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NA'I IJRAI, CHROMIUM AND 52C'r NEUTRON EIASTIC AIVI') INELASTI(' 

SCATTERING CROSS SECTIONS F R O M  4.07 TO 8.56 MeV 

W. E. Kinney and F. G. Percy 

AHSTK ACT 

Measured neutron elastic and inelastic scattering cross sections for natural 
chromium between 4.07 and 8.56 M e V  and for "CT between 6.44 and 8.Sh M t V  are 
presented and compared with the elastic differential cross sections of Holmclvisl and 
Wietiling and with ENII>F/ B MAT 1121. Our elastic scattering differential cross 
sections are in fair agreement with those of Holmqvist and Wieclling. Our 
angli?-integrated diflerential elastic scattering cross sections are systematically 
higher by as much as 170/;, than those o f  I-Iolrnqvist and Wiedling above 4.6 MeV. a 
situation similar to that found in comparing the two sets of' data for other elements. 
The E N D F i H  111 M A T  I121 elastic angular distributions arc found to be in poor 
agreement with experimental results from 4 to 8.5 MeV though the EKDf- iT3 I l l  
M A T  1 1  21 angle-integrated differential elastic scattering cross sections agree within 
experimental uncertainties with our results over this energy range. An evaporation 
model of' inelastic scattering is found to  be o f  questionable validity if applied to 
levels in the residual nucleus of excitation enersy less than 6 MeV. 

INT R 0 1) U CT k 0 N 

The data  reported here are the results o f  one of a series of experiments to measure 
neutron elastic and inelastic scattering cross sections at  the ORNIL Van de Graaffs. 
Reports in the series are listed in Keference 1. This report presents measured neutron elastic 
and inelastic scattering cross sections for natural chrorniurn from 4.07 to  8.56 MeV and 

Cr from 6.44 to 8.56 MeV. T o  assist in the evaluation of the data,  the data acquisition 
and reduction techniques are first briefly discussed. For the purposes of discussion the data 
are presented in gaph ica l  forni and are compared with the results of Holmqvist and 
Wiedling' and with E N D F ' / B  111 (Evaluated Neutron Data  File H, Version 111) MA'I' 1121. 
I abics of numerical values of the eiastic scattering cross sections arid cross section:; [o r  
inelastic scattering t o  discrete levels i n  the residual nucleus are given in an  appendix. 

5 2  

_ _  

The data  were obtained with conventional time-of-flight techniques. Pulsed ( 2  M H T ) .  

bunched (approximately 1.5 nsec full width at  half' maximum, FWI-T M )  deuterons 
accelerated by the ORNI.. Van de Graalls interacted with deuterium in a gas cell t o  producc 
neutrons by the Il(d,n) 'He reaction. The gas cells, of length I and 2 ctn, were operated at  
pressures of approximately 1.5 a tm and gave neutron energy resolutions of the order of &OO 
keV. 
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The neutrons were scattered from a solid right circular cylindrical sample of natural 
chromium, 1.52 cm diameter, 2.55 height of mass 25.90 g n  and placed approximately 10 
cm from the gas cells when the detector angles were greater than  25 degrees. For smaller 
detector angles the ccl!-to-sample distance had to be increased to 33 cm in order- to  shield 
the detector from neutrons coming directly from the gas cells. The i'Cr sample was i n  thc 
form of a solid right circular cylinder made of 5 separate discs of pressed "Cr metallic 
powder with n o  binder. The overall dinlensions were 1.76 cm diameter, 2.80 cm height, and 
tke mass was 29.01 gin. The "Cr had oxidiied considerably but the oxygen was accounted 
for as described in the results below. 

The scattered neutrons were detected by 12.5 cm diameter NE-2 I3 liquid scintillators 
optically coupled to  XP-1040 photomultipliers. The scintillators were 2.5 crii thick. I h t a  
were taken with three detectors simultaneously. Flight paths were approximately 5 in wi th  
the detector angles ranging from 15 t o  148 degrees. The  gas cell neutron production was 
monitored by a time-of-flight system which used a 5 cm diameter by 2,s crn thick NE-213 
scintillator viewed by a 56-AVI' photomultiplier placed about 4 m from the cell at an angle 
of 55 degrees with the incident deuteron beam. 

For  each cvent a PDP-7 computer was given the flight time of a detccted recoil proton 
event with reference to a beam pulse signal, the pulse height of the recoil proton event, and 
identification of the detector. The electronic equipment for supplying this information to 
the computer consisted, for the most pari, of standard commercial components. l'he 
electronic bias was set at approximately 400 keV neutron energy to  ensure good pulse 
shape discrimination against gamrna-rays at all energies. 

The detector efficiencies were measured by (n,p> scattering frorri a 6 mrn diameter 
polyethylene samplc and by detecting source D(d,n)'He neutrons at 0 degrees'. Both 
interactions gave results which agreed with each other aild which yielded efficiency versus 
energy curves that comparcd well with calculations4. 

DATA REDUCTION 

Central to the data  reduction process was the use of a light pcn with the  PDP-7 
computer oscilloscope display programs t o  extract peak areas from spectra. Fhc light pen 
made a comparatively easy j o b  of estimating errors in the cross section caused by cxtrcmc 
but possible peak shapes. 

-1he reduction process startcd by normali7ing a sarnple-out to  a sample-in 
time-&flight spectrum by the ratio of their monitor neutron peak areas, subtracting the 
sample-out spectrum, and transforming the difference spectrum into a spectrum of 
center-of-mass cross section versus excitation energy. 'This ti-ansforrnatinn allowed ready 
comparison of spectra taken at different angles and incident rieutron encrgics by- removing 
kinematic effects. I t  also made a11 single peaks have approximately the same shape and 
width regardless of excitation energy (in a time-of-flight spectrum, single peaks broaden 
with increasing flight time). A spectrum of the variarice bascd on the counting statistics of 
the initial data was also computed. Figure 1 shows a typical time-of-flight spectrum and its 
transformed energy spectrum. 
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CR 6.44 MEV 85 DEG. 5 . 2  M 
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big. 1. A typical time-of-flight spectrum f o r  natural chromium wi th  its transformcd 
energy spectrum. I he data  were taken at 6.44 MeV incident neutron energy at  85 degiec4 
with a 5.2 rn flight path. The sample-out spectrum has not been suhtractcd from thc  
timc-of-flight spectrum. Note that the energy spectrum h a s  been otfxt  to  allon ncg,ttict 
excursions due t o  statistics in  the subtraction 01 thc sample-out background. Bccaux of 
uncertainties in the efficiency near the electronic bias, the energy xpoctrum was tzrniiriatcd 
at approximately 1 MeV scattered neutron energy - very nearly channel 350 in thc 
time-of-flight spectrum. The large peak t o  thc left of both spectra is the elastic pcak. The 
small peak at roughly channel 100 of the energy spectrum is due to  a I.Sc/;, o x ~ g e n  
contaniination of thc sample. 
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The transformed spectra were read into the PDP-7 computer and the peak stripping 
was done with the aid of the light pen. A peak was stripped by drawing a background 
beneath it ,  subtracting the background, and calculating the area, centroid, and F W H M  of 
the difference. The variance spectrum was used to compute a counting statistics variance 
corresponding t o  the stripped peak. Peak stripping errors due to uncertainties in the 
residual background under the peaks or t o  the tails of imperfectly resolved nearby peaks 
could be included with the other errors by stripping the pea.ks several times corresponding 
to  high, low, and best estimates of this background. Although somewhat subjective, the low 
and high estimates of the cross sections were identified with 95% confidence limits; these. 
together with the best estimate, defined upper and lower errors duc to  stripping. When a 
spectrum was completely stripped, the output information was written on magnetic tape for 
additional processing by a large computer. 

Finite sample corrections were performed according to  semianalytic recipes whosc 
constants were obtained from fits to  Monte Carlo results'. The corrections were 6 - 12 
forward angles, 40 - 60% in the first minimum, and 10 - 13% oti the second maximum. 

The final error analysis included uncertainties in the geometrical parameters (scatterer 
size, gas cell-to-scatterer distance, flight paths, etc.) and uncertainties in the finite sample 
corrections. 

The measured differential elastic scattering cross sections were fitted by least squarcs 
t o  a Legendre series: 

o ( p  = cos@ = Ch(2k-C-l):2)lakPhjp) 
the points being weighted by the inverse of their variances which were computed bj, 
squaring the averagc of the upper and lower uncertainties. The  common 7% uncertainty in 
absolute normalization was not included in the variances for the fitting. In order to  prevent 
the fit from giving totally unrealistic values outside the angular range of our measurcrnents. 
we resorted to the inelegant but workable process of adding three points equally spaced i n  
angle between the largest angle of measurement and 175 degrees. The differential cross 
sections at the added points were chosen t o  approximate the diffraction pattern at largc 
angles, but were assigned 50% crrors. 

Additional Scattering Sumple Properties 

5 0  Natural chromium contains 4 isotopes with natural abundances' 4.3 1 %  C'r, 83.765fl 
5'Cr, 9.55% "Cr, arid 2.38% 54C1. Inelastic scattering to  the 1.53 MeV level in "Cr and 
possibly to  the 1.28 MeV level in "Cr is included in our cross sections per a tom of natural 
chrorriiun for inelastic scattering to  the 1.434 MeV levcl in "Cr. Similarly, inelastic 
scattering to the 2.23, 2.32, and 2.45 MeV levels in '3Cr is includcd in our cross sections per 
a tom of natural chromium for inelastic scattering to  the 2.369 MeV level in 52Cr. The 
natural chromium sample had a 1.5% oxygcn contamination. 

The "Cr sample had oxidized sufficiently so that oxygen elastic scattering and inelastic 
scattering to the 6.052 and 6.131 MeV levels in oxygen were evident in the spectra. 
Kinematics separated the oxygen elastic scattering from that of the "Cr at angles larger 
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than 60 deg. and was used with our oxygen data '  to determine the amount  of oxygen in the 
sample t o  be 0.42 g m / c m 3  a b  opposed t o  a 5'Cr density of 3.73 gm/crn7. The ela,tic 
scattering at  srnaller angles where thcre was no separation was thus able to be corrected for 
the oxygen. Thc oxygen inelastic scattering was sufficiently prominent and sharp s o  that i t  
could be stripped trotn the data. 

Elastic Scattering Difjri>rential Cross Seetioris 
N at u r al C h r onii u in 

Our differential elastic scattering cross sections for natural chromium are shown in 
Figure 2 with Legendre least squares fits t o  the data.  Wick's Limit is sliown arid was used 
as an additional point in the fittings. 

Figures 3 and 4 compare our differential elastic scattering cross seclions with those of 
Holrnqvist and Wiedling (H+W)?. The angular distributions of ENDFiH 1 I I  MAT I121 
normalized to  the integrals of the experimental differential elastic scattering cross sections 
are also shown in the figures. The  two sets of experimental data  appear to be consistent so 
far as shapes are  concerned with the first minimum falling at  the same angle in both sets 
and slowly moving toward smaller angles with increasing energy. 

The ENDFjB I11 MAT 1121 angular distributions are perhaps in the p o o i ~ x t  
agreement we have seen in our comparisons of o u r  data  and the data of others with 
ENDF/  H (see Ref. 1).  Previous comparisons generally agree within experimental 
uncertainties at  angles less than  40 deg. An underestimate of the forward scattering could 
be a serious deficiency in the calculation of a fast reactor' shield. F:KI>FjB I I I  M A T  1121 
uses a Legendre expansion of order 16 to describe its elastic angular distributions from 2.35 
t o  14 MeV while the maximum order required by the experimental data is 9. 

The degree of agreement among our elastic differential cross scctioris and those o f  
Holniqvist and Wiedling might be estimated with the help of Figures 5 and 6 wherc 
normalized (the coefficient of Po =: I )  Legendre expansion coefficients resulting from fits t o  
both sets of data are plotted as a function of incident neutron energy. The curves are 
quadratic least squares fits to our set of data  with the resulting constants given in the 
equations. With the exception of the data at  8.05 McV, all of the first four coefficients 
resulting frotn fits to the data of I-Iolmqvist and Wiedling lie within the fitting uncertainties 
of the curves fitting o w  coefficients. 'The coefficients of the higher order polynomials are 
not in  such good agreement, however. On this basis, then, the two sets of data can only bc 
said to be in fair agreement. 

C r  differential elastic scattering cross sections are shown in Figure 7 with 
Legendre least squares fils and Wick's Limit which was used as an  additional point i n  the 
fit ti ng. 

Our natural chromium and '2Cr differential elastic scattering cross sections arc 
compared i n  Figure 8 where it can be seen they agree generally well within the expcrimental 
uncertainties. 

Our 5 2  
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Fig. 2. Our natural chromium neutron differential clastic cross sections with Legcndre 
fits to the data. WICK indicates Wick's Limit which was used in the fitting. 'The 7% 
uncertainty in absolute normalization common to all points is not included in the error 
bars. 
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DRNL DWG 73-7G37 

Fig. 3. Our  natural chromium neutron differential elastic cross sections compared 
with the data of Holmqvist and Wiedling (H-t-W)2 and with the angular distributions of 
E N D F i B  111 M A 1  1121 from 4.34 tu 6.09 MeV. WICK indicatcs Wick's Limit. The 7% 
uncertainty i n  absolute nurmalization cotntnon t o  all points ir not included in our error 
bars. 



8 

Fig. 4. Our natural chromium neutron differential elastic cross sections compared 
with the data of Holmqvist and Wiedling ( € W W ) 2  and with the angular di~tr ibut ions of 
ENDFIB I 1 1  MAT 1121 from 6.44 to 8.56 MeV. WICK indicates Wick's Limit. rhe 7 ( ;  
uncertainty in absolute normali7ation common t o  all points is not included in our error  
bars. 
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Fig. 5. The first through fourth normalized Legeridre expansion coefficients obtained 
by fitting the nat ural chromium differential elastic scattering cross sections of 1-1 olmyvisi 
and Wiedling’ and our data  as a function of incident neutron energy, E. The curves result 
from quadratic least squares fits t o  our data  with constants given in the equatictns. 
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Fig. 6 The fifth through ninth normalized Ixgendre expansion coefficients obtained 
by fitting the natural chromium differential neutron clastic scattering cross sections o f  
Holmqvist and Wiedling' and our data  as a function of incident neutron energy. E. The 
curves result from quadratic least squares fits to OUT data  with constants given i n  the 
equations. 
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Fig. 7. Our ''(21- neutron differential elastic scattering cross sections wi th  Legendre f i t s  
to the data. WICK indicates Wick's Limit and was used in the fitting. The  7% uncertainty 
common t o  all points i s  not included in the error bars. 
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Fig. 8. A comparison uf our natural chromium and i2Cr neutron differential clastic 
scattering cross sections with Legendre least squarcs fits to the natural chromium data. 



Inelastic Scattering Differential C r o s  Swtinn., 
Natural Chromium 

Meaningful inelastic scattering cross sections could be obtained only for inelastic 
scattering t o  levels in "Cr for the natural chromium sample since the natural abundances of 
the other isotopes are so small. 

Figure 9 shows our differential cross sections per a tom of natural chromium for 
inelastic scattering t o  the I .434 MeV level in 52Cr.  This level being a 2' level, thcrc might be 
some asymmetry about 90 deg. expected i n  the angular distribution though within the 
experimental uncertainties none is evident except possibly at  8.56 MeV. 

Our differential cross sections per a tom of natural chromium for inelastic scattering t o  
the 2.369 MeV level in "Cr are shown in Figure 10. The angular distributions are, within 
experimental unccrtainties, isotropic. 

Cr  52 

Our  differential cross sections obtained with the '"Cr sample for inelastic scattering to 
the 1.434 MeV level in  5'Cr are shown in Figure I 1  where remarks similar t o  those abovc 
for the natural chromium sample apply. 

Figure 12 shows our differential CI'OSS sections for inelastic scattering t o  the 2.369 MeV 
level in Cr  and the angular distributions, in agrcernent with those from the natural 
c 11 r o In i u m sam ple , a [-E isotropic wit hi n ex pe r i me n t a 1 ii nce r't a i n t i e s . 

Figures 13 and 14 compare the natural chromium and 52Cr differential inelastic 
scattering t o  levels in j2Cr. The  Cr cross sections have been reduccd by the 5LCr natural 
isotopic abundance for the comparison. The data  agree generally within experimental 
uncertainties. 

5 2  

5 2  

Excitution Fiinc-tiuns 

Our angle-integrated differential cr sections per a tom of natural chromium are 
shown as a function of energy in Figure 15. Our  "Cr' data are also included, the inelastic 
scattering cross sections having been reduced by the 52Cr  natural isotopic abundance. The 
data of Holmqvist and Wiedling? are shown, in addition, along with the curve from 
E N D F I B  111 MAT 1121. 

Our  natural chromium and "Cr data agree within experimental uncertainties and the 
integrated elastic data are in  unusually good agreement with ENI')F/H (see Ref. 1) .  

Although our data  are in agreement with those of Holmqvist arid Wicdlirig below 5 
MeV, our data  are systematically higher than  theirs at  higher energieh, a situation similar t o  
that  encountered in comparisons made with the data  of Holmqvist and Wiedling in the case 
of natural nickel and copper'.  If each set of the chromium data i s  linearly interpolated t o  
the energies of the other, our data  are 350 nib higher at  5.50 MeV with the diff'erences 
reducing roughly exponentially with increasing energy to 36 nib at 8.56 MeV.  Some 
discussion of these systematic differences with Holmqvist and Wiedling is given i n  our 
nickel report ' .  
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0 RNL -0WC 7 3-7 0 3 0 

Fig. 9. Our differential cross sections per a tom of natural chromium for neutron 
inelastic scattcring to the 1.434 MeV level in ‘ k i .  The +7c;/o uncertainty common t o  all 
points is not iiicluded in the error bars. 
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big. 10. O u r  differential CI'OSS sections per a tom of natural chromium for inelastic 
scattering t o  the 2 369 MeV level i n  "Cr. The &7% uncertainty coninion to all points is riot 
included in  the error bars 
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Fig. 1 1 .  Our  differential cross sections for  inelastic scattering to the 1.434 MeV levcl 
C r  as ineasuied with the 52Cr sample. I lie data  are given per a tom of "Cr. The It7p; i? in 

uncertainty common t o  all points is not included in  the error bars. 
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Fig. 12. 
Cr as measured with the 

Our differential cross sections for inelastic scattering to the 2.369 MeV levcl 
Cr sample. The data  are given per a tom of  '?Cr. Ihe  ?7% 5 7  i n  

uncertainty common to all points is not included in the error bars. 
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ORNL-DWG 73-7027 

Fig. 13. A comparison of our cross sections for inelastic scattering to  the 1.434 MeV 
level in s2Cr measured with the natural chromium and the "Cr samples. The cross sections 
are g v e n  per a tom of natural chromium. The curves are Legendre least squares fits to  the 
natural chromium data.  
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ORNL-DWG 73-7028 

Fig. 14. A comparison of our  cross sections for inelastic scattering to the 2.369 MeV 
level in '*Cr measured with the natural chromium and the "Cr sample:, The cross sections 
are given per a tom of natural chromium. 
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ORNL-DWC 73-7026 
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Fig. 15. Our  angle-integrated cross sections for neutron clastic scattering on natural 
chromium and cross sections per atom of natural chromium for combined inelastic 
scattering t o  the 1.434 MeV level and the 2.369 MeV level in "Cr as a function of incident 
neutron energy. Elastic data  of Holmqvist and Wiedling (H+W) are shown. The curves are 
cross sections from ENDFiB 111 MAT 1121. 
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Our natural chromium and 57Cr inelastic scattering data  agree 
uncertainties. ENDF/B I11 MAT 1121 stops inelastic scattering t o  

within experimental 
discrete levels a t  an  

incident neutron energy of 3.3 1 MeV, using a n  evaporation modcl with a constant nuclear 
“temperature” of 1 MeV t o  describe inelastic scattering above this iricident neutron energy. 

,_ I he ra.pidly increasing density of levels in the isotopes of natural chromium above an 
excitation energy of 2.369 MeV produced inelastically scattered neutron spectra. isotropic 
in their angular distributions, which we reduced as inelastic scattering t o  it structured 
‘Lcontinuum” of final states rather than attempting to  extract cross sections for inelastic 
scattering to groups of levels or t o  bands of excitation energy. Figure 16 shows our 
“continuum” inelastic scattering data where our angle-averaged double-diff~i-entia1 cross 
sections for scattering t o  a n  excitation energy are plotted as a function of the excitation 
energy for all our energies of measurement. The preferential excitation of O’, 2‘. 4’. 6’, or 3- 
levels at  energies of 2.77, 2.96, 3.1, 3.45, 3.77, 4. I ,  4.6, 5.6, and 6 MeV are clearly seen. Rut  
also there are other levels or groups of levels which were excited to produce the other 
structure which is evident. 

The adequacy of an evaporation model in describing our inelastic “continua” may be 
judged from Figure 17 where SIG(E ---- E’)/E’ versus E’ is plotted where SirC(E --- E’) = 
the angle-averaged differential cross section for scattering from incident energy E t o  exit 
c.m. energy dE’ about E’. T h e  straight lines are least squares fits to the data with 
temperatures resulting from the fits being indicated. The uncertainties on the temperatures 
are uncertainties in the fitting only. Two fits have been made to  each set of data: one 
covering nearly the entire range of E’ for which we extracted data and the other to  an E’ 
below which a n  evporation model might be more appropriate. The values of E’ to which 
the fits were made are indicated. The fits over the entire range of E’ would seem t o  offer a 
poor description of the data with there being differences of a factor of 2 among the data 
and the cross sections given by an evaporation model. Fits over more limited ranges in  E’ 
not surprisingly offer a better description of that data t o  which they arc fitted as structure 
becomes less pronounced with increasing excitation energy (decreasing exit energy E’). As 
mentioned above, ENT)F/R 111 M A T  1121 describes all inelastic scattering above incident 
neutron energies of 3.31 MeV by an evaporation model with a constant temperature of 1 
MeV. 
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Fig. 16. Our  natural chromium angle-averaged cross sections for inelastic scattering 
to  the “continuum” as a function of excitation energy for  incident neutron energies, E, from 
4.34 to 8.56 MeV. 
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CR CONTINUUN 

00 

Fig. 17. Our  natural chromium angle-averaged cross sections for inelastic scattering 
t o  the continuum divided by the out-going neutron energy, E', as a function of out-going 
neutron energy for incident neutron energies, E, f rom 7.54 to  8.56 MeV. I,ea\t. squares t i t 4  

were made to two different indicated upper limits in t.,' for each set of data with resulting 
temperatures, T, being shown. The lower value of E' was equal t o  tlic lowest value of thc 
data i n  all caes.  



CONCLUSIONS 

Our natural chromium differential elastic scattering cross sections are in fair agrcement 
with the data of Holrnqvist and Wiedling when Legendre expansion coefficients a rc  
compared. The systematic difference in angle-integrated differential elastic cross sections 
above 5 MeV seen in comparisons of the two sets of data for other elements is also seen 
here. 

The E N D F I B  I l l  MAT I121 elastic angular distributions are in poor agreement w i t h  
experimental data  and underestimate the forward peak. The E N D F j R  111 MAT 1121 
angle-integrated differential elastic scattering cross sections, however, agree wi th  our data 
within experitnental uncertainties. 

An evaporation model of inelastic scattering to levels of excitation energy in the 
residual nucleus greater than 6 MeV appears to  offer a fair description of inelastic 
scattering to  these levels but becomes questionable in its representation of inelastic 
scattering to  levels of lower excitation energy. 
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A P P EN LII x 

Tabulated Values of Natural Chromium and '2Cr 
Neutron Elasiic Scattering Cross Sections 

and 
Cross Sections for Inelastic Scattering 

To Discrete Levels 

Our measured values for natural chroniiurn and "CI neutron elastic scattering and 
cross sections for inelastic scattering t o  discrete levels are tabulated below. The  
uncertainties in differential cross sections, indicated by A in the tables, are relative and  d o  
viol include a t796 uncertainty in  detector efficiency which is conirnon to all  points. The 
.t7% uncertainty is included in the integrated and average values. The total cross sections, 
wI, are those we used in the computation of Wick's Limit and were not measured by us. 

We have not included the cross sections for inelastic scattering t o  the continuum. - they  
are  available from the National Neutron Cross Section Center, Brookhaven National 
Laboratory, or from us. 

No attempt was made t o  correct angle-integrated differential cross sections for inelastic 
scattering to the 1.434 MeV level in "Cr a t  those energies at  which data were takcn at just 
three angles because of  the anisotropic angular distributions of neutrons so scattered. No 
integrated values are therefore given in these cases. 

Natural chromium cross sections m a y  be found on pages 28 through 37. The  cross 
sections for 57Cr may be found on pages 38 through 41. 
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NATURAL CHROMIUM CROSS SECTIONS 

Inelastic scattering cross sections are given per atom of natural chromium for inelastic scattering to 
levels in ”Cr. 

E, = 4.07 -t 0.08 MeV E, = 4.34 k 0.07 MeV 
(n,n’) to: 1.434 MeV Level 

e, daidw (%) 
deg. nrbistr -t - 

71.31 29.80 9.1 12.9 
78.86 29.77 6.0 12.2 
86.38 30.89 7.8 12.2 

.._....... . ... .... . .- 

E, = 4.07 k 0.08 MeV 
(n,n’) to: 2.369 MeV Level 

- 
e, rn daldw a (7d 
deg. YTI h 1 st r + 
71.64 11.88 19.5 30.1 
79.20 7.17 20.4 35.8 
86.74 11.31 25.6 32.0 

Avg. do/dw = 8.23rnb/strk 17.5% 
J(du/dw)dto 103.43 mb i 17.5 % 

0, 1” 

deg. 
10.20 
17.83 
17.83 
25.47 
25.47 
33.09 
40.7 1 
48.32 
55.9 I 
63.48 
7 1.04 
78.58 
86.10 
96.10 

103.58 
I 11.04 
122.45 
129.86 
137.26 

Elastic Scattering 

d o  i dru 
rn b / str 

1999.63 
1630.06 
167 1.67 
1240.12 
1131.93 

463.61 
273.63 
137.06 
53.22 
21.18 
20.61 
33.01 
55.28 
64.35 
63.30 
54.53 
42.41 
36.36 

737.58 

+ 
6.5 
5.4 
5.7 
5.7 
4.9 
5.4 
5.9 
6.5 
8.4 

16.9 
20.9 
42.8 
15.0 
9.0 

10.9 
9.6 

10.8 
10.5 
11.5 

S(do/dw)dw =2440.99mb 2 7.3 96 
Wick‘s Limit =1786.03 mb :k 7.3 % 

( 7 1  = 3.74b * 1.0 % 

Legendre Fit, Order = 8 
k a k  A(%) 
0 388.49658 2.0 
1 263.73169 2.4 
2 194.42108 2.6 
3 131.38455 3.0 
4 62.8 15 I9 5.3 
5 2 I .4956 1 13.4 
6 8.86383 28.6 
7 3.9033 I 48.1 
8 1.32871 104.2 

- 

8.6 
9. I 
7. I 
7.2 
5.4 

11.2 
8.4 
5.8 

12.2 
13.5 
21.8 
32. I 
15.5 
9.6 

10.8 
8.7 
7.9 
9.2 

11.4 
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E, = 4.34 -t 0.0'7 MeV 
(n,n') to: 1.434 MeV Level 

B,," 
dPg. 
40.88 
48.50 
56.11 
63.70 
71.21 
78.83 
86.35 

dui dcu 
mh/str  

31.61 
28.90 
23.13 
21.1s 
21.76 
19.80 
20.72 

96.35 21.09 
103.83 26.38 
I 1  1.27 22.07 
122.66 22.82 
130.06 24.05 
137.43 24.22 

- 
A (96) 

14.8 20.1 
16.9 22.8 
14.5 20.3 
14.2 12.9 
13.8 11.9 
12.9 12.4 
13.9 11.2 

1.5 11.4 
9.7 8.5 
5.6 1.5.9 
1.7 8.7 
2.2 11.3 
3.6 11.0 

1- 

Legendre Fit, Order := 2 

0 47.60388 4.6 
1 0.27926 484.6 
2 1.86223 64.4 

k ak 4%) 

E, = 4.34 t 0.07 MeV 
(n,n') to: 2.369 MeV Level 

o,,,  d a / J a  
ckg. mhls tr  
48.73 10.73 
56.37 11.28 
63.97 2.78 
71.56 9.87 
79.14 8.75 
86.66 7.68 
96.66 3.11 

104.12 8.49 
1 1  1.56 6.58 
122.9 1 9.0 1 
130.29 10.26 
137.64 14.56 

A (96) 

27.1 28.7 
16.6 12.4 
19.9 15.2 
18.6 18.0 
21.2 17.7 
10.1 10. I 
23.4 16.4 
25.6 18.6 
32.8 3 t . l  
23.7 18.6 
21.5 18.6 
14.9 14.0 

- -t 

Avg. drr/dw = 9.34rnblstt-k 10.3% 
J(ila/du)dw = 117.41 mb k 10.3 % 

E, = 4.65 ? 0.07 MeV 
(n,n') to: 1.434 MeV Ixvel 

8, m daidw A (%I 
des. mb/str -t 
7 I .26 18.7 1 13.9 15.8 
78.8 I 14.50 18.4 16.9 
86.33 15.93 14.8 9.0 

E,, = 4.65 t- 0.07 MeV 
(n,n') to: 2.369 MeV Level 

- 
Od,, d CI 1 da, (%) 
deg. inbistr f 
71.50 8.76 21.6 13.5 
79.06 8.75 21.8 19.2 
86.59 1.37 29.7 18.6 

E, = 4.65 ! 0.07 MeV 
(n,n') to: 2.648 MeV Level 

f 2.766 MeV Level 

0, m do/& A (96) 
deg. mh/ str + 
71.64 12.18 14.4 20.8 
79.2 1 12.46 20.6 27.0 
86.75 9.64 18.0 25.3 

- 

Avg. da/dw = 10.73rribistr+ 14.9% 
J(da/dw)do = 134.82mb k 14.9 c/o 

E, = 4.65 :!r 0.07 MeV 
(n,n') to: 2,.965 MeV Level 

O'", du/dw A (%I 
deg. mh/str  i- 
7 1.76 13.98 15.0 30.9 
79.33 13.27 20.9 24.6 
86.86 11.09 17.7 18.0 

- 

Avg. doidw = 
S(do/dw)dw := 153.41 nib -t 14.7 ';% 

12.21 r n b i s t r t  14.7(% 
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E, = 4.65 Ifr 0.07 MeV 
(n,n’) to: 3.112 MeV Level 

t 3.160 MeV Level 

.-- 
e,,,, do/ dw a (%I 
deg. tT1bislr + 
71.88 13.58 15.2 20.9 
79.46 14.33 23.7 25.3 
87.00 12.15 18.7 22.5 

Avg. da/dw = 12,99mb/str:!: 15.2% 
S(da/dw)dw = 163.29mb 2 15.2 % 

E, = 4.65 t 0.07 MeV 
(n,n’) to: 3.430 MeV Level 

+ 3.490 MeV Level 

- 
e, doidw A (%I 
deg. rnbistr + 
72.09 15.17 17.3 28.4 
79.69 16.40 14.6 24.9 
87.23 12.92 21.3 23.6 

Avg. daidw = 14.20mb/strk 17.5% 
J(da/dw)dw = 178.50 mb i 17.5 o/o 

8, “1 

deg. 
10.20 
15.29 
17.84 
22.93 
25.47 
25.47 
30.56 
33. I O  
40.7 1 
48.32 
55.91 
63.48 
7 1.04 
78.58 
86. I O  
96. I O  

103.58 
1 1  1.04 
122.44 
129.86 
137.26 

E, = 4.92 + 0.06 MeV 
Elastic Scattering 

do/  dw 
vi h 1 str 
2061.16 
1865.86 
1715.11 
1323.17 
I 170.57 
1 176.37 
918.06 
830.85 
465.64 
254. I4 
107.83 
34.72 
23.50 
27.83 
47.10 
54.19 
54.29 
52.30 
44.17 
27. I6 
24.37 

a (9:)) + 
4.9 
5.5 
6. I 
8.2 
6.9 
5.2 
6.9 
6.2 
5.7 
5.9 

10.9 
18.4 
31.3 
20.5 
17.4 
16.0 
9.0 

10.6 
12.4 
20.5 
18.9 

- 

6.0 
7.2 
8.6 

10.2 
9.5 
5.6 
6.8 
8.3 
6.7. 
5.1 

11.9 
15.8 
17.9 
14.7 
10.6 
IO. I 
8. I 
6.9 
9. I 

14.7 
9.8 

J(dnidw)dw =2414.91 m b  ? 7.2 5% 
Wick’s Limit ~2224.29 mb k 7.3 c%;, 

UT = 3.92 b k 1.0 % 

Legendre Fit, Order 
k ak 
0 389.12012 
1 278.493 16 
2 204.45857 
3 141.9 14 14 
4 75.057 I7 
5 27.65 166 
6 9.39938 
7 2.54682 
8 1.22824 

- 8  
A((%) 

1.8 
2.1 
2,3 
2.6 
4.2 
9.5 

23.6 
64.0 

102.1 
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En -= 4.92 -t 0.06 MeV 
(n,n') to: 1.434 MeV Ixvel 

om 
&try. 

15.34 
25 56 
33 21 
40 85  
48.47 
56.08 
63.67 
71.24 
7x 79 
86 31 
96.31 

103.79 
I 1  1.24 
122.63 
130.03 
137.41 

do/ drr, 
MI h / st r 

44.12 
33.43 
22.84 
20.88 
22.29 
20.52 
16.09 
21.22 
20.03 
21.37 
16.43 
17.71 
18.80 
20.9 1 
22.99 
19.47 

._ 
G (96) 

t 
6.5 6.5 

13.7 24.0 
19.7 24.3 
15.7 15.2 
13.9 10.6 
11.3 12.3 
16.4 15.2 
20.0 19.4 
23.8 15.9 
14.5 15.4 
15.2 14.3 
18.7 14.1 
16.3 8.1 
13.2 11.8  
12.3 15.6 
15.7 11.2 

J(da/dm)dw = 259.79mb 2 7.8 % 

Legendre Fit, Order = 2 
k Uh A(%%) 
0 42.93855 3.5 
1 2.02639 45.5 
2 4.19227 18.2 

E, = 4.92 C 0.06 M e V  
(n,n'] to: 2.369 MeV (.eve1 

0';" 
&g. 
25.66 
33.33 
41.00 
48.64 
56.27 
63.88 
71.45 
79.0 I 
86.54 
96.55 

104.01 
I 11.46 
122.83 
130.21 
137.57 

dCJ / d6J 
m h sir 

9.51) 
6.58 
6.31 
8.99 
7.89 
8.78 
9.12 

10. I7  
11.68 
7.46 
5.84 
5.20 
5.13 
6.02 
7.57 

A (96'0) 

27.5 25 8 
42.9 32.8 
27.9 27.7 
18.7 26.6 
24.9 22.4 
33.9 26.9 
23. L 17.9 
16.4 14.2 
17.1 17.8 
24.2 13.9 
38.9 19.4 
54.0 26.6 
40.4 33.3 
34.0 23.9 
21.8 14.1 

... -t 

Avg. du/dw 8.01 mbistrL 10.66% 
J(da/dw)dw ::- 100.71 mb t- 10.6 (?t> 

E, = 5.23 -t- 0.05 MeV 
(n.ri') to: 1.434 MeV Level 

O'", d o / &  A [%>) 
deg. tri h/  str + - 

71.22 11.43 16.9 17.9 
78.77 10.16 22.6 17.5 
86.30 12.02 14.5 14.0 

E, = 5.23 i 0.05 MeV 
(n,n') to: 2.369 MeV I.evel 

OL,l,, drrld6J A (%I 
&g. wi hl J tr t- 
71.42 8.29 17.3 18.1 
78.98 9.00 17.9 17.0 
86.50 6.32 23.3 14.9 

Avg. d a l d w  = 1.90nib/s t r t  13.7% 
J(du/dw)dw = 99.29mb ir 13.7 % 
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E, = 5.23 i 0.05 MeV 
(n,n’) to: 2.648 MeV Level 

+ 2.766 MeV JLevel 

e, da /  do) (%I 
deg. ni blstr + 
71.52 9.15 17.4 19.8 
79.08 9.93 15.8 29.6 
86.62 8.14 17.5 22.4 

- 

Avg. da/doJ = 8.69mb/str+ 14.4% 
S(da/dw)doi -- 109.23 mb _+ 14.4 % 

E, I:= 5.23 C 0.05 MeV 
(n,n’) to: 2.965 MeV Level 

e, rn do/  dw A (%) 
deg. mb i s t r  + - 

7 1.60 9.62 16.5 16.1 
79. I7 9.45 18.5 27.0 
86.70 9.36 19.3 25.5 

E, = 5.23 k 0.05 MeV 
(n,n’) to: 3.430 MeV Level + 3.490 MeV Level 

0, m do/  dw A (96) 
deg. mb/st r  + 
71.81 12.46 16.1 25.0 
79.39 13.30 13.7 20.2 
86.93 12.82 15.8 23.1 

Avg. da:dw = 
J(da/dw)dw = 160.36mb i 13.9 r i  

I2 76mbtst1-2 13.9‘; 

E, -= 5.50 k 0.05 MeV 
(n,n’) to: 1.434 MeV Level 

8, m do/ dw (R) 
deg. m h / s t r  + 
48.45 14.91 19.9 13.3 
56.06 11.28 14.6 14.2 
63.65 10.89 27.7 25.8 

Avg. da/dw = 9.50mb/str t  13.3% 
J(daida,)dw = 119.32mb f 13.3 c/o 

E, = 5.50 _+ 0.05 MeV 
(n,n’) to: 2.369 MeV Level 

E, 5.23 :t 0.05 MeV 
(n,n’) to: 3.1 12 MeV Level 

+ 3.160 MeV 1,evel 

e,, drr idw A (%I 
deg. rnbistr 4- 
71.68 14.44 13.4 18.6 
79.25 11.74 12.9 21.0 
86.78 11.30 16.2 20.5 

- 

e, d a /  dw A (5%) 
deg. m h / s t r  -+ - 

48.59 8.11 16.9 18.4 
56.22 4.65 32.4 21.9 
63.8 1 6.88 25.8 22.5 

Avg. doidw = 6.57rnb/strk 15.4CC 
S(da/dw)dw 7 82.61 mb i 15.4 

Avg. duldw = 11.99mb/strL 12.3% 
J’(da/dw)dw = 150.67mb t 12.3 % 
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E, = 5.50 t 0.05 MeV 
(n,n’) to: 2.648 MeV Level 

-t 2.766 MeV Level 

H‘,, du/dw A (%) 
&g. trzhlsrr + I 

48.67 11.04 16.2 26.8 
56.29 8.5 1 13.6 21.4 
63.90 8.83 25.4 31.9 

Avg. do/do = 8.82inb/str+- 13.7% 
J(dcr/do)dw = 110.85 mb _ir 13.7 94 

E, = 5.50 F 0.05 MeV 
(n,n’) to: 2.065 MeV Level 

._ 
0 111 dtr/ d ~ i  A (W 
cieg inb/s t r  + 
48.72 9.59 19 8 20 5 
56.35 8.62 18.7 17 0 
63.96 9.84 19 I 29.2 

Avg. du/dw = 9.14 mbistr +- 14.8 o/o 
J(du/dw)daJ = 114.82lIlb ? 14.8 % 

E,, = 5.50 t 0.05 MeV 
(n,n’j to: 3.1 L2 MeV Lave1 

f 3.160 MeV Level 

_.. 
0, i l  da/dw A ( c /o )  
deg. m b / s t y  + 
48.78 12.09 18.3 26.1 
56.4 I 8.79 17.7 20.2 
$4.03 8.33 19.8 27.7 

E, = 5.50 F 0.05 MeV 
(n,n’) to: 3 430 MeV I.cvel 

-t 3.490 M e V  Level 

0, rn du/  dw A (‘3,) 
&g. mh / s t r  t 
48.86 10.84 18.3 30 6 
56.52 14.11 16.2 2 6 4  
64. 15 13.61 15.4 28 4 

- 

Avg. dcsidw :== 

J(dnjdw)dw = 149.61 m b  2 15.9 % 
11.91 m h / s t r +  15.9% 
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0' m 

deg. 
15.29 
22.93 
28.01 
35.64 
43.25 
48.32 
55.9 1 
63.48 
7 I .04 
78.58 
86. 10 
93.61 

101.09 
108.56 
120.46 
127.88 
135.29 

E, = 6.44 + 0.07 MeV 
Elastic Scattering 

do/  dw 
mhlstr 
2041.46 
1460.73 
1054.06 
592.32 
289.19 
I 72.24 
57.33 
14.25 
6.08 
9.34 

16.48 
22.91 
25.98 
27.26 
24.58 
19.43 
12.58 

... 
a (%I 

-t 
4.3 5.3 
4.1 4.2 
4.7 4.6 
4.4 5.3 
5.7 5.5 
6.0 5.1 

10.4 7.3 
17.6 18.5 
45.2 27.6 
22.8 17.3 
1 1 . 1  13.6 
11.7 9.6 
12.1 7.5 
11.5 9.3 
8.7 7.7 

11.5 9.8 
14.5 14.6 

J(da/dw)dru =2179.941nb I 7.2 o/c 
Wick's Limit -=2401.27mb rf- 7.3 c/c 

U T =  3.56b f 1.0 % 

Legendre Fit, Order = 8 
k uk 4%) 
0 346.94800 1.9 
1 278.89722 2.1 
2 217.43750 2.3 
3 155.66310 2.6 
4 90.21 782 3.6 
5 42.95523 5.7 
6 18.38 136 9.4 
7 5.85265 18.2 
8 1.31388 49.0 

EL = 6.44 rf- 0.07 MeV 
(n,n') to: 1.434 MeV Level 

0, rn 
deg. 
28.09 
35.72 
43.35 
48.43 
56.03 
63.62 
71.18 
78.73 
86.25 
93.75 

101.24 
108.70 
120.60 
128.01 
135.40 

dajdw 
nib i str 

17.33 
14.10 
13.92 
13.23 
11.71 
9.83 
8.3 1 
8.01 
7.18 
8.07 
7.56 
8.29 

11.50 
11.18 
11.95 

a (%) 

19.8 31.8 
15.9 23.3 
12. I 15.7 
15.0 14.0 
12.9 15.1 
10.9 12.2 
13.4 6.9 
15.9 11.6 
11.6 16.7 
10.9 11.6 
15.3 14.6 
14.0 12.2 
13. I 14.4 
13.1. 11.3 
14. I 10.9 

- t 

Legendre Fit, Order := ?. 
k Q k  45%) 
0 21.85 I97 4.0 
1 0.483 16 110.7 
2 2.69826 17.2 



E, = 7.54 + 0.06 MeV 
Elastic Scattering 

E, = 6.44 t 0.07 MeV 
(n,n') to: 2.369 MeV 1,evel 

0, 111 
de,q. 
28.15 
35.81 
43.44 
48.53 
56 15 
63.74 
71.32 
78.87 
86.40 
93.90 

101.38 
108.84 
120.72 
128.12 
135.50 

d U /  d O J  

ni h / . w  
8.17 
7.44 
6.26 
4.56 
4.98 
4.97 
4.9 I 
4.12 
4.79 
4.49 
5.60 
5.05 
5.21 
4.45 
4.60 

A (%I 

19.1 26.3 
25.3 33.0 
20.8 26.3 
18.2 24.5 
12.0 21.8 
18.1 24.1 
17.7 19.0 
18.5 13.2 
16.1 20.9 
23.0 22.5 
19.1 20.9 
21.6 26.2 
15. I 15.6 
26.1 24.0 
14.2 22.5 

- t 

Avg. du/doj = 
S(du/dw)dw r= 61.02mb t 9.6 

4.86mb/str t 9.6 % 

E,, = 7.03 t- 0.06 MeV 
(n,n') to: 1.434 MeV Level 

0' ill dU/dW A (96) 
ckg. tnhisrr + 
71.17 6.71 10.0 12.6 
78.7 1 5.50 17.7 13.3 
86.23 5.34 15. 1 12.6 

E, :-I 7.03 :j: 0.06 MeV 
(n,n') to: 2.360 MeV Level 

._ 
O,', dcr/dw (9%) 
deg. nibistr i- 
71.28 3.09 11.9 20.5 
78.83 2.77 17.1 20.4 
86.36 2.96 14.3 23.6 

O'," 
deg. 
15.29 
22.92 
28.0 I 
35.64 
43.25 
48.32 
48.32 
55.91 
55.91 
63.48 
63.48 
71.04 
78.58 
86.10 
93.60 

101.09 
108.55 
1 20.46 
127.88 
135.29 

da/ dw 

ni I? slr 

2059.8 I 
1369.98 
930.04 
480.46 
201.13 
103.89 
1 1  1.34 
30.63 
26.70 
6.18 
8.57 
5.07 
8.88 

11.87 
15.05 
17.41 
18.14 
16.44 
10.53 
6.33 

i- 
4.3 
4.3 
5.2 
s . O  
6.8 

10.1 
8.3 

14.5 
15.2 
28.3 
22.7 
31.6 
14.8 
12.8 
9.8 

13.9 
8.8 

13.5 
11.0 
18.1 

f(du/dco)dw =1914.77mb f 7.3 ql 
Wick's Limit =2474.68 mb f 7.3 % 

0 1  3.34b 3- 1.0 54, 

.._ 

4.6 
4.9 
6.1 
5.5 
5.6 
8.1 
5.5 

11.6 
12.6 
32.0 
25.8 
31.8 
17.4 
10.3 
12.6 
8. I 
9.6 

10.1 
14.4 
19.7 

Legendre Fit, Ordei 
k aL 
0 304.74561 
1 255.33163 
2 204.70767 
3 IS 1.2 1625 
4 9s. 13348 
< 50.30403 
6 23.83644 
7 8.42546 
8 2.00 24 3 

= 8  
A(Vi) 

2.1 
2.3 
2.4 
2.6 
3.2 
4.3 
6.0 
9.9 

24.2 

Avg. da/dw = 2.90mb/str+ 13.8% 
J ( d ~ / d o ) d ~ ~  = 36.42mb i- 13.8 '31 
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E, = 7.54 31 0.06 MeV 
(n,n’) to: 1.434 MeV Level 

0, rn 
deg. 
35.7 1 
43.33 
48.41 
48.41 
56.01 
56.0 1 
63.59 
63.59 
71.16 
78.70 
86.22 
93.73 

101.21 
108.67 
120.57 
127.98 
135.38 

do/ dw 
m b str 

9.38 
9.34 
7.89 
7.93 
6.65 
8.24 
7.45 
6.48 
5.75 
6.00 
5.04 
4.66 
4.70 
4.62 
7.71 
8.87 
9.77 

.- 
A (%I 

21.7 27.9 
19.0 17.8 
2.5.6 15.7 
20.1 13.5 
17.1 11.5 
9.8 9.8 

17.5 11.4 
14.4 11.7 
19.1 11.2 
23.3 14.4 
18.2 15.3 
16.0 19.2 
14.5 15.3 
15.3 18.5 
13.2 20.2 
10.4 12.6 
8.8 11.7 

+ 

J(da/dw)do = 96.47mb t- 8.0 % 

Legendre Fit, Order = 2 
k ak 4%) 
0 15.35375 3.9 
I -0.00133 100.0 
2 2.33334 15.3 

E, = 7.54 + 0.06 MeV 
(n,n’) to: 2.369 MeV Level 

8, rn 

deg. 
43.41 
48.49 
48.49 
56.10 
56.10 
63.69 
63.69 
71.26 
78.80 
86.33 
93.84 

101.32 
108.77 
120.67 
128.07 
135.46 

dn/ dw 
rnblstr 

3.1 1 
3.22 
3.03 
2.55 
2.23 
2.90 
2.30 
2.70 
3.26 
2. 50 
2.38 
2.20 
2.29 
1.98 
1.83 
1.89 

(%I 
- + 

26.8 31.5 
27.0 36.1 
24.8 35.2 
23.9 24.5 
33.0 30.7 
32.8 26.3 
39.0 24.6 
25.9 36.9 
26.9 17.4 
21.2 27.0 
22.4 28.9 
20.8 33.1 
20.9 31.0 
20.2 31.9 
22.3 26.3 
20.8 33.5 

Avg. doidm 1: 2.29mbistr+ 10.296 
J(da/dw)dw = 28.83mb 10.2 % 

E, = 8.04 :!I 0.05 MeV 
(n,n’) to: 1.434 MeV Level 

e, do/  dw (%I 
dcT. m h / s t r  t - 

71.15 4.42 23.4 17.0 
78.69 4.72 13.4 206 
86.22 4.37 20.1 24 6 

E, = 8.04 2 0 . 0 5  MeV 
(n,n’) to: 2.369 MeV Level 

0, m dn/ do, a (w 
deg. mhistr + 
71.24 1.59 42.9 28 6 
78.79 2.15 24.4 31.3 
86.32 0.95 78.8 79.6 

,4vg. da/dw = 
S(dn/dw)dw = 

1.61 m b / s t r t  26.2% 
20.24mb jl 26.2 % 
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E, = 8.56 -t 0.05 MeV 
Elastic Scattering 

0, rn d 0 l d W  (%I 
dq. 
15.29 
22.93 
28.01 
35.64 
43.25 
48.32 
55.91 
63.48 
71.04 
78.58 
86.10 
93.60 

101.09 
108.55 
120.46 
127.88 
135.29 

mhls t r  
2066.95 
1342.76 
862.89 
399.88 
160.22 
78.89 
19.83 
5.50 
7.61 
8.18 

10.37 
15.02 
17.71 
18.08 
15.22 
8.59 
5.44 

4- 
5.6 
5.1 
5.6 
5.5 
7.1 
9.1 

15.4 
30.1 
28.2 
15.9 
17.7 
10.2 
8.2 
9. I 

11.4 
17.5 
21.3 

- 

7.1 
8.3 
6.8 
7.9 
6.7 

I O .  1 
18.5 
32.4 
28.6 
23.6 
15.8 
14.3 
13.8 
10.7 
13.3 
18.7 
24.1 

J(da/dw)dw -1790.89mb +- 7.5 G/o 
Wick's Limit =2514.80mb -t 7.3 96 

U I  ~y 3.16b 1: 1.0 % 

Legendre Fit, Order = 9 

0 285.02979 2.7 
1 240.45734 2.9 
2 196.80482 3.1 
3 150.06050 3.4 
4 99.479 I 1 4. I 
5 56.69565 5.5 
6 30.02299 7.4 
7 12.83146 11.8 
8 4.16914 22.0 
9 1 .o 1623 49.3 

k ak 4%) 

E, = 8.56 I!: 0.05 MeV 
(n,n') to: 1.434 MeV Level 

8' rn 

de'?. 
35.70 
43.32 
48.39 
55.99 
63.58 
71.14 
78.68 
86.2 I 
93.71 

101.19 
108.65 
120.55 
127.97 
135.36 

<lo/dw 
nihlsrr 

8.68 
8.93 
5.80 
5.29 
5.04 
6.23 
5.56 
5.0.5 
4.46 
3.45 
4.43 
5.37 
4.90 
5.20 

G (5%') 

39.3 29.6 
12.9 23.5 
20.7 19.5 
25.4 17.9 
19.0 12.2 
22.9 15.6 
11.5 12.8 
16.1 24.2 
23.5 25.6 
24.8 18.3 
12.3 21.6 
12.2 16.2 
21.8 23.7 
18.3 16.7 

- + 

Legendre Fit, Order = 2 

0 10,99744 5.5 
1 0.79444 47.9 
2 0.7 1028 47.5 

k ak 

E" = 8.56 :ir 0.05 MeV 
(n,n') to: 2.369 MeV Level 

8, m 
deg. 
43.38 
48.46 
63.66 
71.22 
78.77 
86.29 
93.30 

101.28 
108.74 
1 20.64 
128.04 
135.43 

do/ dw 
rnhl str 

3.59 
1.61 
1.49 
1.25 
1 .98 
1.62 
1.72 
1.71 
1.49 
1.44 
1.23 
1.37 

a (96) 
$. 

21.6 35.7 
38.5 38.5 
40.2 37.2 
45.8 41.8 
28.7 33.1 
22.9 34.0 
33.7 31.9 
27.7 35.3 
32.4 34.7 
35.1 38.4 
34.9 40.3 
34.6 25.7 

Avg. d a i d w  r= 
J ( d a / d w ) d w  = 

1.53mbist.r t 13.19; 
19.27 rnb + 13.1 "0 
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8 c  rn 
deg. 
15.29 
22.93 
28.01 
35.64 
43.25 
48.32 
55.91 
63.48 
71.04 
78.58 

E, = 6.44 -1- 0.07 MeV 
Elastic Scattering 

do/d(u 
mblstr 
1954.92 
1440.22 
1147.87 
675.50 
329.01 
156.77 
46.7 I 
10.45 
5.85 
9.71 

- 
(%I + 

4.4 5.7 
4.4 6. I 
4.1 3.9 
4.5 4.8 
5.8 5.1 
6.4 5.7 

16.4 12.0 
42.8 22.1 
48.8 34.3 
19.7 19.6 

86.10 15.82 11.9 
93.61 22.42 15.0 

101.09 27.78 4.7 
108.56 27.90 6.6 
120.46 24.75 7.5 
127.89 17.21 9.2 
135.29 15.01 9.8 

J(dn1dw)dw =2230.36mb k 7.3 % 
Wick's Limit =2401.17mb ? 7.3 % 

U I  3.56b ? 1.0 % 

Legendre Fit, Order = 9 
k ak A(%) 
0 354.97266 1.9 
1 285.54443 2.2 
2 223.00180 2.4 
3 158.17705 2.8 
4 89.73320 4.1 
5 40.09595 7.5 
6 14.05306 16.9 
7 2.07775 83.5 
8 -. 1.33218 82.2 
9 - 1.07083 55.3 

2.2 
5.0 
9.7 
7.8 
8.2 
9.9 
4.6 

E, = 6.44 ? 0.07 MeV 
(n,n') to: 1.434 MeV Level 

0' m 

deg. 
35.72 
43.35 
48.43 
56.03 
63.62 
71.18 
78.73 
86.25 
93.76 

101.24 

do/ dw 
mb/s tr  

7.64 
14.0 1 
14.63 
11.79 
10.58 
10.35 
8.69 
8.35 
8.93 
7.82 

__ 
(7c) + 

75.4 22.8 
12.8 20.4 
18.2 18.2 
18.6 13.9 
13.9 15.3 
13.7 11.8 
17.9 14.2 
22.2 10.7 
18.2 14.9 
14.7 18.0 

108.10 9.69 13.8 7.7 
120.60 11.98 11.0 12.4 
128.00 12.95 8.6 18.7 
135.40 13.49 11.9 19.9 

J(daidw)dw = 146.51 mb ? 8.5 96 

Legendre Fit, Order = 2 
k ak A(%) 
0 23.3 1750 4.8 
1 -0.09398 713.7 
2 2.33285 26.5 

E, = 6.44 ? 0.07 MeV 
(n,n') to: 2.369 MeV Level 

8' rn 

deg. 
48.53 
56.15 
63.74 
71.32 
78.87 
86.39 
93.90 

101.38 
108.84 
120.72 
128.12 
135.50 

da /  dw 
tTi b 1 str 

5.04 
3.43 
5.46 
5.64 
4.64 
5.14 
6.21 
4.90 
3.73 
5.01 
3.96 
4.23 

A (%) 
- -t 

23.0 26.9 
55.4 19.4 
15.8 21.4 
25. I 18.8 
23.5 18.9 
21.6 23.7 
16.3 16.6 
16.9 14.3 
16.7 16.8 
13.3 24.6 
21.7 28.1 
11.2 19. I 

Avg. do:doJ = 
S(du1dw)doJ - 57.35mb 9.6 

4.56mb:str ? 9 6 4 
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E, 7.03 t 0.06 MeV 
(n,n') to: 1.434 MeV Level 

t7, "I da/dw A (%I 
deg. mh/str + 
71.17 7.43 7.3 10.5 
78.7 1 6.07 7.2 16.4 
86.24 5.52 11.4 12.9 

I 

E,, = 7.03 t 0.06 MeV 
(n,n') to: 2.369 M e V  Level 

8,. rn dtr/dw a (w 
I deg. rn h / s t r  + 

71.28 3.37 12.6 16.7 
78.83 3.21 10.6 14.0 
86.36 3.36 13.0 17.2 

Avg. daidw rz 3.27mbIstrf 11.0% 
J(du/dw)dw :== 41.10mb 4 11.0 % 

E, = 7.54 + 0.06 MeV 
Elastic Scattering 

deg. 
15.29 
22.93 
28.01 
35.64 
43.25 
48.32 
55.91 
63.48 
71.04 
78.58 
86. 10 
93.60 

101.09 
108.55 
120.46 
127.88 
135.29 

nzhlstr 
1974.98 
1349.4 I 
91 1.55 
482.87 
196.85 
109.96 
35.54 
8.86 
6.03 
8.2 I 

10.52 
14.96 
18.02 
20.77 
15.49 
10.47 
6.54 

+ 
4.8 
5. I 
4.8 
5.7 
6.9 

12.0 
14.3 
19.2 
21.7 
13.5 
11.4 
12.2 
8.1 
7.0 

10.4 
10.8 
17.0 

- 

7.5 
6.6 
7.4 
9.h 
6.6 
4.7 

11.4 
32.9 
27.2 
20.7 
14.8 
14.2 
8.0 

10.7 
13.1 
14.2 
17.3 

.f(da/do)dw =1888.44mb f 7.4 % 
Wick's Limit =2474.58mb + 7.3 6 4  

= 3.34 b rfr 1.0 %, 

Legendre Fit> Order = I0 

0 300.55518 2.5 
1 251.15988 2.8 
2 201.86864 3.0 
3 150.4434 3.3 
4 95.93333 4.3 
5 53.04265 6.4 
6 27.62170 10. I 
7 12.18252 17.7 
8 4.47375 33.4 
9 1.66845 54.5 

10 0.58864 81. I 

k ffL a m  
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E, = 7.54 -f_ 0.06 MeV 
(n,n') to: 1.434 MeV Level 

0, ,,I 
deg. 
35.7 1 
43.33 
48.41 
56.01 
63.59 
71.16 
78.70 
86.22 
93.73 

101.21 
108.67 
120.57 
127.98 
135.38 

daidw 
rnblstr 

11.31 
9.5 1 
9.44 
8.00 
7.48 
7.35 
7.08 
6.15 
5.27 
5.70 
6.25 
9.01 

15.54 
16.45 

- 
( c /o )  + 

17.9 19.3 
14.0 23.1 
16.6 17.3 
9.8 10.3 

12.7 11.7 
12.8 12.2 
9.4 14.1 

15.1 12.5 
11.3 23.2 
12.0 23.0 
13.8 25.5 
26.8 15.5 
5.9 10.5 
7.2 11.4 

S(du/dw)dw = 131.54mb I 8.0 % 

Legendre Fit, Order = 2 
k at; A(%) 
0 20.93494 3.9 
I -2.15703 22.8 
2 3.63094 12.1 

E, = 7.54 :t 0.06 MeV 
(n,n') to: 2.369 MeV Level 

om 
deg. 
43.40 
48.49 
56.10 
63.69 
71.26 
78.8 1 
86.33 
93.84 

101.32 
108.78 
120.67 
128.07 
135.46 

daidw 
rnbjstr 

3.74 
2.50 
2.73 
3.22 
3.41 
2.24 
2.97 
2.59 
2.38 
2.93 
2.02 
2.22 
1.78 

A (9%) + 
31.9 36.0 
46.7 30.1 
15.2 26.3 
24.6 20.3 
28.4 27.4 
40.7 23.6 
15.0 17.1 
13.1 26.0 
14.5 25.7 
16.0 25.4 
19.4 25.7 
16.8 29.0 
14.8 25.7 

E, = 8.04 i- 0.05 MeV 
(n,n') to: 1.434 MeV Level 

8'rn dai dw (%I 
deg. mb i slr + ~- 

71.15 7.36 9.7 14.3 
78.69 6.68 14.2 17.4 
84.22 5.33 11.0 15.0 

E, =- 8.84 + 0.05 MeV 
(n,n') to: 2.369 MeV Level 

0' I,, do: dw a ( p i , )  
deg. mhis t r  + 
71.24 2.83 17.2 34.7 
78.79 3.07 19.9 21.1 
86.32 2.30 29.9 28.4 

Avg. du:dw = 2.73rnb:strk 17.3$;, 
J(duldw)dw = 34.36mb -k 17.3 r/b 

Avg. diridw = z  

J(duidw)dw == 
2.29 mb/str t 10. I % 

28.83 mb t 10.1 % 
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8, “ 7  

deg. 
15.29 
22.92 
28.01 
35.63 
43.25 
48.32 
55.91 
63.48 
71.04 
78.58 
86.10 
93.60 
93.61 

101.09 
I O  1.09 
108.55 
108.55 
120.46 
127.88 
135.29 

E, = 8.56 k 0.05 MeV 
Elastic Scattering 

do/ dw 
rnhl str 
2050.69 
1240.76 
736.22 
361.06 
143.86 
100.08 
22.58 
8.93 
6.79 
8.58 
9.86 

12.55 
12.74 
15.87 
13.51 
18.11 
16.23 
15.80 
10.11 
5.27 

i- 
5.4 
5.7 
6.9 
6.7 
7.9 
6.7 

13.7 
12.5 
21.8 
14.3 
12.4 
13.1 
11.0 
9.2 

18.6 
9.3 

10.8 
8.7 

14.4 
17.6 

J(do/dw)dw =1687.03mb -t 7.4 % 
Wick‘s Limit =25 14.69 nib 2 7.3 

U T =  3 .16bk  1.0% 

- 

7.9 
5.3 
4.1 
5.2 
7.5 
7.9 

12.8 
22.7 
32.8 
17.4 
17.0 
16.4 
17.1 
15.1 
20.5 
19.7 
15.8 
13.7 
15.8 
23.9 

Legendre Fit, Order = 10 
k ak 4%) 
0 268.49927 2.5 
1 226.42068 2.8 
2 185.15302 3.0 
3 142.47368 3.4 
4 95.47 168 4.2 
5 57.52827 5.8 
6 33.21892 7.8 
7 16.75014 11.6 
8 7.63 199 17.0 
9 3.4776 I 22.4 

10 1.08875 36.1 

E, = 8.56 + 0.05 MeV 
(n,n’) to: 1.434 MeV Level 

8,nl 
deg. 
35.70 
43.32 
48.39 
55.99 
63.58 
71.14 
78.68 
86.20 
93.7 1 
93.71 

101.19 
101.19 
108.65 
108.65 
120.56 
127.97 
135.36 

duldw 
rnh/str  

8.95 
9.85 
6.44 
6.65 
6.23 
5.98 
6.30 
5.02 
5.50 
5.3 I 
4.78 
3.8 I 
6.13 
5.94 
6.63 
9.54 
7.93 

A (5%) 
.... -1- 

15.3 29.1 
12.7 22.7 
15.0 17.7 
14.1 11.2 
9.2 15.3 

19,7 18.8 
13.9 21.6 
15.3 12.5 
18.1 33.6 
20.2 24.4 
33.8 36.2 
33.6 29.9 
19.8 33.2 
14.1 30.1 
25.9 13.6 
11.7 25.5 
13.3 28.6 

J(dajdw)do = 86.76mb t 8.8 o/o 

Legendre Fit, Order = 2 
k ak A(%’) 
0 13.80893 5.4 
1 -0.0 1754 260 I ,  6 
2 1.37699 28.3 
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