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.-Abstract
: . S c . .58 62 :
) The scattering of various energy alpha particles by Ni“" and Ni has

been studied. It has been found that the phase of the 1nelast1c groups rela-

"tive to that of the elastic group tends to vary with energy, the most pro-

nounced variation being that .arising from excitation of the first b+ ("two-

phonon") level. The.datanhave been compared with the modified diffraction
model of Austern and Blair. The ‘theory is moderately successful in fitting
the data for excitation of the first 2+ and 3- levels. The variation in phase

of the L+ angular distribution with energy could be reasonably reproduced by

. cons1der1ng an admixture of one and two phonon excitations. : Nuelear matrix -

elements and reduced electric transition probabilities for some of the levels

58

in Ni and Ni62 are included. - o . j \

This work was performed under the auspices of the U. S.. Atomic Energy Commis-
sion. and BUSHIPS.. :

NATO Fellow, on leave from Laboratoire de Phy81que Nucleaire, Orsay (8. et 0.),
France.
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1. lIntroductionrd

:‘3. The scattering of medium-energy alpha particles has been 1nvestigated

.bothvexperimentally and theoretically by numerous authors. According to what
, has come to be known as the Blair phase rule for the inelastic scattering;of-
hstrongly absorbed particles,'the angular distributions for alpha groups cor-
V.responding to an even value of angular momentun transfer L - should be out of

. phase w1th that for the .elastic group, whereas those corresponding to odd-L

transfer should be in phase with the elastic group ?xperimentally, this phase.

rule'has been verified for the'excitation of the first 2+ (quadrupole) and 3-

.(octupole) states in even-even nuclei. However, it has been found that the

'.group,). In particular, the scattering of h}—MeV alpha particles by}Ni

E 'relative phases for ex01tat10n of the flrst h+ and second 2+ levels (two phonon)

are in some cases in phase and in other cases out of phase with the elastic

28 has

.. shown that the angular distribution for excitation of the first U+ level is

'l; nearly in phase with that of the elastic group

:5)

This anomolous phase-be- -

: havaon‘has been attributed to_interference effects between the direct and

multiple processes by which the h+—level can'be excitedu)k

- range of 25 to lOO MeV by Ni

bfor N162 has- been published elsewhere

4 ) ! ',’(,,;,

 With the availability of alpha particles with energies up to about 125
MeV it was cons1dered de51rable to 1nvest1gate the phase relationships as a- B
function of the energy of the 1nc1dent alpha particles.: In this paper are
presented the results for the scattering of alpha particles over the energy

=3 and’ Ni62 A preliminary report of the results e

5).
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2. Experimental Technigque

- The Berkeley 88-inch variable energy cyclotron was used to provide

incident alpha particles with energies of 25, 33, 50, 85,'and 100 MeV. |
experimental arrangement has been described elsewhereé). The targets consisted W
of isotopically enriched” N3O0 (99.9 percent) and §1 02 (99.9 percent), which =~

were oriented at an'angle of'HSO with respect to the incident beam The scat- - _
'tered alpha partlcles were stopped in llthlum-drlfted silicon detectors of g
thicknesses from 0.040 to 0.120 inches. For the 100- MeV work, the 0.120-inch
-detector was orlented at an angle of h5 with respect to the scattered alpha

)

particles. The electronics has been desdribed elsewhere ) The. overall reso-
lutions obtained in this work varied from about 4O keV FWHM at 25 MeV, to about
200 keV at 100 MeV. 1In genefal, data were recorded at one to two degree inter¥>,

vals in the laboratory system, but.tﬁe length of the interval was varied when

considered desirable.

%, . Results

. Iﬁ figs. la;llb, and lc afe shbwn‘thelanéalar distributions obtained

- for the scattering,of'BB;, 50-, and 100-MeV alpha particies by the ground (O+); 
1.U452.-MeV (2+), 2. u58-Mev (h+) and L4.50-MeV (3-) states in N158; A similar fig- : o

ure show1ng the results -for the scatterlng of 53-, 50-, .and 85-MeV alpha partl- :.:”Q.

-cles by the ground (0+), l.l7-MeV (2+) 2.33-MeV (L4+ and 2+ doublet) and 3.77-MeV

(3-) states in Ni has already been publlsheds). From these data, the fractional o v

: dlsplacements of the 1nelast1c maxime relative to the elastic maxima were determlned

Obtained from the Stable IsotOpes D1v151on, Oak Ridge National Laboratory,
Oak Rldge, Tennessee.
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'.and’in'figs;'E'and'B these'are'shown.as avfunction4of the energy of,theninci-i"

dent alpha particles

It is clear from figs 2 and 5 that the phases for the scattering by

the first o+ and 3- states, relative to that® for scattering by the ground

state, are fairly independent of energy, whereas the phase for scattering by
the L+ levels changes'from‘nearly out of phase at low alpha energiesvto:es;.

sentially in phase at higher energies. As regards the data for the 4+ level

in Ni62, it should be noted that no correction has been made for a possible vu

contribution to the angular distributions . arising from excitation of the

second 2+.level at an energy of 2.303 MeV.. However, the fact that the "sharp-

' ;:ness":of the osgillations.in_the_angularndistributions:is~fairly“independent

Ay

has been obtained from the work on Ni

and Blair

. of energy, leads one to suspect that any such contribution must neceesarily'

be small. TFurther ev1dence that might be utilized to Justify such a’ SuSplClon

58., Here, the alpha group which would

'~ arise from excitation of the second 2+ levels was not observed.

o8

The angular distributions obtained for:Ni”  and Ni62 were compared
with the predictions of the_diffraction>nodelfinva manner suggested-by Austern
9) . .
fraction model(can be generalized to'caloulate the cross section for any multi-‘

pole excitation, as well as to include Coulomb-distortion. The form‘fOr-thel‘:

’ ;elasticLscattering amplitude is

ERORE: <e> + & i.e_i (2t + 1)1« m)) By(cos 0),, @

"where f (9) isg the Coulomb amplitude, .g ' the Coulomb-phasevshiftffor the~£thf{;fivf

'

o partial wave,' nz the complex amplitude of the Eth outhing partial wave,

Pz(cos 9) the Legendre polynomial of order Z and k the relative wave’ number

The foxm of “z was: assumed as

These authors have shown how the Drozdov-Blair-Sharp-Wilets dif- . . ° . *
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 Using the above éxpressions_for.fez(e) and 1n,, the parameters L, A, A, B and

sections with the aid of'a'search program due_to.Springerlo)w The m, so

de " 2d2€ \
N, =€+ Badﬂ i(AAdl +Dﬁ~} EF) . (2~)(.
. where L s ' o ..z . . - o

o (1 . e.(L-'l)/A)'l

.. y

" D were determined by least squares fitting to the experimental elastic cross : l‘g o

\

- determined were then inserted into the formulae_given by Austern.and Blair for

the excitation of a nucleus with ground state angular mdmentum.zero,(to an
excited state with angﬁlar momentum I. For an excitation involving a single
phonon the expression for the scatteringvamplitude is

f = -;-(21 + 1)1/2 Cl(I) Z [1 (21' + 1)1/2

IM;00
e’

| 1(0 to, ') (/z'I - MIM lzo)u Ioollzo) a‘r 1. (e, o)] o (i3'),

where C (I) 5 (I)/ JEI + 1, and B (I) is related to the deformatlon param-
eter, 51(1) as & (I) B (I)R The quantlties in brackets are Clebsch_— -
Gordan coefficients. The derivative of Ny 1is to be evaluated at’ ﬂ —_(£+£')/2; -

For an exc1tatlon 1nvolv1ng two phonons, “the amplltude is glven by

IMoo“‘E (21+1)1/2 I) Z [’22(21'+1)1/é-e1(c£ +.cé,) \

L2

(z':r - MIMIIIZO)(Z'IOOHO) ._.._Y'MI (o, o)} f, (W)

"‘where ‘CQ(I) is a nuélear matrix element involving thé.squafe of a CSéfficient-

in an expansion of thé'huclear radlus in terms of spherical harmonics, and is

simply related to 01(2) for rotational and simple vibrational nuclei.
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The results of filtting;the data for Ni” and N162‘by the procedures

outlined above were quite similar. For this reason, figures demonstrating the

types of fits so obtained will be presented here only for Ni58.

In fig: b4 is
shown the fit to the 50-MeV elastic data obtained by use of the expressions given
in egs. (1) and (2). The values of the parameters L, A,. A, B and D determined

by the fitting procedure are listed on the figure. The fits at 50-MeV alpha

" energy for the levels at 1.45 MeV (2+) and 4.50 MeV (3-) are shown in fig. 5.

. In each case, the calculated distributions (i.e., by use of eq. (3)) have been

normalized to the_experimental data at the “first" maximum. From the variation
in phase of the.angular -distribution for excitation of the U+ level at -2.45 Mev,
it was clear that neither the single-phonon expression (eq. (3)) nor the two-

phonon expression (eq. (4)) could separately fit the data over the range of '

alpha particlé energies sfudied in this work. Hence, an effort was made to
" determined whether the data could be fit by using the sum of eqs.{3) and (4),

“and a single value for the ratio R = C (I)/C (I). The best fits obtained for

incident alpha partlcle energies of 33-, 50-.and lOO~MeV are shown in fig.‘6.

Here‘also the experlmental and theoretical curves were normilized at the “first"

maximum.

From fig. 5, it can be seen that the theory fairly.well reproduceSthe
phase of the angular distributions foi'excitat;pn of the'first 2+ and 3- levels,
but has. difficulty in predicting the fall off of cross seéctions with increasing'.

angle. For the Lt level (see fig. 6), the agreement is- not nearly s0 good  We

have found that it is not poss1b1e to reproduce 51multaneously the phase and

magnitude of the angular distrlbutions for the U4+ level. Thesé results are

-comparable with those obtained by preliminary DWB and coupled channel caicula—

11,12
).

In Table 1 are given the values for the nuclear matrix'elemehts; Cn(I),

' resulting from the anslyses deseribed atove. The fact that the values ‘61" Cn(;t‘)
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" that this is the case for the 3. 65-MeV (probable b+) level in Ni

-6- S UCRL-1190k

are relatlvely 1ndependent of the energy of the incident alpha particle is

o o encouraglng and would appear to Justlfy the ‘use of the theory noted above

The C (I) for the 2+ and 3- devels can be used to calculate reduced electrlc

quadrupole and octupole transition probabllltles. This has been done by utll-, o

13
’ 121ng the usual collective expression ) for the reduced electrlc trans1tlon

probablllty, and the suggestlon by Blair that the deformatlon o) (— BOB ) as

measured by -alpha particle scatterlng should be compared Srith the electromag-
netic value 8 (= BeRe).- Hence, this leads to the substitution B = SQ/R

(or in the terminology given above, Bn(l)/Ré) in the expression for the_re-

" dueed transition_probability. Ru is the charge radius, and was taken as

1.2 X lO"'13 1/5 cm. The reduced tran51t10n probabllitles S0 calculated are,

also given in Table l

_The fact that we have observed a'level at 3.65 MeV iniNi58 and levels.

.at 3. 52 and k. 02 MeV in N162 which- also appear to have spin and parity b+ and

cross sections cOmparable to- that for excitation of the flrst h+ level, mlght

imply that the L+ levels are mlxed.v This. would tend to support the assumptlon;

of both single and double ercltatlon of these levels. For the simplest-forn ’
of configuration mixing, the values of Cl(h)'and‘ce(h) would then depend upon
the strength of such mixing. Should such mixing occur; onebmight expect the‘f
phases of the other admlxed states to vary w1th the energy of the 1n01dent

alpha partlcles Although ‘we only have data at 33 -and- 50 MeV, it appears»
58



4. Conclusions

It has been shown heré ﬁhat the phase of the angular distributions of

. the inelastic groups relative to that of the elastic group varies as a function

of the-incident alpha particle energy, the most pronounced variation. being that
arising from excitation of the 4+, "two-phonon™ state. . The theory of Austern
énd'Blair has been moderately successful in explaining tpese'effects. Whereas

the theory has been able to reproduce the phase for the "two-phonon" group, it

- is unable to fit the fall off of the-cross-section with increasing angle. ZEven

with the ihclusion of simple coﬁfigurafion mixing, it does not appear that the
Austern and Bléir model would be successful:in_simultaneOusly fitting the phase
and slope of‘the "two;phonon"'excltationsr It appears that'additional'experi;
ments, similar to those described in fhls paper might prove fruitful. 1In
particular, it is suggestod that in ordér to détermine the validity of_the~‘

theories such experiments might be performed on nuclei for which the L+ state

~1s known to be a pure viorational or rotational level. Measurements_of'the

angular distributions of inelastically scaﬁtered alpha particles as a function
of the energy of the incident alpha particle might very well prove ﬁo'be.a

means to determine the purity of "two phonon" states.
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Table 1. : :
‘ Nué¢lear matrix elements and reduced electrlc transition probabllltles for levels
in Ni58 and Nif2 obtained from Austern and Blair model analysis of (a,Q') data.

‘ pre
a-particle)'- ‘1.5 Mey | 2,45 MeV 4,50 MeV
- energy (MeV): B(E2 e INB o iR a B(E 6
T og(er® BB ety (0B (0% 5 oy (3)® BB (e
33 . 0.37 : '155 l . 0.063 0.063 ., 0.20. ) 830
.50 o0 . 179 0.096  0.077 0.2k 1080
100 0.35 118 0.037 - 0.1l . 0.20 830
| ni &2
o-particle " 1.17 Mev 2.3 MeV 37T MeV

ener (MeV) _ ‘ ) :
TN o EEat) o ® ot cy(3)*  EEl(ad)

33 0.39 - 150 063 © .ok 0.2, . 1040

50 .o.uﬁ 180 - .07k .okk '1. 0.28 . 1700 (
85  0.38 . 145 052 o . o.el . 1100

100 o 3 . 170 | | |

a’I‘he'Cn(I),are' ‘given in’ units of fm.

o~
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Figure Captions

- Fig. la. Angular distributions for the scattering of 33-MeV alpha particles by
the ground, 1.45 (2+, 2.45- (4+) and 4,50- (3-) MeV states'of N158. .
Fig. 1b. Angular distributions for the scattefing of_BO-MeV alpha particles by .

the ground, 1.45 (2+), 2.&5- (4+) and 4.50- (3-) MeV states of Ni58.

Fig. le. Angular distributions for the scattering of 100-MeV alpha particles

by the ground,.1.45 (2+), 2.45- (4+) and 4.50- (3-) MeV states of Ni58. !
Fig. 2. Variation of £he phasé of the -angular distributions of the inelastic .-
| | ' 58

groups relative to that of thé élastic group of Ni”~ as a functibn of
',the"energy of the incidenﬁialpha‘partiéles. The épiqs’and parities
correspond to’'the levels at l.h5rMeV (2+), 2.45 MeV (L+) and k.50
MV (3-). ' ' ' '
Fig;.B. Variation of the phase of the angular-distributioﬁé'of.the inelastic
groups relative to.that of the elastic group of ni 62 as a function of
the energy of the incident alpha particies. The Spiné ana périties

correspond to the levels at 1.17 MeV (2+), 2.33 MeV (4+), and 3.77 MeV

(3-). . | e T
Fig. 4. Best fit obtained'fof‘thé elas£ig écattefing cross section af Ni58_
~for an incident alpha'ﬁérficle enérgy of'50 MeV. The pérameters‘.
noted on the figuré are described in'ﬁhe text.
Fig. 5. Austern and Bléir model fits to the 1.17 (2+) and k.50 (3-) MeV
Angular diséribﬁtions from the scattering of 5Q-MeV aipha p;rticles ]
by Ni58. The values for the parameters L,JA,’A; B and b wére.taken A
from the fit shown in Fig. L. ‘ - |
Fig. 6., Best fits to thé angular distribution of the 2.u45- (h4) MeV level of
. Ni58 for incident alpha particle energies of 33, 50 and 100 MeV.- The
values of the parameteré L, A, A, B and D were obtained‘frdm'fits to

the elastic data at each energy. The values of R (see the text for

. definition) obtained from the fits are given in the figure.
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N0

Elastic 'Cross Sections

Ea = 25 MeV

ecm ' (Ii%;gg ) grtzg);;z?iil
(DEG) / Error
21.7 317k .010
23.9 2147 .013
30.2 388 .00k
32.3 242 .00k
32.3 255 ".o0k
35.5 204 - .00k
38.6 1k2 .00k
41.8 62.1 .00k
45.0 27.5 .006
ug8.1 26.5 Kolol

!

' / Fractional

- ?EEG) (mb/SR) StagiiZical
51.3 25.6 .005
54.5 1k4.3 .008
57.5 5.08 .010
59.6 3.41 .013
61.7 5.55 .008
64.8 . 5.99 .010
67.9 4h.19- .009
67.9 %15 .01l
71.1 1.46 .019
74.0 266 .0bk




E = 25 Mev
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N198

04
o o/ R
' iPEEl Error
30.3 -8.66 .01k
z2.h - . 5.10 016
32.4 6.58 ;015
72+ 2.33 .021
C38.7 1.32 027
41.9 3.19 - .018
-1 555 . .018
4.2 1.96 .018
ok £ 0.38 .039

Fréétional

. 61.8

(SEG)" ~($g;gg) Sﬁagiizical.
S5k.5 .60k 031
57.6. S 137, .11.1021
59.7 C1ake 020

' 1.27 017
Ok9 318 .039
68.0 .10% .060
-1 309 .ol
Th.2 478 033
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N12®

2,458 MeV U+ Level -

E, = 25 MeV

% /0 ot LN /- N e
(DEG) - Error . (DEG) Error
30.3 556 .05k ‘ 54.6 .182 .058
32.k 260 ' o7 0 57.7 .152 .063
2.4 320 058 | 59.8  .131 .069
35.6  .340 056 61.9 .11 . .056
4.9 L1450 | .048 T 65.0 .038 .20

45.1  .301 ‘ .0k9 ' 68.1 .028 .20

L8.3 096 . 07T - 7.1 .052 .10

5}.& 071 : .090 ’ Th.3 .057 .20 -




qm = 25 MeV
e do /a0
: (SIEG) (mb/SR)
30.4 1.91
32.5 2.00
32.5  2.30
35.7 2.57
38.9 2.27
k21 1.43
45.3 .850

-22--

N158 '

.56 MeV 3- -Level

Stisen Oy o/
Error - (DEG) (mb/SR)
.038 48.4 - .829
.02 51.6 1.13
.021 57.9 579
.020 68.3 A32
.022 T1.b .308
1.027 4.2 248
035

Fractional
Statistical
Error

.026
.023
.031
.029
NellsE
.06
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§18

3.026 Cross Sections

E, = 25 MeV

ecm (gg;gg) gﬁ:izzigiil _— cm (ggfgg) gzzz::zgiil
(DEG) Error . : (DEG) - Error
3.3  .280 .075 59.7° .085 .079
32,4 264 .063 - 61.9 121 054
35.6 . .02 100 - 65.0 .0k9 .103

" 38.7 204 072 - 68.0 .032 .10% '

b5.1 . .23k 068 | 68.0  .0%2 .10%
48.2 132 : .064 o : 71.1 .032 _ .146
54,5 .035 SET- , Th.2 .03k ' .16

57T 075 .085
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Ni58.

3.30 Cross Sections

E, = 25 MeV ,
%m0 e R/ N et
(DEG) Error (DEG) / Error

30.3 366 .066 ; | 57.7 057 100
32.h <337 .056 59.8  .081 , .081

35.6 .195 .073 " 61.8 .12h ©.053

%8.8 - 262 064 , . 65.0 071 .088

42,0 .29L .060 ’ - 68.1 .053 ~.083

48.3 .202 . .052 68.1 .083 .089

511 .079 .082 TL.2 .ol : 127

5.6  .056 .100 ' - 73 .039 ‘ .130
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N30

Elastic Cross Sections

B, = 33 MeV

S SN itiatien
(DEG) - Error
17.% 3284 .009 -
19.5 2159 .00k
21.7 1226 .005
23.8 493 .008
25.9 232 .00k
28.0 202 .00k
28.0 210.3 .00k
31.3 174.3 .00k
3h. 1 55. L .005
37.6 14.0 .009
40.8 31.7 .00k

o do/ag
ﬁg@g) (mb/SR)
43.9 27.3
7.1 . 7.06
50.2 .950
53 .4 6.42
55 .4 7.38
7.5 5.00
59.6 1.36
61.7 | .159
63.8 .300
65.8 - 1.20

. Fractional
Statistical
Error

.00k
.009
.008
.007
.007
.008
.016
.0l6
.033
.oi5
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w2

1.’452 MeV 2+ I}e;ﬁrel,

Ea = 33 MeV

O iseien w Sl Satiecien
(DEG) - Error o - +(DEG) - .. Error
17.5 . 134 .016 4o £.850 .03l
19.6 5.46 .02k . 4.2 2,05 .06
21.7 9. .013 , 50.3  2.2% | .016
26.0 13.9 ..o ; . 53.4 656 .023
28.1 . 5.62 . .01T. ... 55.5 .172 .0kl
28.1 - 5.57 .026 ' . 57.6 3620 L031
31.3 S 050 o 59.7 - .854 : .020
34.5 - L.98 , 01 61.8 - 985 - .018
37.6 5.3 o017 63.8 7189 .oe1

40.8 1.45 . .019 : " 65.9 - k22 . 026




=27 o

"':?2;§58:MeV‘M+FLé§ei<'f /:i 'ﬁ

. ‘\ .

B sty w0 gtatisticat |

" Fractional.

AT 20 029 Mo as6 L .o .oM
S 19.6 3-26 -£f3ﬂ o SRR O ,26g7':->i_ o
839 L300 0% L 037 ook
Lo - Lokl 061 018 L0685 ol
e em o a0 Ja138. L okg
LBl o 6897 052 cUL01 L Los8
R RN R S Cooss o
o T BB O o3 ogk
CH0.9 ¥ 20k Y Los1a i T |
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s

4.56 MeV 3- Level

EOL = 33 MeV

cm (:g;gg). gizgizzgzil .ecm .(gg;gg) gizggzggiil ’

(DEG) Error (DEG) Error
17.5  1h.2 .015 Wil 1.h2 .030
19.6 9.88 .018 . 47.3 .71 .027
21.8 5.29 017 _ ‘ 50.5 152 ..03h4
23.9 - 3.05 .023 B 53.6 b22 .023
26.0 3.542 .022 55.7 .T49 .021
28.2 .3k .019 |  57.8 .609 02k
28.2 4,33 .028 59.9 362 .029
31.4 3.65 .031 62.0 243 037
34,6 - 1.65 .027 - 64.0 221 .039

37.8 1.19 .030 , 66.1 2h5 .032
41,0 1.67 .018 '




E, = 50 MeV

- 38.7

-29-

N30

Elastic Cross Sections

Y S Grtien
i}ggil Error
S AT.h 917 .00k
20.0 - 183 .00k
21.7 156 .00k
23.8 212 .00k
25.9 119 .00k
28.1 16.9. .010
o 28.1 21.5 .007
28.1 1k4.6 010
30.2 12.8 .008
32.3 36.6 .005
344 31.4 .005
36.5" 9.46 .009
.113 .060

57.6

em do /a0
(DEG) (mb/SR)
40.8 5.66
42.9 10.27
45.0 6.7k
47.1 2.05
- 49,2 .T12
51.3 C2.37
51.3 2.26
53.4 - 3.00
'55.5 1.96
55.5 2.13
57.6 ..863

791

Fractional
Statistical
Error

.008
.00k
.00k
.013
.015
.012
.010
.009
.011
.039
.062
.018




1.452 MeV 2+ Level’

~30-

Al

B, = 50 MeV
o o T
(DEG) (ub/SR) Error _
11.0 55.6 .007
13.1 16.3 .01k
15.3 L.31 027
17.4 17.5 .01k
19.5 23.0 .008
21.9 " 9.l .013
23.8- - 613 .050

. 25.9 5.30 017
28.1 9.29 .01k
28.1 10.3 .010
28.1 9.37 .013
30.2 5.24 .013
52;5 .902 .029

‘9 do Jag

(SEG) (mb/SR)
34.5 1.25

36.6 3.57

38.7 . 3.67

40.8 1.79

k2.9 559
145.0 .995
br.1 . 1.68

49.2 1.47

51.3 -T19
53.4 - .393
55.5 -+ 567
57.6 Nl

Fractional .
‘Statistical
Error

1,025
.015
.010
.015
.019
.018
.01h
.011
-.018
.025
.021
.018

EN



‘}- ¢ "  :‘j‘ﬁ'f ‘f;.  ';1;>' J;3ﬁ;j?7 :Wﬁ Lo

"  Ef§Ni58f;1';1iff.3

S 2B MeV b Level e

=SoMe .
Y   ‘ ,5v e " Fractional _:,:.:_:» §;E‘ﬁ“§:' (”‘.?N" ( :‘iFfééﬁionéi*fi
S ($/§§>~'~Statis.tical o e &733) | statistical
o Error .. L_.ff'_(DEG) o v Error -

o100 1. 9 o153 f'§;fu¢fﬁ;”f_Th5u.57f?” "4”58(~{{715.: ok
; @L1'1552:}f;E-: 5 86 ?a i¥f -O2u :i:?!T;¥J:'ﬁ}H¥ 5 36,6':'ia‘”.323':'f;}_[_..b5o'viﬁn' 
« € f:15-5Ai,jﬂ‘ 5. 25-ﬂ;ﬂ]} .O2u' ‘igi;-“;f;fﬁf ;738.7; Y .160 o 'E','}o5o'fv S
vvv:1f>l7.%jS :;; E.Mi”?;& :x;O56 . _ ?¥:?1 3?11140'8 iliff.08l if:J3;"fO7O, .

G196 T u6e3 o L T.050 . Y belg L 15T 0%

ey e82 U lofh o oo s ieeo L0388
E6.0 i 185 0% CLUMeME 096 ok
L8 se2 i Loss L 51 |

e s T 082 Lok
(881 L7200 036 it USBA 093 o051 -

S8l 589 v .os2. U taii o556 L1070 Lokl

. w,50s3'n%i.g;  .16h5f@f;:f5069;f;;irfifﬁ;‘ %‘ d:i 57f7ﬁ;f:ff;,089 é(fff{iff}052:; f.1f'
Bel Mok e S T S
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N8

4.5 MeV 3- Level

E, = 50 MeV
s
igggl Error
11.0 24,3 .010
13.2 20.8 013
15.3 - 12.0 .016
17.4 4.8% .025
19.6 4.00 .020
21.7 6.13 .016 |
23.9 5.30 017
26.0 2.90 024
28,1 1.59 .031
28.1 1.89 .02k
28.1 1.65 .030
30.3 2.37 018
32,4 2.62 .018

P

cm dﬂ/dg
(DEC) (mb/SR)
34,5 1.79
36.7 1.51
38.8 k2
%0.9 .948
43,0 .970
b5.1 .638
47.2 ko3
49.3 .39L
51.4 RN
53.5 U433
55.6 217
57.7 .209

- Fractional -
Statistical
Error

.021
.02h
.024
.021
.016
.023
.028
.020
.023
.024
033
.033

~



.» : ‘v-'3_‘3--' o .

omB

3,006 MeV L
}‘ .i 9 o doo/dﬂ ‘Fractional ' - o . e e e dg aq ) ', 'v'FI'aCtilonal T

Xt L e / tional -
Seiem Statlstical SRR Statl-stlcal -

;~ 9.7 1. 228=.;7,v,,10354 i7a,,j_;tjg';;?3gjyo.8 ff?“, ;175{)1.1:?'r o8
_f21‘8=f‘5; L Loks ?1 117_ T Efl L "',‘}f ' : S |
.26 T 80 .09 ,'}¢ ﬁvf¥"j:ﬂﬂf/;u5:1 L .031‘523}‘l‘ L1100
“g8.2 ¢ o630 oul 9.3 - 075 LOuT.
3005510 038 s 5Ll 050 et 080 L
3.k ffffggi}eeoi;f;ff:”}o6o T s 56 e 065
Bk 068 .20 LU sns o033 o8k
'j'*38;7'7{_Ji[-,25o*f'-f;f”~oue st D 0%0 088




SPEC

2:20 MeV
Ea = 50 MeV
an F‘raCfional

(gge) . (mb/sR) Stagi:Zical
19.7 1.70 - . .030
21.8 . 1.05 s
2.1 eh7 L0719
28.2 669 . : 0u8
28.2 685 059
0.5 © 2T .05
e s owr
34,6 055 s

0.1 239 .ol

-34-

: . cn
- . (DEG)
40.8 :*

k5.1

k7.2

- 19.3

SL.h
51.4
53.5
55.6

57.7

(ﬁgfgg)

.228

039 ,
076
111
.08k
079
obl
021
0Ll

Fractional
Statistical
Error

o2

.090
.065
.038 .
.063
055
-073
~,12

.075




';~Ffactioﬁal
Statistical’
" EBrror

.0k
.00
£.053
.02
o loke

T?Q;OGl;ﬁgf
SL0TBL

”ﬁ;;Ni5§; “f

o seomer

060 ?1' 21i__‘_j‘ T et

0 Fractional .

Jemy L. Statistical’
(mb/SR)i"EVZs . Error - ;

s 086 0 06l
.lff}ﬁ47'2 V f-..o89 f;vjf,':~_;o6o,_5g' |
kg3 w066 050
sl |
sLk

;ﬁ;037;_22iiiL; ,o95w;_
U033 o .08k

uf¥071f5'”




Ni58_
4.8 Mev
E, = 50 MeV
o - Fractional - ‘ Fractional
. 6cm (d%;g‘g) Statistical ’ ecm (dg;gg) Statistical =
(DEG) o . Error ~ (DEG) . : Error
19.7 1.098 037 o.9 117 -059 )
21.8 .353 066 L |
26.1 955 .ok ' ¥ 132 .050
28.2 727 .0L6 L7.2 159 .0L5
28.2 . .885 034 . 49.3 2113 _ .038
%0.% - .299 .051 - 51.L .060 .073
32,5 - .193 - 064 51.h | .069 .059
3h.6 258 .030 S 53.5 .0k6 ', 072
36.7 398 .ok . 55.6 064 - .063

38.8 | 271 - .039 4 ' 57.T .076 057

R e e K T e+ e e we

R R e a4 S P



o

" Elastic Cross Sections

’,Ehi?-1905M§V.
co L. 7VQ”E.3 ’ 7_ "_1- 7"5”an:FraCtionalg ' ";'  ' ELV;%1V>1? E; ?“>:'H  abh Fréctiénaiciﬁﬁ
B Om "+ .. 00/30 i Statistical - Oy S (ggfgg).f.pk'Statisticalﬁ%v

- em B P ‘
'.i‘(DEG).,jrf(pb/SB)fv Error . - -+ (DEG) - o+ .. Error .

8.9 . alok o005 0 tooc 12060 505 o L0253
9.9 eS0T w003 el 29 o009 C
CUA1.00 ATk L L0062l 318 e .009

1t . 813 0 ook 228 lisok . .005
S agk L .00k o 2380 k2l .006
a2l oUsbol e s.0090 T Uit ok s 008
U153 0161 .00k oo Lt 26,0 . 7.65 0. o .02k

1603 @5l o0k w0 o 2ro L b0 oaT
A o2 oo o8 98 012
18 975l w00k o v Loakwe 0w 008

L0196 At o1z ©o30.20 2.8 o L010
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m2°

1.152 MeV 2+ Ievel - .

E, = 100 MeV
Om . (gg;gg). ‘giiiiiiﬁiil O (i%;gg) i giﬁﬁiﬁi?iia
iD_Figl S ".Error (DEG) S/ . .___Error
8.9 . 32.2 009 R 20.6  10.7 . .016
9.9 8.38° .018 27 5.6 .023"
1.0 . 12.6 .015 2.7 k88 - .o2h
2.1 29.8 © 010 . 22,8 . 2.08 .02
13.2 254 . 006 . 2.8 2.57 . = .023
b2 . 28.8 . ..09 2h.9 bl 018
15.3 . 1131 . .010 . C26.0 5.27 - .016
16.3 . 3,48 - .019 - 27.0 . 432 - 018
17.4 5.43 008 . - 28,1 2.50 .023
18.5 © 12.5 ° . .010 0 29.2 1.5 - 0%
19.6 1.1 . .01k o .30.2 . 1.28° . . .032




‘-;39_Qﬂ.;

o m®

DB e b zevel

et EO£= 100 MeV_.

:rraéfiénél . t;..v‘Jffﬁ}Riiﬁfafnﬁ ff{f”' 3 .~ Fractional 2']
Statlstlcal R ,__46 dc/dg Statlstlcal e

N '»:'46 .7-‘ V: R N dﬂ/dﬂ |
Error v _f'V" f f1;?{(DEG) (mb/SR) . Error '

_,1f =8v9?'_1;f18.97 ,“f{;”*;;qié B O v}{ “ i458;5;ﬂgf;;,';075f e
9.9 009 e 016 jf}%f.;f7f”f?*v;21.7"f}ﬂ' Bo%% . L055
;t??illl otﬁ?i}L78}56;):f13_ 018 o e Lot 060 T
Co0132 a8 .00 S0 7hh o esg il 806 ool
o lh.Q ..57#,';2 .068 " -; = "21+ 9.:':'}; ”,"‘:_-'E"f,582 }‘::'.._. . .'.01|»8 o
__;gf-15.3_.; 53T ’73;050'51 @f, "ﬁli_;26.07*jj;§ 316 f?j;o65f b
16 LTS 0eT Lver0 a8 093
Loardes U els oz 0 8.1 S g0
S5 lotme o7 0ot e9e Sl
U296 ugbok T oss 0.2 G065

* 0121;55%
1600

o
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398

L5 MeV 3- Level

E = 100 MeV

04
W g T o e TR
(DEG) - Error . (DEG) Error
8.9 46,3 .008 7 20.6 ' 3.87 - .026
10.0 33.8 - .009 | o 21.7 .21 ' .025
11.0 21.2 ool | 21.7 h.51 .025
S12.1 . 8.87 ..018 . 22.8 410 018
13.2 7.68 .013 ‘ 239 5.5 . .020
1k4.2 9.2 B A ' 2k.9 2.5 .02k
15.3 ‘1.2 o1l - 26.0 2.01 006
16.4 10.5 011 . 27.1 1.73 ’ .027
17 7.30 ’ 019 ' . 28.1 1.66 - .028
18.5 5.02 017 ‘ 29,2 1.84% .023

19.6 5.58 .027 A "~ 30.3 1.59 .029
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Ni62

' Elastic Cross Sections

E, =25 MeV
Om (ﬁ%égg) 'gzZEE;E?iil o /S puma O em (i%fgﬁ) giiﬁ?éi?iil’ o/ pyry
(DEG) - Error (DEG) ' Error
21.3 1816 .001 - - .288 50.8  1k.1 0100 .065
25.5 756 - .002 .24l - 52.9 13.5 .010 .072
27.6 182 .002 195 skg 7.5k .013 .06
29.7 251 .002 .159 57.0 h.70 017 .033
31.9 220 - .002 .170 5911 2.T5 .021 .022

340 1hk A .00k - 143 61.2  2.95  .021 .026
36.1 119 .00k .149 63.2  L.oh 018 . .03
33.2 . 98.2 .00k JA53 65.3 5.06 .016 . - .08
%0.3  66.1 .00k .126 67.h  L.77 .01k - .062
b2,k 29.5 .00k .069 69.4 3.0 . .018 .okl
4.5 . 19.4 .008 - .05h o 71.5 1.50 025 © 024
46.6 15,5 .009 052 - T35 592 039 .010

48.7 16.8 .009 . .066




-42-

62

Ni

1.17 MeV 2+ Level -

W

E, = 25 MeV
(- N et SO S s v
(DEG) Error (DEG) Error
19.2 0 1.64 .03k | 50.8 65 .050
21.3 2.02 . .058 52.9 ' 268 .070
23.h 4.93 .085 - 55.0 .503 ' .050
29.8 3.47 .018 57.1 .819 .0ko
31.9 6.92 .018 59.2 .915 .038
k.0 3,70 - .02k - 61.2 .831 - .0ho
36.1 2.00 .0%2 . 63.3 551 .0kY
38.2 11.17 .ok2 - 65.4 337 .06k
40. L 1.24 .033 67 .216 067
42.5 1.55. .028 - 69.7 , 275 T .060
L, 6 1.99 .025 - T1.5 - R .oL8
L. 7 1.65 .027 73.6 568 .ol
148.8 1.1k - .0%3 '
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62
Ni

2.33 MeV L+ Level

B, = 25 Mev
a @ FER g, gp M
| 25.7 5k .068 55.2 084 .19
et .265 063 57.3 107 . .11
29.8 202 .086 - 59.4 071 Sk
56;3 -  o150 .09 © 613 069 ;1h
L0.5 . .221 .073 C63.5 048 .16
2% o’ 656 0% a9
Lh.5 : ;i58 : .089 o 67.7’: .0ko . .15
48.8 .039 a8 . 69.7 . .05k 4'.15
© 50.8 LOlk .17 | . T1.8 ;058 13

52.9 052 . .15 7%.8 079 - .11
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2

3.77 Mev 3- Level

E. = 25 MeV’

04

R e N o
(DEG) Error (DEG) ‘ Error
17.1 1.1k . .09 Lh.7 346 - .062.
19.3 650 . .058 46.8 .320 .080

21 .k 1.09 .068 5%.1 617 .0L5
23.5 LLT762 .062 55 .2 15 | .056
25,7 1.09 .0k2 . . 57.3 .291 .068
27.8 601 .Oll ' 59,4 211 ..078
29.9 C .38k : .064 63.5 67 .086
32,0 1.1 - .ob3 o -65.6 .2k9 o7k
3h.2 1.38 .038 7.7 350 .052
36.3 1.50 .038 ' 69.7 L 327 .054
38,4 1.37 . .038 71.8 275 ~.060
40.5" 1.0h 034 73.8 .170 075

- S 72! - .065
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162

Elastic Cross Sections

E, = 33 MeV

o B p o TR o
(pEe)  (Wb/SR) Error (pEg) (WP/SR) Error
- 8.5 175113 001 1.25 S 61,2 . .222 032 .003
10.6 74070 .001 1.27 63.2°  .8L2 .016 .015
12.8 30799 001 1.12 65.3 2,09 . .010 LoL3
1k4.9 1178k - .001 - .786 67.4  2.48 - .010 .056
1.9 11338 - .001 . .802 69.%  1.85 .011 .0L6
17.02 5033 .001 591 715 .7 - .018 .021
19.2 3402 .01 .62 S 735 .09 050 .003
21.3 1968 .001 ' 5h2 75.6 094 .050 - .003
234 653 T 002 : 261 77.6- .72 016 . . .017
25.5 38 .002 216 . 79.6  .815 - .012 .033 .
27.6 o297 .002 S 227 817 .8 012 .0%
29.8 o8y .002. .29k 83.7  .609 o .029
5.9 200 . .00k 270 . 85.7 .89 - - .021 . . .015
31.9 207 ook .80 87.7  .092 - .0%6 .005
z4.0 98.7 .00k ' AL 89,7 .066 ©.0%0 - ..00k
36.1 32.3 - .006 070 91.7 .153 .020

38.2 © 265 .007 | 072 - 93.7  .266 - .015

40.3 Lok .00k : 135 . 95.7 .323 0 .01k

2.k 41.6 7 o0k 169 95.7  .308  .033

1.5 26.6 .007 .30 97.7  .281 .ol

46.6 9.13 - .011 ... .05% 97.7  .279 - .035

48.7 | 1.90 .02 - .15 99.7  .200 .018

50.8 b0k .018 © .03 101.7  .105 . .06

50.8 Bige .00k . . .oMO 103.7  .OML - .037

52.9 7.9 L0130 .07k 105.7  .023 .0kg
52.9 9.3  .00% = .088  107.6  .037 .0%9

54.9 10.00 '.005-‘. 06 109.6  .063 - 026

57.02 6.30 .00k - - 078 111.6  .085 . .02

59.1 2.25 = .010" | .031 113.5 079 . .02T
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532

1.17 MeV 2+ Level

Eb = 33 MeV
9cm (igégg) gi:i?:i?i;l ' ecm
(DEG) ‘ Error : (DEG)
843 90.5 o072 63.1
10.4 26.1 077 . 65.2
.112.6 38.8 .035 67.2
1k.7 53.0 022 - 69.3
1k.7 Lh.9 .022 ' ' T1.3
16.8 21.8 015 - T3
18.9 N 010 SR
1 25.3 26.7 - .008 ) 175
29.6 3.3h .022 , ' 79.5
31.6 1.61 .06 | - - 81.5
31.7 1.93 .05 ' - -83.5
3%.8 6:12 .02 o 85.6
35.9 9.%32 .05 _ . 87.6
38.0 7.55 02 89.6
Lo.1 3.18 . .02 A ‘b.91.6
ho.2 Jhok .0k ’ 93.6
Ly, 3 1.01 :  95.6
U6 .4 2.87 .01 56
48.5 - 3.82 , " 97.6
50.6 2.77 o1 . 97.6
50.6 2.95 .01 T 99:6
52.7 1.25 .0k 1016
52.7  1.3% . .01 . 103.5
54.8 .308 .01 . 105.5
57,1 393 .02 ' a 107.5
59.0 983 .02 109.5 .
- 61.0° 1.36 013 111.4-

e

1.11
.629
.190
11

306

169
505
-359
179
OT7h
.087

A72

U485
251
217
134
.082
.088

-059°
051

071
.097
.126
127
.112
.08L
.060

Fractional

- Statistical

Error

.015 -
.018
035
.050
.027
.022
.022
.018
.026
.0ko
.0%6
.026
.023

.016
.017-'
022
.027
.062
.030
079
.030
.027
.022
.022
.023
.026 -
.030




By =33 Mev

- 59.0

6 ‘do /a0
(;EG) -  (mb§SR)
Ak L, 52
16.8 3230
19.0 2.68
21.1 2.68
- 23,2 1.56
25.% - .989
27.5 706"
29.6 .786
33.8 .921
35.9 723
. h2.3 22
R .325
U6 L L
k8.5 .238
. 50.6 .083
50.7 - .125
52.7 .05k
52.8  .06L
54.8 . .12k
56.9‘ .202
220

47~

A

2.3% MeV U+ Level

9.7

Fractional é \
" Statistical cm
' Error " (DEG)
.06k - 61.1
OLT 63.1
.0L2 65.2
- 67.3
.0L5 - 69.3
.0k .3
.0L6 T3.4
.0l5 S 755
.0h2 775
LT 79.6
.058 - 81.6
8%.6
063 85.6
. 87.7
140 89.7
.029 91.7
187 93.7
.Ohl;' 95.7
.029 97.7.
.02l
031 101.6

ao/an,

(mb/SR)

175

095

-059
.060

.09
- .099
085
‘.065
.050
.039

.okl

.0L6
.051

.0b8 -

.00
.032
-032
.031
.035
.03
.031

Fractional
. Statistical
Error

035
047
.061
.06 -
.08
048
052
.059
048
055
051
.050
.0L8
.049
038
.0L3
0l3
Lokl
Nel'h1
.ol
.ok8
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Ni62‘

.5-77 MeV 3- Level

B, = 55 MeV

S S e %wm SO iittien
_(_I_)l*]_(_}_}_ Error _(_Dlﬂg)_ " o Error
1b.7 21.h .029 ' ' 61.0 213 - .03
16.8 17.8 - - 63.2 176 .0%6
19.0 13k 019 65.2 512 .028
21.1 6.07 | 671 21 Loee
23,2 - 2,60 .01L 69.4 .386 .02k
25.h 3.79 - . T71.5 .313 .027
27.5 6.15 - .017 . 73.5 .196 - .03h
29.6 6.98 016 75.6 .101 . .0kLg
31.7 4.88 0% o 77.6 .08L .0%8
31.8 L7l .031 79.6 .12k 031
33.8 2.05 .027 o 81.7 .161 031
36.0 CLTT9 Lob5 837 .51 .029
38.1 1.4 035 85.7 136 .029
40.3 . 2.90 : .017 ' 87.7 .174, - .037
bl 1.88 | - 89.8 06k - 031
46.5 .835 ..ok 91.8 .0k8 .035
48.6 .249 B | 93.8 .061 .0%1
50.8 565 .01k 95.8 o7 .028
52.8 o911 - .0ke . 97.8 060 . .031
54.9 1.12 .008 99.8 .073 .028
57.0 .897 o011 101.7 073 .0%31

~59.0 . .51h 022
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3:1%°

TElastic Cross Sections .

B, = 50 Mev

i O NV N s oL
(DEG) Error (DEG) Error
6,5 574000 .001 b 2.81 . 27.5 1lkT .001 .025
7. 115000 .001 ©1.08 27.6  33.0 .00l .058
o8ih 58115 ©.001- ..908 28.7 9.89 001 .020
9.5 . 29176 .001 LTUE 28.9 9.17 . .001L .019
10.6 15389 001 607 29.6  27.2 001 .063
11.6 Thhs - .001 .+h19 29.8°  33.0 .001 .078
12.7 4931 001 . .ol 31.8  50.6 001 155
13.7 Looo .001 ks 31.8  87.b4 -.001 .205
14.8 3660 ) .001 546 32.8 5.2 .001 .156
15.9 2505 .001 ' 498 33.9 .5o.u! 001 .19
16.9 / 1457 .001 .369 - 3k.0 0 37.1 .001 Y
17.6 1110 .001 .330 3%.9 18.3  ..001  .080
18.0 32 . .001 . .238 . 35.9. 8.98 : .001 Rt
18.6 497 - .01 .18k 6.5  1.95 .02 .010
19.0 313 .01 . .16 37.2 681 . .003 .00k
9.7 - 19 . .01 .09 .  38.2 3.9 . .001 .02
20.2 198 Co.00L. .. 02 . 39.3 7.96 .00l - .055
21.1 235 .01 - .13 - L4035 9.65 - .001 .07k
22.0 - 258 .001 .186 W 9.23° .00l 078
23.3 282 .001 255 Y2k 7.2 . .00L . - 069
23.4 S 201 .001 267 0 4350 b .001 .0L8
oh.1 237 - .001 .2k b5 1.91 .01 .02l
25,0 181 .001 - .216 46.6 355 0 .003 - .005
25,4 3L L00L . - .165 ¥8.7  1.65 .01  .025
- 26.1 :88.6 .001 | ‘ 125 - 0 50.8 2.36 .001 - .oLhk

52.9 1.57  .001 .029




2.
23,
-

2T,

L
. 3k,

o 117 MeV 2 + Level - '

. .Ea = 50. MeV . B
. '.d_d/dQ SRR Fractional - 9 S do'/dQ ; .. .Fractional =~ . %

~em. - Y .. .Statistical . - Tem. . S Statistical T
_ (DEG) o (mb/SR) o Error ..o (DEG) (mb/SR) _Error oo m

TS I P
L0100 L s T 6 o T
1008 U658 i ot e
oML T TR TG S 01k
o2 ot isge 0 s ol
T 00393 0 2B

S b3 T a0s
: = | u6];6:- 160 ~ L
Ceos L0300 hiiselg T

Care ek
o186 - mel T
S19.7- B85
886
waas
P T
.8.50".".‘ ) ;':_;2 .
. 12.2 e
118 ¢

.25,
.26,

. 28.
_‘ 28.
b‘ 29.
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- Ni62

2.33 MeV b+ Level

EOC = 50 MeV

’ ecm - do/an 'Agi:§§:2?iil Qcm . _dg/dg ' giii;éi?iil
.ﬁPEgl (mb/SR) Error ’ (DEG) (mb/SR) Error
17.6 5.10 055 . %5.0 473 .85
18.7 189 . .0k 36.0 53k - .032
19.7 1.25 0% 36.6 AT .0%3
2.1 sk Lok 37.2 2752 .08
23,4 977 - .ok o ' . 38.3 73 045
ok.1 1.h2 .02 ‘ 39,3 157 - . .058
25.0 - 2.29 022 | Lok L1660k
26.1 S1.e 0 Lol ©okk 232 .03l
27.7 1.0% foer . k25 .283 o .032
28.8 C6%3 . .02k T .29k, - 037
'29.0 699 .027 '_ B T ‘ 2h2 .0%33

- 29.8 * 603 . - .03 46.7 . . .168 .037 .
51.8 . % .9k o2z 188 103 Lobk
32.9 . ol .036 50.9 L1190 7 .ok
34.0 552 038 - 530 Ak L037

% .
OXNGEW CONTAM INATop)



B

E, = 50 MeV

cm 4o /4.
(DEC) (mb/SR)
17.6 2.6%
18.7 2.71
19.7 5.1k
20.8 8.1h
22.1 9.65
0%.5 8.98
2k.1 6.32
25.1 3.99 -
26.1 1.70
27.7 1.02
28.8 1.27
29.0 1.4
29.8 3.4
31.8 . 7.42
32.9 2.5h
34,1 1.87

-52-

Ni62

3.77 MeV 3- Level -

-+ Fractional

Statistical ecm

' Error '}iPEQ)
.059 35.0
037 - 36.0
.018 36.6 -
.018 37.2
.012 38.3
.01k - 39.4
~.010 Lok
.017 b1.5
.020 §2.5
.027 u3.6‘
.017 Lh 6
.019 L6.7
o1k ' 18.8
.008 . T 50.9
-012 53.0
.015.

do /a0

1.
651

(mb/SR) |

10

163

e

663
.10
7
.23
.07
832
575
615
273
22
481

~.300

Fractional

Statistical

Error -~

.017
.028
034
.028
.018
.019
.017
.015
.019
.027
.030
.028
.022

+.020 .

.026

*
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62

Ni

Elastic Cross Sections

By = 85 MeV
o don TINUT ofim O ol T olegm
(DEG) : Error (DEG) ' Error
8.5 6966 . 00k 330 29.8 9.15  .008 .06k
9.6 3B/} .00k .29k 3.8 1.5 .009 .115
10.6 3666 .00k dat 31.9 12.2 . .007 .110
11.7 - 3083 .00k .512 32.9 9.37  .008 ©.095
2.8 3386 .00k .818 3k.0 5.38 .01l .062
13.9  .561 .00k .187 35.1 2.45  .016 .032
1.9 115.4 .007 .051 36.1 1.92 .018 .028
16.0 137.6 = .004 .081 37.2 2.82 . .015 .05
17.0  2h1.7 .00k .181 8.2 ko6  .013 .oT2
18.1 - 298.8 .00k .297 39.3 - 5.89  .009 .120
19.2 205 ook .2kg 40.3 3.52 .012 .078
20.2 8.7 .007 .118 b1 2.48 .016 062
21.3 3.57  .018 .006 b2k 1.63  .019 .ol
22,k . 12.32 .00T .027 43,5 1.21 .022 .035
23.h - h2.3 ;00k 112 W5 128  .022 Lokl
2kh.s 59.2 .00k .188 L5.6 1.37°  .022 .09
25.5 L48.L .00k .180 L6.6 1.3+ 022 .051
26.6 27.8 .00k .122 . CohroT 1.2h .02 .052
27.7 . 6.68 .009 .035 T L7 2.18 -~ .022 .091
28.7 2.8k - .016 017 Lg.7 .90 .026 , .okl
52.9 .61 .030 .038




=56~

62

. | N

3.77 MeV 3~ Levei

B, = 85 MeV

G eSS e, wm TR
(pEG) T Error (DEG) Error
16.0 127 . .ok 320  1.60  .020
7.1 12.6 - - .018- 3.0 .11 .02k
18.1 ©10.5 i .019 | - 3ko 2 ©.029
19.2 5.k 027 3% .0 .05
21.3 . 2.47 S 022 o 37.2 .80,  .028
2.k wu7 o om 382 . .Tn .029
23.5. . 6.15 . . .010 .  39.3 Lo 1.0k 022
245 538 . .010 k0.3 6 - .0%0.
25.6 3.58 015 ok A3 .037
28.8 156 .019. bo.l b Lok

29.8 2,51 015 W5 L9 Lok
3.9 2.0 o .022 o
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- B2
Ni

.Elastic Cross Sections

E, = 100 MeV

Oem (ig;géé Statistios] O/GRGTH %n ?;é?SR) gi:i:éi?:il‘ é/GRUTH
(DEG) Error (DEG) Error

8.5 3430 .013 225 . 20,2 . 9.0k .018 | .015
9.6 3720 .008 ©.395 | 21.3 hr.7 .005 R -5
10.7 ~ 2650 . . .015 378 2k 6T .007 .208"
11.7 1270 .00k ; 297 23.4 5.6 - .008 - .201
2.8 308 .00k . .100 0 2hks 25,0 .008 - .110
13.9 60.6 010 027  25.5 5.93 .022 .030
1.9 239 005 LAbT 26.6  6.88  .015 .0k2
6.0 366 . .ooh - 208 27.7  1.h6 010 .010
17.1 29k o .00k 312 - 28,7 1.91 .009 .016
18.1 118 .005 st 29.8 1.65 010 .015
19.2 18.5. . .013 . 031 30.8  10.5 .012 ' .113

. 31.9 5.0k .018 . .063
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: ' ' 62
N ' Ni

1.17 MeV 2+ Level

B, = 100 MeV |
N e VY N s e
(DEG) Error (DEG) y , Error
8.5 .3 012 21.3 8.72 Lo12
9.6 7.6 .019 22. b 3.19 | .0%0.
10.7 16.4 019 . 23k 2,52 .03k
11.7 L.l 016 _ 2k.5 6.62 .07
12.8 - 57.h .010 , 25.5 8.26 - .019
13.9 k92 o1 26.6 . 7.09 - - .015
1%.9 - 21.2 .017 ' 27.7 k.17 019
17.1 . 5.38 o027 - e8.7 Ceak Loy
18.1 16.8 .01k - 29.8 1.70 - .029
19.2 22,1 .012 . %0.8 2.56 .02k
20.2 17.7 013 31.9 5.30  .022




E, = 100 MeV
6 do /a0
(DEG) (mb/SR)
8.5 3,43
9.6 14.9
10.7 9.79
11.7 - 5.03
12.8 3.27
13.9 ~1.2
14.9 1.36
16.0 3.0
. 19.2 ~ .3
20.3 <.56%
21.3 {1.68%

-59-

Ni

62

2.3% MeV L+ Tevel

Fractional
Statistical
Error

.0h2

.020

.025

.0l9

.0L3

.070

066

L0b5-

.100

0Lz

.027

e .
(DEG)

22.4

23.k

2h.5

25.5
26.6
27.7
- 28.7

29.8
30.8

51.9" :

- do/an

(mb/SR)

~ .91
1 1.38

ST97

541
.578
193

.582.

.706

.687

.51k

Fractional .
Statistical
Error

.058
.OL7

.0b3

.07k

051

.055 .
.051
.0L6
.okt
055

» [
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

s 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.








