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54Fe N E U T R O N  ELASTIC AND INELASTIC' SCAII-EKlNG 

CROSS SECTIONS FROM 5.50 TO 8.50 MeV 

W. E. Kinney and F. 6. Perey 

Measured ' ' ~ e  neutron elastic scattering cross sections and cross sections t'or 
inelastic scattering to 7 discrete levels or groups of levels in "Fe in the incident 
neutron energy range from 5.50 to 8.50 MeV are presented. The elastic data are in 
good agreement with our previously reported natural iron results. Inelastic 
scattering to the 1.409 MeV level shows evidence of direct reaction contributions at 
the higher incident neutron energies. E N D F / B  111 MAT I180 natural iron cross 
sections for inelastic scattering to the 1.409 MeV level in 54Fe are higher by a factor 
of 2 than our data. Cross sections for inelastic scattering to levels in  the residual 
nucleus of excitation energy greater than 4.29 MeV are presented as continuum 
cross sections. I t  is found that an evaporation model of continuum inelastic 
scattering i s  adequate above 6.2 MeV excitation energy bul is questionable in 
describing inelastic scattering to lower-lying levels. 

IN T KO I1 U C'I IO N 

The data reported here are the results of one of a series of experiments t o  measure 
neutron elastic and inelastic scattering cross sections at the O K N L  Van de Craaffs. 
Reports in the series are  listed in Reference 1. l l i is  report presents measured neutron elastic 
and inelastic scattering cross sections for 54Fe from 5.50 t o  8.50 MeV. To assist i n  the 
evaluation of the data, the data acquisition and reduction techniques are first briefly 
discussed. For the purposes of discussion the data are presented i n  graphical irorm and 
compared with our previous results for natural iron' and with END!!/ B 111 (Evaluated 
Neutron Data File 13, Version 111) MAT 1180. 'Tables of numcrical values of the elastic 
scattering cross sections and cross sections for inelastic scattering to discrete levels in t h e  
residual nucleus are given in a n  appendix. 

DATA ACQU 1SITION 

I'he data were obtained with conventional time-of-flight techniques. Pulsed ( 2  M H l ) ,  
bunched (approximately 1.5 nsec full width at  half maximum, F W H  M )  deuterons 
accelerated by the O R N L  Van de Craaffs interacted with deuterium in a gas cell to product. 
neutrons by the U(d,n)'He reaction. The gas cells, of length 1 and 2 cm, were operated a t  
pressures of approximately 1.5 atm and gave neutton energy rewlutiom of the order of -+60 
keV. 

I'he neutrons were scattered from a solid right circular- cylindrical sample o f  "Fc 
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(99.9(j[, purity), 2.00 cm diameter. 2.00 cm high of mass 48.34 gm and placed approximately 
I O  cm from the gas cells when the detector angles werc grcaicr than 25 degrees. I;oI smaller 
detector angles the cell-to-sample distance had to  be increased to  33 cm in order t o  shield 
the detectors from neutrons coming directly from tkc gas cells. 

1 he scattered neutrons were detected ky 12.5 cm diameter NE-2 I3 liquid scintillators 
optically coupled to  XP-1040 photomultipliers. The  scintillators werc 2.5 cm thick. Data 
were taken with three detectors sirnultaneorisly. Flight paths were approximately 5 m with 
the detector angles ranging from 15 to 140 degrees. The gas cell neutron prod~iction was 
monitored by a time-of-flight system which used a 5 cm diameter by 2,s cm thick NE-3-13 
scintillator viewed by a 56-AVP photomultiplier placed about 4 rn from the cell at ail ariglc 
of 55 degrees with the incident deuteron beam. 

For each event a PDP-7 colnpilter was given tlic flight time of a detected 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 t o  
the cornputcr consisted, for the most part, of standard commercial components. The 
electronic bias was set ab approximately 700 keV neutron energy to  ensure good p h e  
shape discri’mination against gamma-rays at all energies. 

‘The detector efficiencies were measured by (n,p) scattkring from a 6 inm diamctcr 
polyethylene sample and by detecting source CT(d,n)’Hc neutrons at 0 degrees’. Both 
interactions gave results which agreed with each other and which yielded efficiency versus 
energy c:ilrves that compared well with calculations’. 

- 

DA I’A KEDUC-L‘ION 

C‘entral t o  the data reduction process wits the usc of a light pen with thc PDl’-7 
computer oscilloscope display programs to  extract peak areas from spectra. The light pen 
made a comparatively easy Job  of estimating errors in thc cross section cariscd by estremc 
but possible pcak shapes. 

The reduction plrocess started by nor-malizing a sample-out to a sample-in 
time-of-flight spectrum by the ratio of their monitor neutron peak areas, subtracting the 
sample-orit spectrum, and transforming the difference spectrum into a spcctrum 01‘ 
center-of-niass cross section versus excitation energy. This transformaiion allowed read!. 
comparison of spectra taken at different angles and incident neutron energies by removing 
kinematic effects. I t  also made all single peaks h a w  app~.oximately the same shapc and 
width regardless of excitation energy (in a time-of-flight spectrum, single peak4 broaden 
with increasing flight time). A spcctrurn of the variance based on tlie counting statistic5 o f  
the initial data was also computed. Figure ! shows a typical time-of-Hight spectrum and its 
transformed energy spcctrum. 

iKhe transformed spectra were read inlo the PDP-.7 computer and the pcak stripping 
W;IS done with the aid of the light pen. ‘4 peak was stripped by drawing a background 
beneath it,  subtracting the background, and calculating the area. centroid, and l--WHM o f  
tlie diffcrerrcc.. I‘he variance spectrum was used to  compute a counting statistics variaricc 
corresponding to  the stripped pcak. Peak stripping errors due to uncertainties in the  
residual background uiider the peaks or to  the tails of impcrfect.ly resolved nearbj, pcahz 
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WNL-WG 73-7298 

.- 

S4FE 6 MEV 90 DEG. 4 PI 

TIME ( 0 - 9  NSEC/CHl -> 

ELRSTlC En( ENERGY SPECTRUM 

<- ENERGY ( 2 5  KEV/CHI 

Fig. 1. A typical time-of-flight spectrum for 54 Fe with its transformed energ5 
spoctrum. The data were taken at  6.0 MeV incidcnt neutron energy at 90 degrees with a 4 m 
flight path. The sample-out spectrum has not been subtracted from the tmie-of-flLght 
spectrum. Notc that the energy spectrum has been offset tu allow n e g a t i ~ c  excursionb due 
to stat istics in the subtraction of the sample-out. The energy spectrum terminates a t  
approximately 1 MeV scattered neutron energy - very ricarly channel 350 in the 
time-of-flight spectrum. I'he large peaks to the I& ale the elaatic peaks. 



4 

could bc included with the other errors by stripping the peaks 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; thcsc, 
together with the best estimate, defined upper and lower errors due to stripping. When a 
specti-uni was completely stripped, the output information was written on magnetic tape for 
additional processing by a large computer. 

Finite sample colrrcctions were performed according to  semianalytic s-ecipes whose 
constants were obtained from fits to  Monte Carlo results4. The corrections were typically 
5% at forward angles, 38% in the first ininiimilm and 10 - 20% on the second maximum. 

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

The measured differential elastic scattcring cross sections were fitted by lcait squares 
to a Legendre series: 

Q(,U = c o d )  = 2;[(2k+I)/2)]ahP~(p) 
the points being weighted by the inverse of their variances which were computed by 
squaring the avcrage of the upper and lower uncertainties. The common 7% uncertainty in 
absolute norniali7.ation 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 measurements, 
we resorted to  the inelegant but workable process of adding three points equally spaced in 
angle between the I q p t  angle of measurement and 175 degrees. The differential cross 
sections at the added points were chosen io approximate the diffraction pattern at large 
angles, but were assigned 50%' errors. 

R E S  U LI'S 

Elus f ic Si *a f rering Dlf fer en t icrl Cros.s Stv, t io II .Y  

5 4  Our differential elastic scattering cross sections for Fe are shown  in I-igiire 2 with 
I-egendre least squares fits to  the data. Wick's Limit is shown and was used in  the  fitting. 

Our "Fe differential elastic scattering cross sections are compared with our pre\,iously 
rcpor-ted natural iron data '  in Figure 3 .  l 'he ''T;e 5.50 MeV data are compared with natural 
iron results which were measured at 5.44 ? 0.17 MeV and at 5.56 + 0.04 MeV. 

'These data gcnerally agree within experimental uncertainties at angles less than 54) deg. 
The 5.44 MeV natural iron data seems to indicate the first minimum falling at a sorncwh:rt 
smaller angle than do the i4Fe and natural iron 5.56 MeV data, if the low point in thc lattcr 
data sct is ignored. I'kere is some structure iri the tot;*! cross section at this energy' so that 
perhaps the different resolutions could account for the difference. More likely, howebcr. the 
two  low natural  iron points around 60 deg. should be ignored and more weight given t o  the 

%;e results since they are considera-bly more recent. these natural iron data being the very 
first resulting from our neutron elastic and inelastic scattering cross section rneasuremcnt 
program'. The data from 5.53 to 7.54 MeV appear to be consistent in shape while the "'e 
data at 8.50 MeV agrees within experimental uncertainties with thc natural iron data which 
was measured at 8.54 L 0.05 MeV. 
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Fig. 2. Our  54Fe neutron differential elastic center-of-mass cross sections with 
Legendre fits to  the data. WICK indicates Wick's Limit which was used in the fitting. -1 he 
794, uncertainty in absolute normalization common to all points is not included i n  thc error 
bars. 
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54 Fig. 3 .  A comparison of our Fe neutron differential elastic center-of-mass cross 
sections with our previously reported natural iron results. WICK indicates Wick's Limit. The 7 5  
uncertainty in absolute norrnali7,ation common to  all points is not included in the error 
bars. 
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Our differential cross sections for inelastic scattering to resolvable discrete levcls or 
groups of levcls in Fe are shown in Figures 4 through 7. l ’ h e  angular distribution of 
neutrons inelastically scattered to the 2‘ I .A eV level shown i n  Figurc 4 i-rmight be 
expected to, and indeed does, show some asymmetry about 90 deg. due t o  the eff’cct o f  
direct interactions. ENDF/  B 111 MAT 1180 assumes an  isotropic angular distribution for 
inelastic scattering to  this level. 

The  angular distributions of neutrons inelastically scattered t o  the other levels or  
groups of levels are isotropic within the experimental uncertainties. 

54 

51 Our angle-intcgrated difkrential cross sections f o r  Fe as a function of incident 
neutron energy are shown in Figures 8 and 9. I n  Figure 8 we compare the j4Fe 
angle-integrated differential elastic scattering cross sections with previously reported values 
for natural iron‘ and with the ENDF‘/H 111 M A T  1 I80 curve for inelastic scattering t o  the 
1.409 MeV level but with its values divided by the natural abundance of ”JFe for the 
comparison. 

1 he elastic 54Fe and natural iron results are i n  good agreement while the ENI.)I-;‘/M 111 

The inelastic scattering cross sections to the higher-lying levels decrease with increasing 

As with “Fe, neutron elastic and inelastic scattering on ’“Fe should he quite amenable 

.- . 

AT 1 I80 curve is roughly a factor of‘ 2 higher than our data. 

energy as competition from additional exit channels increases. 

t o CP p t i cal tn ode 1, H a. user- Fes h bac h , a rid di s tort ed -w a v t  - H o r n-a p p rox i mi t i o ti a r i a l  ys i s. 

Above an excitation energy of 4.29 MeV, the level density in 51Fe becomes large 
enough so that with our resolution the extraction of cross sections for inelastic scattering to 
groups of levels or t o  bands of excitation energy did riot seem friiitl’ul. instead w c  trcated 
inelastic scattering t o  levels of excitation energy greater than 4.29 MeV as inelastic 
scattering t o  a structured continuum of levels. Our  ‘“continua” are  show^,^ in Figure 10 
where our angle-averaged double-differentialcross sections for scattering from incident 
laboratory energy E t o  outgoing energy clE’ about E’ SIG(E - E’) i t re plotted versus 
excitation energy. Clearly levels or groups of levels are preferentially excited at excitation 
energies of 4.8, 5.4, 5.h , 6.0, and 6.5 M e V .  

The applicability of an  evaporation model in describing inelastic scattering t o  o u r  
continua may be judged from Figure 1 I whereSIG(E ---. E’) is plotted versus E’ .  ‘Ihe 
straight lines are least squares fits to  the data but over a limited range of E’: E‘ < l.6 McV 
for E ::= 8.01 MeV and E’ d 2 MeV f o r  E = 8.50 M e V .  An evaporation model would seem 
to offer a fair description of inelmtic scattering to levels in the residual nucleus of 
excitation cnergy above 6-2 MeV but t o  be questionable I n  describing iaielastic scattcring t o  
levels of lower excitation energy. 
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ORKL-WE 73-7303 

1 1  I I I I I -VI 

EM= 5.50xl.09 MEV 

_ _ _ _ - - - - -  

E,= 7.0Oi0.06 ME\I 

Fig. 4. Our differential center-of-mass cross sections for inelastic scattering to the 
1.409 MeV level with Legendre Least squares fits to the data. 



1 E N =  5.5020.09 MEV 

E N =  8.50+0.05 M E V  

Fig. 5.  Our differential center-of-mass cross sections for inelastic scattering to the  
2.530 MeV level. 
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30 60 90 120 1517 180 
Oci.1 [ D E G I  

O0 0"- - *- 
Fig. 6. Our differential center-of-mass cross sections for combined inelastic scattering 

to  the 2.960, 3.160, 3.290, and 3.340 MeV levels. 



1 E N =  S.SOtO.09 MEV 

i 

A I 

Fig. 7. Our differential center-of-mass cross section fot combined inelastic scattering 
to the 2.960, 3.160, 3.290 , and 3.340 MeV levels. 
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Fig. 8. Our "Fe neutron angle-intrgratcd differential cross sections as a function of 
incident neutron energy. Our previously reported natural iron elastic data are shown. The 
ENDF! 13 111 MAT 1180 curve for inelastic scattering to the 1.409 MeV level in "Fe divided 
by the "Fc natural abundance is given. The k79; uncertainty in  absolute norrnaliiation is 
included in the error bars 
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M E V  

10' Ex = (4.260+4. 2901 MEV 

101 
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Ex = [4.030+11. 050+11.0701 MEV 

Fig. 9. Our 54 Fe neutron angle-integrated differential cross sections for inelastic 
scattering a5 a function of incident neutron energy. These data are sub-groups of the data 
given in Figure 8 and do not span the entire range of energy measurements. The 479; 
uncertainty in absolute normalization is included in the error bars. 
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54 Fig. 10. Fe angle-averaged cross sections for inelastic scattering to the “continuum” 
as a function o f  excitation energy for incident neutron energies, E, from 7.00 to 8.50 McV.  
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O R N L - M G  73-7299 

CONT INUUM 

E = 8  
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54 Fig. I I .  Fe  angle-averaged cross sections for inelastic scattering to  the continuum 
divided by the outgoing neutron energy as a function of outgoing neutron energy. Lxast 
squares fits w e  shown with the resulting temperatures, I-. The uncertainties on 'T are t'itting 
uncertainties only. 
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CONC L U S IONS 

Our "Fe differential elastic scattering cross sections arc in good agreement with our 
previous results for natural iron. 1 he differential cross sections for inelastic scattering t o  
the 1.409 MeV level shows evidence of a direct reaction contribution at the higher incident 
neutron energies. ENDFIB I l l  MAT 1180 cross sections for inelastic scattering to  this levcl 
are higher than our data by a factor of 2. An evaporation model for inelastic scattering 
appears to  be adequate for scattering to  levels in the residual nucleus of' excitation energy 
greater than 6.2 MeV but is of questionable validity in describing inelastic scattering t o  
levels of lower excitation energy. 

r -  
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APPENDLX 

Tabulated Values of 54Fe 
Neutron Elastic Scattering Cross Sections 

and 
Cross Sections for Inelastic Scattering 

to  Discrete Ixvels 

51 Our measured values for Fe neutron elastic scattering cross sections and cioss 
sections for inelastic scattering to discrete levels are tabulated below. The uncertainties in 
differcntial cross sections, indicated by A in the tables, are relative and d o  not include ii 

t7% uncertainty in detector efficiency which is comrnm t o  all points. The rt7% uncertainty 
is included in the integrated and average values. The total cross sections, gsbl', 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 to the continuum. 'They 
are available from the National Neutron Cross Section Center, Rrookhaven National 
Laboratory, or from us. 

Average and integrated values for cross sections for inelastic scattering to the 1.409 
MeV level measured at only three angles are not given because of the anisotropic angular 
distributions of neutrons so scattered. 
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8cm 

deg. 
13.10 
20.70 
28.00 
28.30 
35.62 
43.22 
48.29 
55.88 
63.45 
7 1 .00 
78.54 
83.56 
85.07 
91.07 
93.57 
98.56 

101.05 
108.52 
119.44 
126.86 
134.28 

E, = 5.50 k 0.09 MeV 
Elastic Scattering 

d a / Q w  
niblstr 
2 14 1.25 
1655.05 
1065.67 
1096.10 
662.67 
326.84 
195.01 
70.65 
22.27 
10,59 
15.70 
21.42 
24.52 
29.69 
30.81 
33.94 
3 6.00 
33.33 
30.66 
24.75 
17.66 

3- 
5.1 
5.3 
5.7 
4.8 
4.9 
5.6 
6.4 
9.1 

15.8 
26.4 
25.9 
9.9 

12.5 
10.0 
9.0 

11.6 
7.4 

11.5 
10.9 
12.8 
18.7 

J(do/da))dw =2304.48 mb k 7.2 9% 
Wick‘s Limit ~2218.23 rnb k 9.2 % 

UT 3.70 b -1- 3.0 % 

- 

4.5 
4.9 
5.1 
6.0 
5.1 
6.2 
7.0 

10.2 
24.4 
32.0 
20. I 
16.4 
16.3 
11.6 
11.1 
8.7 
9.7 
9.1 

13.4 
12.1 
12.2 

Legendre Fit, Qrder 
k 4 k  

0 366.76953 
1 286.22949 
2 218.97568 
3 155.34956 
4 87.67975 
5 39.48 8 89 
6 1 5.8 1 805 
7 4.60444 
8 1.22247 

= 8  
4%) 

1 .B 
2.2 
2.4 
2.8 
3.9 
7.0 

12.4 
28.3 
67.7 

E, = 5.50 t 0.09 MeV 
(n,n’) to: 1.409 MeV Level 

e,, dal dw 
deg. rnblsn 
28.08 21.54 
35.72 21.16 
43.34 13.46 
48.42 14.16 
56.02 14.19 
63.60 
71.17 
78.71 
83.73 
86.24 
91.24 

2.95 
3.42 
3.90 
3.20 
3.25 
2.80 

93.74 11.57 
98.73 12.25 

101.22 12.26 
108.69 13.46 
119.59 14.50 
127.01 15.29 
134.48 14.17 

4 
30.7 
35.1 
25.6 
23.2 
17.9 
6.0 
8.0 
9.9 
7.3 
5.3 
0.8 

13.0 
16.3 
21.9 
16.2 
14.2 
13.7 
16.3 

I 

24.5 
9.5 

10.8 
8.7 

13.5 
8.9 
9.9 

12.7 
10.0 
13. I 
7.5 
7.9 
8.5 

10.7 
13.6 
9.2 
9.3 
6.7 

Legendre Fit, Order 2 
k bak 4%) 
0 28.377 1 2 4.0 
1 0,17325 406.0 
2 1.20662 46.3 
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E, = 5.50 k 0.09 MeV 
(n,n’) to: 2.530 MeV Level 

&”, 
deg. 
28.18 
35.85 
43.49 
48.58 
56.20 
63.80 
71.38 
78.93 
83.96 
86.45 
91.47 
93.96 
98.96 

101.45 
108.90 
119.79 
127.19 
134.57 

doldw 
mblsir 

9.12 
6.46 
6.95 
9.15 
7.66 
7.16 
8.25 
8.40 
8.21 
8.36 
8.54 
8.67 
8.36 
7.66 
8.42 
8.97 
8.11 
8.10 

- 
a (%I 

4- 
17.2 13.3 
38.8 14.1 
37.0 15.1 
22.9 13.8 
24.7 18.6 
15.2 18.2 
13.9 16.8 
14.9 15.9 
12.5 10.7 
11.8 13.8 
9.5 10.8 

21.5 11.8 
13.6 13.7 
14.5 15.9 
18.9 13.8 
16.7 12.1 
14.7 10.7 
11.2 11.4 

Avg. do/dw = 
J(du/dw)dw = 104.34mb rt 9.2 % 

8.30mbIstr * 9.2 5% 

E, = 5.50 t- 0.09 MeV 
(n,n’) to: 2.960 MeV Level 

- 
Ocm du/ dw a (%I 
deg. ntb/str + 
84.07 7.62 13.7 22.6 
91.59 7.59 11.3 17.8 
99.07 7.40 20.9 12.1 

Avg. dcrldw = 7.54mb/str-t. 14.2% 
J(da/dw)dw = 94.74 mb k 14.2 % 

E, = 5.50 rt 0.09 MeV 
(n,n’) to: 2.960 MeV Level 

+ 3.160 MeV Level 
+ 3.290 MeV Level 
+ 3.340 MeV Level 

Ocm 

deg. 
28.27 
35.95 
43.62 
48.73 
56.37 
63.97 
71.56 
79.13 
84.17 
86.65 
91.67 
94.16 
99.15 

101.64 
109.08 
119.96 
127.34 
134.70 

- 
dn/dw (%I 
rnb/slr + 

28.35 14.2 10.6 
29.71 16.8 9.8 
25. I 1  20.1 9.6 
28.89 14.0 14.7 
29.67 7.7 13.1 
28.17 9.6 15.3 
30.63 9.2 12.4 
27.90 8.0 17.8 
13.62 20.7 6.6 
29.26 110.3 14.4 
28.02 9.0 10.9 
28.80 8.9 12.4 
26.78 8.7 11.0 
26. I3 9.3 13.3 
29.09 8.8 12.3 
27.08 9.7 8.9 
28.60 10.3 9.5 
26 17 97.2 8.7 

Avg. da/dw = 
J(du/dw)dw = 350.63mb k 9.5 % 

27.90mblstr rt: 9.5 %j 

Data at the Following Angles 
Excluded from the Average: 

84.17 

E, = 5.50 k 0.04 MeV 
(n,n’) to: 3.160 MeV Level 

- 
8 , m  da/ dw A t%) 
deg. rnbistr + 
91.66 8.56 14.9 25.6 
99.14 7.13 7.3 22.7 

Avg. do/dw = 
J(do/dw)dw = 89.99mb k 10.1 % 

7.16mb/str-t 10.1 ’% 
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E, = 5.50 5 0.09 MeV 
(n,n’) to: 3.160 MeV Level 

+ 3.290 MeV Level 
+ 3.340 MeV Level 

&In du/dw A (96) 
deg. nzblstr .t 
84.19 9.38 12.0 12.0 

- 

Avg. doldw = 9.38mb/str_+ 13.9% 
J(da/dw)dw 117.87mb C 13.9 % 

E, = 5.50 +_ 0.09 MeV 
(n,n’) to: 3.290 MeV Level 

+ 3.340 MeV Level 

- 
@,,I, do/ do A @I) 
deg. mblsrr i- 
91.73 11.49 7.1 19.8 
99.21 11.08 10.3 22.7 

Avg. du/dw = l l . I7mb/strk l2.Q% 
J(da/dw)dw = 140.36mb k 12.0 G/o 

E, -- 5.50 k 0.09 MeV 
(n,n’) to: 3.848 MeV Level 

+ 4.030 MeV Level 
3- 4.050 MeV Level 
3- 4.070 MeV Level 
-1- 4.260 MeV Level + 4.290 MeV Level 

om! 
deg. 
36.25 
43.95 
49.10 
56.78 
64.40 
’92.01 
79.62 
84.63 
87.13 
92.15 
94.43 
99.62 

102.12 
109.54 
1 20.39 
127.75 

do / dco 
rnblstr 

19.58 
14.36 
17.28 
21.88 
21.14 
21.56 
22.23 
19.67 
22.31 
20.89 
19.33 
19.91 
18.95 
18.21 
18.60 
20.68 

- 
A (%) + 

16.9 19.7 
17.0 18.4 
21.6 13.1 
13.0 23.8 
12.3 19.5 
14.0 21.0 
8.8 22.2 

14.1 10.5 
11.0 18.8 
10.5 15.0 
12.1 13.4 
10.5 12.4 
18.1 13.5 
14.0 18.2 
17.0 15.9 
18.9 13.5 

E, 5.50 k 0.09 MeV 
(n,n’) to: 3.84@ MeV Level 

Avg. Qo/dw = 
J(du/dw)dw = 245.49mbk 11.1 % 

19.54mb/str+ 1 1 .  I % 

- 
0, rn dujdw A (%I 
deg. mblstr 4- 
84.47 4.43 17.5 21.5 
9 1.99 5.37 12.7 21.0 
99.46 4.65 23.6 14.8 

Avg. du/dw = 
.f(du/dw)dw = 

4.71 mb/str+ 14.3% 
59.13 mb +_ 14.7 % 

E, = 5.50 rfI 0.09 MeV 
(n,n’) to: 4.030 MeV Level 

-t- 4.050 MeV Level 
3 4.070 MeV Level 

- 
0, m do/ dw A (%> 
deg. mb/str + 
84.63 10.07 12“ I 17.9 
92.15 9.93 15.2 17.3 
99.62 9.75 10.1 14.5 

Avg. do/dru = 
J(da/dw)dw = 123.30mb k 11.8 96 

9.81 mb/str  .?: 11.8% 
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En =. 5.50 ? 0.09 MeV 
(n,n’) to: 4.260 MeV Level 

-t 4.290 MeV Level 

I 

e,, doldw (%I 
deg. rnh/sir + 
84.81 4.55 21.8 27.2 
92.33 6.02 13.7 27.6 
99.80 5.48 13.6 21.1 

Avg. do/dw = 5.12mb/str+ 16.9% 
.f(du/dw)dw 64.37 mb -t. 16.9 % 

E, = 6.00 3- 0.04 MeV 
(n,n’) to: 1.409 MeV Level 

- 
O m  du/dw A (%I 
deg. mb/str  + 
83.7 1 7.69 8.8 8.4 
91.22 9.08 10.8 8.8 
98.71 9.08 17.8 11.5 

E n  == 6.00 4 0.04 MeV 
(n,n’) to: 2.530 MeV Level 

I 

em cia/ dw A (%I 
deg. nib/str f 
83.90 5.53 18.8 13.8 
91.41 6.50 9.4 13.1 
98.90 6.13 16.2 9.7 

Avg. do/dw = 6.13rnb/str+ 10.6% 
J(da/dw)dw = 77.01 mb k 10.6 % 

E, = 6.00 t 0.04 MeV 
(n,n’) to: 2.960 MeV Level 

- 
e c m  do/ d o  (%) 
deg. mb/str + 
83.99 6.67 12.2 15.2 
91.51 7.2 I 9.4 18.3 
98.99 7.26 13.3 13.2 

E, = 6.00 -t. 0.04 MeV 
(n,n? to: 2.960 MeV Level 

+ 3.160 MeV Level 
f 3.290 MeV Level 
f 3,340 MeV X,evel 

- 
Ocm dU/dW (070) 
d q .  mb/str I- 
84.05 22.37 10.8 9. I 
91.57 23.22 10.4 9.6 
99.05 22.44 6.7 10.5 

Avg. da/dw = 
,f(do/dw)dw = 283.67mb t 9.4 % 

22.57mb/str? 9.4 % 

E, = 6.00 f 0.04 MeV 
(n,n’) to: 3.168 MeV Level 

+ 3.290 MeV Level 
+ 3.340 MeV Level 

I 

e,, du / dw A (%I 
deg. rnb/str + 
84.08 14.72 7.8 15.9 
91.59 15.14 9.7 18.8 
99.08 14.06 10.5 13.3 

Avg. do/dw = 14.36mb/str-t 11.2% 
J(da/dw)dw = 180.45 mb k ]I 1.2 % 

E, = 6.00 ? 0.04 MeV 
(n,n’) to: 3.840 MeV Level 

8 c n ,  do/dw a (w 
des. mblstr c - 

84.28 3.54 14.2 13.8 
91.80 3.60 14.4 16.7 
99.28 3.76 20.1 14.4 

Avg. du/dw = 3,63rnb/str+ 12.0% 
J(da/dw)dw = 45.58 mb I 12.0 % 

Avg. &/dw = 6.95mb/str+ 11.4% 
J(do/dw)dw = 87.52mb ? 11.4 % 



E, = 6.00 :t 0.04 MeV 
(n,nF) to: 3.840 MeV Level 

f 4.030 MeV I,evcl 
4- 4.050 MeV Level. 
+- 4.070 MeV Level + 4.260 MeV I,evel 
f 4.298 MeV Level 

- 8cm do/dw A (%I 
deg, mb/str + 
84.40 16.33 11.3 12.2 
91.92 18.81 10.0 10.4 
99.39 17.58 10.4 9.5 

Avg. da/dw =:= 17.54mb/str+ 10.6% 
J(da/dw)dw = 220.31 mb 1- 10.6 % 

E, = 6.W -t 0.04 MeV 
(n,n') to: 4.030 MeV Level 

-t- 4.050 MeV Level 
4- 4.070 MeV 1,cvcl 

- 8, rn da/dw A (%I 
deg. rnh/slr  + 
84.39 8.23 9.8 15.1 
91.91 9.13 11.1 16.5 
99.38 8.46 15.9 12.8 

Avg. do/dccj = 
J(da/dw)dw = 105.51 ntsb + 11.1 9% 

8.40mb/strrt 11.1 % 

E, = 6.00 k 0.04 MeV 
(n,n') to: 4.260 MeV Level 

-t 4.290 MeV Level 

- 
e,, do/dw (%I 
deg. mi b i str 5 
84.5 1 4.83 9.6 24.7 
92.03 5.54 21.6 23.7 
99.58 5.19 13.2 22.3 

E ,  = 6.49 5 0.04 McV 
(n,n') to: 1.409 MeV 1,evcl 

- 
e,, da/dw A (%I 
deg. mbistr + 
83.69 7.50 10.1 9.5 
91.21 8.12 13.2 13.4 
98.70 7.30 15.8 9.7 

E, = 6.49 1: 0.04 MeV 
(n,n') to: 2.530 MeV Level 

- 
om do/dw (%I 
deg. rnblstr -t- 
83.86 4.74 12.3 11.3 
91.31 4.90 7.3 11.3 
98.85 4.25 12.7 9.5 

Avg. do/dw = 4.63nibistrk 10.4% 
J(du/dw)dku = 58.18mb f 10.4 % 

E,, = 6.49 k 0.04 MeV 
(n,n? to: 2.960 MeV Level 

__ 
om do/ dw A v%) 
deg. rnblstr + 
83.93 5.28 8.7 13.2 
91.45 5.21 9.6 16.3 
98.94 5.12 12.3 20.0 

Avg. da/dw = 5.21mb/str+11.1% 
J(du/dcu)dw = 65.45 mb :k 11.1 % 
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En = 6.49 k 0.04 MeV 
(n,n’) to: 2.960 MeV Level 

+ 3.160 MeV Level 
+ 3.290 MeV Level 
+ 3.340 MeV Level 

- 
0cm da/dw A (%I 
cleg. mb/str  + 
83.98 15.93 12.4 8.7 
91.50 16. I 1  7.6 9.2 
98.98 15.90 7.2 12.0 

Avg. do/dw = 
J(drr/dw)dw = 200.59mb 5 9.3 % 

15.96mbIstr 5 9.3 % 

En = 4.49 k 0.04 MeV 
(n,n’) to: 3.160 MeV Level 

+ 3.290 MeV Level 
+ 3.340 MeV Level 

- 
e,, dU/dW A (96) 
deg. mb/str i- 
84.0 I 10.66 7.1 17.8 
91.52 10.82 9.5 15.0 
99.00 10.88 9.3 12.4 

Avg. do/dw = 10.71 mbistr t 9.5 % 
J(da/dw)dw = 134.58 mb 5 9.5 % 

E, = 6.49 t 0.04 MeV 
(n,n’) to: 3.840 MeV Level 

O m  du/dw (%I 
deg. m b / str + - 
84.17 3.03 19.7 13.7 
91.68 2.96 17.8 12.2 
99.16 2.83 15.2 16.2 

Avg. da/dw = 
J(da/dw)dw = 

2.95 mb/str k 1 I .2 
37.03 mb It 11.2 % 

En = 6.49 !C 0.04 MeV 
(n,n? to: 3.840 MeV Level 

+ 4.030 MeV Level + 4.050 MeV Level 
+ 4,070 MeV Level 
-% 4.260 MeV Level 
+ 4.290 MeV Level 

dcm da/  do (%I 
deg. rnblstr f 
84.25 14.74 7.4 9.5 
91.76 14.22 9.5 9.6 
99.24 14.32 8.1 8.4 

- 

Avg. du/dw = 
J’(da/dw)dw = 180.90mb f 9.7 470 

14.4Omb/str F 9.7 % 

E, = 6.49 t 0.04 MeV 
(n,n’] to: 4.030 MeV Level 

i- 4.050 MeV Level 
+ 4.070 MeV Level 

Bcm do/dw A MI) 
deg. mh/srr + 
84.24 6.93 14.3 10.2 
91.76 7.13 10.6 11.1 
99.24 7.47 8.6 9.9 

- 

Avg. da/dw = 7.23mb/strt 10.4% 
J(do/dw)dw = 90.88 mb F 10.4 % 

En 6.49 +_ 0.04 MeV 
(n,n‘) to: 4.260 MeV Level 

+ 4.290 MeV Level 

Qcm do/ dw a ( % I )  

deg. mb/  str + - 

84.33 4.17 10.3 13.3 
91.85 4.01 17.0 25.7 
99.33 4.21 15.9 18.9 

Avg. do/dw = 4.13mh/strt 12.5% 
J(da/dw)dw = 51.90mb k 12.5 % 
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am 
deg 
13.10 
20. TO 
27.99 
28.30 
35.6 1 
43.22 
48 * 29 
55.87 
7 1 .OO 
78.54 
83.56 
86.06 
9 1.07 
93.57 
98.56 

101.05 
108.52 
119.44 
126.86 
134.27 

E, = 7.00 L 0.06 MeV 
Elastic Scattering 

da]dw 
rnbistr 
2322.48 
1698.86 
1023.24 
1040.05 
542.4.5 
248.85 
131.32 
35.68 
6.80 

11.31 
15.69 
14.22 
18.88 
19.00 
19.15 
20.41 
17.83 
11.97 
9.70 
5.39 

+ 
4.2 
4.8 
5.2 
6.8 
5.0 
5.7 
6.7 

11.4 
31.5 
19.7 
10.2 
11.5 
10.2 
12.8 
9.7 

10.4 
12.6 
13.3 
16.0 
33.2 

__ 

5.2 
4.5 
4.6 
5.0 
5.1 
6.4 
6.6 

12.1 
35.1 
17.4 
13.6 
11.9 
9.6 

10.5 
10.3 
10.5 
11.4 
15.9 
16.9 
28.0 

S(du/dw)do =2107.41 mb :+ 7.3 % 
Wick’s Limit ~2555.19 rnb k 9.2 % 

0 . r  = 3.52 b k 3.0 % 

Legendre Fit, Order 
k Ok 
0 335.40552 
1 281.74829 
2 222.69064 
3 162.53687 
4 101.53685 
5 52.37892 
6 23.332 I2 
7 8.15927 
8 2.04963 

= 8  
4%) 

2.0 
2.1 
2.3 
2.6 
3.2 
4.8 
4.7 

13.4 
28.6 

E, = 7.W k 0.06 MeV 
(n,n’) to: 1.409 MeV Level 

8cm do] dw 
deg. mblstr 
17.87 30.73 
25.51 19.55 
35.69 6.16 
43.31 7.90 
48.38 7.51 
55.98 7.43 
71.12 6.87 
78.67 5.77 
83.68 6.3 1 
86.19 5.75 
91.19 6.54 
93.70 5.97 
98.68 6.25 

101.18 6.18 
108.64 6.03 
119.55 7.98 
126.97 7.40 
134.37 6.99 

f 
30.9 
50.1 
71.1 
19.7 
16.0 
15.2 
8.8 

15.9 
17.8 
17.5 
14.2 
17.8 
11.7 
21.7 
26.6 
16.1 
15.5 
16.8 

i 

18.4 
31.2 
12.5 
17.0 
8.2 
9.6 

12.0 
11.8 
11.3 
16.9 
10.2 
13.7 
9.2 

12.1 
10.7 
10.3 
9.3 

12.9 

Legendre Fit, Order = 3 

0 14.48305 4.2 
1 0.67472 78.6 
2 0.867 17 36.3 
3 0.39655 80.3 

k ak U%t) 
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En = 7.00 t- 0.06 MeV 
(n,n’) to: 2.530 MeV Level 

rm 

deg, 
28.12 
35.77 
43.41 
48.49 
56.10 
71.26 
78.81 
83.83 
86.34 
91.34 
93.85 
98.82 

101.33 
108.78 
119.69 
127.09 
134.48 

Qu/ do 
mblstr 

5.32 
5.27 
4-17 
2.95 
3.07 
3.90 
3.89 
4.33 
3.07 
3.79 
4.21 
3.12 
4.10 
3.57 
3.96 
3.20 
3.05 

I 

A (%I 
12.9 22.9 
44.4 20.7 
43.3 14.9 
33.6 15.3 
29.0 21.0 
12.6 10.3 
13.6 10.8 
22.7 13.3 
16.5 15.8 
15.6 17.7 
17.5 16.7 
21.6 13.4 
10.1 14.4 
13.5 19.4 
12.2 11.5 
14.5 9.5 
17.1 9.7 

+ 

Avg. da/dw = 
J(da/dw)dw = 46.84mb k 9.0 % 

3.73 mb/str tir 9.0 % 

Avg. duidw = 
.f(du/dw)dw = 157.49mb k 8.5 %j 

12.53 mb/str -t 8.5 % 

E, = 7.00 2 0.06 MeV 
(n,n’) to: 2.960 MeV Level 

- 
&,,, duldw A (%I 
deg. rnh/srr + 
91.40 3.68 10.9 22.6 
98.89 3.24 18.9 18.9 

Avg. dufdw = 3.40mb/str+ 16.4% 
f(da/dw)dw = 42.69 mb rt_ 16.4 % 

En = 7.00 tir 0.06 MeV 
(n,n’) to: 2.960 MeV Level + 3.160 MeV Level + 3.290 MeV Level + 3.340 MeV Level 

om 
deg. 
28.17 
35.83 
43.48 
48.57 
56.19 
71.36 
78.92 
83.93 
86.44 
9 1.45 
93.96 
98.93 

10 1.43 
108.89 
119.78 
127.18 
134.56 

do/dw 
mD/str 

12.57 
14.26 
14.22 
15.14 
11.55 
11.11 
11.84 
12.27 
11.39 
12.05 
11.82 
11.59 
11.25 
12.81 
13.00 
13.33 
12.72 

A (%I 

14.6 18.0 
16.7 12.4 
16.7 13.8 
11.8 9.3 
8.5 13.0 

22.7 12.9 
9.3 8.8 
8.1 8.7 

10.0 11.1 
7.7 12.7 
8.7 7.1 

10.1 8.9 
8.3 13.8 
7.4 13.5 

10,7 5.0 
7.2 11.5 

10.2 111.2 

I + 

E, = 7.00 t 0.06 MeV 
(n,~’) to: 3.160 MeV Level 

4 3.290 MeV Level + 3.340 MeV Level 

- 
a m  da/ dw (%) 
deg . nih/str 4 
91.47 8.13 11.4 13.2 
98.95 8.47 11.3 8.9 

Avg. da/dw = 8.34mb/strrt_ 10.4% 
$(du/dw)dw = 104.84mb k 10.4 o/o 
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E, = 7.00 :k 0.06 MeV 
(n,n’) to: 3.840 MeV Level 

- 
o c  m do/ dm A (%I 
deg. mblstr -b 
84.08 3.37 11.7 15.7 
91.59 2.97 12.5 10.4 
99.08 3.03 19.3 14.1 

E, = 7.00 -b 0.06 MeV 
(n,n’) to: 4.030 MeV Level 

-t- 4.050 MeV Ixvcl 
-b 4.070 MeV Level 

- 
0 C . V  d@/ dw a (%I 
deg. m b / m  1- 
84.14 5.38 13.3 13.1 
91.65 6.00 10.9 10.3 
99.14 5.36 15.7 9.6 Avg. dsridw = 3.08rnb/strC 11.8% 

J(de/dw)dw = 38.73 mb I- 11.8 96 

E, = 7.00 .k 0.06 MeV 
(n,n’) to: 3.840 MeV Level 

i- 4.030 MeV Level 
.t 4.050 MeV Level 
+ 4.870 MeV Level 

+- 4.290 MeV Level 

QCm 

deg. 
28.27 
35.96 
43.62 
48.73 
56.37 
71.57 
79.13 
84.15 
86.66 
91.66 
94.18 
99. I4 

101.65 
109.10 
119.98 
127.37 
134.73 

drridm 
mblsrr 

9.61 
10.05 
10.06 
11.54 
13.30 
12.51 
11.64 
12.73 
12.20 
13.29 
11.93 
11.96 
12.03 
11.08 
11.31 
11.29 
10.46 

+ 
33.4 
25.6 
19.1 
20.3 
16.1 
11.4 
8.4 
9.2 

5.9 
7.9 
9.4 
8.1 
7.8 
9.7 
7.9 
8.4 

a. 1 

... 

12. I 
6.9 
9.3 
6.2 
7.8 

13.4 
10.8 
8.9 

10.9 
5.9 
8.1 
7.5 
9.2 

12.0 
6.5 
8.5 

10.1 

Avg. doidw =T 

J(da/dw)dw ::= 146.78 mb k 8.8 % 
11.68mb/str k 8.8 % 

E, = 7.00 rfr 0.06 MeV 
(n,n’) to: 4.260 MeV Level 

+- 4.290 MeV Level 

8 c m  do/ dcra A (%) 
deg. Fnbistr -t- - 

84.22 3.82 18.7 16.9 
91.72 3.39 17.9 19.9 
99.20 3.33 21.1. 18.1 

Avg. drsldm = 3.70rnb/str-t 13.7% 
.f(du/dw)dw = 46.49mb k 13.7 % 

E, = 7.50 t- 0.03 MeV 
(n,n’) to: 1.409 MeV Level 

I 

8cm do/ dw A (%I 
deg. rnb/str + 
83.68 5.74 21.5 15.1 
91.18 4.41 18.1 8.8 
98.67 3.07 45.5 11.4 

Data at the Following Angles 
Excluded from the Average: 

91.66 
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E, = 7.50 t: 0.03 MeV 
(n,n') to: 2.530 MeV Level 

- @an du/dw A (%I 
deg. rnb/str + 
83.81 3.06 18.0 15.5 
91.32 2.7 1 22.9 10.8 
98.80 2.20 29.7 25.3 

Avg. do/dw = 2.76mb/strf: 14.2% 
S(do/dw)dw = 34.69mb 3- 14.2 % 

E, =r 7.50 -t 0.03 MeV 
(n,n') to: 2.960 MeV Level 

+ 3.160 MeV Level 
+ 3.290 MeV Level 
+ 3.340 MeV Level 

- 
e,, do/dw A (%I 
deg. in b / str + 
83.90 10.18 8.2 14.9 
91.41 9.96 11.8 11.5 
98.90 9.00 8.5 11.5 

Avg. do/dw = 
J(du/dw)dw = 117.82mb k 10.0 % 

9.38 rnb/str f: 10.0 % 

E, = 7.50 f: 0.03 
(n,n') to: 3.840 MeV Level 

+ 4.030 MeV Level + 4.050 MeV Level + 4.070 MeV Level 

-I- 4.290 MeV Level 

- e,, do/dw A (%I 
deg. rnb/str -t- 
84.08 9.48 10.8 12.6 
91.59 9.9 1 7.5 14.8 
99.08 8.75 11.7 14.8 

Avg. duldo = 9.25mb/str& 10.8% 
S(du/dw)dw = 116.29 mb ? 10.8 % 

E, = 7.50 k 0.03 MeV 
(n,n') to: 4.030 MeV Level 

i- 4.050 MeV Level + 4.070 MeV Level 

- 
e,* da/dw A (%'a) 
deg. mblstr i- 
84.08 4.30 14.5 14.0 
91.59 4.47 19.4 13.3 
99.07 3.65 18.3 12.9 

E, = 7.50 ? 0.03 MeV 
(n,n') to: 3.840 MeV Level 

Avg. du/dw = 4.19mb/strrf: 11.6% 
.f(du/dw)dw = 52.59 rnb k 11.6 % 

- 
8cm da/dw A (%I 
deg. m&/scr + 
84.03 2.45 23.3 14.9 
91.54 2.20 17,7 20.1 
99.02 2.29 22.8 24.3 

Avg. daidw = 2.32mbist1-k 12.9% 
S(da/dw)dw = 29.20 mb k 12.9 % 

E" = 7.50 It 0.03 MeV 
(n,n') to: 4.260 MeV Level 

4- 4.29Q MeV Level 

- 
ecm do/dw (%I 
deg. mblsir i- 
84.13 2.79 20.3 24.3 
91.65 2.92 18.5 21.7 
99.13 2.49 27.5 13.8 

Avg. da/dw =I 2.75mb/strlt 16.0% 
S(du/dw)dw = 34.51 mb It 16.0 % 
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E, = 3.01 f 0.03 MeV 
(n,m’) to: 1.409 MeV Level 

- 
8 c m  dG/Qw A I%) 
n’eg mbjstr i- 
83.67 4.54 12.6 11.5 
91.18 4.77 15.2 14.8 
98.67 4.23 19.3 12.5 

E, ::: 8.01 k 0.03 MeV 
(n,n’) to: 2.S3G MeV Level 

8 c m  do/ dw A (96) 
deg. mb/ s t r  + 
83.79 2.15 25,O 17.4 
91.29 2.23 15.9 13.1 
98.79 2,84 29.5 19.5 

- 

Avg. da/dw = 2.35rnb/strf 13.6% 
S(d./dw)doJ 29.53mb 1- 13.6 % 

E, = 8.01 f 0.03 MeV 
(n,n’) to: 2.950 MeV Level 

+ 3.160 MeV Level 
+ 3.290 MeV Level 
+ 3.340 MeV Level 

- 
8 , m  do/ dw A (%I 
deg. mblstr + 
83.87 7.77 14.6 10.0 
91.38 8.27 11.7 8.6 
98.87 7.69 15.2 21.0 

Avg. da/dw ::: 8.06mb/str+ 10.270 
S(da,/dw)dw ::: 101.34mb 3: 10.2 % 

E, = 8.01 f 0.03 MeV 
(n,n’) to: 3.840 MeV Level 

.__ 
8,, do / dm A (%) 
deg m b /  str 4- 
83.98 2.03 20.3 11.9 
91.49 2.25 16.5 19.0 
98.98 2.53 15.4 19.9 

Avg. da/dw = 2.24rnb/str+- 13.9% 
J(do/dm)dw = 28.12mb -t 13.9 % 

E, = 8.01 1 0.03 MeV 
(n,n’) to: 3.840 MeV Level 

+ 4.030 MeV Level 
+ 4.050 MeV Level 
+ 4.070 MeV Level 
+ 4.260 MeV Level 
+ 4.290 MeV Level 

- 
e,,, doldw A (%) 
deg. mb/str  + 
84.03 7.52 10.9 12.6 
91.54 7.53 12.2 10.7 
99.02 7.38 19.7 18.0 

Avg. du/dw = 
J(da;r/dw)dw = 

7.51 rnb/strt- 10.8% 
94.35 rnb f 10.8 ’% 

E, = 8.01 ik 0.03 MeV 
(n,n’) to: 4.030 MeV Level 

I- 4.050 MeV Level 
i- 4.070 MeV Level 

om da/ dw (%I 
deg. mb/ str i- - 

84.02 3.3 1 16.8 16.8 
91.53 3.06 12.5 13.6 
99.02 2.95 20.5 20.9 
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E,, = 8.01 rt 0.03 MeV 
(n,n’) to: 4.260 MeV Level 

+ 4.290 MeV Level 

- 
8m da/ dw A (%I 
deg. mbistr f 
84.07 2.25 16.5 21.8 
91.58 1.89 32.0 31.6 
99.07 1.84 20.0 24.7 

Avg. du/do = 1.97rnb/str+ 15.5% 
,f(da/do)do = 24.76mb -I- 15.5 % 

om 
deg. 
13.10 
20.70 
27.99 
28.30 
35.61 
43.22 
48.29 
55.87 
63.45 
71.01 
78.54 
83.56 
86.06 
9 1 .00 
93.56 
98.56 

101.05 
158.52 
119.44 
126.86 
134.28 

E,, = 8.50 2 0.85 MeV 
Elastic Scattering 

da/dw 
rnbista 
2199.60 
161 1.44 
851.12 
969.11 
441.18 
158.95 
65.02 
12.27 
1.72 
6.98 

13.00 
14.51 
14.1 I 
17.27 
15.53 
15.49 
16.38 
12.36 
7.42 
3.79 
3. I5 

+ 
4.5 
4.7 
4.8 
5.9 
4.7 
6.0 
7.5 

20.8 
97.2 
23.5 
12.9 
12.5 
13.7 
15.6 
11.0 
19.3 
9.9 

16.3 
16.3 
32.7 
44.8 

- 
4.3 
4.4 
4.7 
5.9 
5.0 
6.1 
7.6 

18.0 
91.6 
23.2 
14.5 
12.9 
12.5 
13.3 
10.7 
11.9 
11.5 
14.8 
16.1 
29.4 
42.5 

J(da/dw)dw =1831.70mb k 7.3 % 
Wick’s Limit =2760.17 mb k 9.2 % 

UT = 3.32 b t 3.0 070 

Legendre Fit, Order 
k ak 

0 291.52466 
1 251.84975 
2 205.21701 
3 157.05379 
4 106.25903 
5 61.10460 
6 30.70152 
7 13.14060 
8 4.32615 
9 0.90726 

= 9  
A(%) 

2.0 
2. I 
2.3 
2.5 
3.0 
4.0 
5.9 
9.3 

17.5 
43.2 
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E, = 8.50 k 0.05 MeV 
(n,n') to: 1.409 MeV Level 

8 c m  

deg. 
35.67 
43.29 
48.36 
55.96 
63.54 
71.10 
78.65 
83.66 
86.15 
91.17 
98.66 

101.16 
108.61 
119.53 
126.95 
134.35 

- 
do/ dw A I%) 
mb/srr 4- 

8.84 47.9 16.7 
6.7 1 18.7 17.4 
4.96 49.0 17.4 
4.35 20.4 9.5 
4.38 11.0 11.0 
4.88 17.5 12.3 
5.10 21.5 12.2 
5.60 14.3 13.8 
4.62 13.3 11.2 
4.41 19.2 18.4 
3.48 23.3 27.6 
4.05 21.0 15.4 
4.04 23.7 18.9 
4.73 15.6 15.4 
4.60 17.2 13.2 
3.92 29.2 11.1 

s(do/dw)dm 59.13 mb t 9.0 % 

Legendre Fit, Order := 3 
k Uk 4%) 
0 9.41 119 5.7 
1 0.68270 65.4 
2 0.22804 130.0 
3 . 0.19290 126.4 

E, = 8.50 -1- 0.05 MeV 
(n,n') to: 2.530 MeV Lcvel 

&In 

deg. 
48.45 
56.05 
71.21 
83.77 
86.27 
91.28 
93.78 
98.77 

101.26 
108.73 
119.63 
127.04 
134.43 

du/Qw 
mbls19" 

2.56 
1.67 
I .99 
2.64 
1.93 
2.02 
1.67 
2.20 
2.02 
1.09 
1.63 
1.17 
2.04 

... 
A (%) 

c 
18.5 21.0 
27.2 21.4 
26.7 24.1 
18.2 20.3 
18.4 26.3 
17.5 19.7 
19.2 24.8 
18.5 27.7 
22.5 29.3 
31.6 35.5 
19.3 20.2 
50.2 32.6 
20.5 24.8 

E, = 8.50 2 0.05 MeV 
(n,n') io: 2.960 MeV Level 

+ 3.160 MeV Level 
+ 3.290 MeV Level 
f 3.340 MeV Level 

8 c m  da / dw 
deg. rnhlstr 
48.50 6.95 
56. I I 6.23 
53.71 6.03 
71.28 5.20 
83.84 7.40 
86.35 6.67 
91.34 
93.85 
98.84 

101.34 
108.79 
I 19.69 
127.10 
134.48 

... 
A (%) + 

4.6 21.9 
2.9 19.2 
9.6 18.0 
0.5 19.2 
9.2 17.3 
9.9 26.1 

6.48 10.7 17.4 
6.79 10.8 14.4 
6.79 12.2 17.9 
5.55 13.0 19.2 
6.39 11.7 23.0 
5.46 13.7 16.5 
5.65 17.2 8.4 
5.85 11.2 12.2 
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E, = 8.50 9 0.05 MeV 
(n,n’) to: 3.840 MeV Level 

-f 4.030 MeV Level + 4.050 MeV Level 
+ 4.070 MeV Level + 4.260 MeV Level + 4.290 MeV Level 

ecin 
deg. 
48.60 
56.23 
63.83 
71.40 
78.96 
83.98 
86.49 
91.49 
93.99 
98.98 

101.47 
108.93 
119.8 I 
127.21 
134.59 

do/ dw 
mblstr 

9.59 
6.71 
5.87 
5.37 
5.54 
7.23 
6.58 
5.92 
6.10 
8.08 
6.14 
5.99 
5.32 
4.55 
4.80 

a (96) 
- + 

9.4 13.6 
14.8 14.8 
11.9 26.3 
9.3 22.0 

10.4 23.4 
8.3 18.1 
8.0 18.3 

10.4 17.8 
10.2 18.8 
11.1 21.0 
9.3 15.2 

15.6 22.3 
14.4 14.4 
26.7 15.2 
14.7 26.9 

Avg. da/dw = 
J(da/dw)dw = 71.08 mb k 9.2 % 

5.66mb/str & 9.2 % 

Data at the Following Angles 
Excluded f;om the Average: 

48.60 

E, = 8.50 k 0.05 MeV 
(n,n’) to: 3.840 MeV Level 

+ 4.030 MeV Level 
+ 4.050 MeV Level + 4.070 MeV Level 
t 4.260 MeV Level 
i- 4.290 MeV Level 
t 4.580 MeV Level 

-. 
@,,I drrldw (%I 
deg. rnhjstr + 
56.23 6.69 6.2 6.2 

Avg. da/dw = 
J(da/dw)dw = 84.03 mb t- 9.4 % 

6.69 mb/str 2 9.4 % 
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