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Abstract
_ :vProtons of energy about 17.8 MeV were scattered from térgets of 58Ni,
60, . . 120 SN e . '
Ni, and 7 "Sn. Precise angular distributions were obtained over the angular

‘range 200—1700 for most of the low-lying’exciﬁed states in each nucleus.. Also, .

58

SO-MEV'Q particles were scattered from " Ni to determine the spin—parity assign-
ments for a number of levels. Using these assignments, it was found that the

58

Ni proton scattering angular»distributions'for levels with the same spin and

' pafity_demonstrated definite similarities. Optical model studies were 'made
for the proton elastic scatiering data and the résulting potentials were used

~to obtain satisfactory DWBA predictions for the collective 2+ and 3- levels.

The proton scéttering angular distribufions for many of the weaker levels were

~ also found to resemble strongly the collective model DWBA predictions.

% o o _ S _
- This work was performed under the auspices of the U. S. Atomic Energy Commission.

*% C '
Permanent address: Atomic Energy Research Establishment, Harwell, Berkshire,

'Englandf
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1. Introduction

The purpose of the present work was to provide data suitable for

detailed comparison with theory, such as the microscopic description of in-

.elastic scattering as developed, for example, by Glendenning and Venefonil).

Inelastic scattering of 17.8-MeV protons from the low-lying.levels in the nuclei

58

. 60 2
Ni, Ni, and } OSn is sultable Tor this purpose because nuclear wave func-

. o ' 2 ¥ : :
tion.calculations have been made ), based on the two quasiparticle description

i'of the excited states and with the closed shells regarded as inert. Glendenning

and Veneroni have demonstrated that these calculations produce the desired en-
hancement for the collective 2+ ,(single-phonon) levels.

The present choice of proton bombarding energy was such that compound

. nucleus effects wére expected to be small, yef the energy resolution suffi-
ciently good that the scattering from the majority of levels could be clearly
resolved. The precise‘energy was dictated by the fact that elastic scattering

" polarization data (but no cross-section data) were available3) for the nickel

 isotopes at 17.8 MeV. '

Although the locations of the low-lying levels in the nickel and tin
isotopes are well-known, information regarding the spins and parities of these

levels is far from complete.” It is, of course, essential that such information

be available before comparison between theory and experiment can be made. For

this reason the scattering of SO-MeV‘a particles.from 58Ni was studied, re-

sulting in new assignments for many levels. Unfortunately, this procedure

could not be pursued profitably for 12OSn because the unknown levels were oniy

very weakly excited.
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Since the preéent experimental prograﬁ was begun)fhe results of sev-
efél other experimenfal-studies of the nickel isotopes héve beCQme available.
Elastic cross-section'dataAat 18.6 MeV nave been published by Eccles et al{u)
and ﬁolarizafion data at 16.5 and 18.6 MeV have been obtained by Darriulat
et al.5’6); Eccles et al. also ﬁeasured the inelastic cross sections for scat-
tering to the collective 2+Aand 3-- levels in several iron and nickel isotopes,
‘but study of othér levels was impossible with their energy fesoLution (200 kéV).
Inelastic scattering from Z =»28 isotopes has also beén-investigated by Roberson
and Funsten7) atll7.5 MeV with good énerg& resolution But 6ver a restricted
angular'range (300-900). The details of.the present experiﬁental procedure‘
are described'in section 2 ahd the results are‘deSCribed in section 3.

Before the current-fhésries éf:inelasticbscattering can be applied,v
:the eiastic scattering data musthge.reduced to the form of an bptical modél.
potential. Of the releVant optical model analyées made to date only that of
Kossanyi—Deméy‘ et al.6) at 18.6 Mev used»cfoss—sectionldata (from ref; L)
obtained with separated isotope {argéts. The analyses of Baugh et al.3’8) at 
17.8.MeV used the cross-section data of Dayton and Schrénk9) in which targets
of the natural elements were_used. For this reason it was considered of value
td repeét thé analysis of the 17.8-MeV polérization dafa using our cross-section
| data for the nickel isofopes. No polarization data in the ﬁresent energy region
is currently available for ;ZOSn. Using the potentials found in this analysis,
DWBA calculations were,carried out. For the collectiye 2+ and 3- leveis a
comparison wés made between_the results of using real and complex interaction
potentials in these caiculations, and the sensitibity to tﬁe parﬁicular choice

of optical model potential was investigated. The results of this work are

- described in sectidn_h.
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- The a—paftiélevélastic scattering dafa were also analyzed in terms of
the bptical'model. bWBA caiculations were then made fof each excited state
| and the quality of the fit to the data was the basis on which the spin assign-
ments were made. This analysis is described'in section 5.

l'Finallw in séction 6,»a comparison'is made between the results of the
pfoton.and a-particle work and further tentative assignments are made;-vIt is
relevant to‘note that sometimes even the fact fhét a level is not excited at
all in a—partiéle Sdattefihg can be combined with ofher‘experimental e&idence

" to result in quite strong unique assignments.

é; Expériméntal Tééhnique.

' ‘The Berkeley 88-inch’vériablebenergy cyclotron was used as the sourceb
of bombarding particles (17.8-MeV prbtohslorHEO-MéV o pérticles). Muéh_of the
experimental:arrahgementlhas béen‘described elsewherelO)..‘The targets* con-
'sisﬁed of ithopicélly.énfiphedv58Ni (99.95%),~6ON1 (98.21%), and 120q, (98.39%).
Thése fargets were’uséd'in the form of éelf-suppofting eva?oréted metallic foils
having surface déﬁsities.of about 350 pg/cmz, thgse-densities'being detefmined
by weighing (to an estimated acéuracy of about *7%).. | |

The particle beam was initially momentum analyzed by passage through a

0.15~-cm slit pléced behind a 570 maghet and was then focused (with no further

o ' L S C :
'~ Obtained from Stable Isotopes Division, Oak Ridge National Laboratory, Oak

Ridge, Tennessee.
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colliﬁatiéh) at the target position wherelit formed a beam spot about Q.3-cm
high and. 0.15-cm wide. The beam was finally éolleéted in é magnetically |
- shielded Faraday cup. The scattered partiqles were stopped in cooled lithium- | .
driftedfsiiicon detectors, 0;3—cm thick for the proton work and 0.1l5-cm thick 9
. for the Ga-particle work. Two detectors spaced 20° apart Qere used for the o
,profon work but four détectors sﬁaced 20 apart.were used for the q-particle
work where the angular distyibutions have considerable structure. The overall
_angular resolution of these.defectors waé about iO.ZSO.- A separate silicon
vdetector, set at a fixed scattering angle of ZOO, was uéed throughout for'
monitoring @ufposes.. |

Pulses from the silicon détectoré:were amplified by charge sensitive
pre-amplifiers plaéed within the vacuum system of tﬁe scéttering chamber,
After further amplification‘the pulses wére routgd into different_quadfénts
of a Nuclear Data 4696 channel pulse-height'analyzer. At the end of each
cycle of data takiﬂg,_determinéd by the collection of a pre-set charge in the
Fafaday cup charge integrator, thé pulse-height spectra were transferred to a
' PbP 5 computer which-plotted the spectra and aiso stored them on magnetic tape“
v for furfher analyéis at a later time. | |
| Clearly resolved peaks in tﬁe experimenfal spéctra could be analyzed
immediately by using the light-pen facility of the PDP 5 computer, but where
the levéls were not cleafiy resdlved'it was necessary to use a least-squares
routinell) which fiﬁted gaussian shaped peaks to the leyels of interest. This
-final data feducfion was performed using the Lawreﬁce Radiation Laboratofy s
IBM TO94 computer. Little uncertainty in the results Qas introduced by the
‘use of this fitting technique éven though each peak did not possess a true

gaussian shape and had a low energy tail containing about 3% of the total counts
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in the peak. This tail was mainly due to a low energy component in the beam

‘resulting from slit scattering at the analyzing magnet slit.

The relative g;rors were generally i3% for the elastic scattering and

between 4% and 25% for the inelastic levels depending upon their relative in-

._tensities and 'excitation energies."For the weakér levels background subtrac-

tions and. statistics were the limiting factor, but in the case of peaks not

cleérly resolved there was also some‘uncertainty involved .in the use of the

fitting program. For the strongest peaks the statistical errors were'negli—

gible and the quoted errors reflect more the reproducibility of the data within

a run (consisting typically of five 8-hour shifts). Impurity peaks weie reédily

distinguished'by’their kihematic behéviOr withbscattering angle; bnly carbon

énd oxygén were present in significant quanfity. The presence of sgéh impuritieé
resultéd in a loss of croés-section data for various enérgy levels at particular

angles. Beam energies were measured by determining the range in aluminum and

. using range—energy-tableslz) and were checked by use of the scattering kinematics.

3. Experimental Results
-Typical .energy spectra‘for the three proton experiments and the single

Q-particle experimént ére presehted in figs. 1-4., These spectra are shown on

‘logarithmic intensity scales and the energy scales are different in each case.

' The energy level schemes are alsb shown in figs. 1-4%. The scheme for

‘58Ni is mostly that quoted by Swenson and Mohindral3); the spin . and parity

' g 60, . .
assignments for this nucleus will be discussed later. For Ni the energies

_are the MIT:values quoted by Matéudalh) and thé spin and parity assignments
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15). For T°%n fhe_energies are those

ére as given by Mohindra and Van Patter

given by .Allen et al. 6),and the .spin and parity assignments are as discussed

by them together with results obtained from the deéay of lzOSbl7). For 58Ni
L _ v _ | : -
and . OSn the levels marked by an asterisk appear not to have been reported

previously.

3.1. PROTON SCATTERING
The proton eléstiéyséattering,éngular distributions are shown in figs.
5;7, where thglreSults are displayed as ratios to the Rutherford cross sections.

58Ni. The 581\Ti proton data were taken at an energy of 17.69i0,05 MeV

and with an energy resolution (FWHM) of about 45 keV. Angular distributions
weré.obtéined for most of the low-lying levels (listed iﬁ table‘h), thé excep~
tions including the levels at 3.524% and 3.588 MeV which were only weakly excited,
the_dodblets at about 4.9+  and 5.1 MeV, and the group of levels (at least
'.’four) at about 5.L45 MeV. The collective 3- level at 4.L72 MeV is seen to
be closely surqundéd by séyefal ievels which are not all strongly excited.

Of thesé levels réiiaﬁle angular distributions éoulq only be obtéined for. the
h.hOS-and ﬁ.h?Z-MeV levels. .Thé'experimental cfoss-Section data are displayed
~in fig. 8, where the &éfious levels have been grouped according to level spin

as determined f%dm the a-parficle scéttering measurementé. |

60Ni. The 60Ni data were taken at 17.91+0.05 MeV with a resolution of

30 keV. The 3.587-and 3.886-MeV levels were only weakly excited, and the 3.18k4-
and 3.191-MeV levels appeared as an unresolved doﬁblet. From figs. l‘and 2 it
can be seen immédiately that the majbrity of le?els in 60Ni are considerably

less strongly excited than in'SSNi. The level spacings are also smaller (note

,xy
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the different ehergy scales). The angular-distributions‘for the six moét

'strongly.eXcited levels are given in fig., 9. The remaining levels were iso-
tropic (to within the fairly large statistical errors) and possessed differ-
ential cross sections'in“the-rangé'between 0.01 to 0.10 mb/sr.

2%, The %%n data were taken at 17.79£0.05 MeV with a resolution

.of 25 keV. The angular distributions for the most strongly excited states are
‘ shown in fig. 10. The levels at,l.872 and 2.088 MeV were almost isotropic at
0.01 to 0.02 mb/sr. - No inelastic scattering data were obtained for angles -

' forward of hSo.owing to the very strong elastic .scattering.

3.2. ALPHA-PARTICLE SCATTERING

 ,58Ni._ The 58Ni a—particle'daté were taken at 50.2+0.1 MeV with an

- energy resolution of sbout 80 keV. . A restricted angular range (10°-65°)

was studied as it is only necessary to obtain the positions of the first few

'diffracfion‘maxima in order to determine the phase relétionships‘between the

various excited stétés. The very gmallfangle scattering is of'particular
valueb ',” ' "- but'coulbmb elastic scattering prevented much useful
data heing oﬁtained for anélqs belOW'lSO. Results ofvthe g-scattering Qérk
are shown in fig. 11l. vSevéral,levels were too weakly excited for useful data
to be exfraéted; ' these levels are noted in table L, The.S.O?—and‘S.lO—MeV

levels wefevnot resolved, although'béth_were strongly excited.

.
i

Where ébmpérison betwgen‘our‘proton data and that obtained by other

-workers is possible the agreement is found to be good. The elastic scattering data are
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seﬁsitive té the precise beam enefgies but fhére are no obvious systematic
differences from the data of Dayton and Sch:ank9) or of Eccles et al.u). The
inelastic scattering daté fof_fhe 2+ and 3- levels in the nickel isotopes \
agree»ﬁery well with éhose of Eccles et al. Agreement with the data of Roﬁerson
vet ai.7) is also good, within thevsomewhaf limited statistics, and over the

" restricted angular range for which comparison is possible.

Elastic and iheléstic scattering of « particles from 58Ni have prev-
' : 8 _
icusly been studied at several energiesl ’19) but only a few excited states

were considered and the energy resolution was poor.

k, Analysis of the Proton Scattering Data
4,1, THE OPTICAL MODEL

The optical model ?otential used 1in the present work took the form

Very = Vo) -v(“? ) 'v-z(w lr\Ja c%r)( e"?).

() i 4 ()

1~ 4+ o

r Al/3,
v

sy

‘where x = (r-Rv)/(aV), xw.= (rwa)/(aw), X, = (r-RS)/(aS), with R =
etec. The coulomb'potentiél’was assumed to have the form for a uniformly
'charged sphere

\/Cf) = Ze (3 -1 ) , g R,
BT | -
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‘where 'Ré = rcAl/3.; The optical model predictions for both cross-section o(9)

vooa

and polarization P(0) are insensitive to the value of r ; the value r = 1.25 fm
was assumed.

.The optimum values for the optical model parameters were obtained using

‘a modified version of the search code SEEKZO){u The parameters were varied so

2

f as to minimize the quantlty X = X + Xz' where‘

[

xs =) f 73,000 = oz, (0;)
£l Ac(e)

I

omé X = Zﬂ‘ ﬂk(ei) _ W(e)

‘ Because the overall nOrmalization of the cross-section data was not pfecisely”
5Adeterminéd' the nérmalization factor N was'adjusted so as to optimize the fit

”_'to the data by satlsfylng the equatlon @)( /.ék 0. DNo simiiar renornaliza-

tion was used for the polarlzatlon data, although it will be seen later that

such a prbcedufe‘might have been desirable.

 The experimental errors used in the evaluation of N were #3% for the

3

were used, the

Statistical errors quoted by them‘béing increased in accordance with a later

. analYSis of Baugh Grlffith and Roman8) to make allowance for inelastic contam-

ination and angular resolutlon effects

- _ Lo 6y 8
The recent analysis of-Kbssanyi-Demay et al. ), Baugh et al. ),

- . A . ‘ v - ‘ ol _ .
'BOSChitZZl), Pereyzz),'Greenlees,and Pyle23),.and Rosen et .al. ) have demonf
. strated thattthe average parameters obtained by Perey 5) in an extensive anal-

B ysis of cross-section data need revision if polarization data are also to be
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fitted. The modifications concern mainly'the spin-érbit parameters, which are
convenienfly summarized by BOSChitZZl) for the 18.5-to 20;5-MEV rangelas

v, = 5.5:0.5 MeV, a_ = 0.55£0.05 fm, ry = 1.12£0.05 fm. For thevpresent.anal-
ysis the initial values for fhe central part.of the poteﬁtial were taken from
_the results of Baggh et-éITS). No satisfactory method of searching for a best
' solufibn was found and 6gr final pafameter sets were eventually obtainea by |
-~ fitting the_c(@)land P(@):data for‘6oNi sepafaﬁely and using the averaged
‘parameters as stérting &élhes‘for the combined analysis. Pefversely,-this
pfocedure was uﬁsatisféétory for-SBNi, for which the best fit was obtained starting
’Vdirectly ffom the finai'paramétérs of the 60Ni solution. The final parameter
sets are .given iﬁ table 1. ° | V
Iﬁ agreement‘with ref§.16, 21, and 22, where és. vas treated as a

‘.geparate paraméfer,'wevfound. ay éw g_OfS‘fm;'AIn fhe other analyses ag
Jwas éet-equal tQ av. Fufther,“with'.as separately adjusted -we foﬁnd ro
':to.be‘no iohgér sensitively determingd éhd T - rQ,;vl.ZB fm would have'been N
X.aCcéptable;' Combinations of VolumeAand surface ébsorption'were tried but purel
 isurface ébsorption gave the-bes£ résuits.. The cehtral radius rv‘:was not
i>1:_rea‘c'é‘_c"l as a search variable bﬁt it was found that equally good solutions
,existed'for 1.15 fm <r. < l;30lfm.' The fits to.the @éta were not improved

by chanéing ﬁs from its expected'valﬁe ofnzero.

| The diffuseness pafameter"QQV was found to bé much greater than the

vélue O.65_fm proposed.by Perey. It is this feature which.is responsible for
K the large Vglues pred&éted forithe reaction cross;séctions (oé). Pollock and

| Schrank26) have determined Op = 898+53 mb for natural nickel at 16.4 MeV.

. ) ‘ , . ' .
Further measurements at 17 MeV have been made by_Cole et al, 7) in which the
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appreciably larger resUlt_cﬁ_= lOlSi32 mb . was obtaihed as an average of two '

experiments (which gave the same result). These results are essentially at-

: 8 . L ‘
~tributable t0'5 Ni and the cross section for 60Ni'could_well be 70 mb greaterZS).

No attempt was made to force a fit to these data. In the present context it is

interesting to note the situation which exists in proton scattering in the 120-

Cto l8Q-M€V region, recently discussed by Eltbn29). At these high energies é_

fit to the differential cross-section data forces the imaginary part W(r) of -
the Saxon-Woods potential to extend to larger radii than the real part V(r).
Tﬁis feature results in reaction cross-section predictidns which are too large. -

To obtain a simultaneous fit to,bpth o(0) and oR.data'Elton demonstrated the .

: apparent_necéssity for v(r) to become répulsive in the central region of the

'.nucleus.v It is tempting»toiconsider that a similar feature could improve the

present sitﬁation at 18 MeV.
our final parémeter sets are rather different from those of Kossanyi-

25,

were
retained‘as'far ésvpossibié: Thét some difference in parameters should nec-
essérily occur_is made>clear by a'cbmparison Qf tﬁe‘polarization databfor the
nickel isotopes ét 16.5, 17.8, and>18.6 Mév'obtained by the Saclay6) and
Birmingﬁam3) groups. vAlthough the two groups claim normalizagtion of their
data to the same. polarimeter calibratioﬁ3o), th¢'Saclay data were larger by a

factor of about 1.3 than the Birmingham data. The reason for this discrepancy

~is not obvious.

The importance of adjustiﬁg the spin-orbit geometry factors separately

- is demonstrated by the larger values of X2 (see table 1) obtained when the o(8)

and P(0) data were analyzed with the applied constraints a_ = a2 and 'rs =T .

=
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In order to gain some idea of the importance of the choice of the optical model .
parameters on the DWBA caléulations we also chose to fit the cross—sectidn data

lLOSh data were included

alone, with VS heated as an adjustable parameter. .The
©in this_analysis; In figs. 5-7 the optical model predictions'for the poten-

~tials giving the best fit to both cross-gection and polarization data are comé

~ pared with predictions for the potentials which fit only the cross-section data.

h.2. DWBA ANALYSES

The inelastic scattering tq the "collective" vibfationél 2+ and 3- léveis
" is assumed to be caused byba d;rect‘reactiop. For these calculations the DWBA
computef.gddé JULIE wasvused3l’32). For orientation purposes & very brief sketch
of-the cal¢ﬁlatiop ié'given here. - Using the convéntiénal nomenplaturé,the DWBA.
'. th¢6ry gives.the iﬁéigstic séattering:differéntial cross section as‘
| T o .
do/do = (p/2nh’) (M/h)j:miﬂﬁj'

. where the transition amplitude:is

: (—)*" ey ‘ | ) 0
T, = dt X7 (R, t)<wv | Viv> X7 (k1)
$i . D $ <
The X(k,r) are the distorted waves describing the elastic scattering of the parti- -

cle by the nucleus before and after the inelastic transition; these distorted

I .
waves are generated from the opfical model potential. After application of the
Wigner-Eckart théofem to the‘métrix-élemént contained in Tfi a reduced métrix
element is obtained which, within_the framework of the collective model, is a

product of the deformation parémeter BL‘and the radial derivative of the opfical
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,lmodel potential which deseribes the elastic 3cattering..’Thus,16L is the ohly o

quaniity_appearing in the’oalculation_which,is not pre-determined.
The results of the DWBA calculations for the 2+ and 3- oollective
levels are shown in figs. 84lO'and the values for BL are presented in table 2,

together with the results of other workers, 'These calculations were made for

".boiﬁ real and complex deformed potentials. It is now recognized that the cal-
.feulation in which.the‘compleX'deformed'potential 1s used generally gives the
“xbeftef fit-to e%pefimental data and we demonstrate in sectioﬁ 5;2 that certain-
fambiguities present in the analysis‘of—the O%particle data can only be resolved
' if the complex 1nteraction form is used. Figs 8-10 show that the magnitudes -
c_of the cross sections‘for the collective levels are little affected by the change-
- from real to complex form for the deformed potential, but the complex form does

"fproduce the better fit to the data.

" In our calculations the’ opin -orbit part of the potentlal could not be

defofmed; inasmuch as‘Vé /MF £ 0.3 the inclusion of this term would be expected

- to produce even less effect than the change from real to complex form factors.

33)

The‘optical “model potentials USed for the nickel DWBA calculations

displayed in figs. 8-10 were those giving the best fit to both cross-section:

and polarization data.’ Calculations were also made With the potentials obtained

by fitting only the crossesection data; it was found that although the shapes

"-f of the oalculated.angular'distributions were very similar for the two potentials,
‘the fesulting values for By were significantly different (see table 2). We

‘would naturally expect that the correct choice of potential to be that which

fits both cross-section and polarization data. This choice 1s supported by

the agreement shown in table 2 with the 62 values obtained by other methods.



“1h- UCRL-17352

The calculations discussed above included coulomb excitation as.a
ppésibleyexcitafion mode. In table 2 the vélues given witﬁin parentheses were
Obtainéd with the coulomb excitationvmechanis@ negiected. It can be seen that
the sens}tivity of 62 to the.optical potentials obﬁains only when the‘coulomb'

. excifation mechanism ig included. The present sénsitivity to the optical poteﬁ—
tial is due to the coulomb exéitéfion amplitude interferiﬁg destructively with
 the nuclear amplitude, this effect being most serious for small angles (up to
the first maximum);‘ Thereafter, it acts only_as a scaling factor to reduce the
. nickel cross sections by about lO%vfor the 2+ levels aﬁd 5% for the 3-VleVels.
This sensitivity to the inclusion of cdulomb excitation would be minimized by
v >fitting the calCQlations to‘the data by using the least-squares method, rather
:‘nthan normalizing to fhe first-maXimﬁm as we have déne (following the customary
'procédure).‘ However, the théoretical_fit to the data is.notAsufficiently good .
for the corrgct fittiné‘proceduie to be followed and, moregver, the collective
model calculatidns are expécted3h)vto.apply best for the forward éngle scat-
",tering. From the above dispussion it will be realized that our final values
for B, have assoéiated‘uncertainties ofvat least +10%.

It ié wéll-known that the optical.model potential is energy depéndent,
but in the present églculations the distorted waves for the outgoing channel
were genérated from the same potential as ﬁsed for the incoming channel and thé
iﬁteractibn. Wé found the results of thé DWBA calculations to be quite insen- -
-sitive to this éimplification by performing calculations for the nickel isotopes
in whiéh the outéoing.distbfted QaVes were generated from the poténtials obtained
by,Lind et al.35) in an analysié of both crosé-séction andbpolarization data at.

14;5 MeV.
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As shown in table 2, the values obtained by Hccles et al.u) for B

A

from DWBA calculations are significéntly higher than our results, despite the

i'apparent similarity between both the experimental data and the calculated . .
-angular distribution shapes. This comparison should be made to our set of
" parameters obtained from the real‘interaction calculations using the optical

.:“,model potential which fitted the cross-section data only and which included the

coulomb excitation mechanism. It is interesting to note that the shapes of the

angular distributions calculated by Ecéles et al. for the 2+ states using a

icoup;echhannels code are very similar to our results using the complex inter-
 actiOn form-factor DWBA calculation; ‘(The values obtained for BZ are also
g smaller than those obtained. from their DWBA calculation.) This confirms their

’ speculation’that the difference between their DWBA aﬂd,coupled-channels calcu-

lations lies'mainly in the'fact’that only the latter included a complex form

faCfOr.' Consequently, we conclude that the magnitude'ofvthe deformation param-.
eter is small enough that the DWBA calculation represents a valid appfoximation

- in the present case., - = |

‘[‘The calculations of Roberson and Funsten7) included only the real inter-

action_formlfaétor; Moreover, they used Perey's averaged optical model poten-

tials but excluded the spin-orbit term from the calculation of the distorted

‘waves.  Thése two approximations make very littié difference to the shape of

the angular distributions in tﬁe forward hemisphere. 1In fact, the neglect of

the spin-érbit.potential ih the elastic scattéring channels has no greater

‘effect on the complete angular disﬁribution than dpes neglect of the imaginary

part of the intéraCtionvpotentiélQ The excellent agreement of Roberson and .

Funsten's values with our final preférred set 1is presumably fortuitous.
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Also shown in table 2 are the values for BL obtained by Fricke and
6 : ;
Satchler3 ) in an analysis of proton scattering at 40 MeV, the averaged values

37)} ) ‘

obtained from high energy electron scattering and coulomb excitation methods

and finally tﬁe values obtained from the analysis of our (@,¢') work on 58Ni. ' g

As pointed out by Blair38) the important quantity defermined in the DWBA cal-

culafions is the product BLR, where R 1s the interaction radius, rather than

BL alone. Consequently,'the resﬁlts guoted here have been corrected to corre-

spond to a radius R = 1.25 Al/3 fm. The agreement between our (p,p') and

'(a,a') work is excellent. The different methodsvfor determining BL aéree to

about *10%, which is within the experimental errors for most determinations.
DWBA'caléﬁlétioﬁs using the collective model form factor were also made

for levels other than the strong collective le&elé. The results of these cal-

culations for such lévels clea?ly.needs‘some justification; Use of the DWBA

(ih first ofdér) requires that the levels should be excited in é direct single-

excitation process. Such levels should.be excited more strongly than those for

which a more,éompliéated mechanism is involved. Our experimental results are o ;

cons?quently'biased in favor of levelé excited directly because gngular dis-

‘tributioﬁs were only obtained for the strongest levels. The EOllective model

form factors are known to give good resulté for a-particle scattering because,

owing to “the strong absorption, the angular distributions'ére characterized

mainly by the angular momentum transfer'and the form factors serve mainly to o ;

'give an overall scaling factorl). Thﬁs we certainly expect spih assignments

from C-particle scattering to be religble but the derived deformation param-

eters may‘ﬁe peculiar to O-particle scattering. In proton scattering, by con-

trast, the angular distributions are sensitive to the nature of the form factors
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and there is no obv1ous ‘reason for the. oollectlvelmodel to Ee appllcable other
“than for the strongest (' collectlve‘) levels. However, when the results of the
collectivevmodel ¢alculations are_compared with the more apbropriaté calcuia—
fiohs which assumevsingle;paftiéie éxcitafions in nuclei where thé shell-model
 'ane functioné are knowﬁ fairly well it is found‘that the‘two sets of‘calculated
vanguiar‘distributions compare réthéf;well, although the absolute scales may |
differ considerab;y.  Thié fesulf ig expected to hold for the "collective'
" levels (see ref; L) but was also»fqund to hold for some: weaker levéls‘in‘§ZCr
 ,by.Funsten ét'al.%o)'and for the.erisotOPes byvdray et al.u;) énd Staufbdrg
and KraﬁshaarMZ).fér 19-MeV pfotbns. Thus we may expeét oqr collective model
" calculations toﬁféprodﬁce the shapekof the angulér distfibutioﬁsvand SO fo
- provide.a posSiblé»method of making spin assignmehts froh ﬁroton scattering.
.' In fact we found‘thét this wéS<indeed péssible for the Y levels in 58Ni.
,:The Bh values, however, probably constltute little more than a convenlent method
 _of parametrizing the data7 It 1s of‘lnterest however, to compare 6 values |
 derived from fitting the hop—colleétive levels excited in 'proton scattering

with those obtained from a—pafticle scattering. This i1s done in table k4,

_'hhere thevagreement is fouﬁd to be surprisingly good.

'.5;_ Anélysis bfvthe G~Particle Scattering Data.

“bf,5;1. OPTICAL MODEL A 1

| B 'In.thevanalysi;‘of,fhe,d-pa:ticle.séatfering from 58Ni.fh¢ optiéalA
modei potentiaivWas ésgﬁmed fo;have the cusﬁoméfy Vélume’imaginary part. As
oﬁly a restricted.éngular fange.was covered the further réstrictioh of equall

- geometric parameteré for real and imaginary parts of the potential was assumed—
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thus, there were énly‘fourAédjustable‘paramefers.‘ As is very we;;;knbwﬁMS); O
ﬁa;ticle_scatteriné dées not yield a unique optical potentiél,fbut réther é‘sét
vof potentials. This is'iliustrated iﬁ table 3 where five aéceptable sets of
paraméters are given. The Qﬁénfity Xz/point_was calculéted assuming ré;ative
cross-section errors of #5%. Thé quality of the fit is shoﬁn in fig. 11(a),

where the ratio of cross section to the Rutherford cross section 1s presented.

- The several sets of parameters give very similar predictions.

5.2. DWBA ANALYSES

The DWBA analysis'of”43-Mev o4 ?articles scattered from 58Ni haé‘been
déséribed in detéil by Bassell et al.39). We.assume_here that bdth reél and
imaginafy'pérts of_tﬁe optical éotential should be defOrhed;_in the pfesent

case inclusion of fhe'imaginary‘part serves-only to change the overall scale

~ factor (ﬁz). The effect of includiné coulomb_excitation as a possible exci-.
tation mode was féund‘fo be negligible over the angular-raﬁge for which we ﬁaye
aafa.‘ The optical model po}ential'used for the fbllowing‘analysis was that |
with V & 70 MeV as this ggve, margihally, the bést fif to the elastic scattering
data. However, calcuiatiéns wéré made for_the coilective 2+ level using.each of
the five po{entials in turﬁ.' Thé resultiﬁg angular distributions were almoét
ident¥cal but the magnitudes 6f thglcross.secticns.were élightly different.

For each potential‘the values for B ﬁere obtained from the best fit of‘the DWBA
curves to the several maxima of the éxperimental cross sections; these values

varied between 0.164 and 0.176. After correction for the differing interaction

radii through the relationship

B = aRR/(l.zs Al/3)
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the valﬁes'obtained for vﬁ"wefe invthe'raﬁge 0.212 to 0.196, in good agfeement
_wiﬁh theAproton’scattéfing result. .For a.réal inferaction form factor thié
IVQ;riafion>would have beén from'O.ZS‘to 0.207 Thus, for the.complex interaction
calculation the particular éhoiée of optical potential is unimportant.v
The angular.distributions for the elastic and inelastic levels have
.'alreédy'been pfesented in fig. ll(a,b;c); These figures also show the results
v'of the bWBA calculatiohé, each cufve representing the pérticular angularv
‘momentum transfer wﬁiéh best fits the data.
Fo? thevstrongly-excitea'leQels on 1.456(2+),'3.615(4+),'h.472(3;),
.and L. 75 MEV’(4+) the DWBA éurves’based:on‘the one—phqnbn form factor prdéuce
:_excellent fits to the data.;eaving no doﬁbt as to the'levélvspins nor fo the
- direct one-steﬁ nature of thé excitation'pfocess. The 1;456-and”h;472-MEV |
‘levels are, of course, the welljknbwﬁ 2+ and 3- collective levelé. The fits
'i to thé‘remaining levels are not so.definite and will be coﬂsidered in order
'L 'offe¥¢ita£ion energy. .v N
The 2;458—MeV level!ﬁas-already_ﬁeen giveﬁ a h+‘aséignment45’n6);>the
v DWBA curve“forvL = E,indeed gives thé best fit;vwhich is good at small angles

‘but which moves gradually out of @hase with increasing angle.. This behayior

is interpreted by assuming that a multiple excitation process is competing
 with the direct excitation mechanism;at the. present energy. It has been shownuq)
1 e s

' ihat:a level formed by such a. double excitation process (in this case two quad-

rupole phonons are involved)-should‘be out of phase with fhe distribution
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expectgd:for a direct excifatién. Such a aouble excitation mechanism wduld be "
most important at large anglesvbecause.fhe oVeréllvslbpe of the(éngular_distri_
bution shows a distinctiy.lesé sharp fall_with angle for the double-excitation
process than for the direct.proéess. Doublé,excitation of the first 4+ level

18,19,47)

in medium weight ﬁuclides has been diécﬁséed previously . Thﬁé,_our
.”resﬁlté may be interpreted as ;howing %his L+ level to be a combination of one
hexadecapoie phoﬁon and two quaarupole’phonons. |
_The'2.773-M¢V level Was originally given a tentatiye O+ assignméntu8)
‘but Hénricksdn et alﬂh5)'now regard,this as most unlikely. A spin of 2 or 3
is indicated by (P:P;) wofkl3) in the compound nucleus energy region, between
9 and lQ MeV. Ou; (a}a‘) angular disfribution‘looks pecuiiar,'butvatvlarge'
angles is in phése wifh the élastic-sgaﬁtéring which wbuid indicate negative
. parity._ As a neggtive périty.state at such a low excifation is most unlikely,
and as unnatural pafity states are unlikely to be strongly excifed in'O%parti;
cle scattering%g),ZWe cgnélude_thatvthis is probably a 2+ state formed by double'
exéitatién. This accounts both for the reversed phasé and tﬁe peculiar small
; anglé behavidr: It alsb pfovidéérsuppdrt for the‘cqllectiVe two-phonon descrip-
~ tion of the‘second 2+ state. | |
The 2.900-and 2.940-MeV levels were ﬁot resolveé in the (d,a') work,
and were only weakly excited. The 2.900-MeV level has been assigned spin 1 in
low energy (p,p') scatteringl3).‘ Thé‘weék éxcifation by « particles implies
positivevpérity. The 2.940-MeV level could be the missing O+ level of the
;_two-phonon'triplet-{whiEﬁ the collective model would lead us to expect aﬁ an

excitation energy of double that of the first 2+ level)—indeed, it now seems
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- to be the only candidate fer‘this.assignment. This vould bekin agreement with
the weak excitation by & particles and 1s.strongly supported, if not confirmed,
by the proton work (see section 6) | | | | |
- The 3.035eand 3.260—MeV levels have distributions characteristic of
spin 2+t- This is in agreement vith'previous assignments (see table 4). However,
'-the:excitations are‘clearly more complicated-than the direct single excitation
Which is appropriate for the collective 2+ level. The 3.41L-MeV level is very -
weakly excited. It'has heen given l3) a spin of 2 or 3 from the lov energy,
(p,p') work. The assignment of (Jn) = 3+ is therefore nreferred. The 3.524eMeV :
level is best fit assuming a L+ as51gnment in agreement with other worku6 AS)
‘The 3.588-MeV level has‘been assignedAS) a spin 1 or Zland the very'weak a
excitation is ccnsistent with Jr = l+:;uThe 3.773-MeV level has been assigned
“spin 3;_the weak excitationvby‘a particles implies bositive parity. .The‘5.895-MeV
level clearly has Jir = 2+, ‘ ' '
The 4. lO3 -MeV level has been aSSigned13 455 snin 2. thr (a, a’) anénlar
:distribution is peculiar in that it completely lacks the usual osc1llatory B
behaViQr. Thelimpllcation is that this level in fact consists of a very close
deublet, or else the excitation mechanism is particularly complicated. Finally,.
both.h.hOS-and 5.59-MeV levels were best fitted by the L ; L calculations.
.  The above comments and conclusions are summarized in table_h. The spin
andynarity assignmentsvgivenlin fig.'l were based upon a cOnsideration of the
' aata»contained in this table.‘ Also. contained in table L are the values for BL
v(for R=1.25A /3 fm)'deduced from the DWBA.calculations. To simplify com-
j-‘_parison w1th results from different experiments we have also included the ratios

c of the'electromagnetic reduced matrix element to its single-particle value
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,B(EK,A—?O)/B(EX,K—*O)SP. This ratio is determined using the formulae

' ' -1y 2 2
B(Ea,r—=0) = ( 3ze R ) BR)
_ ' _ hkr 2+

B (22,2 =0, « L ( 3e R )’T
: | TV gm VDD

and

where R = 1.20 Al/3 fm, as qually uséd for electromagnetic work.

'Uhfortunatelw véry few ﬁeasuréments'haVévbeen made of these traﬁsition.strengths
except for the first.2+ level, for which gbod agreement has already beeﬁ demon- v
strated. . We show the feéults of‘the electron scattering work of Crannellet al,5O>

in table_h; The agreement between the-resdlts of the two Verybdifferent exper-

imental methods is encouraging.

. 6. TDiscussion
The most important preliminary to the %heofetical description of the
proton_inelastic scattering résults is the deterhﬁngtion of spih and parity
assignmentsQ It is tﬁerefore of interest to egaﬁine the proton scattering
.angular distributions to see whether it is possible to make neﬁ assignments or,

58

for “°Ni, at least check assignments made from the (a,a') work. ' As discussed
in section 4.2, the collectiye model DWBA calculations may be expected to be

of some value in such work.
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'58Ni

———

6.1.

58N1 was 1nvest1gated most thoroughly because the low- lying excited

: states are qu1te strongly eXCited both by (p,p') and (a,0! ).scattering and '
the experimental energy resolution was adequate to.resolve the majority of’b

‘the levels.'AIn'fig. 8 the various angular distributions are grouped together-

according to the spins as determined from the (&,0') work. The 2+ levels show

quite distinct similarities. The two levels at 3.41% and 3.773 MeV (tentatively
given 3+ assignments) possess nearly identical angular distributions and the

vgroup of U+ levels are all very similar. As displayed in- the figure the grouping -

appears quite natural and consequently provides strong supporting ev1dence for

DWBA calculations were made for the noncollective 2+ and bt levels.

The only.2+ level fitted well was that at 3.895 MeV but all the 44 distribu-

"',”tions bore a conSiderable resemblance to the calculations, the poorest fit

o being for the first (2.458-MeV) level, The values for @vobtained from these

.calculations are presented in table 4 where they can‘be seen to agree very

well Vithvthe results of the (q,a') work. In view of our earlier comments

v"bregarding extracting B values from the weak levels this agreement should be

v s

" regarded as very Surprising, indicating possibly that the present DWBA cal-
'oulation approach based on the one-phonon form factor has greater validity v

~othan 1is expected. However, although‘the present calculations fit the data

v
i

ijuiteAwell(it would clearly not be safe to make spin assignments directly

from such (p,p') work alone.

The results for the 2.900-and‘2,9hOfMeV levels are of poor quality

‘because these levels are only'weakly excited and were‘barely resolved. However,

study of even these data permits a very strong ass1gnment of spin O to the

2,940~ MeV level to be made. Two pleces of evidence are available fwr.this
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' purpose;' The first, and strongest, is the siﬁilérity_between the aﬁguler
dietributions for the 2.940-Mev level'in 58Ni and the 2.286-MeV level in
'6ONi, which ié.a known'0+ level...Beth dist?ibutions sho@ a deep minimum at
900, a feature not shared‘by.any other‘levels.v The second pilece of evideﬁce
- is rather tenuoue'andvdepends on,the'observation that the 2.90-and 2.94-MeV
leveis are symmetric about 90o,lwhich iﬁaicates that the main eXcitation'meeh—
" anism may be through the compound nucleus. Assuming this to be the case, we
can compare the ratios of the integrated cross sedtions<withithe (2J+1) rﬁle.
We find these cress eections for the 2.90-and 2.94-MeV levelsvto be in_the

e ratio.(l,9i0;9):l. 'Accepting the spin 1 assignment.of Swenson and Mohindral3)
for the 2.90-MeV_level leeds to the suggestion of 'spin O for the 2;9A—MeV

level. That this ratio is redqqed from the simple eoméoﬁﬁd nucleus Vélue‘of
‘3;llis'to be'expecteajbecause:the collective model twe—phonon describtionvof '
the firet-excited O+'etate'wouid lead to a cross section weakly.enhanced througﬁ
a doubleeexcitation process over the compoued nucleus value. No sech simple‘
enhancement for the spin-l }evel.is ekpected.' The alternative conclusion (eee'
ref. l3)vthat the 2.94-MeV level has a high s@in (~6) which would also yield a
v._eomp0und nucleus eross section of:the right magnitude (after alldwance has beeh
made for_the.centrifugal'barrier_penetrability) can be excluded because it

would not give-an angular distribution thch dieplayed a mipimum at 9OO.

6.2. 60Ni

As wouldebe expected, the 60Ni(p;p') results are very similar to those
for corfesponding levels in 58Ni. - Only the collective 2+ and 3- levels were

well described by our use of the one-phonon form factoré in the DWBA calculations.
The other levels were not well represented and hence presumably have different
form factors and/or receive important contributions from several-step scattering

processes.
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6.3, l208n :

For 12OSn the collective'Z% and;3—,ievels were fitted quite: weli by

the DWBA calcplations.' However; as for the nickel isotopes the fit to the
- first b+ level is not good (Bu'N 0.03) but the 2.272-MeV level, which is pre-
' 17) .

~_sumably the 5- level discussed by Bolotin et al.”'), is fitted very well by the

L = 5 calculation (with B - 0.05). Spin assignments have not pre&iouély been

5
made for the remaining levels.. The angﬁlar.distributions for the 2.455-,2.67-,
3.06~ aﬁd'3.l7—MeV levels are all very similar and are fitted‘adequétely by:the
L=k calgulationsv(with B), values o.o8,‘o.Qu, 0.0k, 0.07). The 3.45-MeV level
s best fit by L .= 3 but.the quality of the fit{is poor. Tt will be.interestiﬁg :

to see 1f these tentative assignments can be confirmed by other experimental

techniques.

7. Conclusion
» The ineléstic.ééattgring of~l7.8'MeV protons from a number of levels
in 58’60Ni éna>lZOSn hés‘been studied. 1As éxpebfeﬁ{ the scattering from the
'knownvcollecfive levels has been.found to be fitfed gquite well by the DWBA
calculations. .However, it was shown that care should be taken in these cal-
v culationé to use optical model botentials wnich fits both elastic scaftering
cross-ééétion and‘polarizatioﬁ daté.‘ Whén this wasvdone the resulting values

. for the deformation parameter agreed with values derived from other methods. -

In particular good agreement with values obtained from the (o, ') work was

)

obtained.

' ThevSBNi(p,p') data was examined closely and it was found that the

angular distributions for levels of the same spin displayed quite similar

'
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. shapes.lvThe:eollectiQe.modelzDWBA calculafiens‘were also compared with the
'non-collebtive‘leveis.in.éll’threelnuelei and it was found that many of theee

levels were fitted quite weli. A.peesibleAreaSOn'for'the success of these col- .

‘ 'lective model DWBA caiedlatieﬁs lies in tﬁe fect fhat.e relatively low’proteni

' venergy‘wae ehosen with fhe resﬁlt fhat the long wave length of the incident |

| protens averages o&er the detailé of the interaction form factor whereas at

higher enefgies these details would 5e‘df imporfanee.' The caleulations of

'.Glendenning and Veneronil) show this effect in the comparison of the cross . o

seetion‘for‘ll- and 4O-MeV protons
 The combiﬁation of the/preSeht fesuits for 58Ni of both (p,p') and -

,v(a,a')-experiments with other work has yielded‘strong spih and perify”assignfi
ments-for the majqrity”ef levels below SQMeV excitation.t It isvintereétiné
' to ﬁote that levels have been identified in %81 which may be associated with

the expected collective two phonon trlplet of O+ 2+, k+ levels. This feature

is of 1mportance for the microscoplc descrlptlon of the 1nelagtic scatterlng

B ‘using the two quasipartlcle descriptlon of Arvieu et al.g) because such a

: descrlption can only descrlbe single phonon collectlve levels, four quasi-
particles belng requlred to descrlbe two phonon levels. Prelimlnary results
" of the calculations of Glendennlng u31ng this model have already been publishedl)‘

51152).

and comparisons 'with the present data have also been given
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*In ref. 51 the 2.773 MeV level in 58Ni was incorrectly assumed to possess (Jxu)=O+.
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Optical Model Parameters for Proton Scattéring at about 17.8 MeV

Table 1

o ‘ : : 2 2
A v a, r. Wy a’ T Vg a, T o (mb) X o/ Ny X,H/N
N158 1.006  L46.94 0.781 ;25 10.90 0.432 ;30&' k.39 0.530 1.202 1078  21.9 9.8
Ni6o' 0.984  L46.k45 ©0.846 .25  11.90 o.uéé .279  5.48 0.502 1.253 1185 17.3  11.6
n%% 1,008 h7.21  0.770 .25 10.98 o.h3h' 289 . Ol a, | r, 1072 28.%4 '19-5
m® o.978 ¥7.k2 0.843 1.25 © 12.60 0.8 1.282 ok a r, 1185 22.5  29.5
m®  1.000 46.75 0.678 1.25  13.07  0.389 .259 9.06 a, fv, 958 - k.2
m®  1.000 46.59 o0.75% 1.25  1h.19 0.h22  1.261 8.89 a, . r, 1090 3.0
snt?0 1.000 50.70 0.665 1.25 -~ 13.22 0.55% 1.230 7.0 . & r 12430 2.6

Note: Potential depths are given

in MeV, lengths in fm.

. _OE_‘.
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L ) . . Table 2

" Values of the deformation parameters for the collective levels derived from the present data compared with other results

Targét Jn Q(Mev) 1 N 2 3 L 5 6 . -7 - 8 9 " 10
o . Complex . Beal 18.6 MeV (p,p') 17.5 MeV 4O MeV = C.E. 50 MeV
(o+P) - X (otP) - o DWBA c.c. - (pyp") (p,p") (a,a)
5Bys 2+ <1456 0!21(o<20) 0.24(0.20)  0.22(0.20) 0.25(0.22) 0.2k 0.21 0.21 0.18  0.18#0.01 0.2l
3-  -hA72 0.16(0.15) 0.17(0.16) . 0.15(0.15) 0.17(0.16) 0.19 . 015 o0.18 i_ _ 0.15
60Ni 2+ -1.332  0.21(0.20) 0.25(0.20) ‘—0.22(0.195) o.éh(o{zz) ~0.30  0.26 0.21 . 0.21 0.20£0.01
3-  -%.038 0.17(0.17) 0.18(0.17) _'0.15(0.1h5) 0.16(0.15)  0.22 ©0.17 0.16
1205, 2 -1.166 - 0.12(0.11) - 0.13(0.12) - SR . 0.107%0.0i0-
3-  -2.391 ©0.14(0.1%) . - .0.14(0.14)

'
oW
v

Netes: Present (p,p') results are given in the first four columns. (o+P) denotes results from optical model potential which fitted
both cross-section and polarization data, etc. "Complex" and "Real” refer to the interaction form-factor. The first column contains

our preferred (p,p') set. The values for BL contained within parentheses were obtained without coulomb excitation as a possible ex-
citation mode. '

Columns 5 and 6 show the results of Eccles et al.u) using DWBA and coupled-channels calculations.

Columns 7 and 8 show the (p,p') results of Roberson and Funsten?) and of Fricke and Satchler36)

Column 9 gives the averaged results obtained in electron scattering and coulomb excitation work37).

Column 10 gives our (@,a') results.

N

The results quoted in colunins 8-10 have been corrected to R = 1.25 Al/3 (see text).

~ 2¢ELT-T0N
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. Table 3

Optical Model Parameters.fdr-SBNi(a,a) at E, = 50.2 MeV
V : W r. a, OR(mb) | ‘XZ/N
1 33.4 15.1 1.610  0.608 - 1600 5.5
2 69.7 ' 19.1 1.508  0.58k 1550 4.6
3. -105.3  ' 22.3 E 1.456 - 0,571 1533 5.5 -
[ TR 0 T o5k _1;&17' ~0.563 1525 6.9
5. 0 188.2 "'*v.28{8_" 1.385 0.557 . 1519 8.4

':the: Potential depths are given in MeV, lengths in fm.




Table 4 _
‘Summary of Data on Spin and Parity Assignmenfs for 58N1
_ This work B(Ek)/B(Ex)s_p.
Level (pyp'y)  (e,e')  (pyp') (d,2') (a,0') B lxa) B (psp") {a,a') . (e;e')  Final Jn
{(MeV) ref. 45 ref. 50 vref. 13 vref, 46 - . Present ref. 50 values

5.59 . 10.06 +0.01  0.1120.03 ~ 1.51 W+ '

5.45 (group) ; '

2.10 not res.

5.07 |

.95 - .

4.90 _ . ‘ v

.75 bt 0.08 0,01  0.11#0.03 2.2 *0.6 b S

4.52+h, 5k weak - - : | v t;

b 472 3- 3- 0.15 *0.01 0.16£0.02 7.8 £1.0 13.241.8 3

.yl ) weak | T o

4. %05 Y 0.08 +0.01 _0.0§to.o3 2.4 0.6 4+

4,383 weak ' ' : ‘

b 34 7+k, 352 ' weak

4. 291 o

4.103 . 2 .(2) _ . 2

13.895 . 2 2+ 0.035£0.005 0.04£0.01 0.4 £0.1 2

3.713 3 V. weak - ‘ 3(+) =

3.615 ’ ' Y4 0.050£0.005 0.08+0.03 0.9 #0.2 I 3
-~ 3.588 1,2 v. wesk " weak A (1+) éé
. oy

(continued)



Table 4. (continued)

] This work . B(Ex)/B(Ek)s.p.
Level (pyp'r)  (eye’)  (pp')  (4,8)  (aa')  B(aa)  B(pp') (a,a') (e,e') Final Jx
(MeV) ref. 45 ref. 50 ref. 13 ref. 4 Present ref. 50 values
'3.52}; _ [ b bt 0.035+0.005 weak 0.45%0.15 ’2.54:0.6 b
EERLUS ' 2,3 _ v. weak o (3+)
3.260 L2+ 2+ 2+ 2+ 2+ 0.065¢0.007 1.4 %0.3 h.5%1.6 2+
3,035 low J _ 2+ o2 0.053£0. 005 1.0 0.2 g
2.9%0 ‘ (6) | v. weak J=0 | o o+
2.900 , ! v. weak J=1 - T
2.773 not 0,4 2,3 2+ 2+
2.458 4 b e 0.084£0.010 0.11#0.0 2.6 0.6  2.2:0.7 b+
1.456 ' 2+ 0.206%0.010 0.20+0.01 1.4 #0.15 14.3%1.9 - 2+

-ﬁg-

" 26ELT-THON
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Figure Captions
 Fig. 1. /58Ni(p,p‘) energy spéctfum at scattering angle 140°.

Fig. 2. 60Ni(p,p') energy spectrum at scattering angle 140°,

s . Fig. 3. 12(_)Sn(p,p') energy spectrum at scattering angle 140°, .

Fig. k. 58Ni(a,a') energy spectrum at scattering angle 26°.

Fig; 5. Results of the opticél model calcﬁlations for proton scattering off
58Ni\at'l7.7‘MeV. The cross-section dafa ére presented‘as ratios to the
Rutherford scattering crosé sections. The solid line gives the predictions
obtained after fitting both cross-section and polérization data, the dotted

. oizlinesds fora fit.to the  cross-section data alone.

Fig. 6. Results of the optical model calculations for proton scattering off.

6ONi at 17.9 MeV. See caption to fig. 5.

Fig.'7.’ Results of the optical model calculations for proton scattering off
. 120 . . '

Sn at 17.8 MeV. See caption to fig. 5.

Fig. 8. Proton inelastic scattering aengular distributions for 58Ni. The data
for the quadrupole levels is shown in fig. 8(a), for the hexadecapole (L = L)
levels in fig. 8(b), and the remaining levels in fig. 8(c). The solid lines

. :give the results of assuming a complex interaction in the DWBA calculations,

the dotted lines give the resdlts for a real interaction.

Fig. 9. Proton inelastic scattering angular distributions for 60Ni. The solid

o lines give the result of asSuming a compiék'iﬁféféﬁffon“ih—tHé_DWBﬁ—caI;'
. . culation, the dotted lines give the results for a real interaction.
- v fig; lOQ. Pfoton'inelastié scaffering angular distributions for.lZOSn. The
data for levels of known spin are given in fig. 10(a), the remainder in

fig. 10(b). The solid lines give the results of assuming a complex inter-

action in the DWBA calculations, the dotted lines give the results for a

real interaction.
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Fig. ll(é). The elastic scattering angular distributioh for 50 MeV @ particles
ffom 58Ni is shown, the data being presented as a ratio to the Ruthefford S
scattering crosé‘section. Also presentéd are the inelastic angular dis-
tributions for these levels which are bést deécribed as beiné in phase
with the elastic scattering. The 4,106-MeV angular distribution is in-
Acluded also. For the élastic scattering, fhe curve represents thé optical

model predictioh (see text). For the inelastic levels the appropriate

DWBA curves are’ shown.

" 8 . - e
. Fig. 11(b). The 5LNi(a,a') sngular distributions for the levels assigned
| Jn = 2+. The solid lines‘are the DWBA L = 2 curves.
Fig. 11(c). The 58Ni(a,a') angular distributions for the levels assigned-

Jrt = 4+. The solid lines are the DWBA L = 4 curves.
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58Ni(p,p')58mi ~ Proton Energy 17.69#0.03 MeV (lab)

Center of mass cross-sections in mb/sr

Q=0" Q = -1.456 Q = -2.458 Q= -2.77T3 Q = -2.900

¢.m. Elastic (2+) (b+) . (2+) (1+)
10.2 54,400 '
15.3 7,280 . 4,06 *0.60 1.72 #0.34
20.3 - 2,086 6.20 - 1.67 :
25.4 . 851 6.99 1.42 0.234% 0,190%0.080
30.5 - k28 9.55 1.2k 0.201 0.325£0.050
35.6 235 . 10.10 ©1.16 | 0.202 0.137+0.020
40.6 163 o 9.58 - 1.05 0.170 0.090+0.020
45,7 124 T7.75 . 0.91 . 0.140 0.1:00+0.040 -
50.8 90.6 5.6k 0.79 0.100 0.080+0.060
55.8 58.5 - 3.84 ©0.88 0.130 0.064+0.030
60.9 29.0 2.72 0.80 0.096 0.050£0.010
65.9 9.60 2.11 0.65 0.086 0.034%0.008
71.0 3.60 ‘ wa 0.55 0.091 . 0.0k0%0.020
76.0 6.05 °  1.95 0.410 0.10k4 0.059%0.015
. 81.0 11.65 2.03 0.315 10.101 0.040+0.008
- 86.0 15.56 - - 0.251 0.098 0.062+0.010
91.0 16.36 “1.Th 0.255 0.097 0.054£0.008
96.0 13.75 147 0.221 0.082 0.07240.010
101.0 . 9.65 1.19 0.183 0.089 ~ 0.031+0.004
106.0 5.90 1.03 S 0.171 0.0L41+0.008
110.9 3.40 0.8k 0.186 . 0.107 , --
115.9 . 2.37 0.72 - 0.193 0.120 - 0.025£0.015
120.9 2.19 0.62 0.135 0.034%0.008
125.8 S 2.75 0.61 0.164 0.036+0.020
130.8 3.58 0.60 0,14k 0.060+0.008
135.7 h,12 0.77 _ 0.137 0.060%£0.015
- 1k0.6 L.89 1.00 0.154" 0.112 0.062£0.015
145.6° 5.46 1.23 . 0.152 0.095 0.082+0.030
150.5 - 5.79 1.46 '0.159 0.101 0.082+0.030
- 155.4 5.70 1.52 0.136 0.110£0.020
160.3 . L.o5 1.27 0.099 0.100%0.20
3 4.95 1.27 0.099 -
170.2 Lrug— 77 0.097 TTovoTHR 0715k T
Relative ; - ,
errors . *3% thegp 6% +89

‘Overall normalization error -*5%

(continued)
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58 58

Ni = Proton Energy 17.69+0.03 MeV (lab)

“ 9l1.

Ni(p,p")
Center of mass cross-sections in mb/sr
C'm Q= -2.940 Q = -3.035 Q = -3.260 Q = -3.414 Q = 3.615
o (0+) (2+) (20) (3) ()
10.2
15.3
20.3 _
25.4 0.040+0, 040 o E , : ' 0.540
30.5 0.120%0.050  0.360 0.481 0.155£0.020 0.458
35.6 0.040%0.020 0.ko1 - 0.520 . ' 0.498
40.6 0.0k0£0.030 * 0.410 - 0.576 0.131£0.030 = 0.486
Cbs.7 0.030+0.020 0.327. . 0.511 ) 0.478 .
50.8 ° 0.080+0.060 0.288 0.412 © 0.129. 0.475
55.8 . 0.036%0.025 0.229 0.381 . 0.093 0.393
60.9 0.060+0.050 - 0.232 . 0.283 0.085 . 0.368
65.9 . 0.057%0.010 0.186 .. 0.265 0.087 . 0.308
71.0° 0.040+0.020  0.208 0.240 - 0.093 . 10,302
- 76.0 0.029+0.010 0,222 - 0.245 0.075 0.278
81.0 = . 0.020%£0.010 0.245 0.240 © 0,088 0.256
86.0 - 0.015%0.010  0.268 - 0.240 .0.082 0.222 _
o~ O:OO5+8'8ég-' S 0.262 0.221 . - 0.082 0,176
96.0 -+ - 0.005%0.005 .0.266 .0.223 - 0.077 0.175 -
©101.0+"  0,015+0.010 = 0.265 0.248 0.085 " 0.159"
106.0 0.021%0.008 0.231 . 0.231L -+ 0,060 0.125
110.9 ' -- - 0.246 0.256 0.067 0.120
115.9 = 0.025+0.015 - . 0.255 0.077 0.103
120.9 0.036£0.009 0.196 0.290 0.080 0.115
125.8 - 0.036+0.020 0.170 ' ‘0,090 0.111
~130.8 10.031£0.008 0.151 0.196 0.125
135.7 ~ 0.060+0.015 0.133 - - 0.202 0.080 0.136 .
140.6° v 0.040%0.015 0.117 0.175 0.082
145.6 ~0.030£0.030 0.11k - 0.194 0.079 0.199
.150.5 . 0.020%£0,020"  0.120 0.21k 0.067 - 0.185
155.4 0.030+0.030 - 0.1h47 - 0.234 0.052 - 0.181
3 <0.030+0.20 0.178 0.262 0.052 0.212
. 165.3 -- 0.192 0.269 0. 0Lk
- 170.2 -- 0.221 0.290 0.199
“ Relative : ' : ,
errors ' o ETh 7% ' +10% +7%

Overall normalization error +59%

(continued)
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'58Ni(p,p')58Ni " Proton Energy 17.69£0.03 MeV (lab)

Center of mass cross-sections in mb/sr

- 155.

Ceum. . 8= -3.773 Q = -3.895 = -4.103 Q= -k.k05 Q= -h.h72
T ) (2 (@) (4+) (3-)
10.2
- 15.3
© . 20.3 . . .
25.4° . o 0.417 0.835
30.5  0.129%0.040 0.319+0.027 0.154 : - 1.18
235.6 - 0.074£0.020 - 0.330 0.000 0.405 1.11
40,6  0.117+0.030 - 0.355 0.103 " 0,425 1.44
45,7 .0.114£0.030 0.29%4 0.116 ©0.387 1.65
50,8 ~ 0.073%0.025 0. 300 0.11k4 0.465 1.85
55.8 ©  0.060 0.219 0.135 0.406 - 1.69
60.9 - 0.0k42 0.139 0.137 0.406 1.54
-~ 65.9 . 0.051 0.083 0.126 0.382 1.27
71.0 0.056 0.086 0.129 - 0.411 " 1.09
0  0.0k9 0.077 . 0.090 '0.356 0.890
© 8.0 0.055 0.056 0.110 0.375 0.836
86.0 . 0.065 0.075 0.088 0.327 0.750
91.0 0.062 - 0.075 0.088 0.299 0.717
96.0 0.065 - 0.060 0,092 0.278 0.710
101.0 - 0.067 0.070 , . 0.085 0.245 ~ 0.640
106.0 ~ 0.066 0.054 " 0.103 0.231 - 0.675
9 . 0.0k9 - - - 0.060 0.100 - 0.208 ©.0.658
9 1 0.055 0.049 0.096 0.199 0. 666
120.9 . 0.046 0.046 0.090 0.167 0.675
125.8 0.057 . 0.0kL 0.087 0.180 0.617
0 130.8 0.046 . 0.041 0.091 0.196 0.606
S 135.7 0.051L - 0.042. 0.079 0.168 -~ 0.539
140.6 . 0.0k9 0.0kk 0.090 O0.1k1 - 0.498
145.6 .. : - 0.045 0.071 0.127 0.4k4o0
150.5 - 0.056 0.064 0.143 0.390
0,038 - , 0.064 0.147 0.343
. 160.3  0.032 0.072 - 0.130 0.272 -
165.3 0.021 0.072 0.115 0.19k
170.2 0.018 - - 0.046 0.071 0.109__ ~0.123
_ Relative : _ .
errors £15% - £15% - *10% +15% ‘ 7%

* Overall-normalization error *5%. .

(continued)
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58Ni(p,p')58Ni . Proton Energy .17.69%0.03 MeV (lsb)
‘Center of mass cross-sections in mb/sr
Q= -4.75 Q= -5.59
¢.m. (la+) (4+)
10.2
15.3
20.3 ,
25.4 1.12 - 0.587
30.5 0.655
35.6 0.811 0.435
40.6 0.720° - 0.525
k5,7 0.820 0.561 -
50.8  0.670 - 0.570
55.8 0.616 0.346
60.9 0.726 0.460
65:9 . 0.685
(71.0 0.610 0.496
76.0 0.478 0.472
81.0 0.411 0.418
86.0 0.290 0.350
91.0 0.284  0.350
96.0 S 0.241 0.326
0 0.247 0.265
106.0 - 0.205 0.252
110.9 0.226 0.250
115.9 ©0.20k4 0.245
120.9 . 0.181 S 0.24k4
125.8° . 0.156. 0.216
130.8 - 0.132 0.212 -
135.7 - 0.1lk9 0.175
140.6 - 0.1hh 0.194
145.6 0.149 - 0.186
150.5 - 0.151 0.188
155.4 0.178 . 0.175
160.3 0.176 - 0.172
165.3 0.193 0.165
170.2 0.173 0.162
Relative
errors +7% +10%

Overall normalization error *5%
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i (p,p )

Q=0

Center of mass cross-sections in mb/sr

Proton Energy 17.91%0.05 MeV (lab)

© Q=-1.332  Q=-2.159 Q=-2.286 Q=-

- errors | -

Overall normalization error iS%

- 2.505 Q=-3.119 Q=-4.038
T _elastic 2+ 2+ O+ Lt 2+ 3-
'15.2 575k 2.96 ——- - _— —- —-
20.3 1663, 4,73 -—- - . 1.54 _— _—

S 25.4. T46. 6.77 - -—- 1.17 ——— ——
30.5 372. 9.10 - 0.07k - 1.00 0.354 0.94
35.6° 192. 9.46 0.068 - 0.71 0.270 1.19
Lo.6 131, 8.92 - 0.082 —_— 0.77 0.244 1.57
4b5.7 . 9k.o .. - 6.76 0,078 - 0.73 0.197 1.T77)
50.7 68.9 - 5.03 0.058 0.022 0.68 0.221 1.85
55.8 - 41,2 - .3.37 0.058 ° 0.033 0.68 0.221 1.75
60.8 18.4 C2.25 *0.051 0.031 0.58 0.189 1.54

- 63.4 10.5 .2.06 0,055 0.025 - 0.57 0.212 - 1.36

©65.9 . 5.75 --- 0.057 0.028 0.52 0.200 1.16
68.4 3.45 1.80 .0.055 0.034 0.50 0.189 - 1.07
70.9- " 3.00 1.69 0.032 0.029 0.407 0.175 0.935.

AT TR S 1.79 0.026 - 0.0k0 0.383 0.170 0.930 -
C75.9 6,56 . 1.73 0.027 0.032 - - 0.312 0.163 0.774

~78:5 ' 9,51 1.84% - " 0.036  0.049 0.298 0.166 0.732"

81.0 11.1 - ——- -~ 0,028 0.015 0.218 0.133 0.646
- 86.0 1%.0 1.66 < 0.034% . 0,010 T 0.166 0.095 0.641
9L.0 - 13.1 1.h7 _— | - 0.135 0. 084 0.595
96.0 - 10.6 1.32° 0.028 0.007 0.131 0. 066 - 0.642
. 101.0 6.35 1.12 '0.023 0.005 0.104 0.050 0.539
105.9 3.68 0.98 0.015 0.016 - 0.100  0.0k9 0.628
110.9 . 1.84 0.83. 0.017 . 0.018 = 0.085 0.045 0.580
115.9 . S 1.62 0.7 - --- 0.023 0.086 - 0. 566
120.8 - 2.03 0.66 - 0.015 --- . 0.082 0.046 0.535
.125.8 2,71 0.59 0.026 0.022 0.090 0.049 0.513
o 130.7° 3.18 0.56 0.031. 0.01%4 - 0.043 0. k96
©135.7 3.hk2. 0.62 - 0.034 0.011 . 0.076 0.058 0.458

140.6 3.56 0.78 - - 0.046 0.006 0.076. 0.068 0.434 .

145.6 3.66 0.94 " 0.053 -0.006 0.088 0.067 0.376

- 150.5 3.49  1.13 0.067 0.009 0.083 0.06k4 0.308
155.4 ©3.hh 1.16 - 0.070 - 0.007 0.079 0.058 0.284
1 160.3 3,08 1.10 0.056 0.009 0.080 0.068 -——-
165.3 L2.64 0.92 10.059  0.00k4 0.05k4 0.060 -
Relative t I . S .
+3% +ha +15% +25% +10%  *15% +6%




“hoo UCRL-17352

. 2 h
_lZOSn(p,p')l OSn - Proton energy 17.70%0.05 MeV

Center of mass cross-sections in mb/sr

Q=0 - -1.166 Q=-2.183 Q= -2.272 = -2.391

-t (0+) o (24) (l+) (5-) (3-)

20.2 10600

25.2° 4390

30.2 1953

35.3 726

40. 3 270 o

45,1 148 1.2k 0.191 - ©0.423 . 1.85

50.2 127.5 1.13 , 0.176 0. bkh ' 1.43

55.2° 116 1.45 0.157 0.461 = | 0.975

60.2 95.0 156 0.118 0.443 . 0.707

65.2 69. 3 1.60 . -0.085 0. 400 0.705

70.2 hy. 4 1.33 - 0.073 0.339 0.918

75.3 20.6 0.936-. 0,07k 0.223 1.019

80.3 10.0 0.594 0.085 0.167 1,08 -

85.3 7.43 0.397 - 0.081 : -——- , 1.062

90. 3 8.95 0.295 0.065 0.168 . 0.818

5.3 11.4 S 0.351 0.060 T 0.163 0.612
100.3 11.9 0.430 -——- 0.152 0.412
105.3 10.4 : - 0.052 . 0.287
110.2 7.92 0. 450 0.05k4 - 0.168 -
115.2 5.02 . 0.391 . 0.0L5 0.15% 0.265
120.2 2.83 - J— - ——-
125.2 1.90 S 0.19h 0.039 0.11k4 0.341
130.2 1.98 - 0.155 0.036 0,10k 0.373
135.1 _2.h45 0.153 0.028 0.081 0.356
140.1 2.86 0.161 0.027 ' 0.070 0.322
14s5.1 2.92 0.187 0.028 . 0.060 0.274
150.0 2.57 0.229 0.021 0.052 0.239
155.0 2.31 0.280 ‘ 0.023 0.040 . 0.209
160.0 1.79 0.320 0.020 . 0.042 ©0.172
164.9 2 1.27 0.343 0.025 0.045 . 0.121
169.9 0.700 0. 304 - 0.021 0.039 0.090
Relative . ' : . B

errors  %3% +6% . *10% +8% 6%

(continued)



3. | | UCRL-17352

1208 (0,0 )*%%n ©  Proton energy 17.70£0.05 MeV

Center of mass cross-sections in mb/sr.

Q= -2.455 @=-2.6T © Q=-3.06 Q= -3.17 = -3.45

| 169.

o () (1+) CON (4+) (3-)
20.2°
25.2
30.2 .
35.3 -
40.3 . ‘ B - .
k5,1 0.403~ SRS 0.182 0.388 0.127
S 50.2 0.333 . 0166 - 0.310 0.093
55.2 0.316 _ o 0.132 -~ 0.287 0.09k
60.2 - 0.263 - 0.06k 0.10k - 0.236 0.088
65.2 .. 0.211 0.059 0.065 0.179 - 0.076
70.2 0.165 . - 0.063 : '0.0k42 . 0.139 0.078
75.3 0.165 © 0.051 . 0.035 0.095 . 0.090
80.3 . 0.155 0.043 0.032 - 0.086 -~ . 0.091 .
"~ 85.3 ©0.158 0.0k45 - 0.0k2 0.094 0.081
90.3 S 0.082 ~0.050 0.098 = 0.07k
- 95.3 - 0.179 .. . _— 0.0k7 0.106 0.056
100.3 0.160 . 0.0kk 0.048 0.106 0.0k41
105.3 . 0.130 ©0.039 - 0.124 0.040
110.2 ~ . 0.126 . 0.035 . 0.032 .0.083 0.0k41
115.2 0.100 0.028 - _ 0.038 - ---
120.2 ——— : . _—— - -—-
'125.2 0.068 R ' 0.016 0,057 0.04k
130.2 S 0.057 - 0.018 0.0l4 0.046 0.038
135.1 0.057 0,016 S ee- - 0.046 0.037
140.1 0.050 0.012 0,019 0.057 0.030
145.1 0.056 - 0.017 0.020 R 1 0.028
1150.0 0.057 - 0.016 0.020 0.049 -
©155.0 -~ .0.066 _ 0.018 - 0.019 0,046 ‘ 0.0k
160.0.  0.064 7 0.020 ©0.026 0.0k9
164h.9 0.078 " 0.019 0.022 0.050
9 . 0.072 o 0.02k ‘ 0.020 .. 0.0k

Relative. . o : . - o . .
errors - 8% : 8% +£10% +8% 8%




PRI : UCRL-17352

58y (o, 00 )Pt E = 50.2 VeV (1ab)

 Center of mass cross-sections in mb/sr

Q=0 Q = -1.456 Q = -2.458 = -2.773 Q = -3.035

. Elastic (2+) () (2+) (2+)
10.7 11795+446 57.9 " 3.0 #1.0 2.2 *0.7

12.8 L3h7lilh 2k.9 . 3.73 0.50 £0.30 2.68 +0.37

15.0 2429 2.8 0.8 3.80 0.17 +0.05 0.53

17.1 - 1390+30 13.7 - 3.16 © 0.3k49 0.89

19.2 341 26.9 1.03 0.122 1.43

21.k 138 13.2 0.22 0.1k4k2 0.06

23.5 235 1.54 0.7k 0.150 C0.3%

25.6 184 _ 3.10 o 1.k2 0.090 0.066

26.7 110. ' : _ : ,

27.7 50.2 9.78 - 1.00 0.49

28.8 12.3 10.1- " 0.61 0.84

.29.9° 5.07 - 8.32 . 0.37 0.138

30.9 16.5 5.39 0.186 0.207 0.58

32.0 . 30.8 2.40 0.184 0. kh

.33.0 39.4 ‘0. 709 0.201 . 0.27

34.1 Lo.7 0.523 0.38 0.093

35.1 .~ - 31.8 1.64 0.48 0.049+0.010

36.2 19.5 3.06 0.46 0.07k

37.3 - 7.58 4,21 0.33 0.032 0.192

38.3 1.31 4,33 0.235 - - 0.020 0.237

39.4 3.90 3.88 0.1k43 1 0.025 0.210
- Lo,k 3.6k 2.64 0.078 0.053 0.212

41.5 7.54 - 1.57 0.091 0.079 0.173%0.016 -

2.6 10.7 0.81 0.155 0.07k 0.113

43,6 © 11,1 0.57 - 0.162 - 0.072 0.061+0,010

b, 7 9.50 - 0.80 0.239 0.071 0.038+0. 004

hs,7- 6.70 1.26 0.224 0.060 0.031%0.006
46,8 3.58 1.65 0.201 0.034 0.045£0. 006

47.8 - 1.66 1.90 0.171 0.017+0.005  0.063+0.009

ho.9 210,951 . 1.4k 0.105 0.014+0.005  0.085+0.011

51.0 . 1.88 1.08 0.094 1 0.016 0.066+0.006
- 53.0 3.52 0.535 0.118 0.025 0.028+0. 004

55.1 2.83 0.540 - 0.129 : . 0.025£0.003

57.2 -1.33 0.804 0.115 0.011%+0.002  0.028+0.003
"59.3 + 0,458 . 0.827 0.078 0.006+0. 002 _
1.4 0,546 0.573 0.058 0.008+£0.002 -0.031%0.003
63.4 0.821 0.300 0.050 0.012+0.002  0.017+0.002
Relative _

errors +5% : 5% - +6% £10% +6%

(unless specified)




-h5- UCRL-17352

58Ni(a,a')58mi E, = 50.2 MeV (lab)

Center of mass cross-sections in mb/sr

- -3.260 Q=-3.524 Q=

e -3.615 Q= 23.895 Q@ = -4.103
e (2+) (4+) (k+) (2+) (2+)
110, 7 3.9 *0.5 0.40 %0.40 1.00 *0.40
12.8 3.9 '+0.5 . 0.50 #0.20 1.20 £0.40° 1.18 #0.30 ‘
15.0 0.74 #0.10 - - 0.20 %0.10 1.60 0.225 0.23 #0.08
17.1 0.94 0.37 1.52 0.40 0.431+0.025
. 19.2 1.69 - 0.38 0.63 0.56 0.197
21. k4 1.41 0. 14k 0.139 0.34 0.155
23.5 0.46 0.072 " 0.195 0.067 0.099
25.6  0.136 0.162 0.4k 0.101 0.066
26.7 -~ ‘ 0.225
27.7% 0.58 0.219 0.42 0.245 0.080
.28.8 © 0.8¢9 v 0.180 - 0.33 0.232 0.063+0.010
29.9 - 0.95 142 0.240 - 0.16k4 : '
30.9 - o 0.136 0.103+0.13 0.076+0,010
32.0 0.61 , 0.038+0.010  0.066
33.0 . 0.36 o 0. 0550, 008
341 0.213 0.121 0.080+0.008
35.1 . 0.135%0.01k  0.,143+0.014  0.039+0.006
36.2 0.107 0.118 0.157 0.083+0.010  0.053
37.3 - -.0.326. : 0.094+0.011  0.156 0.087£0.010  0.050+0.008 -
38.3  0.283 0.093%0.010  0.1k47 - - 0.083 7 0.046+0,006
39.4% - 0.308 ' 0.052+0.010°  0.044+0,008
" Lok 0.281 0.033+0.003 - 0.04l+0, 008
hi.5 - 0,0L7+0.005  0.035%0.006
k2.6 0.168 0.025+0,003  0,038+0.003 - 0.018%0.002
k3.6 - 0.113%0.012° 0.030%0.010 0.042%0.008  0.027+0.006  0.056+0.009
Lh,7 . 0.049%0.005  0.030£0.005 0.077 - .0.025%0.003 . 0.04k4
R 0.031+0.006  0.055%0.010 = 0.071+0.009  0.042%0,010  0.O0L4+0.008 -
46.8 . _ , © 0.041t0.00k  0.072 . 0.0k41 0.034
47,8 . 0.053%0.009  0.023%+0.006  0.050%0.008 0.063+0.010  0.023+0.006
49.9 0.085+0,011  0.028%£0.006  0.025%+0.006  0.035+0.006  0.027+0.006
51.0 .~ 0.100 0.019 - 0.030+0.003 * 0,021%0,002  0.055
53.0 0.058 0.013 - 0.014+0.002  0.015+0.002  0.033
55.1 - 0.025+0,003 . 0.03L . °© . 0.027£0.003 0.01l7%£0.002 0.028 -

. 57.2° 0.031£0.003  0.033£0.003  0.030£0.003 °~ 0.018+0.002  0,020%0.003
°59.3 . 0.055%#0.005  0.025%0.003. . 0.028%0.003 =~ 0.016+0.002  0.019 S
“61.4 ©0.020+0.003  0.020£0.003  0.014+0.002  0.019

63.4 0.045+0,003 - 0.031+0.003  0.008+0.001 0.020+0.003

Relative ' o ' : ' _

.errors-  *6% 6% ‘ +6% v +7% . +10%

(unless specified)




58Ni(a,d)

Ni

'-ué-,'

E,

= 50.2 MeV (lab)

Center of mass cross-sections in mb/sr

= -bikos Q= -Lk.472

UCRL-17352

(unless specified)

com. - = -4, 75 Q = -5.59
(b+) (3-) () (4+)
10.7 1.40 #0.40 19.0 *1.0 -
12.8 1.30 £0.60 19.3 2033 £0.35 2.65 +0.80
15.0 3.00 £1.00 12.5 3.12 1.45
17.1 2.90 +0.30 3.28 2.65 0.83:+0.40
19.2 = 1.6l - 2,04 1.51 0.96
21.4% . o.2k2 - 5.71 0.45 0.50
. 23.5 6.51 0.39 0.20 *0.05
25.6 0.59 3.68 - 0,86 0.30 -
26.7 o ' ' . - 0.39
27.7 0.97 0.87 - 0.95 "~ 0.51
28.8 0.72 0.76 - 0.84% - 0.45 -
29.9 . 0.64 1.36 0.51 - - 0.40 *0.20
- 30.9 0.62 - 1.78 0.31 .41
32.0 . 0.33 0.6 2.4 0.20 0.21 +0.0k
33.0 . - 2.48 - '0.133%0,013 ° 0.164 .
3hk.1 - 2.28 0.215 0.109 .
35.1 - 1.62 0.238 0.113+0.011
36.2 1.56 0.38 - 0.139
37.3  0.ko - 0.79 0.47 © 0,230
38.3 0. 42 -~ 0.31 ‘ P - 0,224
39.4 0.31 0. 47 0.281 -0.250 -
- Lok 0.251 .. 0.70 0.171 0.165%0.37
.5 0.1k1+0.014  0.82 0.121+0,014 -
42,6 o . ©0.078%0.030
43.6 0.99 0.055+0.010  0.124+0.013
Phl T ' - 0.066 -
S k5.7 : 0.48 0.096
L6.8° 0,133 1 0.32 0 - o 0.103
47,8 ¢ 0,133 . . 0.28 £0,02-  0.127£0.013  0.108#0.015
k9.9 0.127+0.013 - 0.28 #0.02.  0.105+0.012  0.139
51.0 0.119 0.38 0.080 .
53.0  *0.075 0.45 0.039+0.004 . 0.051+0.015
55.1. 0.40- . 0.036 0.069
57.2 . 0.055. 0.179 0.067
"59.3 ' 0,094 - 0.129 0.069 0.075
‘6L.%  -0.088 .~ -y 0.129 - 0.039 0.072
63.4 . o.okk . 0.158 0.028+0,003
Relative’ . .
errors +6% - x6% +6% +7%
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission"” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








