tan

'W2"'W

-1 1
2!2

tan
Using these approximations in the exact formula reduces it to that given
above.

Fortran programs were used to calculate these differential cross sec-
tions on the computer. If the peaks were not fully resolved an IBM-TOGk
32

computer program” was used to fit Gaussian peaks to the components and ob-
tain the number of counts in each peak. By plotting the differential cross
secﬁions at the various angles, angular distributions of the scattered O

particles were obtained.
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G. IEnergy Resolution

There are many factors which influence the energy resolution obtained
in an experiment. Moss and Ball have discussed most of them and given
formulas for their calculation.33 The factors which were taken into account
in these calculations were the spread in the beam energy obtained from the
cyclotron (see section IIA), beam convergence and beam width at the target,
counter collimator slit width, target thickness, energy straggling in the
target, multiple scattering and electronic noise. Of these beam conver-
gence, beam width, collimator slit width and target thickness depend upon
kinematics. For.thin solid targets the contributions from target thickness
introducing an angular spread at the detector is negligible.

Comparisons of theoretical contributions to energy resolution and
expérimentally determined values for both 50 and 120 MeV Q& particles are
given in Table 1. In calculating the energy spread of the beam the best
experimental value for the resolution, 0.08%, was used. The contributions
ffom the different sources were added as the sum of their squares. The
square root was then assumed to be the theoretical value. Since all of the
contributions are not gaussian this method introduced errors in the cglcu-
lated energy resolution. The rather lerge discrepancies found between the
theoretical values and the experimental values could arise from several fac-
tors. In the 120 MeV experiment two » mm silicon detectors in series were
used to measure the energy of the scattered & particles. The particles
had to pass through the dead layer of the first counter to reach the sen-
sitive region of the detectors. The dead layer has been estimated to be
0.015 - 0.030 mm in thickness. Undoubtedly the energy straggling and mul-
tiple scattering in this dead 1ayer are the major factors in the large
discrepancies between experimental and theoretical energy resolution
for the 120 MeV case. The quality of the beam in a particular experiment
may‘not have been as'gOOd as the best obtained value. The beam width may
have been larger than the calculated value. The 120 MeV experiment was done
in a different beam line. An additional bend and a closer gquadrupole
doublet magnet gave a larger value for the beam convergence and a correspon-
dingiy larger energy spread. The counting rate may have been high enough

to give pile-up of pulses in the electronics system and subsequent loss of
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Table I. Contributions to energy resolution.

Case 1 2 3 L
Beam Energy (MeV) 50 50 120 120
» Target Angle with
Respect to Beam (deg) 90 45 90 60
Effective Target Thickness
(mg/cm?) 1.62 2.29 1.62 1.

Scattering angle (deg) 30 76 30 76

Contributing Factor (keV)

Beam Energy Spread (.08%) 4o 4o 96 96
Beam Convergence (.26°) 36 57 87 182
Beam Width (.042 in.) 24 51 58 123
Collimator Slit Width (.060 in.) 33 6 91 1hh
Target Thickness (<.0006 in.) ~0 0 ~0 0
Energy Straggling in Target 53 63 53 o7
Multiple Scattering 17 33 17 30
Blectronic Noise 50 50 70 70
AEtheoretical _ 105 156 191 29>

115 162 305 456

experimental




~2h- UCRL-18414

resolution. The detectors used could have been of poor quality. A bad
detector can cause a&s many as several hundred keV spread in the peaks

in an energy spectrum.
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IIT. EFXPERIMENTAL RESULTS

A 21+Mg

)21+

The reaction QMMg(a,aj Mg* was studied at O-particle energies of
50.0, 65.7, 81.0 and 119.7 MeV. Figure 6 shows the energy level diagram for
the low-lying states of 2lI.Mg.BLL’ 3> A typical energy spectrum for the 50 MeV
case can be seen in Figure 7. The peaks can be seen to be fairly well re-
solved. The energy resolution is 180 keV full-width-at-half-maximum. The
experimental angular distributions for the lowest-lying energy levels at

the various energies are shown in Figures 8 to 11. The 50 MeV data of
Hendrie et 31.36 are included. They used a thin target (~350 ug/cme) and
were able to separate the 2+, 4+ doublet at 4.12 and 4.23 MeV. In the ex-
periments described here a thick target (1.62 mg/cm2) was used to obtain

the necessary statistics for the weakly excited unnatural-parity 3+ state.
The cross sections for scattering particles of the various energies to the

elastic, first 2+, second 4+ and unnatural-parity 3+ are shown in Figures

=]

10-1% plotted versus momentum transfer times the interaction radius, IEZ -
X R, or QR. In Blair's formulasg'for the differential cross sections for
single excitation & scattering, the argument of the Bessel function is QR.
(See.section TI.A.) The oscillatory behavior of the cross section is de-

termined completely by the Bessel functions. If the differential cross sec-

tions to make the same final state for different « particle bombarding ener-

gies are plotted versus QR, the oscillations in the cross section should lie
at the same values of QR. Thus compatible curves will be obtained. In this
way different incident CG-particle energy results can be compared directly.
Figure 12 shows that the elastic angular distributions line up very well
when-plotted in this way. Figure 13 shows that similar agreement is ob-
tained for a natural-parity level that is made primarily by & simple single-
step interaction. For a U+ state which is expected to be made primarily

by double excitation the oscillations also line up very well as can be seen
in Figure 1k. However, for the 3+ state, Figure 15, no such agreement is
found. The 42 MeV data of Vincent, Boshitz and Priest5 are also included
here. It can be seen that the rather pronounced large-angle oscillations

at 42 MeV tend to become damped out and then two very broad peaks appear
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the cross sections show behavior very similar to that found for natural-

parity states.
D. Discussion

The low-lying states of thg can be interpreted as members of two
rotational bands. The first 2+ and 4+ levels are described as members of
the ground state rotational band. Kuehner and Almquisthl used coincidence
y-ray spectra to locate the high spin members of the collective bands in
.2uMg by the reaction 120(16O,ay)2hMg and 25Mg(3He,QW)2hMg. Their results
suggested that the 8.12 and 13.2 MeV levels are the 6+ and 8+ members of the
ground state rotational band. They found that the levels at 8.81 and 9.52
MeV. are the 5+ and 6+ members of the K = 2 rotational band based on the
2+ levél at 4.23 MeV. The unnatural-parity 3+ at 5.22 MeV is the second
member of this band. Further evidence for the existence of rotational
bands in 2LLMg has been put forth by Cohen and Cooksonug. They found that
the ground state and first two excited states obey the relationship

B = AT(J +1) - B(3(T + 1))2

with A = 237 keV and B = 1.56 keV. They also found that the observed decay
modes indicate that the band mixing is less than about 2%.
Litherland et al.ll'3 divided the low-lying energy levels of 20Ne into

several rotational bands by using the relationship

E; « J(J +1).

The unnatural-parity 2~ level is the first member of a K = 2 negative
parity rotationai band.

Brink and Nashuu have classified the low-lying excited states of
160 by the SU3 coupling scheme. The O+ state at 6.06 MeV and the 2+
state at 6.91 MeV are interpreted as being the two lowest-lying states
of a rotational band. The 3-, 1- and 2- states at 6.1k, 7.12 and 8.87
MeV are classified as a rotational band strongly distorted by a decoupling
effect. Alternatively, the unnatural-parity state at 8.87 MeV is described
in terms of the shell model as a (p1/2-1 d5/2)2_ conf‘igurention.l"5

Another indication of the degree of collectively of a nucleus is the
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value of the reduced transition probability, B(E2)/e2, for the excitation
of the first 2+ level. These B(E2)/e2 values are related to the deforma-
tion parameter for the nucleus by the formula
2

13(E2)/e2 = 622 [32302 /Lm] .
Table 2 gives the values for the reduced transition probabilities and the
deformation parameters'for the nuclei of interest here. Values of the
B(Ex)/ee's and the Bx's for some of the other low-lying levels are also
included here. The values for both B(E2)/e2 and B, for 16
than those of 22Mé and 20Ne. These results are in accgrd with the idea

2 1

that 2oNe and ~ Mg are highly deformed nuclei, while "0 is close to spheri-

0 are much smaller

cal in its ground state.

A possible mechanism is multiple excitation. The small slopes of the
envelopes of the experimental angular distributions are indicative of this
process, which would be expected to be enhanced in a deformed nucleus where
the coupling strengths and B(EN)'s between levels are quite large. Since
16O is nearly spherical in its ground state and has small B(EA) values, while
QMMg and 2ol\Te are deformed nuclei, a multiple excitation process would be

expected to differentiate between the two cases.
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Table II. Values for the reduced transition probabilities and deformation

parameters.
"B(E.; O+ —2\)
Nucleus Level Spin A = fermig)‘ B)\
e a
16 a |
0 6.923 o4+ 2.15 + 5k 0.084
6.131 3. 630°
2ONe 1.63 o+ 480 * 9o 0.87
k.05 b+ 56700° 0.10
5.63 3- 3150° 0.2%
7.17 3. 31500 0.23
21*Mg 1.3%68 o+ 510 * 80% 0.65
8Ref. L6.
Pper. 2.

®Ref. 39
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IV. CAILCULATIONS
Calculations assuming the compound nucleus and multiple excitation
mechanisms have been carried out for the 3+ state in 2LFMg at the various
o-particle energies. No theory has yet been formulated for the spin-flip

mechanism.

A.  Compound Nucleus
L7-bg

A Hauser-Feshbach computer code was used to calculate differen-
tial cross sections for the EhMg(a,a,)QhMg* reaction assuming the compound
nucleus mechanism. In these calculations it is assumed that the compound
nucleus is sufficiently excited so that the statistical model may be applied.
Only a few levelg of the residual nucleus are assumed to be excited. 1In
this case the angular distributions will be anisotropic and symmetric about
90°.

The scattering process can be considered in two parts, first, the
formatio? of the compound nucleus by the incoming projectile and the target
nucleus, and then the decay of the compound nucleus by particle emission.
The compound nuclear state exists long enough for the energy of the incident

particle to be shared with the target nucleons.

The Hauser-Feshbach integrated cross sec‘tion47 is calculated as follows:
i AO
o=z
+
K (2Jl 1)(2sl + 1)
where
b = Ziz s Ty s ZE: Ty 3
nt Jm : 1131 11 £232 2°2
and
D. = j{: S
I . )
) Ek’ Jk ka

The subscript k = 1 refers to the incoming channel and k = 2 to the observed
outgoing channel. J is the compound nucleus spin, s is the particle spin,

and TB j

is the penetrability in channel k for the partial wave lk and the
k“k
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50
DJw
which can be coupled to form a compound state with spin J and parity .

total spin jk. is the sum over all penetrabilities with subscripts

The penetrability TZ 3 is the probability that the particle of angular
kk

momentum lk enters into the nucleus forming a compound system. The influ-

ence of the potential barrier, centrifugal and Coulomb, is included in the

penetrability. The formula for TZ . is
kK

hox]a, |

Kk %+ (20x + ox°[ay[B) [a,]7F

where p = kR and X = KR and the incident wave has the form 2. ymile

inside the nucleus the wave is of the form elKr, where K is the wave number
corresponding to the kinetic energy in the interior of the nucleus, K ~
102 en™L, Also A, = G, + iF,

and GZ is the irregular wave function, and A} is the derivative of A! with

where Fz is the regular coulomb wave function

respect to kr.

The differential cross section is given by

g% = — 1 EZ: A, Pv(cos 8)
Lk=(2J,+1)(2s,+1) v
1 1
where :
g [ it [T s
A, = ) 2= ) B (a3, 8 22 (10,01,
Jr Fro |43, 71| 4,45 2v2

The Bjksk(lkij)'s are angular momentum coupling coefficients which are
calculgted by means of a recursion relation for Racah coefficients and an
explicit expression for Clebsch-Gordan coefficients. The Pv(cos 0) are
the Legendre Polynomials.

The calculations were carried out with the Fortran computer program
Liana written by W. R. Smithu9 which was modified for the Control Data
Corporation-6600 computer. Twenty-five open channels were assumed for the
nuclear reaction. Thesé included the (@,p), (o,n), (a,BHe), (a,t) and
(@,a') reactions to the first five excited states of the product nuclei.

Figure 31 shows the results for the 3+ state in ghMg at B, = 50 MeV. The
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calculated number of channels that should be open at this excitation energy
for the decay of the compound nucleus is 106. This number was obtained by

integrating the formula for level density51

| w(E) = C e2\/5

where C ana a are constants with the values 0.5 and 0.45 MeV"l for the
euMg case. The average number of energy levels with energies up to the
excitation energy of the compound nucleus in a nucleus with atomic weight
equal to approximately ok was calculated to be 1.7 X 105. The channels
cénsidered included the emission of several particle types. Thus the
number of open channels for particle emission by the compound nucleus is
approximately 106. The actual cross section to any given state should there-
fore be much less than that calculated using only 25 open channels. The
small calculated cross sections indicate that this mechanism does not play
an important role in the excitation of this unnatural-parity state at 50
MeV. Also the relatively smooth transition in the shape of the QR plot
with increasing energy is indicative that the compound nucleus mechanism
is not important. Direct reactions characteristically show only small changes
in the shapes of angular distributions for small changes in incident parti-
cle energy.

The number of open channels in the scattering of ¢ particles from
20Ne and l60 is of the same order of magnitude as those for 2uMg. Even
if this number is overestimated, it is still so large that the compound
nucleus mechanism should play a very small role in the excitation of states
at Q-particle energies of 50 MeV or greater.

B. Multiple Excitations
The multiple excitation mechanism was investigated by means of a

2 The coupled-channel

coupled-channel computer code written by Glendénning.
formalism corresponds to the physical situation in which a nucleasr level
is produced by both single excitation, if allowed, and all the possible
combinations of multiple excitations, both nuclear and Coulomb.53 For
example, the 2~ states in 16O and 20Ne may be made by £ =2 plus £ = 3
double excitation, while the 3+ in 24Mg may be I = 2 plus & = 2 excitation,

since quadrupole and octupole transitions would be expected. Coupled-channel
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2k

calculations have been carried out for the deformed nucleus ~ Mg.

For fhe purpose of this calculation, the low-lying states of 2uM’g
are assumed to belong to a ground state (K = 0) rotational band and to
a second band based on a stafic non-axially symmetric deformation. This
second band is usually described as a rotational band based on a quadrupole
y—vibration.ul However Glendenning's code treats K as a good quantum num-
ber, as it should for a vibration but should not for a non-axially symmetric
deformation. Since Q-scattering differential cross sections and angular
distributions are determined almost entirely by the coupling strengths and
by the angular momentum transfers respectiVely, it is quite unlikely that
this unusual and self-inconsistent model used for the levels of the second
rotational band will introduce more than minor errofs.

The nucleus is assumed to be a perfect rotor. The wave functions are
taken as an internal nuclear part, which is the same for all members of the
same rotational band, and a D function which describes the state of rota-
tion of the nucleus.5h The model assumes the scattering is from a non-
axially symmetric deformed'compléx well. The calculation is an exact so-
lution of the Schrddinger equation within the number of channels considered.
The coupled channel formaslism is not as restricted as the Austen-Blair
Model, and the excitation of unnatural parity states is allowed to second
and higher order. |

The physical process involved in exciting rotational states in deformed
nuclei is an interaction with the part of the nuclear field arising from
the deformation. The scattering problem is defined by the Schrdinger
equation

(@ - )Y (7,8 = °
The solution will be in the form of an expansion in terms of the nuclear

wave functions ¢dJ(E5, where

(Hy = Byp) Oy(® =0

anc‘t_-HA

 Let ¥ be the wave function of the particle. TFor a particular channel

is the nuclear rotor model Hamiltonian.

with total angular momentum I and parity ¢ the wave function will be
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T
C 8= [\y (DaJ]

Let ¢ denote the collection of quantum numbers which define the intrinsic

M

state of the nucleus and particle and their relative angular momenta before
the collision, and let c' denote some other state of intrinsic or relative
motion resulting from the collision. The solution for the Schrddinger equa-

tion will be

E@D -2 ) u, () g

where u(r) is a radial wave function.
Inserting ¥ into the SchrBdinger equation gives a set of coupled equa-

tions for each channel ¢! for the radial wave functions of the scattered

particle.
(Tcl +VC'C' - EC') U.c,(I‘) = = “Z VC'C" uC"(r)
¢ #c!

where

o ( & +z(z+1))

“om |\ L2 2

¢ dr r
and

B, = E N EHJ

when E is the bombarding energy. Also

Vgrgn = (B WEE) 1)

cle

To make the number of equations finite, consider only those terms cor-
responding to the lowest-lying states of the target nucleus. When certain
boundary conditions are met the set of coupled equations can be solved.
They are (1) each u, must vanish at the origin and (2) in the exterior
region, where the nuclear potentials have fallen to zero, the equations
become uncoupled

u, ~>aFc + 6Gc
where I and G are the reguiér and irregular Coulomb functions. Instead

of F and G the combinations of these functions which behave asymptotically
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like outgoing and incoming spherical waves, Og and IE’ are used.

% A .
=0 =G +iF
Ty=0 =6 i
In the channel c there are both incoming and outgoing spherical waves at
infinity, corresponding to the fact that there is an incident wave in this

channel., In gll other channels there are only outgoing waves.

: k,\1/2
Yor = Bie Lo T\ Sere et

C

where S is the scattering matrix element. Because the integration had

1
to be sia;ted at the origin, in general the integrated solutions will have
both incoming and 6utgoing waves in all channels at infinity. Therefore a
linearly independent set of solutions must be generated. Number the various
channels c¢' by 1, 2, ..., N with 1 the target channel c. Place 2 subscripts
on each solution, ukp where k is the channel and p is the boundary condition
with respect to'which the system is solved. By solving the system N times
with boundary conditions p = 1,..., N gives N distinct sets of solutions,
some linear combination of which satisfies the required boundary conditions

at an arbitrary exterior point R. The linear algebraic equations are

S,0 +0* ..., *+0

+al,, toe.. + =
S R b AL P 8N T P, )
1 1
+ + y -+ + + ... + =
ajuyy tajus, toees agty 0 quez 0=0
+ + L ] + o0 00 + ‘ =
8% T BtNe Bty * O Sn% 0

N
where all functions are evaluated at R. These equations and their deri-
vatives give 2N equations which can be solved for the a's and the S's, the
scattering matrix elements. Thus we have for the asymptotic behavior of

the wave function for one channel

k \1/2
¥ 4% z‘, ¢c' {ac’c(lc - Oc) +(k—c,) (Sc'c - Si'c) Oc'}

The total wave function is

Yo = LAY
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where the A's are chosen so that there is a plane (or Couwlomb distorted)
wave in the target channel. Including the Coulomb field and the asympto-

tic expreséions for OC and Ic gives the general form

i(k'r—n'én(Ekr))
A Z e oy
c alJ!Mlml Ir

where the first term has a Coulomb scattered wave and the second represents
the scattered waves arising from the nuclear interactions.
The flux through the surface redﬂ in the direction  is lfIEV'dQ and

the incident flux is v, so that the differential cross section is

dg

= s (e L. leP
NI CRES DA 0 v B

where
£=10 4 |
wi'th'fc the Coulomb amplitude and fN the nuclear amplitude.

A modification of the optical model computer program SEEK:5 was used
to fit the elastic angular distribution in order to obtain the starting
optical model parameters. These were V, the real potential well depth,

W the imaginary potential well depth, r énd r, the real and imaginary
radii, r, the Coulomb radius and a and a, the real and imaginary diffuse-
ness parameters.

The nuclear shape was defined by

R:R[1+Z Q. Y(G',¢}')]=R + &R
0 NoD AN NK 0
K even
where the prime refers to the body-fixed axis. Five independent O's can

be written in terms of the constants éx.

”~ "~
o =P _cos B

2,0 - P2 1

’l-B sin B

%2,27%,2 7z 1

au’o = BLI"COS 35
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la .

Otu,)_l_ = Otu,_h_ = —guSin BBSil’l B5

where Bg énd 3u are the deformation parameters, Bl corresponds to -y, which
describes the deviation from rotational symmetry and 33 and 35 are azimu-
thal asymmetry parameters in the A = 4 deformations.

Expanding the potential in a Taylor series about the spherical shape

gives o
s .8
V(r-R) = V(r-R.) + Z (-8R)” 8w
0 s! s
. s=1 &

The first term is merely a sphefical optical potential giving rise only to
elastic scattering and the second, non—spherical part, gives rise to exci-
tations of the nucleus from one rotational state to another.

With the nuclear shape_parameterized as above, the a's that contri-

bute to the in-band transitions between the O+ and the 2+ states will be

2 2
% 0’ %,0 » %0 * %,0%,0
carried to eighth order. For the £ = 4 transition to the 4+ state in the

and higher order terms. The expansion was

ground state rotational band the ma jor contributions will be from the
2
% 00 %2,0 7 %%,0%,0
K = 2 rotational band 2+ level the main contributing terms will be a2 o
2

and the OtlL 02. For the interband transitions to the
b4

and a2,-2'

transition, the terms contributing will be those that go through the various

Since the unnatural-parity 3+ state cannot be made by a direct

possible intermediate states.

The optical model ﬁarameters as well as the nuclear shape parameters
were then put into the coupled-channel program and adjusted as necessary
to give the best overall fit to both the shapeé and magnitudes of the
experimental angular distributions. The code calculates absolute cross
séctions. The resulfs obtained for the 50 MeV case are shown in Figure
32. The results for the higher energies are given in Figures 33 to 35.
Figure 36 shows the shape of the nucleus with the given 32 and Bh values.

Table 3 gives the optical model parameters obtained in fitting the

55

elastic angular distributions with the program SEEK”” and the parameters
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2k 2
(a0 ) g

: *
Table III.

Optical Model Parameters
*
Elastic Fits

B \' W r T, T a a,

1 (¢4 1

50 100 27.6 1.47 1.6 1.3 .58 .57

65.7 100 4o.1 144 1.6 1.3 .66 .48

81 100 31.7 1.38 1.6 1.3 .69 .58

119.7 100 23.8 1.28 '1.6 1.3 .78 .71

Coupled Channel Fits

E v W r r, r a a.,
1 (o] 1
50 100 16 1.38 1.45 ‘1.3 .69 .58
65.7 . 100 18 1.38 1.45 1.3 .69 .58
81 100 17 1.38 1.6 1.3 .69 .58
119.7 100 23 1.38 1.6 1.3 .69 .58
E B, B B, By
50 .29 .35 1.571 .12
65.7 .29 .35 1.571 .12
81 .29 .35 1.571 .12
119.7 .29 .35 1.571 .12

*Ref. 56.
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obtained in the coupled-channel fits. The major change in the parameteri-
zation when the excited states are coupled to the ground state is a decrease
in W, the imaginary potential well depth. This is as would be expected
since W measures the nuclear reactions taking place and in the coupled-
channel calculation, some of these reactions are inserted explicitly through
the gx’s. The table shows that a consistent set of optical model and coupl-
ing parameters can be obtained with the coupled-channel program.

To show that the 3+ excitation is explained by the multiple excitation
process, the parameters used in the calculations must also reproduce the
cross sections to the states which can be produced through single excitaé
tion processes. The figures show that the fits to all the levels are quite
good.

Cohen and Cooksonh2 found a value of .38 for Y. This should be com-
pared to our Bl value of .29. The values for the ahu's corrected for nu-
clear radius correspond to the Bk's used.-by other authors in the expansion
of the nuclear shape. Table 4 compares these values. My values include
only first order effects while those of other workers include higher order

terms. This can be seen in the expansion of the nuclear shape:

B0 + (BY)Z + oL = Y0 B (X0 4 XD + ) 4 ...
My value is the BE in the first term. Other sauthors use the sum of all
the 62 terms. Thus my values would be expected to be smaller. It can be
seen that in general the agreement is fairly good, and the nuclear model
used in the coupled-channel program gives parameters consistent with those
found by other authors using different methods. Some of the other values
were obtained by coulomb excitation studies; however l\Taqi'bs-7 obtained his
from inelastic Q scattering at 42 MeV.

The parameters used in the coupled channel program were such that
ah’o‘equaled zero, eliminating any direct component in the excitation of the
Pirst 4+ state. ah,e was non-zero giving some direct excitation to the
K = 2 band 4+_state, as was found necessary by Nagib in his work. This
direct component to the 4+ in the -y band indicates some band mixing.

The lifetimes of the states and the branching ratios for ry-decay were
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2L
Table TIV. Mg deformation parameters.

Present Work Other Work
a b

Level Spin X QX BX Reference
- 1.368 o+ 0 .39 .65 46
1.368 2+ 0 .39 .48 57
4,12 L+ 0 0
4,23 2+ 2 .082
6.00 Lt 2 .098 .17 57
6. 44 o+ 0 .12 57
1/3
a, . % 1.38A
Z 1.208Y73
)
bﬁx =-———J£jrrg where 6X is the deformation distance reported in
1.2X A -

referegce 57.
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calculated using a B value of .42. This value includes the higher order
contributions to the deformation parameter. The lifetimes and branching
ratios obtained in this way give fairly good agreement with values obtained
by other experimenters. In these calculations only the major components
of the wave functions were used. Other reasons for discrepancies include
the fact that K is not a good quantum number in this case and that there
is mixing between the K = O and K = 2 bands.

The shapes and magnitudes for the 3+ angular distributions are fit well
enough to suggest very strongly that a multiple excitation mechanism is able
8 used the Mg data of

Kokame et al.lL at 28.5 MeV in similar calculations and concluded that the

to account for the experimental results. Tamura

multiple excitation process can account for the excitation of the unnatural-
parity state. Vincent, Boschitz and Priest6 have also used this formalism
for comparison to their 42 MeV data and found fairly good agreement. Thus
these results allow us to conclude that the multiple excitation process
accounts for the major part of the excitation of the unnatural-parity state

in 2uMg at these O-particle energies.
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V. CONCLUSIONS

The good agreement obtained using the coupled-channel program of
Glendenning o2 allows us to conclude that the multiple excitation mechan-
ism does account for the production of the 3+ state in 21FMg at medium and
high a—parficle energies. ‘

The strange behavior of the elLM’g 3+ QR plots at the different energies
is reproduced by the coupled-channel program. It seems likely that it arises
from a change with energy of the major excitation path for the production of
the unnatural-patrity state. TFor instance the excitation may be mainly
through the first 2+ at lower Q-particle energies and mainly through the
K = 2 2+ at higher energies. There may be interference effects between
these two paths giving rise to the moving peaks on the QR plots. Unfor-
tunately it is not possible to select the path and use only this in the
coupled~channel program. Gruhn and W'all59 have studied the energy depen-
dence of elastic scattering of d's by uoCa. They found that for the large
angle data the last few maxima in the oscillatory pattern remained rels-
tively fixed in angle as the O-particle energy was changed. The interme-
diate angular region appeared to result from an interference between the
large angle oscillatory'pattern and the forward angle diffraction pattern.
This type of interference effect may give rise to the observed behavior

n 2)+Mg and 20Ne.
2k

The small compound nucleus cross sections calculated for the ~ Mg

i

50 MeV incident O-particle energy make it unlikely that this mechanism
makes an important contribution to the reaction mechanism at ' this energy

or above. At the O-particle energies studied, the number of open channels
for all the nuclei studied is so large that decay to any one state is very
unlikely. The compound nucleus mechanism can therefore be ruled out for the
production of states in the ﬁuclei studied here. )

The similar behavior of the 2+ QR plots for 20Ne as for the 2LFMg case
suggests that the multiple excitation mechanism will also be able to explain
the_éxcitation in the 2ONe case. The different behavior of the 2- QR
plots for 16O make it unlikely that the reaction mechanism is the same.
Unfortunately the wave functions of 2ONe and 16O are not.of a form that

can be used in the coupled-channel program at this time. The actual
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mechanisms for the excitation of the uanatural-parity states in these
nuclei therefore remain to be investigated. The spin-flip mechanism,
where the orbital angular momentum of the incoming & particle couples
with a spin-flip of oni6or more of the target nucleons may be an impor-

tant mechanism in the 0 case. The 2- state is described as a pl/2

hole and a 4 particle. When the particle is promoted to the 4

5/2 5/2

orbital a spin flip may occur.
The knockrout or target-stripping mechanisms seem unlikely because
in all the cases studied the angular distributions for the umnnatural-
parity states are not strongly forward or back{ard peaked. Also the
9

large angle behavior described by Honda and Ui™” is not observed in these

cases.
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APPENDIX
v (a0 )
50 MeV
Elastic
eL ecm do/an A o 0. do/dn A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr)  (mb/sr)
10.8 12.6 1127 3 106.1  115.k4 .033 .002
12.8 1k.9 106.5 .8 106.1  115.k4 .037 .002
1i4.8 17.3 337.9 1.k 108.1  117.3 .027 .002
17.7 20.6 338.6 1.k 108.1  117.3 .027 .002
27.7 32,2 50.32 .32 110.1  119.1 .027 .002
28.7 33.3 34,96 .08 112.1  121.0 .022 .001
29.7 34.5 25.69 .23 1141 122.9 .017 .001
30.7 35.6 12.33 .05 116.0  124.7 .016 .001
31.7 36.8 6.95 .12 118.0 126.5 .011 .001
32.7 37.7 h.73 .03 120.0 128.4 .0086 .0011
34,7 ho.1 - 9.31 .Ok 120.0 128.4 .011 .001
56.6 6h.6 667 011 122.0 130.2 .012 .001
53.6 66.8 .606 010 122.0 13%0.2 .013 .001
60.6 69.0 .T705 .011 12k.0 132.0 .01k4 .001
60.6 69.0 .686 .005 128.0  135.7 .015 .002
oh.6 73.3 .681 .005 130.0  137.h4 .016 .002
656.5 75.3 .526 . 004 132.0 139.2 .02k .002
88.5 77.5 L4ho .011 133.9 140.8 .023 .001
-70.5 - T79.6 .381 .010 135.9 1h42.6 .019 .001
2.5 81.7 .hos5 011 137.9 1kl L .018 .001
4.5 83.8 R iTele) 011 139.9 1hk6.1 .01k .001
76.5 85.9 Chs2 .009 141.9  147.8 .013 .001
78. 4 87.8 I .008 143.9 149.6 .017 .001
80. 4 89.9 .392 .008 145.9 151.3 .02k .001
82.4" 92.0 .303 .007 1k7.9  153.0 .028 .002
8h. L 9k.0 .260 .006 149.9  15k.7 .026 .002
86.4 96.0 .230 .005 151.9  156.4 .020 .002
88.3 97.9 .223% .005 15%3.9 158.1 .013 .001
90.3% 100.0 .201 .005 155.9  159.8 .011 .001
92.3 101.9 .198 .005 159.9 163.2 .027 .002
94.3 103.9 157 .00k 161.9 16Lk.9 .okl .002
96.2 105.8 .12h 005 163.8 166.5 .03%9 .002
98.2 107.8 .099 ook 168.2  170.2 .0030 .0008
100.2 109.8 .072 .00% 170.2  171.9 .011 .002
10k.1 113.5 .034 .002 172.2  173.5 .048 .00%

(continued)
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50 MeV (continued)

UCRL-18L1k

1.368 MeV 2+
eL ecm do/dn A er, O ds/an A
(deg) (deg) (mb/sr)  (mb/sr) (deg) (deg)  (mb/sr) (mb/sr)
10.8 12.6 10k.1 .8 106.1  115.5 by .009
12.8 15.0 71.20 .64 106.1  115.5 Lho1 .008
13.8 16.1 4o.92 .18 108.1 117.4 .ho1 .008
14.8 17.3 21.60 .35 108.1  117.4 43 .008
15.8 18.5 6.04 .18 110.1  119.3 410 .008
17.7 20.7 8.94 .22 112.1  1°1.2 .366 .003%
27.7 32.3 3.5% .08 11,1 123.1 .306 .002
28.7 33 L 5.98 .03 116.0 124.8 273 .002
29.7 34,6 9.63 L1k 118.0 126.6 .228 .005
30.7 35.7 11.67 .05 120.0 . 128.5 .199 .005
56.6 6h. 7 1.91 .02 120.0 128.5 .207 .005
58.6 66.9 1.47 .02 122.0 . 13%0.3 .198 .005
60.6 69.1 1.0% .01 122.0 130.3% .207 .005
60.6 69.1 1.00 .01 1240  132.1 .189 .005
62.6 71.3 775 .005 128.0 135.8 .150 .005
64.6 3.4 .Th5 .005 130.0  137.5 .139 .00k
66.5 "75.5 . 790 .005 132.0  139.3% J11h .00k4
68.5 77.6 .884 .016 133.9 141.0 .092 .00%
70.5 79.7 .957 .017 135.9 1k2.7 .089 .003%
2.5 81.8 .908 .017 137.9  14k.5 .082 .003
Th.5 83.9 . 799 .016 139.9  1k46.2 .069 .003
6.5 86.0 LT73 L011 141.9  147.9 .059 .002
8.4 88.0 - .81k .012 143.9  149.7 .056 .002
80. k4 90.0 .848 .012 1i45.9  151.4 .058 .002
82.4 92.1 .893 .012 147.9  153.1 . 064 .003
8h. 4 9k.2 946 .010 149.9  154.8 .065 .003
86.4 96.2 .982 .010 151.9 156.5 .060 . 003
88.3 98.1 .897 .010 153.9 158.2 .055 .002
90.3 100.1 .800 .009 155.9  159.9 .038 .002
92.% 102.1 .735 .009 159.9 163.3 .056 .003
k.3 10k.0 .687 .008 161.9  164.9 076 .003
96.2 106.0 601 .008 163.8  166.5 .09L .003
98.2 108.0 631 .008 168.2  170.2 .087 .005
100.2 110.0 .60L .008 170.2  171.9 .069 .00k
104.1 113.6 .500 .009 i72.2  173.5 .0kl .003

(continued)
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50 MeV (continued)

UCRL-1841L

4,12 MeV L+ 4,23 MeV 2+

6, 6o do/dq A o 6 em do/dn A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr)  (mb/sr)
10.8 12.7 . 753 .065 10.8 12.7 8.39 .22
12.8 15.0 .910 .072 12.8 15.0 6.36 .19
13%.8 16.2 . 786 . 066 13.8 16.2 4,18 .15
14.8 17.4 .837 . 069 14.8 17.4 2.57 .12
15.8 18.6 .850 .068 15.8 18.6 1.28 .08
17.7 20.8 1.01 .08 17.7 20.8 .636 .059

(continued)
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50 MeV (continued)

UCRL-1841k4

5.22 MeV 3+ ,

o 6. do/dn A er, 6oy do/do A
(deg) (deg) (mb/sr) (mb/sr) (deg)  (deg) (mb/sr) (mb/sr)
12.8 15.1 .116 .026 106.1  116.0 .055 .003
14.8 17.% .06k .019 106.1  116.0 LOTh .003
27.7 32.5 .063 .011 108.1  117.9 .060 .003
28.7 33.6 .oh1 .003 108.1 117.9 .067 .003
29.7 34.8 .0k2 .009 110.1 119.8 .070 .003
30.7 35.9 .0ko .003 112.1  121.6 .070 .001
31.7 37.1 .056 .011 11k.1 123.5 .070 .001
32,7 38.1 .052 .003 116.0 125.3% 074 .001
3.7 Lo. k4 .066 .00k 118.0 127.1 .059 .003
56.6 65.1 .037 .003 120.0 128.9 .037 .002
58.6 67.3 .09 .003 120.0 128.9 .039 .002
60.6 69.5 .065 .003 122.0  130.7 .028 .002
60.6 69.5 . 064 .001 122.0  130.7 .031 .005
62.6 1.7 .073 .002 124.0  132.5 .027 .002
6h.6 73.9 .087 .002 128.0 136.2 .0k9 .00%
66.5 75.9 .092 .002 130.0 137.9 .063 .003
68.5 78.0 .135 .006 132.0 139.6 .058 .00%
- 70.5 80.2 .161 .007 133.9  1h41.3 .Ol7 .002
72.5 82.3 .232 .008 135.9  143.1 .031 .002
76.5 86.5 .180 .005 '137.9  144.8 .0L7 .001
8.4 88.5 77 .005 139.9 1U46.5 .018 .001
80.4 90.6 .176 .005 1h1.9 148.2 .035 .002
82.4 92.6 .196 .006 143.9  1k49.9 .067 .003
8k. L 9k.6 .225 .005 145.9 151.7 .082 .003
86.4 96.7 .217 .005 1k7.9  153.4 .09k .003
88.3 98.6 .195 .005 1k9.9  155.0 .078 .003
90.3 100.6 173 .005 151.9 156.7 .ok2 .002
92.3% 102.6 .14k6 .00k 153.9 158.4 .019 .001
94.3 10k4.6 .143 . 004 155.9  160.0 .018 .001
96.2 106.5 .138 .00k 159.9 163.h4 L1117 .00k
- 98.2 108.4 .135 .00k 161.9 165.1 .10k .005
100.2 110.3 .125 .00k 163.8 166.6 245 .005
04,1 114.1 .086 .00k 168.2  170.3 .221 .007
170.2  172.0 .150 .006
172.2  173.6 077 .005

(continued)
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50 MeV (continued)

UCRL-18L1L

6.00 MeV U4+
o 0 do/aq A e, 6 do/dn A
(Geg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
12.8 15.1 4.18 .15 106.1  116.1 .055 .00%
13.8 16.3 4,62 .16 108.1 118.0 .039 .00%
14.8 17.5 5.22 17 108.1 118.0 .050 .003
15.8 18.6 5.42 .17 110.1  119.9 .0k7 .003
17.7 . 20.9 4.88 .16 112.1 121.7 .oL5 .001
27.7 32.5 1.54 .05 11k.1  123.6 .059 .001
28.7 33,7 1.49 .02 116.0 125.4 077 .001
29.7 3k4.9 1.46 .05 118.0 127.2 .081 .003
30.7 36.0 1.2k4 .02 120.0 129.0 .071 .00%
31.7 37.2 1.0k .05 120.0  129.0 .063 .003
32,7 38.2 .686 .011 122.0 130.8 .066 .003
34,7 - Lo.5 .313 .008 122.0 130.8 .062 .003
56.6 65.2 k10 .009 12hk.0 132.6 .051 .003
58.6 67.4 .352 .008 128.0 136.3 .052 .003
60.6 69.6 .303 .008 130.0 138.0 .065 .003
60.6 69.6 .283 .003% 132.0 139.7 .069 .003
62.6 71.8 277 .003 133.9 1h1.h4 .062 .002
6L.6 4.0 .222 .003 135.9 143.1 .057 .002
66.5 76.0 A7k .003 137.9 14k.9 .051 .002
68.5 78.1 .150 .007 139.9 146.6 .045 .002
70.5 80.3 140 .006 141.9 148.3 .051 .002
72.5 82.4 L1117 .006 143.9  150.0 .063 .003
4.5 8Lh.5 .081 .005 i45.9 151.7 .083 .003
76.5 86.6 .064 .003 147.9  153.4 .100 .003
78.4 88.6 .05k4 .003 149.9 155.1 .107 .003
80.4 90.7 .053 .003 151.9 156.8 .113 .00k
88.3 98.7 .027 .002 153.9 158.5 .106 .003
90.3 100.7 .031 .002 155.9 160.1 J11kh Nolol
92.3 102.7 .029 .002 159.9 163.5 .12kh .00kL
9L.3 10k.7 .0k9 .002 161.9 165.1 .125 .00k
96.2 106.6 .052 .002 163.8 166.7 .122 .00k
98.2 108.5 .073 .003% 168.2 170.3 .088 .005
100.2 110.5 .071 .003 170.2 172.0 .082 .005
10Lk.1 11k4.2 .058 .003 172.2 173.6 .115 .005%
106.1 116.1 .055 .003

(continued)
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50 MeV (continued)

UCRL-1841k4

6.4h MeV O+
o Oam da/dq A er, O da/aq A
(deg) (deg)  (wb/sr)  (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
12.8 15.1 2.17 11 10k.1  11k.2 .016 .002
27.7 32,6 .385 .027 106.1  116.1 .010 .001
31.7 37.2 .531 .032 106.1  116.1 .01k .001
32.7 38.2 .4o3 .009 108.1 118.0 .012 .002
34,7 ho.5 .200 .006 108.1 118.0 .01k .001
58.6 67.5 .118 .005 110.1  119.9 .012 .001
60.6 69.7 .097 Nolollt 112.1  121.8 .010 .001
60.6 69.7 .091 .002 116.0 125.4 .00L8 .0003
62.6 T71.8 .087 .002 120.0 129.1 L0074 .0010
64.6 4.0 .072 .002 120.0 129.1 . 0084 .0012
66.5 76.1 .058 .002 122.0 130.9 .012 .001
68.5 78.2 .068 .005 122.0  130.9 .011 .001
70.5 80.4 .055 .00k 124.0 132.6 .010 .001
72.5 82.5 .050 .00k 133.9  1hk1.4 . 0023 .0005
.5 84.6 .ok .00k 135.9 143.2 .0028 .0005
76.5 86.7 .031 .002 137.9 1k4hk.9 .00k .000
78.4 88.7 .031 .002 139.9 146.6 .0051 . 000
80.4 90.7 .029 .002 141.9  148.3 .0022 .0005
82.4 92.8 .020 .002 143.9  150.1 .0017 .0005
94.3 104.8 .013 .001 149.9 155.1 .0028 . 0006
96.2 106.6 .013 .001 151.9 156.8 .0006 .0003
98.2 108.6 .019 .001 153.9 158.5 . 0048 .0007
100.2 110.5 .016 .001
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Mg ()
65.7 MeV

Elastic
e ecm dg/do A 6 € do/dq A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
16.1 18.8 243.1 .3 76.1 85.5 127 .003
18.1 21.1 31,4k .12 78.1 87.6 .111 .002
20.1 23.4 17.89 .09 80.1 89.6 ..098 .002
22.1 25.7 64.35 .10 82.1 91.7 .079 .002
22.1 25.7 65.27 11 8h.1 93.7 .065 .002
2k.1 28.0 66.59 .10 86.1 95.8 .055 .001
2h.1 28.0 67.51 .11 88.1 97.8 .0k46 .001
26.1 30.3 30.69 .07 90.1 99.8 .0ko .001
26.1 30.3% 31.04. - .08 92.1 101.8 .039 .001
28.1 32.6 9.189 .037 ok.1 103.8 .035 .001
0.1 34.9 9.984 .026 96.1 105.7 .036 .001
32.1 37.2 14.67: .03 98.1  107.7 .030 . 001
54,1 39.5 11.55 .03 100.1  109.6 .028 .001
36.1 41.8 5.675 .020 102.1  111.6 .026 .001
38.1 i, 1 2.615 .013 ok.1 113.5 .024 .001
Lho.1 46.3 2.572 .013 106.1  115.4 .022 .001
ho.1 48.6 3.054 .OLL 108.1  117.3 .020 .001
by .1 50.8 2.697 .01k 110.1 119.2 .019 .001
k6.1 53.1 2.03k .012 110.1  119.2 .021 .001
48.1 55.% 1.439 .010 112.1  121.1 .019 .001
50.1 57.5 1.227 .009 112.1 121.1 .016 .001
52.1 59.7 1.264 .009 11k.1 122.9 .016 .001
53.1 60.8 1.275 .010 114.1  122.9 .017 .001
54.1 61.9 1.378 .008 116.1 124.8 .013 .001
55.1 6%.0 1.226 .009 116.1  124.8 .016 .001
56.1 6h.1 1.224 .008 117.9 126.4 .012 .001
57.1 65.2 .971 .008 119.9 128.3 .01k .002
58.1 66.3 .9k5 .007 121.9 130.1 .010 .001
59.1 67.4 .T46 .007 123.9  131.9 .008 .001
60.1 68.5 . 701 .006 126.1 133.9 .009 .001
62.1 70.6 .5kt .00k 128.1  135.7 .009 .001
6h4.1 72.8 496 .00k 130.1  137.5 .007 .001
66.1 4.9 L3k .00k 132.1 139.3 .006 .001
68.1 77.1 363 - .00k 134,11 1k1.0 .007 .001
70.1 79.2 .282 .00k 1%26.1 142.8 .006 .00L
72,1 81.3 .o24 .003 138.1  14k.5 .005 .001
Thod 83. 4 .169 .003 - 140.1  146.3 .005 .001

(continued)
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65.7 MeV (continued)

UCRL-18k414

1.368 MeV 2+
o . do/an A 6, 6. do/aq A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
1k 16.5 3,295 .039 78.1 87.7 .801 .005
16.1 18.8 21.65 .10 80.1 89.8 .681 .005
18.1 21.1 37.94 .13 82.1 91.8 .572 .005
22.1 25.8 8.397 .035 8h.1 9%.8 .480 .00k
22.1 25.8 8.517 .039 86.1 95.9 oo .003
ok 1 28.1 7.413 .033% 88.1 97.9 .384 .003
2h.1 28.1 7.532 .037 90.1 99.9 .338 .003
26.1 30.4 16.22 .05 92.1 101.9 .278 .003
26.1 30.4 16. 44 .06 9k.1 103.9 .240 .002
28.1 32.7 17.80 .05 96.1 105.8 .206 .002
32.1 37.3 6.209 .021 98.1 107.8 179 .002
34,1 39.6 5.2h9 .019 100.1 109.7 154 .002
36.1 41.9 6.308 .021 102.1 111.7 .132 .001
38.1 hh.1 5.988 .020 104.1 113.6 .119 .001
4o.1 b6,k L.117 .0L7 106.1 115.5 .106 .001
ho.1 48.7 2.ho1 .013 108.1 117.4 .09k .001
4,1 50.9 2.156 .012 110.1 119.3 07k .002
46.1 53.2 2.665 .013 110.1 119.3 .073 .003
43.1 55. 4 2.960 .01L 112.1 121.2 .066 .002
50.1 57.6 2.665 .01h 112.1 121.2 .067 .003
52.1 59.8 2,254 .012 114.1 123.0 .058 .002
53.1 60.9 2.1k40 .012 11k.1 123.0 .0L48 .003
54,1 62.0 2.277 .011 116.1 124.9 .0L8 .002
55.1 63.1 2.106 .012 116.1  124.9 .o48 . 003
56.1 6h.2 2.338 .011 117.9 126.5 .051 .003%
57.1 65.3 2.1kh .013 119.9 128. 4 .048 .003
58.1 66. k4 2.370 .011 121.9 130.2 .038 .003
59.1 67.5 2.1h9 .013 123.9 132.0 .03%36 .003
60.1 68.6 2.278 .011 126.1 13k4.0 .03h .002
62.1 70.8 2.032 .008 128.1 135.8 .031 .001
6.1 72.9 1.850 .008 130.1 137.6 .028 .001
66.1 75.1 1.572 .008 132.1 1%9.3 .02k .001
68.1 77.2 1.351 .007 134.1 k1.1 .021 .002
70.1 79.3 1.229 .008 136.1 142.9 .020 .002
2.1 81i.4k 1.150 .008 138.1 14k, 6 .021 . 002
.1 83.5 1.042 . 008 140.1 k6.4 .017 .002
76.1 85.6 .894 .007

{continued)
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65.7 MeV (continued)

UCRL=18L1bL

4,12 MeV b+ 4. 23 MevV 2+

eL ecm do/an A o, 6y do/dn A

(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
1h.1 16.5 1.483 .026 14,1 16.5 87k .020
16.1 18.9 1.59% .027 16.1 18.9 1.564 .027
18.1 21.2 1.716 .028 18.1 21.2 3.165 .0%9
20.1 23.5 1.h29 .026 20.1 23.5 2.767 .0%6
22.1 25.9 1.125 .013 22.1 25.9 1.431 .01k
22.1 25.9 1.1k2 .01k 22,1 25.9 1.454 .016
24,1 28.2 .625 .011 24,1 28.2 .579 .009
24,1  28.2 .630 .011 2h.1 28.2 . 590 .010
26.1  30.5 .553 .009 26.1 30.5 .676 .010
26.1  30.5 .565 .010 26.1 30.5 .680 .011
28.1  32.8 .863 .011 28.1 32.8 .90k .012
4o.1  U46.6 .91h .008 40.1 46.6 .313 .005
ho,1  48.8 .808 .007 ho.1 48.8 .253% .00k
Lh,1  s51.1 675 .007 hh.1 51.1 .159 .003
L6.1  53.3 555 .006 46.1 53.3 .156 .003
48.1  55.6 .505 .006 48.1 55.6 .189 .00k
50.1 57.8 .548 .006 50.1 57.8 .213% .00k
52.1  60.0 . 593 .006 52.1 60.0 .228 .00k
58.1 66.6 .632 .006 58.1 66.6 .133 .003%
60.1 68.8 637 . 006 60.1 68.8 .102 .002

~ (continued)
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65.7 MeV (continued)

UCRL-1841L

5.22 MeV 3+
o O do/an A e C do/dn A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
18.1 21.2 .057 .005 80.1 90.1 .021 .001
120.1 23.6 .060 .005 82.1 92,2 .015 .001
22.1 25.9 .058 .003 84,1 gk.2 .013 .001
22.1  25.9 .059 .003 86.1 96.2 .012 .001
2hk,1  28.2 .050 .003 88.1 98.3 .010 .001
24,1 28.2 .0L8 .003 90.1 100.3 .009 .001
26.1  30.6 .028 .002 92.1 102.3 .010 .001
26.1  30.6 .025 .002 9k.1  10k.2 .01k .00L
28.1  32.9 .022 .002 96.1 106.2 L01L .001
32.1  37.5 .022 .001 - 98.1 108.2 .015 .001
34,1 39.8 .026 .001 100.1  110.1 .016 .001
36.1  he.l .036 .002 102.1  112.0 .018 .001
38.1 444 .063 .002 04,1 114.0 .016 .001
40.1  L46.6 .092 . 002 106.1  115.9 .017 .001
4,1  s1.2 L1h7 . 003 108.1 . 117.8 .017 .001
46.1  53.4 LATT .003 110.1 119.6 .015 .001
4.1 55.7 .21k .00k 110.1  119.6 .019 .001
50.1  57.9 .243 .00k 112.1 121.5 .018 .001
52.1 60.1 .253 .00k 112.1 121.5 .016 .001
53.1  61.2 .264 .00k 11k.1 123.4 .017 .00L
5.1 62.3 .294 .00k 1141 1234 .016 .001
55.1  63.k4 272 .00k 116.1  125.2 .015 .001
56.1 64,5 L .279 .00k 116.1  125.2 .015 .001
57.1 65.6 .250 .00k 117.9 126.9 .01k .001
58.1  66.7 .258 . .00k 119.9 128.7 .015 .002
59.1 67.8 .231 .00k 121.9  130.5 .020 .002
60.1 68.9 .239 .00k 123.9 132.3 .012 .001
6h.1. T73.2 .210 .003 126.1  134.3 .016 . 001
66.1  T75.4 .155 .002 128.1  136.1 .013 .001
68.1  77. .121 .002 130.1  137.9 014 .001
70.1  79.7 .097 .002 132.1  139.6 .011 .001
72.1 81.8 077 .002 134,111k .013 .002
7.1 83.9 .059 .002 136.1  143.1 .013 .002
76.1 86.0 .okl .001 138.1 1b44.9 .015 .002
78.1  88.0 .033 .001 140.1  146.6 .010 .001

(continued)
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65.7 MeV (continued)

UCRL-18L414

6.00 MeV L+
or, 0. do/dq A oL, O do/an A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
1.1 16.6 5.411 .050 78.1 88.1 .067 .002
16.1 18.9 4. 332 .0L45 80.1 90.2 .065 .002
18.1 21.3 1.858 .029 82.1 92.2 . 060 .001
20.1 23.6 .561 . .016 84,1 9k.3 .056 .001
2h,1  28.3 1.453 .015 86.1 96.3% .051 .001
2h.1  28.3 1.475 .016 88.1 98.3% .050 .001
26.1 30.6 1.207 .013 90.1 100.3 Nolitit .001
26.1 30.6 1.219 .015 92.1 102.3 .038 .001
28.1 32.9 .679 .010 oLk.1 104.3 .035 .001
30.1  35.2 .560 .006 96.1 106.3 .032 .001
32.1  37.5 . 793 .007 98.1 108.2 .028 .001
3hk,1  39.8 .967 .008 100.1 110.2 .026 .001
36.1 k2.1 .857 .008 102.1 112.1 .029 .001
33.1  Lhi.h .680 .007 10k4.1 11k.0 .025 .001
bo.1 k6.7 .532 .006 106.1 115.9 .023 .001
42,1 49.0 k6o . 006 108.1 117.8 .020 .001
4h,1  51.2 Lt .005 110.1 119.7 .018 .001
.1 55.7 272 . 004 110.1 119.7 .016 .001
50.1 57.9 .198 .00k 112.1 121.6 .018 .001
52.1  60.2 .154 .003 11h.1 123. 4 .019 .001
53.1 61.3 .153% .003 116.1 125.3  .015 .001
- 54,1 62.4 .151 .003 116.1 125.3 .017 .002
55.1 63.5 .135 .003 117.9 126.9 .01k .001
56.1  64.6 .1k .003 119.9 128.8 .012 .001
57.1 65.7 .130 . 003 121.9 130.6 .013 .001
58.1 66.8 127 .003 123.9 132.4 .012 .001
59.1  67.9 .108 .003 126.1 1344 .015 .001
60.1 69.0 .107 .002 128.1 136.1 .012 .001
2.1 Tl.1 .098 .002 130.1 137.9 .011 .001
6h.1  73.3 .092 .002 132.1 139.7 .010 .001
66.1  75.5 .089 .002 134.1 b1k .011 .001
70.1  79.7 .092 .002 136.1 143.2 .012 .001
- 72,1 81.8 .086 .002 138.1 14k, 9 .013 .002
741 8L.0 .079 .002 140.1 146.6 .012 .002
76.1 . 86.0 .070 .002

(continued)

-
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65.7 MeV (continued)

UCRL~18L1L

.038

6.4 MeV O+
o 6, do/do A e 6., do/aq A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
16.1 18.9 1.113 .023 70.1 79.8 .038 .001
18.1 21.3 1.h6k .026 Th.1 8k4.0 .032 .001
20.1  23.6 . 748 .019 76.1  86.1 .023 .001
22.1 26.0 .30h .007 78.1 88.2 .022 .001
22.1 26.0 .307 .007 80.1 90.2 .020 .001
2k, 1 28.3 .hho .008 82.1 92.3 .022 .001
24,1 28.3 52 .009 8k.1 94.3 .019 .001
26.1 30.6 .661 .010 86.1 96. 4 .019 .001
26.1 30.6 .67h .011 88.1 98. 4 .017 .001
28.1 32.9 72 .008 90.1  100.k4 .01k .001
30.1 35,2 .31h .005 92.1 102.4 .013 .001
32.1 37.6 .33%6 .005 ok.1  10k.k .01k .001
zh.1 39.9 .480 .006 96.1 106.3 .010 .001
38.1 L 4 ko5 .005 98.1 108.3 .009 .001
4o.1 h6.7 .295 .00k 100.1  110.2 .010 .001
ho.1 49.0 .23h .00k 102.1 112.2 .010 .001
Lh.1 51.2 212 . 004 10k.1 11k.1 .010 .001
Lh6.1 53.5 .211 .004 106.1  116.0 .009 .001
48.1 55.7 .181 .003 108.1 117.9 .008 .001
50.1 58.0 .121 .003 110.1  119.8 .006 .001
- Se.l 60.2 .081 .002 110.1  119.8 .009 .001
5%.1 61.3 .076 .002 112.1 121.6 .006 .001
5h.1 62. 4 .080 .002 11k.1  123.5 .005 .001
55.1 63.5 .078 .002 116.1 125.3% .005 .001
56.1 64.6 077 .002 116.1 125.3 .006 .001
57.1 65.7 ey .002 117.9 127.0 .00k .00L
58.1 66.8 .O7h .002 119.9 128.8 .005 .001
59.1 67.9 .064 .002 121.9  130.6 .00k .001
60.1 69.0 .060 - .002 123.9 132.4 .00k .001
62.1 71.2 .052 .001 126.1 1344 .005 .001
6L.1 73. 4 .0k6 .001 128.1 136.2 .005 .001
66.1 75.5 .038 .001 130.1  137.9 . 003 .001
68.1 77.6 .001 '




UCRL-18L1k4

-88-
vg? (a00r)
81 MeV
Elastic
GL o, do/dq A oy, B do/dq A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
12.9 15,1  kW72.6 .6 hi.9 W.h 2,366 .013
12.9 15.1 483.9 b 45.9 52.9  1.569 .012
13.9 16.2  357.6 A 47.9 55.1  1.413 .011
13.9 16.2  340.9 L 49.9 57.3  1.164 .011
14.9 17.4%  181.5 b 51.9 59.5 .868 .009
1k.9 17.4 0 191.7 .3 53.9 61.7 .607 .005
15.9 18.5 63.50 .16 55.9 63.9 .4o5 .005
16. 4 19.1 35.15 .05 57.9 66.1 .408 .00L
16.9 19.7 17.87 .08 59.9 68.3 .329 Neloll}
17.9 20.9 20.96 .09 61.9 70.5 " .281 .002
18. 4 21.5 34, Lo .05 63.9 72.6 .248 .002
18.9 22.0 Y7.02 .13 65.9 4.8 167 .002
19.9 23,2 65.35 .08 67.9 76.9 .133 .002
20.4 23.8 72.23 .08 69.9 79.0 112 .002
20.9 2k L 68.70 .07 71.9 81.1 .09L .002
21.9 25.5 56.93 .07 73.9 83.2 .078 .002
2.4 26.1 46.37 .06 75.9 85.3 .059 .001
22.9 26.7 37.68 .05 77.9 87.4 .052 .001
23%.9 27.8 20.12 .06 79.9 89.4 L oh2 .001
2k, 9 29.0 10.41 .03 31.9 91.5 .035 .001
25.9 30.1 6.691 .02h 83.9 93%.5 .028 .001
26.9 31.3 8. 440 .025 85.9 95.6 .025 .001
27.9 32, 11.11 .03 87.9 97.6 .023 .001
28.9 33.6 11.80 .03 89.9 99.6 .019 .001
29.9  3k.7 10.l1 .03 91.9  101.6 .01k .001
30.9 35.9 8.752 .023 101.9 111.4 .0056 . 000k
31.9 37.0 6.105 .021 103.9 113.3 .00L48 . 0004
32.9 38.2 4,341 .016 105.9 115.2 .00k . 000k
33.9 39.3% 3.196 .015 107.9 117.1 .0030 .0003%
- 3k.9 4o, 4 3.054 .014 109.9 119.0 . 0030 . 0003
35.9 41.6 3.265 .015 111.9 120.9 .0026 .000%
37.9 43.8 3.819 .016 113.9 122.7 L0014 . 0002
39.9 46,1 3,284 .016

(continued)
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81 MeV (continued)

1.368 MeV 2+
o, 8 da/dn A o 0 do/dq A
(deg) (deg)  (mb/sr) (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
7.9 9.2  1hk.7 .2 h5.9 52.9 3,40k .018
8.9 10.4 118.7 .3 7.9 55.2 2.842 .017
9.9 11.6 80.04 17 49.9 57.4 2.52k4 .016
10.9 12.7 33.61 .16 51.9 59.6 2.207 .015
11.9 13.9 10.41 .06 53.9 61.8 1.867 .009
12.9 15.1 7.630 .075 55.9 6k.0 1.621 .009
12.9 15.1 6.668 .0k9 57.9 66.2 1.337 .008
13.9 16.2 19.07 .09 59.9 68.4 1.052 .007
13.9 16.2 18.40 .09 61.9 70.5 .933 .00k
1k.9 17.4 36.21 .16 63.9 2.7 .902 .00k
1k.9 17.4 36.18 .12 65.9 74.8 .691 .00k
15.9 18.6 43,53 .13 67.9 77.0 .555 .003
16.4 19.2 45.96 .06 69.9 79.1 b6 Nolol
19.9 23,2 10.48 .03 71.9 81.2 384 .003
20.4  23.8 8.354 .026 73.9 83.3 .320 .003
20.9 24, 4 7.410 .023 75.9 85.4 .255 .003
21.9 25.5 9.820 .026 77.9 87.5 .226 .003
22.4 26.1 12.32 .03 79.9 89.5 .184 .003
22.9 26.7 14.05 .03 81.9 91.6 .156 .002
28.9 33.6 4. 4o7 .016 83.9 93.6 .125 .002
29.9 34.8 4,116 .017 85.9 95.7 .103 .002
30.9 35.9 4.853 .017 87.9 97.7 .091 .002
31.9 37.1 5.853 .020 89.9 99.7 .075 .002
32.9 38.2 6.271 .020 91.9 101.7 .062 .002
3%.9 39.4 5.879 .021 101.9 111.5 .022 .001
34,9 ko.5 5.295 .018 103.9  113.L4 .020 .001
35.9 hi1.6 4.500 .017 105.9 115.3 .016 .001
37.9 43.9 3.590 .016 107.9 117.2 L0135 .001
39.9 hé.2 3.820 .018 109.9 119.1 .013 .001
hi. LW8.4 4,163 .017 111.9 121.0 .011 001
- 113.9 122.8 .0059 .0005

(continued)
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81 MeV (continued)

UCRL~-1841k

5.22 MeV 3+

o 6, dc/dQ A e I do/dn A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
3.9 10.5 .140 .012 45,9 53,1 .208 .00k
9.9 11.6 .172 . 008 47.9 55.4 .164 .00k
10.9 12.8 .128 .010 49.9 57.6 117 .003
11.9 14.0 077 .005 51.9  59.8 .100 .003
15.9 18.7 .064 .005 57.9  66.4 .023 .001
16.9 19.8 .067 .005 59.9 68.6 .016 .001
17.9 21.0 .059 .005 61..9 70.8 . 0083 . 0004
18.4 21.6 .036 .002 63.9  73.0 . 0084 .0006
18.9 22.2 .03 . 004 65.9 75.1 . 0061 .0003%
19.9 23.3 .03%0 .002 67.9 T77.2 .0092 . 000k
20. 4 23.9 .025 .001 69.9  T79.4 .013 .001
21.9 25.7 .012 .001 71.9 81.5 .013 .001
22,4 26.2 .015 . 001 73.9 83.6 .01k4 .001
22.9 26.8 - ..019 .001 75.9 85.7 .01h .001
23.9 28.0 .015 .001 77.9 87.8 .018 .001
2k.9 29.1 .029 .001 79.9 89.8 .017 .001
25.9 30.3 . 039 .002 81.9 91.9 .018 .001
26.9 31.5 .056 .002 83.9 93.9 .016 .001
27.9 32.6 .068 .002 85.9 96.0 .019 .001
28.9 3%.8 .083 .002 87.9 98.0 .018 .001
29.9 . 34.9 .108 .003 89.9 100.0 .015 .001
30.9 36.1 .125 .003 91.9 102.0 .01k .001
31.9 37.2 .155 .003 101.9 111.8 .0073 .0005
32.9 38. 4 .166 .003% 103.9 113.7 .0076 . 0005
33.9 39.5 .181 .00k 105.9 115.6 .0075 .0005
34,9 4o.7 .215 .00k 107.9 117.5 . 0062 . 000k
35.9 41.8 .254 .00k 109.9 119.4 .0065 .0005
37.9 b1 . 266 . ook 111.9 121.2 .00k2 .000k
39.9 46 4 .243 .00k 113.9 123.1 .0028 .0003%
41.9 48.6 .23 .00k

(continued)
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81 MeV (continued)

UCRL-18k41k

6.00 MeV L4+

e, . 0, do/do A e, . do/an A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
8.9 10.5 3,684 .052 34,9 ho.7 .35h .005
9.9 11.6 4,676 .Ok2 35.9 41.8 .310 .005
10.9 12.8 5.616 .06k 37.9 Ll .310 .005
11.9 1k.0 5.627 .0k6 k1.9 48.7 .258 .004
12.9 15.2 5.858 .065 45.9 53.2 .199 .00k
12.9 15.2 5.250 043 k7.9 55. 4 .196 .00k
13.9 - 16.3 4. 479 .ol 49.9 57.7 175 .00k
13.9 16.3 L.268 .ou8 51.9  59.9 .161 .003
1k.9 17.5 3.037 .ot 53%.9 62.1 137 .002
14.9 17.5 3,016 .033 55.9 64.3 .118 .002
15.9 18.7 1.708 .026 61.9 70.8 .088 .001
16.4 19.3 1.160 .009 63.9 73.0 .079 .001
16.9 19.8 .862 .018 65.9 75.2 .063 .001
17.9 21.0 .596 .015 67.9 7.3 .050 .001
18. k4 21.6 .653 .007 69.9 79. 4 .ok .001
18.9 22.2 .850 .018 71.9 81.5 .037 .001
21.9 25.7 1.883 .011 73.9 83.6 .03%2 .001
22.4h  26.3 1.692 .011 75.9 85.7 .026 .001
22.9 26.8 1.748 .011 77.9 87.8 .023 .001
23.9 28.0 1.k42h .011 79.9 89.9 .019 .001
2h.9 29.2 1.084 .009 81.9 91.9 .017 .001
25.9 30.3 . 768 .009 83.9 9k.o .01L .001
26.9 31.5 . 706 .007 85.9 96.0 .015 .001
27.9 32.6 . 719 .007 87.9 98.0 .013 .001
28.9 33.8 . 783 .007 89.9 100.0 .012 .001
29.9 3k4.9 .836 .008 91.9 102.0 .0091 .0006
30.9 36.1 . T9k4 .007 101.9 111.8 .00k6 . 000k
31.9 37.2 .703 .007 103.9 113.7 .0057 . 000k
32.9 38.4 .556 .006 105.9 115.6 .0053 . 000k
33.9 %9.5 .he3 .005

(continued)



92—

81 MeV (continued)

UCRL-18k1k

6.44 Mev O+

o 0 do/an A o € da/dq A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
15.9 18.7 1.359 . 023 45.9 53.2 .071 . 003
16.4 19.3 1.400 .010 k7.9 55. 4 .061 . 003
16.9 19.9 1.233 .021 49.9 57.7 .067 . 003
17.9 21.0 .52 .017 51.9 59.9 .061 .002
18.4 21.6 .557 .007 53%.9 62.1 .054 .002
18.9 22,2 LLox .012 55.9 6L.3 .oks5 .001
19.9 23.4 419 .013% 57.9 66.5 .038 .001
19.9 23,4 .387 . 006 65.9 75.2 .026 .001
20. 4 23.9 pitels} .006 67.9 77.3 .023 .001
23.9 28.0 .869 .009 69.9 79.5 .019 .001
2k.9 29.2 .806 .008 71.9 81.6 .018 .001
25.9 30.3% .586 .007 73.9 83.7 .016 .001
26.9 31.5 JAs7 .006 75.9 85.8 .015 .001
27.9 32,7 .389 .005 77.9 87.9 .012 .001
28.9 33.8 .386 .005 79.9 89.9 .011 .001
29.9 35.0 433 .006 81.9 92.0 . 0089 . 0006
30.9 36.1 437 .005 83.9 9k.0 .0075 .0005
31.9 37.% Jar .005 85.9 96.1 .0062 .0005
32,9 38.4 372 .005 87.9 98.1 .0071 .0005
33.9 39.6 .273 . 004 89.9 100.1 .0059 .0005
34,9 ho.7 .210 . 004 91.9 102.1 . 0036 . 000k
35.9 - k1.9 176 .003 101.9 111.9 . 0022 .0003
37.9 hh,1 .130 .003 103.9 113.8 .0018 .0002
39.9 T .133 .003 105.9  115.7 .0016 .0002




-93- UCRL-1841k

vg® (")
119.7 MeV
. Blastic

o O dg/an A o . do/an | A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg)  (mb/sr) (mb/sr)
12.3 1.l 295.6 .6 38.3 44,3 1.955 .012
14.3 16.7 26.19 .09 39.3% 5.5 1.755 .022
15.3 17.9 44,80 .10 k0.3 L6.6 1.566 .015
16.3°  19.0 73.45 .16 k1.3 Wr.7 1.153 .021
17.3 20.2 77.43 .13 43,3 50.0 846 .011
18.3% 21.4 62.95 .13 40,% 53.3 .439 Nolols
19.3% 22.5 37.99 .11 48.3 55.6 .29% .003
20.3 23,7 22.56 .07 50.3 57.8 .206 .003
21.3 24.8 15.73 .06 51.4 59.0 .160 .007
22.3 26.0 17.82 .ok 53.3 f1.1 .102 .003%
23,3 27.1 20.43 .08 54.3 62.2 .092 .003
ok, 28.3 20.86 .05 56.3 6h4. 4 .056 .001
25.3% 29.5 17.00 .09 58.3 66.6 .038 .001
26.3 30.6 17.12 .21 60.3 68.8 .028 .001
27.3 31.8 10.75 .Ok4 62.3 70.9 .016 .001
28.3 32.9 9.663% .097 6k.3 73.1 .011 .001
30.3 35.2 7.621 .0k5 66.3 75.2 .006 .001
31.3 36,4 7.226 .0ko 67.4 6.4 .007 .001
33,3 38.6 5. 462 .033 69.3 8.4 .00k .001
34.3 39.8 L.617 .033 70.3 79.5 .002 .001
35.% 40.9 3.678 .032 2.3 81.6 . 002 .001
36.3 ho,1 2.987 .02k 4.3 83.7 .001 .001
37.3 43,2 2.320 .013 76.3 85.8 .001 .001
. 37.3 43,2 2,442 .023 85.3 95.0 .0002 .0006
38.3 4h,3 2.118 .01k

(continued)
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119.7 MeV (continued)

1.368 MeV 2+

o, . do/dq A o, 6. do/dn A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr) (mb/er)
10.3 12.0 15.05 .21 40.3 46.6 2.451 .015
12.3 1.k 46.67 .22 41.3 47.8 1.873 .027
16.3 19.0 16.56 . .07 43,3 50.0 1.555 .015
17.3 20.2 10.47 .05 46.3 53. 4 .919 . 006
18.3 21.h4 15.35 .06 48.3 55.6 .639 .00k
23,3 27.2 12.49 .06 50.3 57.8 Lhh7 .00k
2h.3 28.3 10.76 .Oh 51.4 59.1 .353 .010
25.% 29.5 10.22 .07 53.% 61.2 227 .00h
26.3 30.6 12.63 .18 54.3 . 62.3 .231 .00k
27.3 31.8 12.17 .0k 56.3 64.5 L1h5 .002
28.3 32.9 12.32 .11 53.3% 66.6 .10k . 001
30.3 35.2 8.782 .09 60.% 68.8 .07k .001
31.3 36.4 7.379 .0ko 62.% 71.0 .0ko .001
32.3 37.5 6.512 .0k5 6k4.3 73.1 .037 .001
33.3% 38.7 5.83%6 .03h 66.3 75.3 .025 .001
34,3 39.8 5.556 .036 67.4 76.5 .02k .003
35.3 4i.0 5.103 .038 69.3 8.4 .015 .001
36.3 ho.1 4,630 .030 70.3 79.5 .010 - .001
37.3 4z, 2 3,762 .017 72.3 81.6 .008 .001
37.3 4z.2 3.87h .028 4.3 83.7 .006 .001
38.3 Ly i 3,431 .018 76.3 85.8 .005 .001
38.3 il 3.081 .015 85.3% 95.1 .0010 .0001
39.3 45.5 2.797 .027

(continued)
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119.7 MeV (continued)

AN AN IV VWA WV WY

5.22 MeV %+

6 do/dn A e 6.y do/aq A

(deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr) (mb/sr)

17.9 .204 .007 38.3 4.5 .011 .001

19.1 202 .009 39,3 45,6 011 .002

20.3 .210 .007 40.3 46.8 .009 .001

21.4 .235 .008 41.3 47.9 .019 .003

22.6 .264 .009 46.3 53.5 .027 .001

23.8 267 . 008 48.3 55.8 .026 . 001

2k.9 287 .008 50.3 58.0 027 .001

26.1 .288 .006 53.3 . 61.3 .022 .001

27.2 .316 .009 54,3 62.4 .02k .001

28.4 271 .005 56.3 6L.6 .019 .001

29.6 .2l .010 58.3 66.8 .017 .001

30.7 .239 .025 60.3% 69.0 .01k .001

. 31.9 .239 .006 - 62.3 71.2 .010 .001
. 33.0 .232 .015 6k.3 73.3 .008 .00l
1.3 36.5 126 .005 66.3 75.5 .006 .001
2.3 37.6 .076 .005 69.3 8.7 .005 .001
3.3  38.8 .0T1 .00k ©70.3 9.7 .003 .00l
h.3 39,9 .030. .003 72.3 81.8 .003 .001
5.3 hi.1 NolS§ .003 4.3 83.9 .002 .001
6.3 ho,2 .033 .003 76.3 86.0 .001 .001
7.3 43.3 .032 .002 35.3 95.2 .0007 .0001

7.3 43.3 .022 .002

(continued)



119.7 MeV (continued)

-96-

UCRL~-18L1k4

6.00 MeV L+
0, 0. do/an A o . do/aq A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
10.3 12.1 7.95 .15 35.3 h1.1 .335 .010
12.3 1h.h L. hok .068 36.3 ho.2 .268 .007
1h.3 16.8 1.230 .019 37.3 43,4 .201 .00k
18.3 21.k4 1.802 .021 37.3 43,4 .219 .007
19.3 22.6 1.489 .021 38.3% Li.5 .192 . 004
20.3 2%.8 .894 .01L 38.3 W5 178 .00L
21.3 2h.9 .602 .012 39.3% L5.6 .192 .007
22.3 26.1 .510 .007 40.3 46.8 .148 Neloll}
23.3 27.3 .62k .013 4i1.3 k7.9 124 .007
2h.3 28.4 .The .009 Lz, 3 50.2 .101 .00k
25.3 29.6 .697 .017 50.3% 58.0 .032 .001
26.3 30.7 .72k .Okh 53.3 61.3 017 .001
27.3 31.9 576 .009 54.3 62.4 .020 .001
28.3 33,1 o1 .022 56.% 6h.6 .013 .001
30.3 . 35,4 piteyl .011 58.3 66.8 .011 .001
31.3 36.5 .622 .012- 70.3 79.8 .001 .001
34,3 39.9 L34k .009 72.3 81.9 .002 .001

(continued)
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119.7 MeV (continued)

6.4 MeV O+
o I do/aq A o, . do/dq A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
10.3 12.1 3.57 .10 34,3 40.0 - .20k .007
14.3 16.8 1.998 .024 35.3 hi.1 .153 .006
15.3 17.9 1.156 .017 36.3 ho,2 .126 .005
20.3 23.8 .654 .012 37.3 Lz L4 o .081 .003
- 21.3 2k.9 .418 .010 37.3 4zl .088 .00k
22.3 26.1 .211 .005 38.3 Wh.s .083% .003
23.% 27.% .158° .007 38.3 b5 . 060 .002
2.3 28. 4 .140 olol 40.3 46.8 .069 .003%
25.3 29.6 .188 .009 41.3 47.9 .056 .005
26.3 30.7 .259 .026 4z.3 50.2 .059 .003
27.3 31.9 .216 .006 46.3 53.6 .026 .001
28.3 33,1 .2kl .015 53.3 61.54 .010 ©.001
30.3% 35.4 .152 .006 54,3 62.5 .010 .001
31.3 36.5 167 .006 56.3 64.7 .002 .001




~98-

20 20
Ne  (a,x') Ne

Beam Energy = 53.0 MeV

UCRL-1841k

Elastic

. do/an A 6 mﬂqz A
(deg) (mb/sr) (mb/sT) (deg) (mb/sr) (mb/sr)
12.5 3840 9 7.4 .181 .035
14.9 1070 5 47.9 162 .010
17.2 209 3 48.0 .200 .012
18.8 149 1 49.8 1.39 .03
19.2 165 1 49.8 1.39 .03
19.2 161 1 50.2 1.57 .0k
21.2 254 1 50.3 2.36 .05
22.0 290 2 52.1 h.33 .09
23.7 311 2 52.5 k.95 .05
24,0 275 1 52.7 5.18 .10
ok L 276 1 54.3 5.8% .10
26.1 171 1 54.3 5.94 .10
26.3 175 1 54.8 6.00 .07
26.3 169 1 55.6 5.41 .10
28.7 56.1 .1 56.6 5.11 .07
29.6 32.9 3 56.6 5.43 .10
31.1 7.93 09 56.6 k.95 .05
31.1 7.63 08 57.5 4.68 .09
1.9 1.71 09 58.9 3.26 .0k
30,6 1.37 b 59.7 2.87 .08
33,4 3.6L4 .07 61.1 1.69 .02
33.4 3.59 .ok 61.8 1.k9 .05
3L 9.49 .22 62.6 1.15 .ok
34.9 11.7 .3 63.4 .987 .030
36.8 23.4 .3 64.0 .910 Lol
37.3 26.1 b 64.8 89 .028
38.7 29.4 ot 65.6 1.0% .07
39.6 27.2 .3 66.2 1.13 .03
4i.1 21.6 R 67.0 1.1k .0l
42.0 19.6 .6 68.h 1.59 .0k
42.8 15.6 L 69.2 1.64 ol
42.8 13.8 .2 70.7 1.97 .05
42.8 14.0 .2 71.5 1.85 .0l
43.3 12.7 .1 72.9 2.12 .05
43.5 9.52 L7 3.6 1.96 .ok
44 .3 7.88 .25 75.0 1.85 .05
h5.6 3.25 .05 77.1 1.78 .05
TN .09 3.8 1.43 .03

(continued)



-99- UCRL-18L41k
Beam Energy = 33.0 MeV

Flastic
0 do/dn VS O do/an A
(deg) (mb/sr) (mb/sr) (deg) (mb/sr) (mb/sr)
79.4 1.27 ol 85.7 .218 .013
80.9 . 964 .023 87.9 .19h .010
81.5 .701 .031 90.0 .261 .011
83.0. .52k4 .015 92.0 .373 .016
83.6 . .395 .016 gk.1 .394 .016
85.2 .261 .015 96.2 Jhea .018




-100- UCRL~18k41k

3%.0 MeV (continued)

1.63 Mev 27
6. do/an A 0 do/an A
(deg) (mb/sr) (mb/sr) (deg) (mb/sr) (mb/sr)
12.5 112 1 52.3 5.02 .09
15.0 111 1 52.7 5.10 .06
17.4 83.3 b 53.0 4,07 .08
18.9 23.9 .3 54.6 2.48 .08
19.3 W7.6 .3 54.6 2.39 .06
19.3 57.0 .5 55.0 1.92 Roll}
21.3 17.6 .3 55.8 1.75 06
22.2 15.5 .3 56.9 1.59 ol
23.8 5.18 .2 56.9 1.66 08
oh.1 5.35 .18 56.9 1.53 .03
2h.5 5.93 .16 57.2 1.87 .06
26.2 11.3 .3 59.2 2.47 .03
26.5 1k A 59.4 3.16 .08
26.5 14.9 .2 61.4 3.71 ol
28.8 26.4 .2 2.1 h.25 .09
29.7 30.5 o 62.9 k.06 d
31.2 33.9 .2 63.7 4,33 .06
31.2 - 33.9 .1 6L.3 L.3L .10
32.0 30.6 R 65.1 4, oo .06
32.8 29.8 .6 65.9 4.35 .15
33.6 26.8 .2 66.5 3.92 .07
33.6 26.1 .2 67.3 3.54 .06
34.5 28.2 A 68.7 3.15 .06
35.1 19.0 .3 69.6 2.56 .05
36.9 8.38 .10 71.0 2.43 .05
37.5 7.40 .17 71.8 1.88 ok
38.9 3.80 .19 3.2 1.92 .05
39.8 3.1k a1 4.0 1.66 .05
41.3 4 Lk .12 75.3 2.19 .05
ho.2 4.88 .28 77.5 2.58 .06
43,0 6.50 .26 79.1 2.64 .0k
43,0 6.54 .02 79.7 2.78 .06
43.0 7.54 .02 81.3 3.05 .04
h3.5 7.52 .07 81.9 2.58 .06
43.7 8.72 .16 83.4 2.90 .Oh
Lh.5 8.90 .26 83.9 2.65 .04
45.8 11.5 .1 85.5 2.63 .06
6.0 10.2 .2 86.0 2.28 Nell}
Wr.7 11.8 .3 88.2 1.88 ol
48.1 11.5 1 90.3% 1.hk2 .03
48.% 10.8 .1 9RQ.2 1.11 .0%
50.0 9.91 .15 9k.3 .931 .026
50.0 9.62 B 96.4 .811 025
50.4 8.68 .08 98.5 7 o24
50.6 T.71 11




-101-

33.0 MeV (continued)

UCRL-1841k

.25 Mev 4F
€ do/d A . do /aQ A
(deg) (mb/sr) (mb/sr) (deg) (mb/sr) (mb/sr)
15.1 - hoov .10 L8.6 127 .021
17.5 5.5U 11 50. k4 .663 .039
19.5 5.55 .10 50. 4 .586 .okl
19.5 5.79 .16 50.9 675 .021
22.h 7.05 .25 52.7 .800 .038
2h.3 - 6.16 .17 53 .2 837 .021
24.8 6.36 .17 55.1 1.0k .ol
26.7 4.66 .08 55.1 1.08 .04
26.7 4.39 .08 " 55.5 1.12 .0%
29.1 2.80 .05 57.4 1.10 .03
31.5 1.35 .0k 57.4 1.20 .05
31.5 1.19 .03 57.L4 1.10 .02
33.1 1.02 11 59.7 1.08 .02
33,9 .93k .033 61.9 .986 .019
33.9 .869 .022 63.4 .828 .026
35.5 .809 .068 6.2 . 785 .030
37.8 1.24 .08 65.7 .612 .023
Lho.2 1.54 .08 66.5 .68% .061
ho.6 1.67 Y17 67.9 .565 .027
L3 .4 1.12 .10 70.2 546 .023
L34 1.55 .08 2.4 .589 .021
43,4 1.64 .08 .6 .733 .027
43,9 1.52 .03 79.7 761 .022
hh.9 1.h1 11 81.9 677 .018
6.2 1.07 .03 84.0 575 .017
48,1 77 .009 86.1 52 .025




-102- UCRL-18k41k

33,0 MeV (continued)

4L.97 MeV 2~
6. do/an A % do/dn A
(deg) (mb/sr) (mb/sr) (deg) (mb/sr) (mb/sr)
15.1 .823 .045 50.6 1o .035
17.6 6L .037 51.0 -397 .016
19.5 .787 .0%36 52.9 o .027
19.5 LT71 .060 5% .4 .4o8 .015
22.4 . 763 .081 55.2 377 .026
24 . L .580 .053 55.2 408 .023
24.9 418 .0L3 55.7 .398 .017
' 26.8 .118 .012 , 57.5 .267 .016
26.8 .234 .019 57.5 .332 .025
29.2 .160 .013 57.5 .29k .012
34.0 .248 .017 59.8 .231 .009
34.0 .219 .011 62.1 .258 .010
35.6 .212 .035 63.6 .225 .01k
37.9 152 .027 6L4. L4 .261 .015
40.3 .189 .027 65.8 327 .017
43.5 169 .05 66.6 .348 .0h3
L35 .126 .022 68.1 372 .018
43.5 124 .021 70.3 347 .019
4.0 .165 .010 2.6 .284 .01k
45,1 .139 .033 4.8 143 .012
46.3 234 .012 79.9 .05% .006
h8.2 .164 .039 82.1 .108 .007
h8.7 .369 .015 8Lh.2 .150 .008
50.6 .393 .030 86.3 .1k0 .013




~103- : UCRL-1841L

33.0 MeV (continued)

5.63 MeV 3
do/an A Oum do/aq A
(mb/sr) (mb/sr) (deg) (mb/sr) - (mb/sr)
14.8 .3 48.9 1.92 .02
16.4 .2 50.7 1.61 .06
16.5 .2 50.7 1.82 oY
15.5 L 51.2 1.54 .03
*16.4 .3 53 .0 1.65 » .05
15.3 b 53.5 1.63 .03
10.9 .2 55.3 1.21 .05
11.1 .2 55.3 1.75 .05
6.93% .09 55.8 1.76 Ol
7.27 .11 57.7 1.6% .Ob
. 3.13 .06 57.7 1.73 .06
. 1.76 ol 57.7 1.85 .03
T 1.71 LOb 60.0 1.82 .03
.2 1.58 15 62.2 1.63 .02
.1 2.3%2 .05 63.7 1.30 .0%
ol 2.09 .03 64.5 1.kh9 Ok
.6 2.27 .11 66.0 1.39 .0%
.0 3.51 .13 66.8 1.15 .08
L 3.71 .12 68.% 1.11 .0%
.8 k.07 .26 70.5 .978 .030
.6 2.97 .21 72.7 .973 .026
.6 3.45 11 4.9 724 .027
.6 3.51 A1 80.1 .610 - .020
.1 3.73 .05 82.2 832 .020
.2 3.12 .16 84 .k AN .018
5 2.91 .0L 86.5 .791 .030
48.3 1.78 .13 ,




N
33.0 MeV (continued)

-10L-

UCRL-1841k

5.80 MeV 1~
6. do/an A om do/an A
(deg) (mb/sr) (mb/sr) (deg) (mb/sr) (mb/sr)
12.7 12.3 .2 48.8 1.33 .03
15.2 4.87 1 50.7 1.74 .06
17.6 2.07 .07 50.7 1.63 .07
19.6 3.26 .07 51.2 1.71 .03
19. 2.78 .11 53.1 1.77 .06
22.5 L.71 .20 53%.5 i.65 .03
2k L 4.60 .15 55.4 2.20 .06
2k.9 4.55 .1h 55. 4 1.51 .0l
26.9 2.67 .06 55.8 1.2% .03
27.0 1.78 .05 57.7 1.04 .03
29.3 1.0k .03 57.7 .829 .0ko
31.7 1.38 .0k 57.7 .716 .018
31.7 1.23 .03 60.0 .156 .008
33,3 1.72 15 62.3 .120 .007
34,1 2.81 .06 63.8 .185 .012
34,1 2.84 .0k 64.6 .227 .01k
35.7 3,44 .1h 66.0 .263 .015
38.1 3.18 .12 66.8 .563 .055
40.5 3.0% .11 68.3 654 .025
42.8 1.46 .15 70.5 .591 .023
W37 2.76 .20 72.8 217 .013
43,7 1.69 .08 75.0 .207 .01k
43,7 2.08 .08 - 80.1 .T65 .022
W 1 1.45 .03 82.3 .978 .022
45.2 1.1h4 .10 84.L 1.24 .02
h6.5 1.0h .03 86.6 1.17 ol
L8 . 1.45 .13




33,0 MeV (continued)

-105-

UCRL-18L1kL

7.17 MeV' 3
6 do/do A 6 o do/an A
(deg) (mb/sr) (mb/sr) (deg) (mb/sr) (mo/sr)
12.8 30.0 L ho.1 1.80 .04
15.3 25.9 .2 51.0 1.98 .07
17.7 23.4 .2 51.0 1.6% . .07
19.7 18.8 .2 51.5 1.92 ol
19.7 20.4 3 53 .4 1.k47 .05
22.6 16.9 3 53.8 1.57 .03
2Lh.6 9.76 .22 55.7 1.26 .05
25.1 9.99 .20 55.7 1.31 Nellk
27.0 5.60 .08 56.1 1.24 .0%
27.1 5.41 .09 58.0 .898 .029
29.5 3.61 .06 58.0 .ok2 .0k2
31.9 k.34 .07 58.0 1.02 .02
31.9 k.00 .05 60.3 .918 .019
33.5 L. 72 .2k 62.6 .951 .018
34.3 4.57 .07 6L.1 1.20 .03
34.3 k.43 .05 64.9 1.01 .03
35.9 k.69 .16 66.4 .979 .029
38.2 L.77 .15 67.2 .662 .059
ho.7 3.60 1 68.6 .950 .029
43,1 3.06 .22 70.9 827 .028
43.9 2.19 .18 .1 .T716 .024
43.9 1.86 .08 75.3 .618 .026
43.9 2.18 .09 80.5 .519 .018
g 2.11 ol 82.7 .503 .016
W54 2.1 .15 8h.9 87 .015
46.7 1.88 .04 87.0 Ay .022
u8.7 1.89 .13




~106- UCRL-1841L

Neeo(a,a')
Large angle data
3%.0 MeV
Elastic 1.63 Mev 2F

eL 6 do /a0 6., do/dq

(deg) (deg) (mb/sr) (deg) (mb/sr)

86.7 3.1 .360 8.4 .832
88.7 100.3% .304 100.7 .93L

90.7 102.3 171 102.7 .800

R2.7 104.3 .131 10k.7 .84k

ok.7 106.3 .052 106.6 .564

9.7 108.2 .055 108.6 .578

98.7 110.2 .061 110.5 LLhé
100.7 112.1 .110 112.5 .48L
102.7 11k4.0 .120 11kh.4 .26L4
Lok, 7 115.9 .088 116.3 .23%
106.7 117.8 .084 118.2 . .229
108.7 119.7 077 120.1 | .301
110.7 121.6 .053 121.9 | .308
112.7 123.4 .0ko 123.8 L37
11k.7 125.3 .0k45 125.6 RN}
116.7 127.1 .087 127.3 .55%
118.7 128.9 .102 129.2 .313%
120.7 130.7 2Lk 131.0 .29k
122.7 132.5 .266 132.8 .215
12h.7 13L4.3 .298 13k4.5 .278
126.7 1%36.1 140 136.3 293
128.7 137.6 .113 138.0 .596
130.7 139.3 .07k 139.8 662
132.7 k1.0 . 066 1.5 1.22
1347 142.8 .110 1k3 .2 .986
136.7 1kh.5 .230 ikh.9 1.13
138.7 146.2 .282 146.6 .901
140.7 147.9 525 148.3 873
1h2.7 149.5 319 150.0 .558
14h.7 151.2 .387 151.6 137
146.7 152.9 .201 153.3 1.01
148.7 ©154.5 .323 154.9 1.81
150.7 156. .206 156. 1.54

(continued)



-107-

33.0 MeV (continued)

large angle data

UCRL-1841k

h.25 Mev LF k.97 MeV 2°
o, O, do/an A 0. do/an I
(deg) (deg) (mb/sr) (mb/sr) (deg) (mb/sr) (mb/sr)
: 97.2 1.07 .03 . 97.6 JAbT .010
86.7 99.k4 1.01 .03 99.6 .094 .008
88.7 101.3 1.17 T .03 101.5 .069 .006
90.7 10%3.3 1.07 .02 10%.5 .082 .007
92.7 105.4 1.21 .03 105.6 .090 .007
ok.7 107.h4 .853 .023 107.6 .131 .009
9.7 109.2 .855 .017 109.4 .110 .006
98.7 111.1 .718 .016 111.3 A7 .008
100.7 113.2 873 .018 113.4 .23k .009
102.7 115.1 .768 .017 115.3 .098 .006
10k.7 116.9 .99k .019 117.1 121 .007
106.7 118.8 1.01 .019 119.0 .062 .005
108.7 120.7 1.55 .02k
110.7 122.6 1.12 .020 122.8 .061 .005
112.7 124.3 1.28 .021 124h.5 .10k .006
11h.7 126.1 1.07 .02 126.3 .089 .006
116.7 128.0 1.10 .02 128.2 .109 . 006
118.7 129.8 .697 .016 130.0 227 .009
120.7 131.5 557 .010 131.7 227 .007
122.7 133.3 1439 .009 133.5 .248 .007
124 .7 135.1 .578 .010 135.3 .083 .00k
126.7 136.9 .683 .011 137.0 .071 .00k
128.7 138.5 1.89 .03 138.7 .1h45 .007
130.7 1ko0.2 2.45 .03 1ho.b 376 .011
132.7 142.0 3.25 .03 1h2.2 o7 .01%
134.7 143.7 2.61 .03 143.9 .52% .013
136.7 145.3 1.48 .01 145.5 .28 .006
138.7 147.0 1.1h .01 1h7.1 .266 .006
140.7 148.7 1.07 .01 148.9 234 .005
1ho.7 150. 4 664 .008 150.5 L1117 .00k
1447 151.9 LThh .007 152.1 .080 .002
146.7 153.6 .27 .007
148.7
150.7
88.9 .560 .021 89.1 .088 .008
91.0 639 .022 91.2 .062 .007
9.9 .55 .022 95.1 .048 .006
95.0 .967 .02} 95.k .ol .005%




-108- UCRL-18L1k

Ne20 (a,at)

50.9 MeV

Elastic
6 0 do/an 6 0 do/an
(deg) (deg) (mb/sr) (deg) (deg) (mb/sr)
36.7 43.6 9.94 ok, 7 106.% .103
38.7 45.9 8.88 9.6 108.1 .092
40.6 48.2 6.56 98.6 110.1 .059
h2.6 50.5 3.59 100.7 112.1 .Ob7
Wh.7 52.9 1.84 102.7 114.0 .02L
46,7 55.2 1.23 10k.6 115.8 .013
48.6 57.3 1.24 106.6 117.7 .011
50.6 59.0 1.28 108.7 119.7 .0092
52.7 61.9 1.04 110.7 121.6 . 0066
54.7 6h.2 .590 112.6 123.3 L0046
56.6 66.3 1418 11L.6 125.7 .0030
56.6 66.3 .398 116.7 127.1 .0056
53.6 68.5 362 118.7 -128.9 . 0054
58.6 68.5 362 120.6 130.6 .0068
60.7 T70.8 U436 122.6 132.54 .0055
60.7 70.8 482 124, 7 134.3 .0025
62.7 73.0 .483 126.7 136.0 .0085
62.7 5.0 489 128.6 137.7 .022
64 .6 75.1 546 129.3 138.3 .02k
6kL.6 75.1 .538 130.6 139.h4 .035
66.6 77.3 535 131.4 1%0.1 .035
66.6 77.3 .518 132.7 1h1.3 .037
68.7 79.5 497 133 .4 141.8 .0ko
68.7 79.5 .528 134, 7 143.0 .030
70.7 81.7 Qa1 135.k 143.5 .031
70.7 81.7 Lok 137.3 145.1 .016
72.6 83.7 .386 139.4 146.9 .010k4
4.6 85.8 <370 1h1.h 148.6 .022
76.7 88.0 .299 1434 150.4 .o48
78.7 90.1 .319 145.3 151.9 .065
80.6 92.1 .335 1474 153.7 .079
82.6 9k.1 .329 1k9.L 155.3 .062
84,7 96.3% .220 151.4 157.1 .038
86.7 98.% .205 15%.5% 158.5 .017
88.6 100.2 .170 155.4 160.2 .036
90.6 102.2 .158 157.h 161.8 075
02.7 104.3 .125 159.h 163.4 .12k

(continued)



-109- UCRL~18L414

50.9 MeV (continued)

1.63 Mev 2*
0 0. do/an e, I do/dn
(deg) (deg) (mb/sr) (deg) (deg) (mb/sr)
36.7 Lz, 7 3.89 9k, 7 106.5 .740
38.7 6.1 3.23 9.6 108.4 .628
40.6 48.3 4.35 98.6 110.3 .5k
W26 50.6 L.76 100.7 112.4 522
Uk, 7 53.0 4.37 102.7 11k.3 458
LW6.7 55.3 2.54 10Lk.6 116.1 s
148.6 57.5 1.71 106.6 118.0 se
50.6 59.8 1.18 108.7 119.9 .L65
52.7 62.1 1.18 110.7 121.8 .387
5h. 7 6Lh. L 1.19 112.6 123.6 .39
56.6 66.5 1.27 114.6 125.4 .378
56.6 66.5 1.31 116.7 127.3 .331
58.6 68.7 1.08 118.7 129.1 .265
58.6 68.7 1.07 120.6 130.8 .206
60.7 71.0 837 122.6 132.6 .180
60.7 71.0 .848 124,77 134.5 .160
62.7 73.2 .629 126.7 136.2 .170
62.7 73.2 .629 128.6 137.9 .201
6h.6 75.3 615 129.3 138.4 .212
64.6 75.3 .598 130.6 139.6 .239
66.6 77.5 .785 131.4 140.3 241
66.6 77.5 . 729 132.7 1414 .239
68.7 79.7 .966 133.4 1h2.0 .236
68.7 79.7 875 13k4,7 1431 .194
70.7 81.9 1.04 135.4 1h43.7 .199
70.7 81.9 .906 137.3 145.3 152
72.6 83.9 1.05 139.4 k7.0 .1h4o
4.6 86.1 1.08 1414 148.7 .135
76.7 88.2 .986 143 .4 150.4 .170
8.7 90.2 .89h 145.3 152.0 .180
80.6 92.3% .89k 1474 153.8 .248
- 82.6 9.k .894 1k, 155.4 .229
84,7 96.5 1.00 151.h 157.1 77
86.7 98.6 .909 153.3 158.6 J11k
88.6 100.k4 Ll 155.4 160.3 .109
90.6 102.4 .932 157.4 161.9 .159
2. 10k.6 879 159.4 163.5 .23L

(continued)



-110-

50.9 MeV (continued)

UCRL-1841L

4.25 Mev 4"
Iy ‘ecm do/an A 6 6. do/an A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr)  (mb/sr)
Th.6  86.4 3% .026 122.6 13%2.9 .216 .029
7.7 88.6 .4o3 .026 24,7 134.8 .237 .028
78.7 90.6 425 .026 126.7 136.5 .229 .028
80.6 92.7 23 .026 128.6 138.2 .265 .026
8h.7  96.9 .1o8 .026 129.3 138.8 .2h2 .019
86.7 99.0 437 .026 130.6  139.9 .256 .026
88.6 100.9 L5k .026 131.4%  1k4%0.5 .25% .018
90.6 102.9 h67 .026 132.7  1k1.7 .229 .027
92.7 105.0 498 .025 1334 1k2.3 .211 .020 -
ok.7 106.9 460 .026 .7 1434 .159 .032
9.6 108.8 .450 .020 135.4  1kk.0 .161 .023
98.6 110.7 ko .020 137.3  145.6 1 .13%0 .029
100.7 112.8 o2 .021 139.4  1h47.2 | .129 .028
102.7 11h.7 352 .023 .k 1k9.0 175 .02h
104k.6 116.5 .319 - .02k 3.k 150.7 .2h2 .020
106.6 118.L4 2313 .024 1k5.3 152.3 .308 .017
108.7 120.3 312 .02h 1h7.4 0 153.9 .166 .02%
110.7 122.2 .290 .025 149.4  155.6 .095 .030
112.6 123.9 .300 .025 151.%  157.2 438 .01h
11k.6 125.8 .296 .025 153.3 158.8 .ho9 .017
116.7 127.7 272 .026 155.4  160.4 .391 .016
118.7 129.4 .2h0 .027 157.4  162.1 .31k .018
120.6 131.2 .208 .029 159.4.  163.6 .251 .018

(continued)

- B



~111-

50.9 MeV (continued)

UCRL-18k1L

| k.97 MeV 2~
6 {ecm do /a0 A or, 6, do/an A
(deg) (aeg) (mb/sr)  (mb/sr) . (deg) (deg) (mb/sr) (mb/sr)
6.7 88.7 .188 .038 124.7 13k.9 .069 .051
8.7 90.8 .198 .038 126.7 136.6 .061 .05k
80.6 92.8 .185 .039 128.6 138.3 .050 .060
84,7 97.0 167 .Olh2 129.3 . 138.9 .038 .08
86.7 99.1 LT7h .01 = 130.6  140.0 .0L8 .060
88.6 101.0 .1%0 . .OU6 131.4  1k40.7 .051 .okl
90.6 10%.0 .16k .0l3 132.7 141.8 .061 .053
®R.7T 105.1 .168 .0l3 133.4  1be.lk .056 - .039
ok.7 107.1 .15% .05 34,7 143.5 .069 .0k9
9.6 108.9 .133% L037 135.4  1kk.1 .069 .03k
98.6 110.9 .130 .037 137.3  145.6 0Tk .038
100.7 112.9 131 .0%8 139.4  147.3 .076 .037
102.7 11k.8 .129 .038 ik.k 1k9.1 .066 .038
10k.6  116.6 a2 .0%6 3.4 150.7 .043 .048
106.6 118.5 .156 .03h 145.3 152.3 .025 .061
1108.7  120.4 J1h2 .036 k7.4 153.9 .069 .036
110.7 122.3 .125 .039 151.4% 157.3 .070 .03L
112.6  12k4.0 17 .0ho 153.3 158.8 .083 .035
114.6  125.8 .11k .ol 155.4  160.4 .085 .035
118.7 129.5 .079 .048 157.4  162.1 07h .0%6
120.6  131.3 .081 .048 159.4  163.7 . 060 .039
122.6 133.0 077 .0k9g :

(continued)



-112- UCRL-18kL1k

50.9 MeV (continued)

4.25 MeV 4F 4.97 MeV 2~
6, | 8 do/dq 6r, 6 o do/dn
(deg) (deg) (mb/sr) (deg) (deg) (mb/sr)
40.0 7.9 1.05 40.0 48.0 .03L
42 50.2 .95% Lo 50.3 .025
Ll 52.5 .909 uh 52.6 .019
L6 : 54.8 .863 L6 54.9 .020
48 57.1 .866 48 57.2 .02k
50 59.4 .865 50 59.5 .0ko
52 61.7 .651 52 61.8 .070
5k 63.9 676 54 64.0 .072
60 70.6 R Y(3) 60 70.7 .108
62 72.8 .ol 62 72.9 .109
6U 75.0 490 64 75.1 .126
66 77.2 19 66 77.3 .160
68 79.k4 .356 68 79.5 .180
70 81.5 .318 T0 81.7 .211
T2 83%.7 .279 72 83.8 71
h 85.8 .286 h 85.9 176

(continued)



©-113- UCRL-18L14

50.9 MeV (continued)

5.63 MeV 3 5.80 MeV 1~ . 7.17 MeV 3~

6 do/dn

6 6 do/an 6 6 do/dn 6y, om

L cm L cm
(deg) (deg) (mb/sr)  (deg) (deg) (mb/sr)  (deg) (deg) (mb/sr)

%0.0 u48.0 1.01 4.0 48.0 .685 40.0 " L8.2 448
h2  50.k4 .795 Lo 50.4 772 4o 50.5 387
h 52.7 LT Lh 52.7 .721 Wy 52.9 .356
Ty 55.0 480 46 55.0 .699 L6 55.2 .321
L8 573 578 - 48 | 57.3 405 48 57.5 022
50 59.6 .580 50 59.6 276
52 61.8 .53%5 52 61.9 L1177
60 70.8 276 54 6l. .122
62 73.0 .222 60 70.9 .095
6L 75.2 192 62 73.1 .033
66 77.4 .123 6l 75.3 .02k
68 79.6 .166 66 77.5 .050
70 81.8 .130 68 79.6 .011

72 83.9  .062 . 70 81:8 .019




=11k~ UCRL-18kL1k

ye=? (a,at)

80.8 MeV

Elastic

oL € do/an A or, 6. do/da A
(deg) (deg) (mb/sr)  (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
11.9 14.3 322.1 1.5 43.9 52.0 2.530 .036
13 15.6 L402.6 1.8 45.9 54,2 1.951 .028
1L 16.8 348.0 .7 h7.8 56 .4 1.516 .0k9g
15.9 19.1 125.6 .3 47.8 56 .4 1.467 .025
18 21.6 17.45 .06 49.8 58.7 1.3%22 .024
20 2h.0  36.49 .08 51.8 61.0 1.101 .022
22 26.3 49.89 L1k 5%.8 63.2 .832 .020
2L 28.7 26.32 .09 57.8 67.6 L6 .018
26 31.1 7.793 oLl 57.9 67.8 Lo6 .017
28 33.5 5.267 075 57.9 67.8 .hhg .013
30 35.8 7.985 .048 61.9 2.2 .297 .009
30.9 %36.9 7.9 31 69.9 80.8 .087 .005
31.8 37.9 7.54 .36 77.8 89.2 .031 .005
32 38.2 7.117 .OL7 77.8 89.2 .030 .00k
32.9 39.2 5.57 .32 81.8 93.3 .035 .003
33.9 4ok 4.607 .119 83.9 9.5 L01T7h .0023
3l 40.5 4,431 .0%8 85.9 97.5 .0106 .002kL
35.8 4o .6 3.179 07k 89.8 101.5 .0080 .0017
36 42.8 3.229 027 97.9 109.54 .00T7h .0015
37.9 45.0 3.269 .033 103.8 115.1 .00k2 .0011
38 L5.2 3.29 .oko 105.8 117.0 .00k49 .0016
39.9 L.l 3.514 .035 117.8 128.1 .0006 .000k
4h1.9 ho.7 3.182 .048

(continued)



-115-

80.8 MeV (continued)

UCRL-18L1k

1.63 MeV 2F

GL Gcm do/an S 6p 6 do/an A
(deg) (deg) (mb/sr). (mb/sr) (deg) (deg) (mb/sr)  (mb/sr)
11 13.2  54.19 .50 k5.9 5k L 3,237 .036
11.9 143 18.60 .36 47.8 56.5 2.1737 .066
13 15.6 6.77 .23 47.8 56.5 2.70L .034
14 16. 14.23 a4 49.8 58.8 2.188 .0%1
15.9 19.1  39.88 .18 51.8 61.1 1.921 .029
18 21.6 3L.6L4 .08 5%.8 63.% 1.664 .028
20 24h,0  13.20 .05 57.8 67.8 1.280 .029
2L 28.8 13.77 .07 57.9 67.9 1.310 .027
26 31.2  1k.37 .06 57.9 67.9 1.298 .022
30 35.9 4,742 .037 61.9 72.3% .891 .016
30.9 37.0 k.26 .22 77.8 89.3 .210 .012
31.8 38.0 4.79 .29 77.8 89.3 .21h .010
32 38.2 h.917 .039 81.8 93.5 .148 .007
32.9 39.3% 6.07 .33 83.9 95.6 .113 .006
33.9 40.5 5.7h L.13 85.9 97.7 .106 .007
36 ho.9 5.32 .08 89.8 101.6 .078 .005
38 45,2 L. o7 .05 97.9 109.6 .031 .003
39.9 47.5 3.31 .Oh 10%3.8  115.2 .021 .00%
b1.9 49.8 3.311 ohko 105.8  117.1 .021 .00%
43.9 52.1 3.396 obe2 117.8  128.2 .0091 .0017

(continued)



-116-

80.8 MeV (continued)

UCRL-18k41k4

.25 MeV b+
6 6. do/an A 6, 6 do/dQ A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr)  (mb/sr)
11 13.3 5.99 .16 3.9 52.2 .852 .021
11.9 4.4 6.203 .21 45.9 54,5 841 .018
13 15.7 5.63 .21 47.8 56.7 .T60 .018
1k 16.9 4. L26 .078 49.8 59.0 .711 .018
15.9 19.2 1.585 .036 51.8 61.3 621 .0L7
18 . 21.7 .981 .01% 53.8 63.5 .535 .016
20 2h.1 2.411 .021 57.9 68.1 453 .016
22 26.5 3.079 .036 57.9 68.1 .48 .012
2k 28.9 2.094 .025 61.9 2.5 .331 .010
26 31.3 1.496 .019 69.9 81.2 .201 .008
28 33.6 1.629 .0k2 77.8 89.5 .093 .008
30 36.0 1.742 .022 77.8 89.5 .090 .006
30.9 37.1 1.75 .15 81.8 9.7 .069 .005
31.8 38.1 1.53 .16 83%.9 95.9 .065 Relol
32 38.4 1.409 .021 85.9 97.9 .052 .005
32.9 39.L4 1.02 .13 89.8 101.8 .ok .00k
33.9 40.6 1.089 .058 97.9 - 109.8 .027 .00%
3l 4o.7 1.06k .019 103.8 115.5 .02L . 003
35.8 42.8 .84k .038 105.8 117.4 L0152 .0029
36 43,1 .9L5 .015 117.8 128.4 .006kL .001L
39.9 47.6 .971 .018
k1.9 49.9 .962 .026

(continued)



~117~

80.8 MeV (continued)

UCRL-18k41k

.97 MeV 2~

o CH do/dan A oy, 6., do/an A
(deg) (deg) (wv/sr) (ub/sr).  (deg) (deg) (wb/sr) (md/sr)
11 13.% L7953 .061 - k1.9 50,0 .199 .012
11.9 144 .380 .052 43.9 52.3 .243 .011
1k 16.9 .305 .020 45.9 5h.6 24k .010
18 21.7 .118 .00k 47.8 - 56 .8 179 L017
20 2h.1 .105 .00k 47.8 56.8 .192 .009
22 26.5 J111 .007 49.8 59.0 .156 .008
oh 28.9 .196 .008 51.8 61.3 .160 .008
26 31.3 .258 .008 55 .8 63.6 .100 .007
28 33,7 277 .017 57.9 68.1 077 .007
30 36.0 371 .010 57.9 68.1 .088 .006
0.9 37.1 .32L .062. 61.9 2.6 075 .005
51.8 38.2 .310 .073 69.9 81.3 .037 .00%
32 38.4 o2 .011 77.8 89.6 .02k .003
32.9 39.5 Lubs .089 81.8 95.8 .0126 .0021
33.9 40.6 RN} .036 83.9 95.9 .0103% .0017
L 4o.7 Jah .012 85.9 98.0 .0090 .0022
5.8 42.8 .399 .026 89.8 101.9 .0062 .0015
36 43,1 ho1 .010 97.9 109.9 L0045 .0012
37.9 45.3 .378 .011 10%.8 115.6 .0012 .0006
38 45,4 .343 .013% 105.8 117.4 .0027 .0012

L7.6 317 .010 -117.8 128.5 .0015 .0007

59.9

(continued)



-118-

80.8 MeV (continued)

UCRL~-18L414

5.63/5.80 MeV 3 /1°

GL Gcm do/dn A 6r, Gcm do/aQ A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
11 13.3 24, ko 3k 38 45.5 .701 .018
11.9 14.h 19.31 37 39.9 .7 .709 .016
13 15.7 13.61 .32 b1.9 50.0 .765 .02h
1k 16.9 9.34 A1 43.9 52.3 L7153 .020
15.9 19.2 3.55 .05 45.9 54.6 .716 .017
18 21.7 6.23 .06 47.8 56.8 660 .032°
22 26.5 5.81 .06 47.8 56.8 .613 .016
24 28.9 4,382 037 49.8 59.1 .546 .015
26 31.3 3.570 .03%0 51.8 61.4- .552 .016
28 33,7 3.0%2 057 53.8 63.6 183 .015
. 30 36.1 2.k .026 61.9 72.6 2k .008
30.9 37.2 2.26 .16 69.9 81.3 11k .006
31.8 38.2 1.48 .16 77.8 89.7 .0h3 .00k
32 38.4 1.746 .023 81.8 93.9 .0L3 .00L
32.9 39.5 1.44 .16 8%.9 96.0 .028 .003
33.9 40.7 1.174 .060 85.9 8.1 .02 Kol
3L 40.8 1.177 .019 89.8 102.0 .0127 .0022
35.8 ho.9 .857 .038 97.9 110.0 .0065 .0015
36 43,1 .8L9 .01k 10%.8 115.6 .0055 .0013
37.9 L5, 4 .015 117.8 128.5 .0018 .0008

676

(continued)



-119~ UCRL-1841L

0*0(a,ar)
50 MeV
Elastic

o, 6. do/dn or, Oom do/dn
(deg) (deg) (mb/sr) (deg) (Geg) (mb/sr)

8.3 9.8 255.5 24.3 30.3 13.7

9.3 11.6 375.9 25.3 31.5 31.0
"10.3 12.8 662.8 26.3 32.8 37,7
11.3 k.1 169.8 28.3 35.2 7.k
12.3 15.% 16.9 30.3 37.7 36.1
13.2 16.5 1h.7 32.2 39.9 22.2
13.3 16.6 36.2 32.3 Lo.1 2.52
14.3 17.8 133.4 33,7 ha,7 1Lk.2
15.2 19.0 162.7 3.2 42,3 . 6.50
15.3 19.1 447.0 38.5 L7.6 16.3
16.3 20.3% 235.5 - Lho.2 49.6 17.5
17.3 21.5  226.9 Lo.2 51.9 144
18.2 22.7 187.9 Ll 2 54.3 9.61
18.3% 22.8 184.8 46,2 56.7 5,48
19.3 24.0 125.8 50.2 61.4 2.4
20.2 25.2 82.4 52.2 63.7 2.07
20.3 25.3 69.6 54.2 66.0 1.58
21.3 26.6 25.3 58.2 70.6 .762
22.2 27.7 12.9 6h.7 77.9 1.07h
22.3 27.8 6.88 66.7 80.6 1.25
23.3 29.1 6. 4L 68.7 82.3 1.55

(continued)



-120- UCRL-18414

50 MeV (continued)

6.137 MeV 3

eL ecm do/dn 6 ecm do/dq
(deg) (deg) (mb/sr) (deg) (deg) (mb/sr)
9.3 11.7 16.7 26.3 33.2 8.15
11.3 1h. k4 21.3 28.3 35.6 6.92
12.3 15.7 23.6 30.3 38.1 k.55
13.2 16.8 22.4 32.2 40.6 2.87
14.3 18.2 23.9 32.3 40.6 2.82
15.2 19.3 22.2 33,7 ko k4 2.18
15.3 19.5 Yo7 3h.2 43.0 1.02
16.3 20.7 19.3 38.5 48.1 3.12
17.3 22.0 16.3 ho.2 50.4 3.62
18.2 23.1 13.5 hp.2 52.8 3.23
18.3 23,2 13.0 4.2 55.2 2.58
19.% 24,5 9.92 6.2 57.6 2.02
20.2 25.6 7.79 50.2 62.3 1.72
20.% 25.8 7.76 52.2 64,7 1.70
21.3 27.0 6.22 54.2 67.0 1.57
22.2 28.1 5.40 58.2 71.6 1.40
22.3 28.3 6.00 - 6k, 7 79.0 1.00
23,3 29.5 6.49 66.7 81.3 1.03
24.3 30.8 7.30 68.7 83.5 1.02
25.3 32.0 7.84

(continued)



-121- ' UCRL-18L1k

50 MeV (continued)

6.918 Mev 2" 7.118 MeV 1° 8.876 MeV 2~

0 I do/an o1, I do/an or, 0y do/an

(deg) (deg) (mb/sr) (deg) (deg) (mb/sr) (deg) (deg) (mb/sr)

9.3 11.7 1kh.6 9.3 11.8 3.29 9.3 . 11.8 .1.82
11.3  1k.h 12.3 11.3 1.4 .005  10.3 13.2  1.L45
12.3  15.7 9.94 12.3 15.7 1.15 12.% 15.7 1.6%
13.2 © 16.9 7.87 13.2 16.8 1.50 13.2 16.9 1.4
k.3  18.2 2.91 1k.3 18.2 3.80 14.3 18.4 1.26
15.2  19.k4 L, ok 15.2 19.4 2.85 15.2 19.5 1.29
15.3  19.5 6.8L 15.3 19.5 6.28 15.3 19.6 2.%8
16.3 20.8 2.85 16.3 20.8 3.16 16.3 20.9 .9L6
17.3 22.0 2.87 17.3 22.1 2.9 17.3 22.2 .79%
18.2 23.2 2.95 18.2 23.2 2.97 18.2 23.3 .678
18.3 23.3 3.h0 18.3 23.3 2.88 18.3 23.4 .393
19.3 24.6 4,20 19.3 2k.6 2.37 19.3 ok, 7 Lho2
20.2 25.7 3.87 20.2 25.7 2.00 20.2 25.9 377
20.3 25.8 L.48 20.3 25.8 2.05 20.3 26.0 .320
21.3 27.0 L.45 21.3 27.1 1.77 21.% 27.3 257
22.2 28.2 3.88 22.2 28.2 1.72 22.3 28.5 .23
22.3 28.h4 h.26 22.3 28.4 1.82 23.3% 29.8 .239
23.3  29.6 3.55 23.3 29.6 2.05 24,3 31.1 .348
24h.3  30.9 3.02 24,3 30.9 2.28 25.3 32.3 .329
25.3 32.1 1.9k 25.3 32.1 2.48 26.3 33.5 392
26.3  33.2 1.46 26.3% 33.3 2.53 28.3 36.1 .383
28.3  35.9 .968 28.3 35.9 2.15 30.3 38.6 .29
30.3 38.L4 1.27 30.3 38.4 1.40 32.2 40.9 .15h
32,2  ho.7 1.31 32.2 ho.7 .838 32.3 hi.1 .203
32.3  L40.8 1.82 32.3 40.9 .597 33.7 k2.8 .14%0
33.7 k2.5 1.38  33.7 k2.6 .611 . 3k4.2 3.3  .062
38.5 L48.4 1.01 38.5 48.5 .699 38.5.  L48.7 .208
40.2  50.5 .924 4o.2 50.5 . .817 4o.2 50.8 340
ho.2  52.9 .827 ho.2 53 .0 1.04 ho.2 53.3 392
Lh.2  55.% .915 L. 2 55.4 .983% L. 2 55.7 17
50.2  62.5 .535 50.2 62.5 1.43 L6.2 58.1 405
5h.2  67.2° .254 54.2 67.2 1.39 50.2 62.9 .378

52.2 65.2 .385
54,2 67.6 .38
58.2 72.2 .332
6L.7 79.7 .328
66.7 81.9 .300
68.7 8h.1 .265




-122- UCRL~1841k

016(05,04')

80.7 MeV

g.s. O+
6;, 0., do/an A oy, CH do /a0 A
(deg) (deg) (mb/sr)  (mb/sr) (deg) (deg) (mb/sr)  (mb/sr)
10 12.5 24,07 .76 32 39.7 10.62 Lk
11 13.8 82.08 .20 32 39.7 10.67 .08
12 15.0 180.5 2.1 32 39.7 9.800 . 064
12 15.0 299.7 .3 33 40.9 10.73 .13
12 15.0 228.8 .9 33 40.9 9.94k .081
13 16.3 350.9 1.9 3 ho.1 9.69 .13
13 16.3 323.2 b 3 ho,1 9.153 .06L
14 17.5 277.7 2.6 35 43 .3 9.22 .12
14 17.5 315.7 1.1 35 3.3 8.330 .062
1L 17.5. 32k.0 b 36 b5 7.625 -051
15 18.8 321.5 1.9 36 4.5 7.626 .060
15 18.8 247.2 .3 37 45.8  7.488 . 085
16 20.0 163.3 2.0 38 47.0 7.692 .05%
16 20.0 150.1 .8 38 47.0 7.495 077
16 20.0 167.7 .3 38 47.0 7.20 .06
17 21.2 111.8 1.1 38 47.0 7.57 .11
18 22.5 39,32 .39 39 48.2 7.609 .086
18 22.5 L41.83 1k Lo ho.k 8.290 .056
19 23.7 32.51 59 40 4o, 4 8.518 .083%
20 25.0 34,56 29 40 ho. L 7.617 .062
20 25.0  35.13 14 41 50.5 8.226 .090
21 26.2 43,35 26 41 50.5 7.935 .056
21 26.2 145,53 14 ho 51.7 8.822 .057
22 27.4  52.46 37 4o 51.7 8.751 .085
23 28.7 Log.o7 27 Lo 51.7 8.085 .057
2L 29.9 39.48 32 L3 52.9 8.553 .09%
2L 29.9 L1.66 14 4L 5h.1 8.337 .089
25 31.1  30.53 21 Ll 54.1 8.358 .083
26 32.4  16.7h 21 Ll 54.1 8.39 135
26 32.4  17.20 10 L 5.1 7.950 .058
27 33.6 10.87 14 46 56.5 7.3Lk9 .082
28 34.8 6.82 11 46 56.5 7.41 .12
29 36.0 6.67 10 46 56.5 7.217 .056
30 37.3 8.18 12 L8. 58.8 6.227 .078
30 37.3 7.989 070 43 58.8 6.21 11
31 38.5 9.38 .12 48 58.8 6.0%5 .053
31 38.5 9.00k .O7h 50 61.2 5.003 .069

(continued)



-123-

80.7 MeV (continued)

UCRL-18L1L

g.s. O

cH 6 do/&ZA A or 6., do/aq A

(deg) (deg) (mb/sr)  (mb/sr) (deg) (deg) (mb/sr)  (mb/sr)
50 61.2 5.11 .10 68 81.5 .781 .01%
50 61.2 5.062 .049 68 81.5 - .745 .025
52 63.5 el .088 70 83%.7 .648 .012
52 63.5 4.368 .oLk7 72 85.9 .511 .012
54 65.8 3.938 .08L4 ™ 88.0 g .010
56 68.1 3,262 077 76 90.2 .343 .01k
58 70.4 2.767 071 78 92.3% 243 .012
60 2.6 2.266 .03k 80 ok b .187 .011
62 4.9 1.716 .030 82 9%6.5 .165 .010
64 7.1 1.277 .026 84 98.5 .116 .011
6k 77.1 1.278 .031 86 100.6 .109 .010
66 79.3 1.007 .023 88 102.6 L0692 .0083
66 79.3 1.007 .029 90 104.6 .0787 .0090

(continued)



-12h- UCRL-18414
80.7 MeV (continued)

6.137 MeV 3
o, . do/an A o . do/dn A
(deg) (deg) (mb/sr) (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
10 12.6 25.06 .76 3L k2.5 2.749 .0%5
11 13.9 28.10 11 35 43.8 2.108 .057
12 15.2 21.81 .71 35 43 .8 2.353 .033
12 15.2 2h.99 .09 36 45.0 2.130 .029
12 15.2 22.88 .30 36 45.0 2.139 .031
13 16.4 24,02 ) 37 L6.2 2.112 .05
13 16.4 19.41 .10 38 h7.4 2.046 .027
14 17.7 13.35 .56 38 h7.4 2.025 .0ko
1k 17.7 13.96 .23 38 b7k 1.81 .03
1k 17.7 13.75 .07 38 7.4 2.11k4 .057
15 18.9 11.30 .35 39 48.6 2.110 .05
15 18.9 - 8.294 .059 Lo 49.8 2.202 .028
16 20.2 L. 46 .32 4o 49.8 2.240 .0k
16 20.2 D L.6h .13 Lo 49.8 2.021 .0%32
16 20.2 h.937 .0U6 4y 51.0 2.008 .ok
17 21.5 4,02 .20 41 51.0 2.032 .028
18 22.7 4,35 .12 ko 52.2 2.o4k .029
18 22.7 4,026 .Oblk Lo 52.2 2.080 - .029
19 2k.0 6.45 .26 Ly 54.6 2.187 .0k5
20 25.2 7.32 .13 Ll 5k, 6 2.133 .063
20 25.2 7.335 .062 Ly 54.6 2.039 .029
21 26.5 8.26 .11 L6 57.0 2,124 .0k
21 26.5 8.319 .059 46 57.0 2.001 .062
22 27.7 8.63 .15 46 57.0 1.935 .029
22 27.7 7.975 .059 L8 59.L4 1.868 .oy
23 29.0 7.73 .11 48 59. 4 1.904 .061
2L 30.2 6.15 .12 48 59.4 1.708 .028
24 ©30.2 6.049 .05k 50 61.7 1.603 .0Lo
25 31.4 5.290 .089 50 61.7 1.650 L057
26 32,7 L.552 .107 50 61.7 1.589 .027
26 32.7 3.98kL .0k5 52 6.1 1.515 .051
30 37.6 3,817 .o48 52 64.1 1.451 .027
31 38.9 3.580 .06 54 66.4 1.383 .0ko
32 4o.1 3,55l .048 56 68.7 1.166 .0k6
32 40.1 3,334 .037 58 71.0 .9k6 .02
33 4.3 3.078 .045 66 80.0 .579 .017
3l ho.5 2.488 .0kg 66 80.0 Lol .019
3l ho.5 2.461 .066 68 82.2 .L60 .010

(continued)

-



-125-

80.7 MeV (continued)

UCRL-18k41k

) 6.137 MeV 3~
6. 6. do/dn A 6 6. do/an A

w (deg) (deg) (mb/sr)  (mb/sr) (deg) (deg) (mb/sr) (mb/sr)
68 82.2 481 .019 80 95.1 .176 .010
70 84. 4 12 .010 82 97.2 153 .010
2 86.7 .326 .008 8L 99.3 .117 .011
h 88.8 283 .008 86 101.3 .120 .011
76 90.9 .267 .013 88 103.4 .089 .009
78 93.0 .209 .011 90 105.4 L0748 .0088

(continued)
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80.7 MeV (continued)
6.916/7.115 Mev 2% /1”
6 6. do/dan A 0 €. do/dQ A
(deg) (deg) (mb/sr)  (mb/sr) (deg) (deg) (mb/sr)  (mb/sr)
10 12.7° 15.07 .59 34 ho.6 1.4%10 .037
12 15.2 6.9 Lo 3 2.6 1.630 .054
12 15.2 6.61 .23 38 LW7.5 1.00k .039
13 16.5 6.05 .25 Lo Lo.9 .620 .022
1h 17.7 h.25 .32 4 51.1 .693 .026
14 17.7 5.00 .21 42 52.3 .684 .016
15 19.0 6.52 .26 Lo 52.3 .651 .023
16 20.2 . 5.51 .36 43 53.5 .616 .025
16 20.2 5.96 .17 4L 5.7 674 .025
17 21.5 6.99 27 LL 54,7 .64L .023
18 22.7 6.09 .15 Lh 5h.7 .666 .035
19 2k.0 6.84 27 Y3 57.1 . 664 .025
20 25.3 4.82 .11 L6 57.1 657 .036
20 25.3 5.009 .051 48 59.5 674 .025
21 26.5 k.279 .079 48 59.5 .691 .037
21 26.5 4,225 .0l 50 61.8 675 .025
22 27.8 3.848 .098 50 61.8 .66k .036
23 29.0 3,704 073 52 6h.2 597 .0%32
o 30.3 3,703 .096 5L 66.5 .625 .033
ok 30.3 3.820 .0l43 56 68.8 .540 .031
25 31.5 3.816 .076 58 71.1 476 .029
26 32.7 3,748 .097 60 3.4 RIsN .015
26 32.7 3,956 .045 62 7.7 oo .015
27 34,0 3.535 .083 6L 77.9 .329 .013
28 35.2 3.368 .055 72 86.7 .326 ,008
28 35.2 3,466 077 h 88.9 .169 .006
29 36.5 3.332 071 76 91.0 .153 .010.
30 37.7 2.861 .070 78 9%.2 .126 .009
30 37.7 2.829 .ol 80 95.% .107 .008
31 38.9 2.441 .061 82 97.3% L0731 .0068
32 4o.2 2.094 .okl 84 99.h4 .0636 .0078
32 4o.2 2.093 .060 86 101.5 .0680 .0082
32 4o.2 2.06L4 .036 88 103.5 .0591 L0077
33 .4 1.835 .053 90 105.5 .ok2k .0066

(continued)
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80.7 MeV (continued)

8.876 MeV 2~

0 6. do/ & A 6r 0 do/aQ A
(deg) (deg) (mb/sr)  (mb/sr) (deg) (deg) (mb/sr)  (mb/sr)
11 ik.o RIVTS .01k b1 51.3 .127 .007
12 15.2 .328 .010 hp 52.5 .190 .009
13 - 16.5 .30% .013 4L 54.9 L1773 .008
1h 17.8 .260 .010 46 57.3 .15h .008
15 19.0 .211 .009 48 59.7 127 008
16 20.3 .155 .008 50 62.0 111 .007
18 22.8 .164 .009 52 6L. 4 .093 .007
20 25.3 .291 .012 56 69.0 .Oh6L .0091
21 26.6 346 .012 58 71.3 .0390 .0084
22 27.9 .323 .012 60 73.6 L0351 .00k2
2k 30.k4 .37h .013 62 75.9 .0326 .00k1
26 32.9 .333 .013 6L 78.1 .0209 .0033
30 37.8 .211 .011 64 78.1 .0231 .00k43
31 39.1 .31k .01k 66 80.L4 .0237 .0035
32 40.3 .223 .012 66 80.4 .0188 .0039
32 40.3 272 .011 68 82.6 .0153 .0020
33 k1.5 .283 .01k 68 82.6 .0079 .0026
3l 42.8 .220 .010 Th 89.1 .01h7 .0020
35 4.0 245 .010 76 91.3 L0105 - .0025
36 L5.2 .216 .010 86 101.7 .009k .0030
38 47.6 .21 .01 88 103.7 . 006k .0025
38 7.6 .153 .015 90 105.8 .0090 .0030
L0 50.1 .202 .010
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