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.. : .Abs.tract 

~he SGattering of various energy alpha particles by Ni58 and N~62 has 

be.en studied. It has been found that the phase of the· inelastic 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 4+ ("two

phonon") level. The. dat~;t··.have 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 4+ angMlar distribution with energy could be reasonably reproduced by 

considering an admixture of one .and two phonon excitations. :Nuclear matrix 

elements ~d reduced electric transition probabilities for some of the levels 

in .Ni5S and Ni62 . are inc~uded. 

* This work was p~rforined under the auspices of the U. S •. Atomic Energy Commis-
sion and BJSHIPS. 

t NATO Fellow' on leave from Laboratoire de Physique Nucleaire, Orsay (S. et 0.), 
France. 



'i 
.. f. 

' ···~·" ' .. 

'· 
-1- UCRL-11904 r 

L . Introduction·. 

,;.l· 
' -

; . ;. The scattering of medium-en~rgy alpha par~icles lias been investigated 

. both. e:x:perimentally 'and theoretically by numerous authors. According to what 

has come to be known as the Blair phase rule for the inelastic scattering of 

strongly absorb~d particles, the angular distributions for alpha groups cor-

. i 
responding to an even value o~ angular momentum transfer L should be out of 

phase with that for the elastic group; whereas.those corresponding to odd-L 

transfer sho~ld be in phase with the elastic group, ~xperimentally, this phase 

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

.... ·.~- -

~. . ·'' 
- ' 

··'' -~ ~ ... 

i • 

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

relative phases for excitation of the first 4+ and second 2+ leve1s (two-phonon) · 

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

group~). In particular, the scatterin~ of 43 ... MeV alpha particles b;Ni58 has 

shown that the angular distribution for exCitation of the first 4+ level. is 

nearly in phase with that of. the elastic group~'3). This anomalous phase•be-

havio11 has been attributed to interference effects between the direct and-
- . - . -. . 4' 
mult~ple processes by which the 4+ level can be excited.). 

. ,'·.- . . 
With the availability of alpha particles with energies up to about 125 

MeV it was c:onsidered desirable to investigate the phase relati~nships as a 
' · . ..-"" 

function of the energy of the incident alphaparticles. Inthis paper·are 

presented the results for the scattering of alpha particles over the energy 

range of 25 to lOO MeV by Ni58 and.~Ni 62• ·A preliminary report of the results 

for Ni 
62 

has·· been pub~ished eisew~ere5). 

'·• 

;··: 
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2·. Experimental Technique 

The Berkeley eS-inch variable energy cy?lotron was used to provide 

incident alpha particles with energies of 25, 33, 50, 85,·and 100 MeV. The 

experimental arrangement has been described elsewhere6). The targets consisted 

of isotopicany'enriched* Ni5S (99·9 perce~t) and Ni62 (99.9 percent), which 

were oriented at .an angle of 45° with respect to the incident beam. The scat-

· tered alpha particles were stopped in lithium-drifted silicon detectors of 

thicknesses from 0.040 to 0.120 inches. For the 100-MeV work, the 0.120-inch 

detector was oriented at an angle of 45° with respect to the scattered alpha 

particles. The electronics has been desdribed elsewhere7). The overall reso

lutions obtained in this work varied from about 4o keV FWHM at 25 MeV, to about 

200 keV at 100 MeV. In general, data were recorded at one to two degree inter·-

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

considered desirable. 

3· Results 

In figs. la, lb, and lc are s.hown the angular distributions obtained 

·for the scattering of 33-, 50-, and lOO~MeV alpha particies by the ground (0+); 
' . . . 

·1.452-MeV (2+), 2.458-MeV (4+) and 4.50-MeV (3-) states in Ni58 : A similar fig-

.. 

... 

ure showing the results for the scattering of 33-, 50-, .and 85-MeV alpha parti- . v 

cles by the ground (0+), 1.17-MeV (2+) 2.33-MeV (4+ and 2+ dpublet) and 3·77-MeV 

(3~) states in Ni has already been published5). From these data, the fractional ~ 

displacements of the inelastic maxima relative to the elastic maxima were determined, , 

: * Obtained from the Stable Isotopes Division, Oak Ridge National Laboratory, 
Oak Ridge, Tennesse.e. 
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and in figs. 2 and 3 these are shown. as a .function of the energy of. the .. ipci-

dent alpha particles. 

It is clear from figs. 2- and 3 that the· phases for the scattering by 

the first 2+ and 3- states, relative to that•for scatteringby the grotmd 

state, are fairly independent of energy, whereas the phase for scattering by 

the 4+ levels changes from nearly out of phase at low alpha energi.es to es-

;i 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 ~..,~ 

contribution to the an~lar distributions.arising from excitation of the 

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

ness" of ~he _os~i).lat_ions_ in __ the __ angular.d-istributiens ,i-s -fairly-independent 

of energy, leads one to suspect that any such contribution must necessarily 

b~ small. Further evidence that might be utilized to justify such a· suspicion 

has been obtained from the work on Ni58 .. Here, the alpha group which would 

arise from excitation of the second 2+ leve18 was not observed. 

The ~ngulardistributions· obtained for.•Ni58 and Ni
62 w~re compared 

with the predictions of the_diffraction m~del·in a manner suggested by Austern 

and Blair9). These authors have shown how the Drozdov-Blair-Sharp-Wilets qif.., 

fraction model can be generalized to calculate the cross section for any multi-

pole excitation, as well as to include Coulomb----distortion. The form for-the 

elastic'-scattering amplitude is 
. t · .•. 

J ..... t:~J. (e) ;: (1) 

\ .. , where fc(e) , is· the. Co_ulomb amplit'l,tde 1 . crJ. __ the Coulomb phase s'tlift for the lth,· 

partial wave,- T) J. the complex amplitude of the J.th outgoing partial wave, 

-PJ.(cos e) _the _Legendre· poly~omial of order J., and k the relative wave number. 

Th$ :f.'orm of 'I) J. . wae- ~uiJ.nied u 

···"': 

' ' . ., . '~ 

·, 

'~ . 
. · .. · 

,'!' 
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) (2). 

where 

Using the above expressions. for fe.e(e) and Tl.e' the parameters L, D., A, B and 
; . . . . 

D were determined by least squares fftting to the experimental elastic cross .:.; 
• . 10 

sections with the aid of a search program due to Springer ) . The , Tl.e so 

determined were then inserted into the formulae given by ~ustern and Blair for 

the excitation of a nucleus with ground state angular momentum zero. to an 

excited state with angular momentum I. For an excitation involving a single 

phonon the expression for the scattering amplitude is 

f . = ~(2I + 1)1/ 2 c (I) \ [ i.e-.e I (2'i; + l)J,./2 
rn,oo 2 1 L _ 

. ££1 . 

0
i(cr1 + cr1 •) (l'I- MA:itO)(I'IOOito) :~~ Y;~I(e,o)) (3) 

where c1 (I) = 61 (I)/ .J 2I + 1, and 61 (I). is related to the deformation param

eter, 131 (I) as 61 (I) = 131 (I)R0. The qua.ntiti~s~.: in brackets are Clebsch.- · 

Gordan coefficients. The derivative of Tl.e is to be evaluated at I= (.e+.e 1 )/2. 

For an excitation involving two phonons, the 1ampl1tude is given by 

•I 

fiM;oo = - fr·~ (2! + 1)1/2 c2(I) L 
HI 

[i£-£ .... (2£ I + .1)1/2 i( + ) 
. e. cr .e . cr .e I 

(l'I ~ ?:rlto)(l'IOOI£0) :> Y;~r (e,o)J 

.. •' ~. 

( 4) 

is a n1.J,clear matrix element involving the square of a coefficient 

in an expansion of the nuc1ear radius in terms of spherical harmonics:, and. is 

simply related to c1(2) for rotational and simple vibrational nuclei.· 
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The·results of tit~ingrthe data for Ni58 and Ni
62

by the procedures 

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

types of fits so <?btained will be presented here·· only foz: Ni58 . In fig; 4 is 

shown the fit to t4e 50~MeV elastic data obtained by use of the expressions given 

in eqs. (1) and (2). The values of the parameters L, A,. A, Band 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 excita~ion of t}fe 4+ ievel 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 particle energies studied in this work. Hence:, an effort was made to 

determined whether the_ data could be fit by using the sum of' eqs.~t;·(3) and (4), 

and a single value for the ratio R = c2(I)/c1(I). The.best fits obtained for 

incident alpha particle energies of 33-·, 50-. and 100-MeV are shown in fig. '6. 

Here alsq the experimental and theoretical curves were normalized at the "first" 

maximum. 

From fig. 5, it can be seen that the theory fairly well reproduces-the· 

phase of the angular distributions for· excitatym of the first 2+ and 3- levels, 

... ' but has. diffi.culty in predicting· the fal;L off' of cross sections with increasing 

angle .. For the 4+ level (see fig. 6), :the agreement is_·not .nearly_ so g~od.·. We 

have .. fourtd that it is not possible to reproduce simultaneously the phase and 

magnitude of·the angular distributi~ns for the 4+ level. These results are 

comparabie with those obtained by preliminary DWB and coupled channel calcula

tions ~l~ ~2 ). 

In Table 1 are given the values for the nuclear matrix elements, 
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are relatively. independent of the energy of. the incident alpha_particle.is 

encouraging and would appear. tq justify the 'use of the theory noted above .. 

The Cn(I) for: the_2+ and 3- .iev~ls can be used to caiculate reduced electric ·;.; 

quadrupole and octupole transition probabilities. This has been done by util~ · 

izing the us~al collective'expression13) for the reduced electric transition 

probability, and the_ suggestion by Blair that the deformation Bd(~ ~aRi) ~s . 

measured by ·alpha particle scattering should be compared with·~.the electromag- ·. · v 

netic value Be (=~eRe). Hence, this leads to the substitution 13.= 6JP.e 

(or iri the tepn:imology given above, 5 (.I)/R::) in the expression for the re-. . · · n. e . . 

duced transition.probability. R. is the charge radius, and was taken as e . . . 
' . -13 l/3 

1.2 X 10· A em. The reduced transition prob9:bili ties so calculat_ed are. .. 

also given in Table 1. 

The fact that we have observed a· ·level at 3. 65 MeV in· Ni58 and levels . 

. at 3.52 and 4.02.MeV in Ni62 which-also appear to have spin and p~ity 4+ and 

cross sections ·cbmparable to· that for excitation of the· first 4+ level, -might. 

imply that the 4+ levels are mixed. This would tend to . support the assumption

of both single and double excitation of these levels. For the simplest ·form · 
. ' 

of configurati6n mixing, the value's of c1 ( 4) ·an.a:. c2 ( 4) would then depend upo~ 

the strength of such mixing .. Should such mixirig occur, one might expect t'he : 

phases of the other admixed states to vary wi ~.1?- the energy of. the incident 
0 

alpha particles. Although we only have data at 33 ·and 50 MeV, it· appears' 

that ~his is the case for the 3.65-MeV (probable 4+) level tn ~i58 . 

, 
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4. Conclusions 

It ha~ been shown here ~hat 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 

and Blair has been moderately successful in expl~ining these· effects. Whereas. 

the theory has been able to reproduce the phase for the "~wo-phonon 11 group, it 

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

with the inclusion of ;simple configuration mixing, it does not appear that the 

Austern arid Blair model would be successful_ in simultaneously fitting the phase 

and slope of the 11two·-phonon 11 
· e~citations. It appears that additional experi-

ments, similar to those descr'ibed in this pap~r might prove fruitful. In 

particular, it is· suggested that in order to determine the validity of the 

theories such ex~eriments might be performed on nuclei for which the 4+ state 

is known to be a ptire vibrational or rotational level. Measurements of the 

angul~ distributions of inelastically scattered alpha particles as a function 

of the energy o~ the incident alpha particle 'might very well' prove t<;)' be. a 

means to determine the purity of "two phonon" states. 
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Table" 1. , 
· Nuclear matrix elements and reduced electric transition probabilit'ies for levels 

in Ni58 and Ni62 obtained from Austern· and Blair model ·analysis of (a:,a:') data. · 

. Ni58. 

. . 
a:-particle '1.45 MeV 2.45 MeV · 4.50 MeV 

energy (MeV)· .c.·(2. )a .·.·)3(E2),(.~4)~.: .·.c····(·4:)a·· ·,c·· (4)a.·,. a . Be(~3.),(fm6) 
. .1 • : e2 • '.-1" _.U,U • , . 1 \ ,. 2 .. ' I cl (.3): C -I" 

------------ -------~--------

33" Q-37 13? 0.063 0.063 0. 20. 830 
I . 

0.43 
.. 

0.096 0.24 50 179 0.077 1080 

100 0.35 J.;l8 0.037 0.111 0.20 830 

Ni62 

a:-particle 1.17 MeV . 2.33 MeV 3.77 MeV 
energy (MeV) 

cl(2)a B( E2) ,t. ( fm 4) cl(4)a c2(4)a . cl(3)a . B(E3) ,t. ( frri6) 
e~ e2 . . 

33 0.39 150. . .063 .044 0.2~ 104o 

50 0.43 180 .074 .o44 0.28 1700 
• I 

' 
85 ·o.38 145 .·052 .073 0.21 1100 

100 0.41 . 170 

Brrhe C (I) are· ·given in· unitS· of f'm. n 

.. 

... .. 

--~ 

"' : 

v 
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Figure ·captions 

· Ftg. 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 Ni58 . ~ 
. ' 

Fig. lb. Angular distributions for the scattering o.f 50-MeV alpha particles by 
. . 

the ground, 1.45 (2+), 2.45- (4+) and. 4.50- (3-) MeV states of Ni58 . 

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

Fig. 2. 

Fig. 3· 

Fig. 4. 

Fig. 5. 

by the ground,.-1.45 (2+), 2.45- (4+) and 4.50- ·(3-) MeV states of Ni58 . . . ( . 

Variation of the phase qf the ·angular distributi.ons of the inelastic .· 

groups relative to ·that of. th~ ~lastic group .of Ni58 ·as a function of 

.the ·energy o~ the incident.alpha particles. The spin~ and parities 

correspond to'the levels at 1.45 MeV (2+), 2.45 MeV ~4+) and 4.50 

MeV (3-). 

Variation of the phase of the angular distributions-of the inelastic 

groups r~lati ve to. that _of the ~lastic group. of Ni 62 as a function of' i 

the energy of the incident alpha particles. The spins and parities 

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

(3-·). . • I 

Be.st fit obta-ined for the elastic scattering cross section o.f' Ni58 
.· 

. • • l . . 

. for an incident alpha part~cle energy of 50 MeV. The parameters 

noted on the figure are described in ·th,e text. 

Austern and Blair model fits to the 1.17 (2+) and 4.50 (3-) MeV 

Angular distributions from the scattering of 5~-MeV alpha particles 

·by Ni5S. The values for the parameters L,- f:::.., A, B and D were taken 

from the fit shown in Fig. 4 .. 

Fig. 6.. Best fits to the angular di'stribution of' the 2.45- (4+) MeV l'evel of' 

Ni58 for incident alpha particle energies of 33, 50 and 100 MeV.· The 

values of' ~he parameters L, 1:::., A, B and D w~re obtained from fits to 

the elastic data at each ene~gy. The values of' R (see the text for 

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

I 

' 
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Elastic ·cross Sections 

Ea = 25 MeV 

e I qqj.9Q ' Fractional e . dJJ /dft Fractional 
em (in£;(8R) Statistical 

' 
em (mb/SR) Statistical 

~DEG} Error (DEG) Error 

I< 21.7 3174 .010 51.3 25.6 .005 
23.9 2147 .013 54.5 14.3 .008 
30.2 388 .004 57·5 5.08 .010 
32.3 242 .004 59.6 3.41 .013 
32.3 255 .004 6i.7 5·55 .008 

35·5 204 .• 004 64.8 5·99 .010 
38.6 142 .004 67.9 4.19. .009 
41.8 62.1 .004 67.9 4.15 .011 
45.0 27.5 .oo6 71.1 1.46 .019 
48.1 26.5 .004 74.0 .266 .044 
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1.452 MeV 2+ Level 

Ea = 25 MeV \-

' e dt!)an · Fractional' e . dtJ/dn 
Fractional 

c.cm 
{mb/SR) Statistical· em (mb/SR) 

Stat.istical. 
(DEG) Error {DEG) Error :/. 

30.3 -8.66 .014 54.5 .604 .031 
32.4 . 5.10 .016 57.6. 1.37 ..·-y .1021 

32~4 6.58 .013 59-7 1~42 .020 

35·5 2.33 .021 .61.8 1.27 .017 
38.7 1.32 .027 . 64.9 ·378 .039 
41.9 3·19 . .018 68.0 .103 .o6o 
45.1 ·3·53 .• 018 71.1 .309 .041 
48.2 1.96 .018 74.2 .478 .033 
51.4 . 0.38 .039 
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\ 
I. 

j 
I 

2.458 MeV 4+ Level 

l 

l -4 

Ea = 25 MeV 
i. ' . 

' 

e diJ/~ 
Fractional e diJ/dn Fractional 

em {mb/SR) Statistical em (mb/SR) Statistical 
(DEG) Error . (DEG) Error 

30.3 :556 .054 54.6 .182 .058 
32.4 .260 .070 57-7 .152 .063 
32.4 .320 .058 59.8 .131 .069 

35.6 .34o .056 61.9 .111 .056 
41.9 .450 .048 65.0 .038 .20 

45.1 .301 .049 68.1 .028 .20 
48.3 .096 .077 71.1 .• 052 .10 
51.4 . 071 .090 74.3 .037 .20 . 



-22-

4.56·MeV 3-·Level 

\. 
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"· 3.026 Cross Sections 

• Ea = 25 MeV 

e rus/an Fractional . e rus/a.n Fractional 
em (mb/SR) Statistical em (mb/SR) Statistical 

(DEG) Error (DEG) Error 

30.3 .280 .075 59·7 .085 .079 
32.4 .264 .063 61.9 .121 .054 

35.6 .102 .100 65.0 .049 .103 
. 38.7 .204 .072 68.0 .032 .103 

45.1 . .234 .068 68.0 .032 .103 

48.2 .132 .064 71.1 .032 .146 

54.5 .035 .127 74.2 .034 .146 

57·7 .075 .085 

,. 



\ 

' 

Ea = 25 MeV 

e &sjan 
em (mb/SR) (DEG) 

30.3 .366 
32.4 ·337 
35.6 .195 
38.8 .262 
42.0 .294 
48.3 .202 

51.4 .079 
54.6 .056 

-24-

Ni58. 

3.30 Cross Sections 

·• .. 
Fractional e &s/M Fractional 
Statistical .. em. (mb/SR) Statistical· 

Error (DEG) Error 

.o66 57-7 .057 .100 

.056 59.8 .081 .081 

.073 61.8 .124 .q53 

.o64 . 65.0 .071 .088 . 
• 060 68.1 .053 .083 
.052 68.1 .083 .089 
.082 71..2 .044 .127 
.100 74.3 .039 .130 

,/ 
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Ni58 

Elastic Cross Sections 

Ea: = 33 MeV 
• 

e dJJ/dSt 
Fractional e dJJ/dn 

Fractional 
em (mb/SR) Statistical .em (mb/SR) Statistical 

(DEG) Error (DEG) Error 

.. 
17.4 3284 .009. 43.9 27.3 .004 

19.5 2159 .004 47.1 7.06 .009 
21.7 1226 .005 50.2 .950 .008 
23.8 493 .008 53.4 6.42 .007 
25.9 232 .004 55.4 7.38 .007 
28.0 202 .004 57·5 5.00 .008 
28.0 210.3 .004 59.6 1.36 .016 

31.3 174.3 .oo4 61.7 .159 .o46 
34.4 55.4 .005 63.8 .300 .033 

\ 

37.6 14.0 .009 65.8 . 1.20 .015 
4o.8 31.7 .004 

" 
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1.452 MeV 2+ Level 

Ea = 33 MeV 
" " ... 

e dJJ/fill 
Fractional "8 dcJ/dn 

Fractional 
em (mb/SR) Statistical em (mb/SR) Statistical 

(DEG) ·Error ·(DEG) Error 
•J 

17.4 13.4 .016 44.0 ~·.450 ·.034 
19.6 5.46 .024 47.2 2.05 .016 
21.7 9.41 .013 50.3 2.23 .016 
26.0 13.9 .011 53.4 .656 .023 
28.1 5.62 .017. 55·5 .172 .044 
28.1 5·.57 • 026 57.6 .362 .. ~031 

31.3 .743 .050 59·7 .854 .020 
34.5 4.98 .016. 61.8 .985 .018 . 

37.6 5.31 .017 63.8 .789 .021 
4o.8 1.45 • 019 ... 65.9 .422 .026 

• 



..... 

·. -~ 

· .. ·:.·. 

'•"' ;i' 
> ;-_. 

.:···r .... 
'.) 

·~ . 

e 
em 

(DEG) 

( .... : 

da jan . 
(mb/qR'). 

. -2·7-

.... ~ .' ... 

2.458 MeV 4+ Level 

Fractional 
Statistical 

.Error·· 

e ~ • em 
(DEG) 

·'-. 

: ... ·:;•. 

17.4 

19.6 

21.7. 

23.9 

26.0 

28.1 
. 28.1 

31.3 
34.5' 

37·7 
4o.9 

·~; 

2.50 

3.26 

2.46 

1.30 

.• 421 

.304 

.271' 

.689' 

• 673. 
.• 202 

, .. * .204 

* 16 . 0 ·included 

.f. · .. ·:. 

··.: 

''· __ , .. 
. . ;, 

··,;_~ 

·.,; ,'. .. ... 
' .. ·.,_ .. 

. . . . -~ 

~0?9 

,.0;?1 

.025 

.035. 

.061 

.072 

.100 

.052 

.043 

.072 

.051 

.· --··.·:::._.· 

' ·. . : : :~ 

· ..• f·. 

._._; 

. , 

·'· 

.,: 

··-;. 

44.0 

47.2 

50.3 

53·5 ·. 

55.6 

.57·7 
59.8 

61.8 

.63.9. 
66.0 

· .. .'· 

·,_., . •: .. · 

::;.·' 

_; .. : .. 

)· 

. i 

aajan; 
(mb/SR) 

.2.56 

.264 

.106 

.037 

.078 

.120 
;,-.138. 

.101 

.05,5 . 

.030. 

r,' 

',·' 

" ... .-: 
; .... 

; ... 

Fractional 
· Statisticai 

Error 

.046 

.045' 

.071 

.094 

.065 

.. 052 

.049 

.058 

.077 

.094 ·, 

··./. . . 

·,._. 

•.';!' . 

. '· .. ' .. ·', 

·.,.:. 

. .. 
'·.··· 

. .... ,_ 

.. ·,,·· 

: .. · ... 

~; .. 
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Ni58 

4.56 MeV 3- Level 

Ea = 33 MeV 

e &r/Ml . Fractional . e dtJ/d!'l. 
Fractional 

em (mb/SR) Statistical em . (mb/SR) Statistical 
(DEG) Error (DEG) Error 

17.5 14.2 .015 44.1 1.42 .030 
19.6 9.88 .oi8 47.3 .701 .027 
21.8 5.29 .017 50.5 .452 .. 034 

23.9 3.05 .. 023 53.6 .622 .023 
26.0 3.42 .022 55·7 .749 .021 
28.2 4.34 .019 57.8 .609 .02~ 

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 .245 .032 
41.0 1.67 .018 
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Ni58 

Elastic Cross Sections 

Eo: = 50 MeV 
·• 

e dtJ/dU 
Fractional e dtJ/dn 

Fractional 
em (mb/SR). Statistical . em (mb/SR) Statistical 

(DEG) Error (DEG) Error 

17.4 917 .004 4o.8 5.66 .008 

20.0 183 .004 42.9 10 .,27 .oo4 

21.7 156 .004 45.0 6.74 .004 

23.8 212 .004 47.1 2.05 .013 

25.9 119 .004 49.2 .712 .015 
28.1 16.9 .010 51.3 2.37 .012 

28.1 21.5 .007 51.3 2.26 .010 

28.1 14.6 .010 53.4 . 3.00 .009 

30.2 12.8 .008 '55·5 1.96 .• 011 

32.3 36.6 .005 55·5 2.13 .039 

34.4 31.4 .005 57.6 .. 863 .062 

36.5 9.46 .009 57.6 .791 .018 

38.7 .113 .060 
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Ni58 

1.452 MeV 2+ Level· 

Ea =50 MeV 

e dJJ/an Fractional ·e dJJ/dfl. Fractional . 
em (mb/SR) Statistical em (mb/SR) ·sta tisticaJ: 

(DEG) Error (DEG) Error 

11.0 55.6 .007 34.5 1.25 .025 
13.1 16.3 .014 36.6 3-57 .015 
15.3 4.31 .027 38.7 3.67 .010 

17.4 17-5 .014· 4o.8 1.79 .015 

19.5 23.0 .008 42.9 ·559 .019 
21.9 9.41 .013 . 45.0 -995 .018 
·23.8. .613 .050 47.1 1.68 .014 

25.9 5-30 .. 017 49.2 1.47 .011 
28.1 9-29 .014 51.3 .719 .. 018 
28.1 10.3 .010 53.4 -393 .025 
28.1 9-37 .013 55-5 ·.567 .021 
30.2 5.24 .013 57·6 ·734 .018 

32.3 .9Q2 .029 

·.;, 

., 



.. 

' ~' 

j, 

e 
. em · ... 
(DEG)' 

11.0 
13.2 
15.3. 
17.4 
19.6 
21.7. 
23.8 
26.0. 
28.1 
28.1 
28.1 

30.3 
32.4 

',· 

. "·. 

' ;•,l' 

. ,·. 

11.9 
5.86 
5.23 
2.41 

.623' 
.. 282. 

·1.08 
1.25 

·!. 

.562 .•· 

:,· 

-~i. ' 

.720 .. 

.589 
'.164' 
.441 

-31-' 

2.458 MeV 4+.r.evei 

Fractional 
Statis.tical 

Error 

. _;,_•_:· 

.015 

.024 

.024 

.036 

.050 

. 074 

.038 

.. 035 
/' ' .. 053 

.036 

.052. 
·.069' 
.042 

._ .. ,, 

·,:· 
·, .. 

·.:'', 

·' 

·._.·.· 

·.· .. ·._ 

·~ ..... ' ~' . . 

. . 'r, 

-: f·· 

' .. " -~ .: 
•.• __ 1 

·,, 
.< . 

~: . ' -~ ' ,· .. ·' 
,;• 

·'S.: 

.. e· 

·-~-

.. ,..· ... 

:em . 
. '(DEG) 

34.5. 

36.6 
38.7 
40.8 
42.9 

45.1 . 
47.2 
49.3 
51.4 
53.4 
55.6 

57·7 

:·-·,' : ... ·,: 
'I, ··: ·~. ,.' 

';_: 

; .. · _,._. 

. f.:' ·. ~-. ' <'' ·: 
,l -, 

--~ ·. 

·.·_::' 

. ' . ,: 

. &1/dn 
(inb/SR) 

.438 

.323 

.160 

.081 
.• 157 
.220 
.161 
.o96 
.082 

.093 
•, .107 

.089 

., _., 

•, • I 

. ·_.·.· ' : . ~ . 

.. 

. · .. ·· 

. -~ . . 

.·," . 

Fracttonal 
.· .· Statistical 

Error 

,, 1-i 

~ ,, 

.' -:: 

.042 

.050 

.050 

.070 

.035 

.038 

.044 

.041 

.054 

.051 

.047 

.052' 

_.-. 

.. ·:, 

.. ·.·· ,: . . 

·,. 

·. ~ 

. ~. 

.. ~ . . 

•',,• 

'• .< 
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4.5 MeV 3- Level 

Eo: = 50 MeV 

e do'/dn Fractional e. do'/dfl. · Fractional ·. 
em (mb/SR) Statistical em (mb/SR) Statistical 

(DEG) Error (DEG) Error 

11.0 24.3 .010 34.5 1.79 .021 
13.2 20.8 .013 36.7 1.51 .024 

15-3 12.0 .016 38.8 -742 .024 
17.4 4.83 .025 4o.9 .948 .021 
19.6 4.00 .020 43.0 -970 .016 

21.7 6.13 .016 45.1 ~638 .023 
23.9 5-30 .017 47.2 .403 .028 
26.0 2.90 .024 49.3 -394 .020 
28.1 1.59 .031 51.4 .454 .023 
28.1 1.89 .024 53-5 .433 .024 
28.1 1.65 .030 55.6 .217 .033 
30.3 2.'37 .018 57·7 .209 .033 
32.4 2.62 .018 



·,, 

•!.; . :, 

3.026 M~V 

Eo:. = 50 MeV i 

·~ 

e "dd/dn 
Fractional e .. d.a/an . · . Fractional 

·• em (mb/SR) .statistical. . em ·. (mb/SR) Statistical 
(DEG) .. , . ., . Error . (DEG} Errior· 

·' ~ ;:• 

.. • 19.7 1.228 ~035 40.8 .175 .048 .•:·- ... # 

21.8 ·. 751 .045 '' 

26.1 .180 .092 ·.·.· 45.1 .031 .110 
28.2 .547 .054 47.2 .056 ;075 
28.2 .630 ·.o41 49.3' .• 075 .p47, 

' 30.5 ·570 .. ·· .038 51.4 .. 050 ~080 

'32.4 .220 .o6o ,:· .. 51.4 .056 ·. ·:~ ~065 ··.·· 

34.4 ~o68 
" 

"'.120 53~5 .033 .084 
36.6 ~. ' .. .150 .072 .,<· 55.6 .020 ~·15 

38.7 .230 .042 57!7 .030 .088 

... 

··· ... :· 

... 
' ~;_ ... ' : ,_.: 

•' ..... 
-~ . 

... :· : ' ·~ ' 

' . 
• •' I .... ·-:.· 

.t •· 
·- •.lfo ' ' ,· :'!' 

. ~ . . . ;- . ., 
I <I ' :' ', ·~ • 

·, 1.·. 

. " ,. 
.·• :.~ 

·--~· ,. ·_,.·. 
,._.· 

·· .. ·.· 
\., 'i. 

i'. 
</I '., .. ·.:···: 

. ~- .. .. _.,· .. ·, 
,· . : ·~·. .. .. 

..• ·.· 
... ,·' 

'._ .. 1: 

·',:,· '·> . 
· .. ' 

. ·· .. 
•.:. 

.,•.; 
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'Ni58 -
3.30 MeV 

Ea = 50 MeV 

e do'/dn 
Fractional 

em (mb/SR) Statistical 
(DEG) Error 

19.7 1.70 .030 
21.8 1'.05 .038 
26.1 .247 .079 
28.2 .~69 ·'. .048 
28.2 .685 .. 039 
30.5 .275 .054 
32.4' .347 .047 
34.6 .055 ... "".15 
38.7 .239 .041 

> 
·"' 

1 

~ 

e em 
. (DEG) ·-

4o·.8 

. 45.1 

47.2 
49.3 
51.4 '• 

51.4 

53·5 
55.6 

57-7 

·-

di!/dn Fractional 

(mb/SR) Statistical 
Error 

.228 .042 

.039 .090 
~076 .065 
.111. ·.038 

.• 084 .063 
.079 .. 055 
.044 .. 073 
.021 ..... 12 
.041 .075 



1 '• .. 

-~· . 

. ' 
.. ·.·· 

'; ." 

·.' ~ 
. ·.·,.· 

_., .. 

'--~...· 

/ 

·E. -
Ct 

50 MeV 

e
cm 

. (DEG) · 

19.7 
21.8 
26.1· 
28.2 .. 

28.2 

30.5 
'32.4 
34.6 

36.6 '· 
38.7 

·J· 

: ·. 

:·' ·. 
,.,,, 

.,.-

. .. 
.'··· 

·.;: ., . 

·.' -. ,, 

dJJ/Cill 
(mb/SR) 

.658" 

.162 

·572 
.413 

·534 ,. 
.193 
·.213 
.150 
·.220 
.120 

~- ... 
: .• r';.', 

... :_· 

·• ··'· 

_.:. 
; ·-' _·, 

.... ·· 

:. ~ . 

.. ,· 
.. 

...... -

·-.:·-

-35 ~ 

·., 

3.60 MeV 

·Fractional 
Statistical · 

Error 

'.•: 

.' •' .. ' 

.. 
.-;_ 

.Q49 

.100 

.053 

.062 

.042 

.o64 

.061: ~' ; 

.073 

.o6o 

.058 

.. ·· 

'.·. 
1_.{' 

.:,•;. 

:'.· 
.f', 

.. --: 

... 

·:: ~ . 

,• 

,.;,· 

-;." 

.,-,.. . .. 

·:.:· 

'0:;·:· 

e . em 
_ (DEG}· 

45.1 
47.2 
.49.3 
51.4 

... 

5L4 
'· 

53-5 : . 
55.6, 

57-7 

. · .. ·.··. 

. dJJ/an 
(mb/SR). 

-~086 

.089 
·.o66 

.037 

.033. 
..• 036 
.048:. 

.047 

-·.-· 
.<·.· 

'.\.,-

<.·: 
~· ·.: 

·I.; __ 

:. ' .. 

··· ... ; 

tr,:'·' 

.~. . 

:.' 

'•,,· 

,·.· 

Fractional_ . 
statistical 

Error 

.o6i 

.060 
.. 050 
.093 ' 
.084 
·.o8o· 

.071 

.071 

. ,· . 
,::· 

,_· 

~ .. 

. ; 

~ :. 

i ~ 
j' 

.. :!, 

.. ·Y'i 
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Ni58 

4.8 MeV 

Ea =50 MeV 

e dcr/dn 
Fractional e dr!/d!! 

Fractional 
em (mb/SR) Statistical em (mb/SR) Statistical · 

(DEG) Error (DEG) Error 

19.7 1.098 .037 4o.9 .117 .059 
21.8 ·353 .o66 
26.1 ·955 .041 45.1 .132 .050 
28.2 .727 .046 47.2 .159 .045 
28.2 .885· .034 49.3 .113 .038 

30.3 .299 .051 51.4 .060 .073 
32.5 .193 .o64 51.4 .069 ' .059 
34.6 .258 .030 53·5 .o46 .072 
36.7 .398 .045 55.6 .064 ' .063 

38.8 .271 .039 57·7 .076 .057 

./ 



• 

'• 

·' . 

. ~ 

'··:- .. -'.,,. 

·~ . 

··.-.t:-

;,. 

. .:.. 

·,_.: 

Eo: = 100 MeV 

e &J/dn em . 
. (mb/SR) ·• 

(DEG} 

8.9 24o4 

9-9 2535 
11.0 ·1794. 

.12.1 8i3 
13.1 194. 

.. 

'14.2. '·340 

15-3 161 .,.-

16.3 251. 

. 17.4 .. 202 
18.5· 97·5· 
19.6 17-5 

<: .·'-

.·.;· 
... ', _:,. 

·•" ·,. 

; ... 
' . ' . . . . 

' { 

,. . ' 

... ', ,: . 

'I,' ··. ,··. 

'. i :·.-

... 

:. :.-: .. -· 
. ...... ·i• 

I· .. 
,, . ··, .. ' l • 

-.· ' . . : : . . .;,' . 

·. '•·' . . _., . ··, 

. ; ·.. ~' .. 

. ·.· ... : 

. . . ' : ·~ 

· .. :", 

. , 

... ~- . 
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.. · .. , 

·-~ :' .. 
· ... ; 

Elastic Cross Sections . ·· ·,. '. 

Fractional 
Statistical 

·Error 

.005 

.005 

.oo6 
.. 004 

.OQ4 

.•• 009· 
· .• 004 
.. 004. 

. .004 
.004. 

.013 . 

'·;·' 

. · , .. 

· .. ·,. 

·,• .. 

.. 

. ~- ', . : ·. 
. ..... , 

·- .. ·:. 

,o o I 

·.: ' :. · .. : ·.~- : : 

.. • e . em 
(DEG). 

20.6 ... 

21.7 
21.7 
22.8 
23.8· 

.. 24.9 
. 26.0 

" 

27.0 

·&s;d.n 
(inb/SR) 

.. 
.. . 5·05 

.29.7 
31.8 
50.4 
42.1 

22.5 

7.65 
4.80 

28.1· .. 9.48 
29.1 

.. : 30.2 

,· __ , 

_: : J • • ~ 

. ·.·· .. 

:::. 

, .. '· 
'.:. . . . . . ...~ .. 

····.· .... ' 

. ~- '·. . 

·14.2 
.12~8 

; '• 
•' .... :., . . 

-~' .. 
' ,. 

\•\; . ·' 
' I .~ !-, ' ; 

' . ; ·. 
,. ; ., . :,;. . . . . -~.. . ., : . .' ... ; . 

-~·. : 
. . ·. ~. ·. ~ 

•·• t -.~· < ' : ••• ' • 

. :··: .. . . ~ '· 

. ·. -~·.- . 

'•"'" 
.. ~ ..... 

.. ~. 

:;. . 
:, -~ 

~-:·.: ' ... . 

~ . ; . 

Fractional ·· 
statistical· . 

Error 

.023 '·'': 

.609 

.009 

.005 
·.oo6 

.008 

.024 

.017 

.012 

.008 
~010 

··.·;..· 

. ' .'. 

. ; ... 

.· ... 

t:·, .. 

·.-·:· 
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Ni58 

1. 452 MeV 2+ Level · 

E = (l 
100 MeV 

e dJJ/art Fractional . e ' dJJ/tro . Fractional 
em (mb/SR) Statistical em 

(mb/S~.) 
Statisticai 

(DEG) ·.Error (DEG) Error 

. 8.9 32.2 .009 20.6 10.7 .016 

:9.9 8.38 .018 "21.7 5.26 .023" 

11.0 12.6 .015 21.7 4.88 .024 
l2.1. 29.8 .010 22.8 2 .• 04 .026 

13.2 25·.4 .oo6 23.8 2.57 .023 . 

14.2 28.8 .009 24.9 4.41 .018 

15.3 . 13.1 .010 26.0 5.27 .016 

16.3 3.48 .Ol9 27.0 4.32 .018 

17.4 5.43 .022 28.1' 2.50 .023 

18.5 12.5 .010 29.2 1.25 .026 

19.6 14.1 .Ol4 . 30~2 . 1.28 . .032 



· ..... 

'. 

..... : 

i. 

,_! 

.. ·,·· 

' . ~ ' 
.... ·. 

e 
em 

(DEG) 

8.9: 

9-9 
11.0 ., 
12.1 ·; 

13.2 
14.2 
15.3 
16.4 
'17 .4 
18.5 

:, ' 

19.6 

* 
. ** 

,;·· 

. ~ .. : 

·; '· 

,',,/, 

. -~ 

"at! jan 
(mb/SR) 

8.97 
:10.9 

8.36 
. 3.80 

1.38 

-574 
-537 

·1.75 
2.45 

c. -977* 
.960* 

;.·. 

--·.·.:.'· 

. -~ . ' 

. -·:·· 

···.i ·,._ .. .. 
'· .. -. 

-.· ~--:·: ~ ' ._, . 
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·.·Ni58 ... 

2~458 MeV 4+ Level 

. . 
Fractiomil 
Statistical· 

'Error 

-.... · 

•' 

~018 

.016 

.018 
.• 026 
.030 
.068 

· .. 050 
·.· .027 

.· .033 
.037 
.053 

·,.:· 

'•.-

. ·:·· . 

·. •' ~-· . 

.. ~· 

.: ·. 

··.· ·, 

.. ,. 

.. .... 
,., 

.', 

:Bcm. , 

(DEG) 

.20.6 . 

21.7 
21.7 
22.8 
23.8 

'24.9 
.26.0 
27.0 
28.1· 
29.2· 
30.2 

··~·. 

··.' 

' . 
·I 
.;• 

da/dn 
(mb/SR) ... 

.458. 
·.870** 
.750** 

-955** 
.806 
.582 
-316 
.158 
.162 

.. -300, 
; ·316 .. 

·-·::\ 

. . ~ . 
;j:' 

·' 

. · .. > 

.. :·_ .. 

· ... ::· 

·.·Fractional 
Statistical 

Error 

.. ·.·.· 

. ;_· 

.075 

.055 

.o6o 
.• 037 
.041' 
.048 
.065 
.093 
.090 
.055 

. .065 

·.··'·' 

;· ,. 

' ~ , .. ' ·, ,' 

·· ... 
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Ni58 --

4.5 MeV 3- Level 

Eo: = 100 MeV 

e drJ/dn Fractional e d!J/dn Fractional 
em (mb/SR) Statistical em (mb/SR) ·Statistical 

(DEG), Error (DEG) Error 

8.9 46.3 .008 20.6 3.87 .. 026 

10.0 33.8 .009 21.7 4.21 .025 

11.0 21.2 .011 21.7 4.51 .025 

12.1 8.87 ' .018 22.8 4.10 .018 

13.2 7.68 .013 23.9 3-43 .020 

14.2 9.42 .017 24.9 2.45 .024 

15-3 11.2 .011 26.0 2.01 .. 026 

16.4 10.5 .011 27.1 1.73 .027 

17.4 7-30 .019 28.1 1.66 .028 

18.5 5.02 .017 29.2 1.84 .023 

19.6 3.58 .027 30.3 1.59 .029 
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Ni62 

Elastic Cross Sections 

Eo: =·25 MeV 
~ 

e .acr /Ml 
Fractional 

cr/crRUTH e d!J/dn 
Fractional 

cr/crRUTH em (mb/SR) Statistical em (mb/SR) Statistical 
(DEG) Error (DEG) Error 

,. 
21.3 1816 .001 .288 50.8 14.1 .010 .065 
25.5 756 .002 .244 52.9 13.5 .010 .072 
27.6 482 .002 .195 54.9 7·54 .013 .046 

29.7 254 .002 .159 57.0 4. 70 .017 .033 
31.9 220 .002 .170. 5911 2.75 .021 .022 
34.0 144 .004 .143 6:1,..2 2.95 .021 .026 
36.1 119 .004 .149 63.2 4.24 .018 .043 
38.2 98.2 .004 .153 ' 65.3 5.06 .016 .058 
4o.3 66.1 .004 .126 67.4 4.77 .014 .062 
42.4 29.5 .004 .069 69.4 3_,10 .018 .044 
44.5 19.4 .008 .0.54 71.5 1.50 .025 .024 
46.6 . ~15~5 .009 .052 73·5 ·592 .039 .010 
48.7 16.8 .. 009 .066 
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1.17 MeV 2+ Level 

E = 25 MeV ex . 

e dts/fill 
Fractional e dts/dn· 

Fractional .. 
em (mb/SR) Statistical em (mb/SR) Statistical· 

(DEG) Error (DEG) Error 

19.2 1.64. .034 50.8 .465 . .050 
21.3 2.02 .058 52.9 .268 .070 
23.4 4.93 .085 55.0 .503 .050 
29.8 3.47 .018 57.1 .819 .040 

31.9 6.92 .018 59.2 .915 .038 
34.0 3.70 .024 61.2 .831 .040 

. 36.1 2.00 .032 63.3 ·55+ .049 
38.2 . 1.17 .042 65.4 .337 .064 
4o.4 1.24 .033 67.4 .216 .067 
42.5 1~55. .028 69.7 .275 .o6o 
44.6 1.99 .025 71.5 .419 .048 
46.7 1.65 .027 73.6 .568 .041 
48.8 1.14 .033 

./ 
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2.33 MeV 4+ Level 

,. E = 25 MeV a· 

; e &:1/iill 
Fractional e d!!/M 

Fractional 
em 

(mb/SR) 
Statistical em 

(mb/SR) Statistical 
(DEG) Error (DEG) Error 

25.7 .454 .068 .55.2 .084 .19 

27.7 .265 .063 57-3 .107 .11 

29.8 .202 .o86 59.4 .071 .14 

36.3 .150 .096 61.3 .069 .14 

4o.5 .221 .073 63.5 .048 .16 

42.5 .195 .078 65.6 .035 .19 

44.5 ~~158 .089 67.7 .o4o. .15 

48.8 .039 .18 69.7 .054 .13 

50.8 .044 .17 71.8 ~058 .13 

52.9 .052 .15 73.8 .079 . .11 

; ' 1 
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3.77 MeV 3- Level 

Ecx = 25 MeV 

e arsjan Fractional e drs/dn 
Fractional 

'" em (mb/SR) 
Statistical em (mb/SR) 

Statistical 
(DEG) Error (DEG) Error 

17.1 1.14 .096 44.7 .346 .062 

19.3 .650 . .058 46.8 .320 .080 
21.·4 1.09 .068 53.1 .617 .045 
23.5 .762 .062 55·2 .415 .056 
25.7 1.09 .042 57·3 .291 .068 
27.8 .601 .044 I 

59.4 .211 .. 078 
29.9 .384 .064 63.5 .167 .086 
32.0 1.11 .043 ... 65.6 .249 .074 
34.2 1.38 .038 67.7 .350 .052 
36.3 1.~-0 .038 69.7 .327 . .054 
·38.4 1.37 .038 71.8 .275 .o6o 
40.5 1.04 .034 73.8 .170 .075 
42.6 .• 462 .065 
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Ni62 

Elastic Cross Sections 

Ecx = 33 MeV 

"' 
e &Jja.n . Fractional 

cr/crRUTH e &1/dn 
Fractional 

cr/crRUTH em (mb/SR) Statistical em (mb/SR) Statistical 
~ 

(DEG) (DEG) Error Error. 

8.5 175113 .001 1.25 61.2 .222 .032 .003 
10.6 74o70 .001 1.27 63.2; .842 .016 .015 
12.8 30799 .001 1.12 65.3 2.09 .010 .043 
14.9 11744 .001 .786 67.4 2.48 .010 .056 
14.9 11338 .001 .802 69.4 1.85 .011 .o46 
17.02 5233 .001 ·591 71.5 .744 .018 .021 

19.2 3402 .001 .622 73.5 .091 .050 ,.003 
21.3 1968 .001 .542 75.6 .094 .050 .003 
23~4 653 .002 .261 77.6 .472 .016 .017 
25.5 384 . 002 ' .216 79.6 .815 .012 .033 . 
27.6 297 .002 .227 81.7 .841 .012 .036 

29.8 284 .002 .294 83.7 .609 .014 .029 

31.9 200 .004 .270 85.7 .289 .021 .015 

31.9 207 .004 .280 87.7 .092 .036 .005 

34.0 98.7 .004 .171 89·.7 .o66 .030 .. 004 

36.1 32.3 .oo6 .070 91.7 .153 .020 
38.2 26.5 .007 .072 93.7 .266 .015 

~ 

40.3 40.4 .004 .135 . 95.7 .323 .014 
42.4 41.6 .004 .;t69 95.7 .308 .033 
44.5 26.6 .007 .130 97·7 .281 .014 

'46.6 9.13 .011 .053 97·7 .279 .035 
48.7 . 1.90 .026 .013 99.7 .200 .018 
50.8 4.04 .018 .032 101.7 .105 .026 

.• 50.8 i;l.J,~~ 92 .004 .040 103.7 .041 .037 
52-9 7-96 .013 .074 105.7 .023 .049 

. 52.9 9.43 .003 .088 107.6 .037 .039 
54.9 10.00 .003 .106 109.6 .063 .026 
57.02 6 .• 30 .004 .078 111.6 .085 .026 

59-1 2.2:; .OlO · .031 113.5 .079 .027 
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.62 N1 

1.17 MeV 2+ Level 

Eo: = 33 MeV 

e dcJ/dn 
Fractional e dcr/dn 

Fractional 
em (mb/SR) Statistical em (mb/SR) . Statistical 

(DEG) Error (DEG) Error 

·8:.-3 90-5 .072 63.1 1.11 .015 . 
10.4 26.1 .077 65.2 .629 .018 

... 12.6 38.8 .035 67.2 .190 .035 
... 14.7 53.0 .022 69.3 .111 .050 

14.7 44.9 .022 71.3 .306 .027 
16.8 21.8 .015 73.4 .469 .022 
18.9 4.04 .010 . (75-4 .505 .022 

. 25.3 26.7 .008 77-5 -359 .018 
29.6 3-34 .022 79-5 .179 .026 
31.6 1.61 .06 81.5 .074 .o4o 
31.7 1.93 .05 .. 83.5 .087 .036 
33.8 6·~12 .02 85.6 .172 .026 

35-9 9-32 .05 . 87.6 .485 .023 
38.0 7-55 .02 89.6 .251 .016 
4o.l 3.18 .02 -91.6 .217 .017 
42.2 .494 .04 93.6 •134 .022 . 
44.3 1.01 95.6 .082 .027 
46.4 2.87 .01 95-~6 .088 .062 
48.5 3.82 97.6 .059 .030 
50.6 2.77 .01. 97.6 ·.o~1 .079 
50.6 2.95 .01 . 99~6 .071 .030 
52-7 1.23. .04. 101.6 .097 .027 
52.7 1.33 .01 103.5. .126 .022 
54.8 .308 ~01 105-5 .127 .022 

:.·57 .1 -393 .02 107-5 .112 .023 

59-0 .983 .02 109.5 . 084 .026 . 
61.0 1.36 .013. 111.4· .o6o .030 
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Ni62 

2.33 MeV 4+ Level 
.. 

. Ecx = 33 MeV .. 
;;, 

e dt:J/M 
Fractional ecm . dt:J I an Fractional . . 

. statistical em (mb/SR) Statistical (mb/SR) (DEG) Error . (DEG) Error 

14.7 4.52 .064 61.1 .175 .035 
16.8 3~30 .047 63.1 .095 .047 
19.0 2.68 .042 65.2 .059 .061 

21.1 2.68 97-3 . o6o .061 . 

23.2 1.56 .045 69·3 .096 .o48 

25.3 .989 .o4o 71.3· .099 .048 

27-5 • 706· .046 73-4 .085 .052 
29.6 -786 .045 75-5 .065 .059 
33.8 .921 .042 77•5 .050 .048 

35-9 -723 .047 79.6 .039 .055 
42.3. .242 .058 ·81.6 ' .044 .051 
44.3 .325 83.6 .046 .050 
46.4 .417 .063 85.6 .051 .048 

.. 48.5 .238 87.7 .048 .049 

. 50.6 .083 .140 89.7 .o4o .038 

50-7 . 125 .029 91.7 .032 .043 . 

52·7 .• 054 .187 93-7 .032 .043 
52.8 .064 .041 95-7 .031 .044 

.. 54.8 .124 .029 97 •7 . .035 .041 

56.9 .202 .024 99-7 .03]: .044 

59-0 ... 220 .031 101.6 .031 .048. 
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3-77 MeV 3- Level 

Eo: = 33 MeV . 

e &sjcm Fractional e dcr/dn · Fractional 
em 

(mb/SR) 
Statistical em (mb/SR) Statistical 

(DEGl Error (DEG) I. Error 

. 14.7 21.4 .029 61.0 .213 .031 
16.8 17.8 63.2 .176 . .036 
19.0 13.4 .019 65.2 .. 312 .028 
21.1 6.07 67.4 .421 .022 
23.2 2.60 .011 69.4 .• 386 .024 
25.4 3-79 71.5 .313 .027 

27 ·5 6.15 .017 73·5 .196 .034 
29.6 6.98 .016 75.6 .101. .049 
31.7 4.88 .031 77·6 .084 .038 
31.8 ·4.74 .031 79.6 .124 .031 
33.8 2.05 .027 81.7 .1~1 .031. 
36.0 -779 .045 83.7 .151 .029 
38.1 1.46. .033 85.-7 .136 .029 
40.3 2.90 .017 87.7 .174· .037 
44.4 i.88 89.8 .. o64 .031 
46.5 .835 ~044 91.8 .048 .035 
48.6 .249 93.8 .061 .031 
50.8 .565 .014 95.8 -074 .028 
52.8 -911 .042 97.8 .. o6o .031 
54.9 1.12 .008 99.8 .073 .028 

57-0 .897 .011 101.7 .073 .031 
59.0 .. -514 .022 
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Ni62 

Elastic Cross Sections 

,~, Eo: = 50 MeV 

:0 

oo/an Fractional 
rs /rsRUTH oo/a.n Fractional 

rs/rsRUTH e Statistical e Statistical em (mb/SR) em (mb/SR) (DEG) Error (DEG) Error 

6.3 574oOO .001 2.81 27-5 14'~7 .001 .025 

7.4 115000 .001 1.08 27.6 33.0 .001 .058 

.•:8~4 58115 .001 .. 908 28.7 9-89 .001 .020 

9-5 29176 .001 .746' 28.9 9-17 .001 .019 

10.6 15389 .001 .607 29.6 27.2 .001 .. 063 

11.6 7443 .001 . ~-4;1;9 29.8· 33.0 .001 .078 

12.7 4931 .001 .4ol 31.8 50.6 .001 .155 

13-7 4ooo .001 .443 31.8 87.4 '.001 .205 

14.8 366o .001 .546 32.8 45.2 .001 .156 

15-9 2505 .001 .498 33-9 30.4 .001 .119 

16.9 1457 .001 .369 34.0 37-1 .001 .147 

17.6 1110 .001 -330 34.9 18.3 '.001 .080 

18.0 '732 .001 .238 35-9 8.98 .001 .044 

18.6 497 .001 .184 36.5 1.95 .002 .010 

19.0 313 .001 .126' 37-2 .681 .003 .004 

19.7 195 .001 ' .090 38.2 ' 3-49 .001 .021 
20.2 198 .001' .102 . 39·3 7.96 .001 .055 
21.1 235 .001 .143 40.3 9.65 .001 .074 
22.0 258 .001 .186 41.4 9.23 .001 .078 

23.3 282 .001 .255 42.4 7.42 .001 ' .069 

23 .. 4 291 .001 .267 43.5' 4~71 .001 .048 

! 24.1 237 .001 .244 44.5 ' 1.91 .001 .021 
I 

25.0 ' 181 .001 '.216 46.6 -355 .003 .005 I 
J 

i 25.4 131 .001 .165 48.7 1.65 .001 .025 
1 
! 

. 26.1 88.6 50.8 2.36 .044 'I .001 .125 .001 
t 
I 

52.9 1.37 .001 .029 I 
:j 



! . 

j 

!I 
:r 

I! 
'I 
li 
r 
jl 

li 
lr 
I 

lr 
I 
!i 
il 
II 
'I 
lr 
I! 
•I 
II 

r 
,: 
II 
I! 

-,-: 

:.• ·:··- ... 

-50• 
'.,·,·-

' :·· 

•",t ' . '. -. ~~ ~ . '' . ., ... ,' ~.: ·- . : . 

}_;17 MeV 2 + Level .· .. 

E =50 MeV Ct . ·:~ . ' .": . 

;'( .· 
. . . . . . 

.Fractional e dr;jdD 
(mb/SR) . :' 

·Fractional 
Statistical 

··Error 

e . . der/dn . J ' ;".• • 

.·_::em.· 
(DEG) 

17.6 . 24.7 .017 
... · 

18.6 . 31;6 ' .. 010 
,.,; .· .. -

.008 

, .. '• 

(;EG) .. · .(mb/SR) 

35.0 

35·9 

2.25 

4.46 

. Statistical · 
Error 

··012 

.011. 
~-

':. - ;-~ . . '. 

~9·-7·-·· _2Et.5_ 

21._4 •. 
8.86. 

36.5' .. · 
--:...,......., ~.,.-..·~- ~ --+- -~ -~~ -..........:; ~:-~- -.>. __ ._;_-__,~ -~-

' . '3'(:2 -·--. -'·'· 
. 5.85 .010. 

-- 4~69~-' -~ -~~ ---.011~ -~ ~ . 20.2. 

22.0 

.23.4 
. . 

. 24.1. 

. 25 .o 
-26.1 

27·7 

28.7 

28.9 

.. 29~8 .· 

... 

31.8 

32.8 

3.4.0 

2.22 

* 1.45-
4.38: 

8.50 . 

. 12.2 

11.2 

11.8 

5.08. 

3.65 

. '.·'· 

. '·: 

.011. 

.027>. 

·.022. 
.. 016 .. 

;009 

.008-

.006 

.007 .. 

. 011 

.on 
.603 .. 030 

1.08 : .027 
* ... ·.. . . . ·. . .·· .-

0 X '{f::rt;rJ CotVTA M lt-J AT1otJ 

·-.·, ··' '.• .. 
. : .. ,· 

. . : . . ·.· ... '· .. 

. . . ~(: ' .. 
. ---·· 
.. ·; ... _, 

. ; 

---._,:_ ,· 

·. 

38.2 ' 

39.3 

40.3''.· 

3.71 .010 

2.18 .•• 016 

.862 .. ,. - ,·_.019'; . 
l •' ;· 

41.4: .· .518 ··. ·: .. 021• : .·· .. 

'42.4 .• ·. . .724: .. ' · .. 021 
i':' .. '. 

43.5· l.03 

.44.5 _1.50 

.. 46.6 .· . 
. ~- .... _, .. 

. '48 ·. ... . . ·7.. •· , . 
50 ~8 . . : · 

52~9 

:· ,. 
.-·_. 

1.60 . \ 

.832 ; ... _._ 

.288 . 

·371 .. 

· ... -

. '•' 

' . ~-t; - . '•. . . •' . 

. ' -···- .. -:· 

·. _ _.,. 

•· .. 020 .. 
' .... 

. 014' 

.. 012 

. !cn6 · 
.' .026 . 

.. 023' ' 

. ' 

_, 

~ . . . 

.. · .. •. 

~ ·' _ .. -

· ....... _ . 

.··-~- _·_ 
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. Ni62 

2.33 MeV 4+ Level 

Ea ~ 50 MeV 

e da/M 
· Fractional e dcs/dn 

Fractional 
em (mb/SR) Statistical em (mb/SR) Statistical 

-~ . (DEG) Error (DEG) Error 

,. 17.6 3.10 .055 35-0 .473 .025 

18.7 1.89 .044 36.0 -534 .032 

19-7 1.25 .036 36.·6 ,.477 .033 
22.1 . 754 .041 . 37.2 .232 .048 
23 .. 4 -977 .041 38.3 .173 .045 

. 24.1 1.42 .022 39-3 .157 .- .058 

25.0 2.29 .022 . 40.4 ' .166 '.044 
26.1 1.12 .021 41.4 .232 .031 

. 27.7 1.03 .. 027 42.5 .283 . .032 
28.8 .633 .024 43.5 .. 294 . .037 

·29.0 .699 .027 44.6 .242 .033 
29.8 * .603 .032 46.7 .. 168 .037 
31.8 * .194 .. 022 48.8 .103 1,044 

32.9 .424 .036 50~9 .. 119 .. 041 

34.0 -552 .038 53.0. .144 .037 

* . · .. 
Ox"i (;;-[;jv ~ONI4M ,;_;AIIct.J 

. r 
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. Ni62 

3. 77 MeV 3- Level 

.r 

Ecx = 50 MeV 

I 

. e do" I an . · Fractional e dr1/M 
Fractional 

. em (mb/SR) Statistical em (mb/SR) Statistical 
(DEG) Error (DEG) Error -

17.6 2.63 .059 35.0 1.10 .017 

18.7 2.71 .037 36.0 .651 .028 

19.7 5.14 .018 36.6 '.463 .034. 
20.8 8.14 .018 37.2 .663 .028 
22.1 9.65 .012 38.3 1.10 .018 

23.5 8.98 .014 39.4 . 1.47 - .. 019 
24.1 6.32 .010 40.·4 '1.23 .017 

,. 25.1 3.99 .. .017 41.5 1.07 .015 
26.1 1.70 .. 020 42'.5 .832 .019 
27.7 1.02 .027 43.6 ·575 .027 
28.8 1.27 .017 44.6 .615 .030 
29.0 1.44 ~019 46 .. 7 .• 273 .. .028 
29.8 3.44 .014 48.8 .422 .022 
31.8. * 7.42 .008. 50.9 .481 . .020 

32.9 I 2.54 .012 53.0 .300 .026 

34.1 1.87 .015 

* 
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Ni62 

Elastic Cross Sections 

Ecx = 85 MeV 

e dcr/dn. Fractional 
aj 0RUTH e dcr/d Fractional 

cr/crRUTH em (mb/SR) Statistical em (mb/SR) Statistical ... (DEG) Error (DEG) Error --
8.5 6966 .oo4 .330 29.8 9.15 .oo8 .064 

9.6 3834 .Oo4 .294. 30.8 14.5 .009 .115 
10.6 3666 .oo4 .417 31.9 12.2 .007 .110 
11.7 3083 .oo4 -512 32.9 9.37 .oo8 .. 095 
12.8 3386 .oo4 .818 34.0 5.38 .011 .062 

13.9 -561 .oo4 .187 . 35.1 2.45 .016 .032 
14.9 115.4 .007 .051 36.1 1.92 .018 .. 028 
16.0 137.6 .oo4 .. 081 37.2 2.82 .015 .045 
17.0 241.7 .oo4 .181 38.2 4.06 .013 .072 
18.1 298.8 .oo4 .297 39.3 5-89 .009 .120 
19.2 . 205 -.oo4 .249, 40.3 3.52 .012 .078 
20.2 78.7 .007 .118 41.4 2.48 .016 .062 
21.3 3-57 .018 .oo6 42.4 1.63 .019 .o44 
22.4 12.32 .007 .027 43.5 1.21 .022 .035 
23.4 42.3 ~oo4 .112 44.5 1.28 .022 .041 
24.5 59.2 .oo4 .188 45.6 1.37 .022 .049 
25.5 48.4 .oo4 .180 46.6 1.34 .022 .051 

~ 26.6 27.8 .oo4 .122 47.7 1.24 ._022 .052 
27.7 6.68 .009 .035 ,• 47.7 2.18 .022 .091 

~ 28.7 2.84 ' .016 .017 48.7 .90 .026 .041 

52.9 - .61 .030 .038 
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3.77 MeV 3- Level 
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62 
Ni 

Elastic Cross Sections 

Ea = 100 MeV 

,; 

e d(J/d.n. 
Fractional 

(j/(jRUTH e d(J/d 
Fractional 

a/ crRUTH em (mb/SR) 
Statistical em (mb/SR) 

Statistical • (DEG) Error (DEG) Error 

~ 
8.5 3430 .013 .225 20.2 ' 9.04 .018 .015 

9.6 3720 .oo8 .395 21.3 47.7 .005 .121 

10.7 2650 ' .015 .378 22.4 ' 67 .007 .208 
11.7 1270 .oo4 .297 23.4 54.6 .008 .201 
12.8 308 .oo4 .101 24.5 25.0 .008 .110 

13.9 6d.6 
\ 

.010 .027 25."5 5·93 .022 .030 
14.9 239 '.005 .147 26.6 6.88 .015 .042 
16.0 366 .oo4 .298 27.7 1.46 .010 .010 
17.1 294 .oo4 .312 28.7 1.91 .009 .016 
18.1 118 .005 .157 29.8 1.65 .010 .015 
19.2 18.5' .013 .031 30.8 10.5 .012 .113 

31.9 5.04 .018 .063 
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Ni62 

1.17 MeV 2+ Level 
~ 

Eo: = 100 MeV 

e dtJ/M 
Fractional e dtJ/M 

Fractional :~ 

em (mb/SR) Statistical em (mb/SR) Statistical 
(DEG) Error (DEG) Error 

8.5 45.3 .012 21.3 8.72 .012 

9.6 17.6 • 019 22.4 . 3-19 .. 030 

10.7 16.4 .019 23.4 2.52 .034 

11.7 47.4 .016 24.5 6.62 .017 

12.8 57.4 .010 25-5 8.26 .019 

13-9 49.2 .011 26.6 7-09 .015 

14.9 21.2 .017 27.7 4.17 .019 

17.1 ).38 .027 28.7 2.14 ~027 

18.1 16.8 .014 29.8 1.70 .029 

19.2 22.1 .012 .30.8 2.56 .024 

20.2 17.7 .013 31.9 3-30 .022 

• 
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2.33 MeV 4+ Level 
.,.,., 

Ecx = 100 MeV 
~-

''·· 

e dtJ/dn 
Fractional e dcJ/dn 

Fractional 
em (mb/SR) 

Statistical em. 
(mb/SR) Statistical 

(DEG) Error (DEG) Error 
~. 

8.5 3.43 .042 22.4 "' . 91 .058 
9.6 14.9 .020 23.4 . 1.38 .047 

10.7 9.79 .025 24.5 ·797 .043 
11.7 5·03 .049 25·5 .541 .074 
12.8 3.27 .043 26.6 ·578 .051 
13.9 rvl.2 .070 27.7 .· .493 ·055 

' 

14.9 1.36 .o66 28.7 .582. .051 
16.0 3.0 .045 29.8 .706 .046 

19.2 "' . 3 .100 30.8 .687 .047 
20.3 <1.56~ .043 31.9 . ·514 .055 
21.3 (1.68* .027 

* ! 
' OIC"iEylliN (.OI'fTA\11\&aiA-"f'eo,.... 



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. 
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