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Summary 

Program ELIESE-3 has been prepared in order to calculate nuclear cross sections and pola­

rizations for particles with spin 0, 1/2 and i . Non-local optical potentials, their equivalent local 

potentials and conventional spherical local potentials are adopted in this program. Cross section 

for excitation of discrete levels and/or overlapping levels of residual nucleus is calculated by 

using the statistical model. 

In ELIESE-3, automatic search for potential parameters can be performed in elastic scattering 

stage; fifteen parameters at maximum are looked for simultaneously. Curve plotting of the 

angular distributions of the cross sections and polarizations is possible by using the CALCOMP 

plotter. 

Program ELIESE-3 is composed of a main program and 42 sub-programs. Core-memory 

used for this program is less than about 80K words. 

This work was performed as one of the project of the Japanese Nuclear Data Committee. 



JAERI 1224 

•fur?J» ELIESE-3; mm]&& £v#mmfcJt¥mm& 

s -+- a ft — 

1972 if. 8 £ 10 a 'S® 

•fufvA ELIESE-3 « : * £ : / # 0, 1/2 &£tf 1 ©*£7-KftTT3II?&©ffiM©i&?©<IS 

8rffi8t*K-JW 3 t ±#t f :#S. 
ELIE3E-3 -eii, SlttlfcgUC-o^Ttfr y '> •(•'i""-0 7 * - # ©g»£Rs£Asm*S#, C©ndj©/N° 

9^-#»«—ff i t c 15ffi*T?g-rci*iUJ*S. CALCOMP 7°a.;/*~£&-5tilC,fc<3, ffi'r 

ELIESE-3 (4±7°a^*7Ai 42 ©©S^'T'a ?*7 A ;&> b Jjg., T fc <3, 7°a ?*7 AO&fflKMg 
tt»f#$®^Tt2tiSfti£ 80K ISHTT?*5-

• c©tt*liJ/^-»'*pg/'«f«S*^fflff*ffl-»i-UTj=r-9fctio-C!*5„ 



JAERI 1224 

Contents 

1. Introduction 1 

2. Cross Sections and Polarization formulae 3 

2.1 Cross sections and polarizations for shape elastic scattering 3 

2.2 Cross sections for compound nuclear reaction 6 

3. Description of Potential Forms 9 

3 i Central potential 9 

3.2 Spin-orbit potential 10 

3.3 Coulomb potential 10 

3.4 Non-local kernel and equivalent local potential 11 

4. Method of Obtaining the Wave Functions 14 

4.1 Wave functions in the asymptotic region 14 

4.2 Wave functions in the interior region 17 

5. Description of Some Basic Quantities 19 

5.1 Level density 19 

5.2 Method of the automatic parameter search 19 

5.3 Phase shift of the Coulomb scattering 20 

5.4 Legend re coefficients of the shape elastic scattering cross section 21 

5. 5 Transformation of the cross sections from center of mass system (CMS) 

to laboratory system (LAB) 21 

5.6 Definition of the maximum angular momentum 22 

5.7 Basic constants used in the program 22 

6. Program Description ....23 

7. Explanation of Input Data 30 

8. Sample Problems 39 

Acknowledgements 42 

References ~ 42 



JAERI 1224 

B * 

I. *t f ^ 

2. »f®«i«s©a: ^ 
2. i ®^5¥tt«tacD»fffiaii«s •? 
2.2 &-£•&£&© » f E « 6 

s. #•?>";+ *(!>]&& s 
3.1 tfrOtf-r >i/ + jf 9 

3.2 7. tfy— f i j g # r y i > + ^ W 
3.3 ? — P V i f f y i ' t J i ' 10 

3.4 * ^ S f # . ? > ' J ' + ^ i ^ a © 0 T * T y > t * ^ 

4. te»B8»©ft¥& W 
4.1 » f f i S * R © S » § i » 14 
4.2 rt3Sg|#©»IjBS!BC -27 

5. S#«t ta©SBI3 « 
5.1 m&®& is 
5.2 g»fS3fc©#£ 19 
5.3 ? - n Vtfcft©&tg 20 

5.4 ® t t » t t » a « r f f i « © ^ S ' ' + > K-ffflR 2i 
5.5 I S O ^ ^ g ^ ^ © ^ 2i 

5.6 ftjg»a©£;*;te©;£* 22 

5.7 y n ^ y A I C f f i f l J S f l T f 5 S # £ » 22 

6. 7 "n^7A0g£Bg : 23 

7. AiotSra •» 

8. $ | j® JS 

W.5S 42 

# « * « • • . . . . . • • « 



JAERI1224 1 

1. Introduction 

The programs ELIESE-1" and ELDESE-22' have been prepared to calculate elastic and in­
elastic scattering cross sections, and some types of reaction cross sections concerning a particle 
with spin 0 or 1/2 by means of the optical model and Hauser-Feshbach's method3'. ELIESE-2, 
for example, was able (1) to calculate the elastic scattering cross section and its angular distribu­
tion, the inelastic scattering cross section for each discrete nuclear level and its angular distribu­
tion, the total inelastic scattering cross section and the cross section for compound nucleus 
formation, (2) to calculate the reaction cross sections, such as («, a), (p,a) and (n,p), (3) to take 
account of the effects of the competing processes whose cross sections cannot be calculated by 
using ELIESE-2, (4) to search for the potential parameters automatically in the calculation of the 
shape elastic scattering stage, and (5) to make punched-cards for calculated cross-section values, 
transmission coefficients and Legendre coefficients of the angular distributions. ELIESE-2 was 
written for an IBM-7090 computer, which had no room left in the core-memory when the pro­
gram was loaded into the computer. 

Recent development of large, high-speed computers makes it possible to extend the program 
to treat many complicated nuclear reaction processes. A new program EL1ESE-3 has been made 
to calculated the following problems in addition to what were treated by ELIESE-2. (1) The 
calculations of the elastic and inelastic scattering cross sections and their angular distributions are 
performed for a particle with spin 1. (2) The reaction cross sections can be calculated concerning 
absorption and emission of the particles with spin 0, 1/2 and 1; for example [n, d), (d, p) and 
(d, a) reactions through the compound nucleus. (3) Moldauer's method*5'0 can be used in the 
calculations of the compound nuclear process. (4) Hauser-Feshbach's method3' is extended to 
calculate the cross section for the excitation of the overlapping levels of the residual nucleus. 
(5) One of the characteristics in ELIESE-3 is that non-local optical potential7'8' can be used. 
Two non-local kernels are available; Gaussian type and Yukawan type. Equivalent local potential 
to each non-local potential can be used instead of the non-local potential. (6) Polarization, asym­
metry, rotation, depolarization and tensor polarization of scattered particles can be calculated. 
(7) Angular distributions of the cross sections and polarizations can be plotted on the graphs by 
using CALCOMP plotter. (8) Method of automatic search for the potential parameters is im­
proved in ELIESE-3. This function of the automatic parameter search is available only in the 
elastic scattering calculation. 

As mentioned above, ELIESE-3 has a lot of functions of the calculations. Following sections 
of this report will be devoted in order to understand the contents of the program. Section 2 is 
devoted to the description of the mathematical formulae of the cross sections and polarizations. 
Descriptions of the potential forms and parameters are given in section 3. The non-local potential 
and its equivalent local potential are described in detail in this section. In section 4, method of 
obtaining the numerical solutions of the wave functions is given. Section 5 is devoted to the 
presentation of some basic quantities, such as the level density, phase shift of the Coulomb scat­
tering, and Legendre coefficients of the differential cross sections. Method of the automatic 
search for potential parameter is also presented in section 5. Sections 2 to 5 will be of help for 
understanding the program description, and input and output descriptions given in sections 6 to 
8. Explanations of the input data are given in section 7, with input and output data-form in 
Fig. 2. Some examples of input and output are given in section 8 with figures. How to use 



2 Program EUESE-3 JAERI 1224 

this program will be caught by careful reading of these two sections. 
This program ELIESE-3 is composed of a main (control) program and 42 sub-programs. 

Roles of each sub-program will be explained in section 6, and a flow-chart of the main program 
is shown in Ffa. f. The program ELIESE-3 is written for IBM 350/75 and FACOM 230-60 
computers originally. There may be, however, no problem for any other computer which has 
larger memory than 80K words available for the program. One temporary device (magnetic tape, 
disk, or drum) is needed in the calculation, of which logical number in Fortran statement is 15. 



JAERI 1224 

2. Cross Section and Polarization Formulae 

This section is devoted to the description of the mathematical formulae which are used in 
the calculations of the nuclear cross sections, on the basis of the optical model and statistical 
model. The optical model provides many important quantities which are used in analysing and 
understanding the nuclear process. In ELIESE-3, these quantities play very important roles. 
Therefore, descriptions in this section will be started from obtaining these quantities by using the 
optical model. 

2.1 Cross sections and polarizations for shape elastic scattering 

Basic radial Schroedinger equation, in the center of mass system, is 

dr2 r2 

-C^coulW|1p/»>(r)=0> (2.1) 

where 
\ls\<j<l+s . 

Non-local optical potential is considered as well as local optical potential in this program. 
Schroedinger equation, Eq. (2. 1), is replaced by the following integro-differential equation7''8' : 

( ~ ^ - ) + * > ) p i w ( r ) + £ ' l ^ c ( r ' ) + [ i y + l ) - / ( Z + l ) 

-s(s + l)]q/so(r')-C{;CouI(r')}A/(r> r')<p,<»(r')dr'=0, (2.1') 
where ^Vc(r), CVsoir) and CVcau\{r) are the central, spin-orbit and Coulomb potentials, respec­
tively. Function hi(r, r1) is the l-th component of the non-local kernel. The wave function 
<PiiJ)[r) is the radial wave function corresponding to angular momentum quantum number j 
which is composed of orbital angular momentum I and intrinsic spin s of incident particles. In 
ELIESE-3, any particle with spin 0, 1/2 or 1 can be treated as an incident particle or emitted 
particle. Therefore, there need three components of the wave functions for the particle with spin 
1, two components for the particle with spin 1/2 and one component for the particle with spin 
0, respectively. Wave number k in Eqs. (2.1) or (2. V) is defined by 

k=(2/uE/H'y/2, (2.2) 
where ft and E a.re reduced mass and relative energy between an incident particle and a target 
nucleus, respectively. They are given as follows: 

and 

?=-*% . (2.3) 
m+M v 

where m and M are masses of incident particle and target nucleus, and Ea the energy in labora­
tory system. 

The wave function, <pi{i)(r), has an asymptotic form in the region where nuclear potential 
becomes negligibly small in comparison with the incident energy. The asymptotic form of the 
wave function is written as 

<pl<»(r)-~u,M(p)=ul<->(p)-r!l<J>u,M(p). (2.5) 
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The wave functions «((_)(p) and tiiM(p) stand for the incoming and outgoing waves, respectively, 
and they are written as 

u,^(p) = Gl(P)±iFi(p). (2.6) 
For neutron, wave functions G/(;r) and Fi(p) are the spherical Neumann function and the spheri­
cal Bessel function multiplied by their argument p (=kr), respectively. 

Coefficient of the outgoing wave, ; / j ( - ' \ is an important quantity and is related with scatter­
ing phase shift <5((j) : 

7?J
<J'=exp(2!5iW). (2.7) 

This quantity, qi('\ is obtained by joining the wave function <piu)(r) to its asymptotic wave func­
tion Uiin{p) smoothly at PM—^TM which is called matching radius. (Definition of the matching 
radius in ELIESE-3 will be given in the next section.) The quantity, r]ili), is given by the 
following formula: 

,j, = / ; < ; > - ( 4 - » ; ) M ; < - > M „ g , 

*' / , " ' > - ( 4 + «;)«,< +>(PM)' K ' 

where filJ) is the logarithmic derivative of the wave function p;<J>(r) at the matching radius, TM : 

'•"-"FPhL.- ,19> 
Corresponding quantity for the incoming or outgoing wave functions in the asymptotic region is 

4 ±fci=p*p§^ j«i<*>] = • (2.10) 
(i) For neutron, elastic scattering cross section and its differential cross section formulae 

are written by using the quantity rji<j) as follows, in unit of milli-barns: 

and 

where 

<M~5 2 [{l+l)\l-Vi(uu\2+l\l-Vi"-nl2)xlO, (2.11) 

~ S = IWW+BWW xlO, (2.12) 

and 

AV)-£u 2 ((/+l)(l-?i«+»)+J(l-fl«-»)}P,(cosfl), (2.13) 

B W - A a foi«-»-?i«+»]JV(cc»0). (2.14) 
ill 1=0 

Le<jendre function P/(cos0) and its associated function 7V(cos0) are used. Cross section f 
compound nucleus formation and total cross section are calculated by the formulae: 

*<: = -£- 2 | ( / + l ) 7 V ' + " + / r ( " " ] xlO, (2.15) 

and 
ot=oei-\-<Tc, (2.16) 

v;here the quantity Ti(d is called transmission coefficient and is related to the quantity i?/'-0 : 

T V ^ - l - l ^ ' M 2 . (2-17) 
In ELIESE-3, polarization of the scattered particles is calculated. For neutron, the polariza­

tion, asymmetry and rotation are obtained by the following formulae9''10>'u) : 

P _A(>))*B(e)+A(d)B(6)* g) 

"' \A(6)\*+\B(6)\* ' K ' ' 

A (1 Am1- \B(8)\') Sind+i(A(&)*B(d)-A(d)B[9)*) cosg „ . 

and 
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„ A) A(d)\*-\B(6)\*) cos8-i(A(8)*B(d)-A(8)B(8)*) sind ,„ „„, 
K°l 1A(0)|»+|B(9)|» ' [ ] 

(ii) For proton or charged particles with spin 1/2, the same equations as those for neutron 
are obtained, except for the total cross section and the elastic scattering cross section. The dif­
ferential elastic scattering cross section is written by the same formula as Eq. (2.12), but the 
quantities A{8) and B{8) are somewhat different from Eqs. (2.13) and (2.14). They are defined 
by using phase shift of Coulomb scattering at [cf. section 5 ] : 

and 

A(0) = fM + zi S e"°> |(/+l)(l-?,«+1>) + /(l.-J7i('-u)] Pj(cos0), (2. 21) 
2£/=o 

B(8)=±y S e»°- W~» -Vl«+»] iV(cos0), (2. 22) 
2ft;=o 

where fc{8) is Coulomb scattering amplitude : 

/.(»)•=,• • " ? , exp l-ivMsin*(6/2)) + 2i<j0]. (2.23) 

Cross section of the Rutherford scattering is given by using the amplitude fz(8): 

( § ) R = l/c(0)|2XlO. (2.24) 

Quantity 7) is Coulomb parameter which is defined by 
•O^liZZ'e'lh'k. (2.25) 

Cross section for compound nucleus formation, polarization, asymmetry and rotation are given by 
the same formulae as for neutron. 

(iii) For alpha-particle or charged particles with spin 0, the total angular momentum j is 
equal to the orbital angular momentum /. Therefore, the quantity rnt-') depends only on the 
orbital angular momentum / and the quantities A{8) and B(8) are 

A{8)=f,{8) + i- 2 e^'^l+lXl-n^Pticosd), (2. 26) 
2ki=o 

and 
B(8)=0. , (2.27) 

No polarization of the scattered particles exists in this case. 
(iv) For deuteron or charged particles with spin 1, the differential elastic scattering cross 

section is written as follows: 

where 

and 

^=±-{\A(8)\z+2(\B(d)\*+\C(8)\'+\D(d)\'+\E(e)l*)) xlO, (2.28) 

A(8)=fM + i^Ze:!1°>l(l+l)(l-7;1<'+»)+l(l-Vl«-»)}Pt(cos8), (2.29) 

B{e)=fM + Ji 2 e"°' !(/+2)(l-^«+») 
4ft/=o 

+ (2/+l)( l-^(») + (i-l)(l-^«-»)}F ;(cose), (2.30) 

C{e)=W7k /§ e 2 i" {r"u'n -'?'"+1)) p''(cose), (2.3i) 

D{^2hkk^'im)w+2){l-VlU^ 
-(2/+l)( l -^<'))-( /2- l)( l -^( ' -») lP, ' (cos^) , (2.32) 

-(2l+l)(l-Vlc>) + (l+l)(l-, -»)) Pf(cos6). (2.33) 
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The cross section for the compound nucleus formation is given by the formula: 

a c = ^ - 2 S ' s (2/+l)7V;>xlO. (2.34) 

The polarization of the scattered deuteron is written by the use of the quantities defined in Eqs. 
(2.29) to (2.33)S>'IB«">: 

Pai=*^-Im{A(6)C(8)*+B(d)D(8)*+D(8)E(8)*} x l o / ( ^ ) . (2.35) 

The asymmetry, rotation and depolarization of the scattered deuteron are similarly defined: 
A„=- W~2Re{B{8)*D{8)+D{8)*E{8)) cosfl 

+ (|B(8) | 2 - | E{8) 1*) sin8} X l o j ( ^ ) . (2- 36) 

R„= {Re(A{8)*B{8)+A(8)*E(8)) costf 

-V^Re{B{6)*C{e)+E{e)*C{8))sm6\xlo\{^\ , (2.37) 
|\<M2/Rot 

and 
A , = \Re{A(8)*B{8)+2C{8)*D(8) -A{8) *E(8)) 

+ V'2Im{C{8)*A{e)+D{d)*B(e) + E{8)*D{e))}xlo\l^\ . (2.38) 

Components of the tensor polarization are also taken into account in the program. Since spin 
tensor for the first rank is proportional to the usual vector polarization, components for the second 
rank tensor are only calculated. They are expressed in terms of the Eqs. (2. 29) to (2. 33)n ) : 

T2A = -T2,-^^Re\B(8)*D{8)-D{8)*E{8)-A(8)*C{8)} x l o / ( ^ ) , (2.40) 

-J^ \2ReB{8)*E{8]-\C{8)V\ X i o j ^ j , (2.41) 

and 

respectively. 

2.2 Cross sections for compound nuclear reaction 

Differential cross section for the compound nuclear reaction is written as the following 
formula: 

dacz{1,7:7, s, it,, E-*I', it/-, s', it*; E')JdQ^ 
= 'EBL(I, %,, s, JC„ E-+V, %,; s', %%; E')PL(ccs6s). (2. 42) 

This formula means that the incident particle with energy E, spin s and parity i:, collides with 
the target nucleus with spin I and parity i:j, and forms the compound nucleus with spin J and 
parity 77 before emitting a particle with energy E', spin s' and parity Jts' leaving a residual 
nucleus in a state with spin I' and parir;' -icv. Coefficient BL(I, it], s, 7t8, £ -» / ' %v, s', ars', E') is 
expressed in terms of the Hauser-Feshbach formula3' : 

BL(I, %I, s, jr., E-*I',ar, $', *.; E') 

XTi>{E, I, 7Ci, S, JT„ J, Z,)2<U/jfaj", *.', l')T,.J'(E', I', Hi; S', 1CS; J, L) X 10, 

(2.43) 

toa&i.x., / )= |" | /7+!r ;Xff ,x(-) ' | , (2.44) 

where 
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T,J(E, I, x,, s, x„ J, L) = T,^(E, I, %,, s, x,)-Z(ljlj; sL)- W{jJjJ;IL), (2. 45) 
and 

0JU= S &„{%,., K.;l')'TrW{E', l',Xv, s' xs-)l(l-aj„). (2.46) 
E'l'jtfs'K^yi' 

The transmission coefficient, T;t-,)(£, i, X;, 5, xs), is calculated by the use of Eq. (2.17). Parameter 
ctjn plays a role of correction factor of the branching ratio2)>12). It corrects the effects of the 
competing processes, such as (n, 7) or fission, whose transmission coefficients cannot be calculated 
by using this program. 

In Eq. (2. 42), levels of the residual nucleus are all discrete, and their energies, spins and 
parities are well defined. In ELIESE-3, this formula is extended to include the overlapping levels 
of the residual nucleus. In this case, Eq. (2. 42) must be rewritten as follows: 

dll{%a] = 2 Bdlni, s,ic„ E-+I',itI.,s',x.., E')p(U'; I',7Cy)PL(co&6c-), (2.42') 

where p{U', I', x,) is level density of the residual nuclear state which has excitation energy U', 
spin 7' and parity xv- Eq. (2, 46) is also rewritten as 

<7jff= 2 a„(xr,x,;l')T,'<J'HE',r,Xr, s'.x.H S a„te;., x,-, I') 

x[E+Q dU'-p(U', I', *,-)7V<;'>(£', / ' , xr, s', xAhl-ajB), (2.46') 

where Q' means Q-value of the reaction concerned here and Ec is a critical energy above which 
nuclear levels are assumed to be overlapping. 

By integrating Eq. (2.42) over angles, cross section for the compound nuclear process is 
given by B0{I, %,, s, x„ E-^-I', xv, s', x%>, E'). Explicite formula of the cross section is 

cr«.(£, 7, x,-*E', 7', XP) =4JIB„(7, XI, s, xs, E-+F, xr, s', x,-, E'), (2. 47) 
where 

B.(7, x,, s, *., £->/' , xr, *', *,, E ' ) ^ ^ ^ l T i ] 

x s M+l 2<B/?( I / J *„ I) T, u> (E, I, xj, s, xs) 

XS%(I; ' , x,; l')WHE', I', xv, s', Jt..)xlO. (2. 4 8 ) 

i'f 

Similar expression is given in the case of Eq. (2.42'). Then, total reaction cross section via 
compound nucleus is 

a,{E, I, x,)=4x 2 \HB0(I, xi, s, x„ E--I', xr, .?', »,-, E') 
!•*,. [E' 

rE-Ec 

+^ p(U', I', xr)B0{I, x,, s, x„ £-*/ ' , xr, s', xB; E')dE'}. (2.49) 

In the Moldauer formula4)>5>>6), the coefficient, BL[I, Xj, s, %„ E~-*F, Xp, s', x,'s E'), is defined 
as the fluctuation part of the cross section and is given by the formula: 

1 1 
BL{J, XJ, S, XS, £ - » • / ' , Xr, s', Xs; E'] 

4k2(2s+l)(2Ii-l) 

X2(2J+1)4 ( ) f" J +"-aa) f f(gj , x„ 1)-T,JJ1!(E, I, xi, s, x„ J, L) 
in { OJH ji 

x S % f c x,; l')'trr
J"{E', V, xv, s>, xs; J, L)-S^n{E, I, s, j , I; E', V s'J', I') 

i'f 

+8zir.r,vrr.,' 2 Q--8j,j"6i,r)'Q.+b*EIZlJrb&rt,-yr) 
it] t 

x--<aff0r/. x., l)'<a„(j:i. x„ l')lZ{ljl'j'; sL)>WtfjJj';IL)y 
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xetj
Ji>(EtetSK,)-9l-r

Jn(EIx!siis)-SccJ<'(E, I, s,j, l;E,I, s,j', I') 

-~8E!tliE.r,t. 2 PzitlJlbBiE,fi£Z(ljl'f; sL)-W[JjJf; IL)J 
4 jlj'V 

xl l-$o(ojn)\-mn(it,, jr., l)-<on(zr, Jr.-, l')-dtjJn(Eh,si:s) 

x dv/
n{EIu:,sK,y, x 10, (2. 50) 

where 

z:/"(E, I, icj, s, Jt„ J, L) =e,J"(EhIsKt)Z{ljlj; s i ) T7(J/'J/': IL)- (2.51) 
The quantities 8i/n(EIzisits) and Tj'-'̂ B/ff/STt,) are combined with each other by the following 
formula'0'5''6': 

T/W)=e, / "—|-Q/ / "x [e , / "P, (2. 52) 

where 
Q / / " =2 x [ 1 - 0 0 ( ^ ) 1 (2.53) 

and 

*«=• 2 »ir(Kftir..,/').»p^"(jE'i'ir/tfW)/a-a>ff). (2.54) 

The quantity &i/n is solved by the iterative method4>'5'>6,13>. Function 0O gives an interference 
effect between resonance levels, and is defined as follows: 

0o{2x)~l--\l-—e-xsinhz}-—Ei[-x)\coshx-— sinhxl, (2. 55) 

where 

Ei{-x) = -[°°^dt=hgx+y+ S ^ 4 ^ , (2. 56) 

and 7 is the Euler's constant, 
7=0.5772157. (2.57) 

Quantity bEii,ji in Eq. (2. 50) is defined in this prograru by the following formula: 
bEI„ji=expl2i arg(p;«>(rAf))]. (2.58) 

It is assumed here that the averaged value of the reduced width amplitude is' proportional to the 
value of the optical model wave function at r=ria- Effect of the fluctuations of the resonance 
level widths is taken into account by the quantity Scz'

ln(E, I, s, j , I; E', F, sr, f, I'): 

1+-8(E, I, s, j , I; E', F, s', j ' , V)dt 
s^(E, i, s, j, i; * . r. s', / , n =$Q %,Em.MEirs>jlV)nf^ , 

i 

(2. 59) 
where 

fi(EIsJl)-l+29j,Jtt{EI,C'S7C')'t, (2.60) 

assuming a ^-distribution with i»j degrees of freedom for QijJn. 
Expression similar to Eq. (2.48) is given also in this case. Since Moldauer effect is only 

important near threshold energy of reaction process, an extension like Eq. (2. 42') is not carried 
out in this program. 
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3. Description of Potential Forms 

In usual optical model, nuclear potential is divided into three parts; central potential, spin-
orbit potential and Coulomb potential. In this section, the forms of thess potentials are discussed 
as well as several parameters included in the potentials. The non-local potential and its equivalent 
local potential are ako described in this section. 

3.1 Central potential 

The central potential is written as 

q>c(r)=CVcn(r)+i<Wc,{r), (3.1) 

where C^CRM is the real part and (Wa(r) the imaginary part. The real potential C^CRM is 
assumed to have Woods-Saxon form factor and is represented as follows: 

<^,cR(r) = ^Vb-£FcR(r)> (3.2) 

where Sad.r) is the Woods-Saxon form factor and is written as 

ff«W = TT 1 , 1 pw . . (3- 3) 
H-exp{(r-i?0)M>) 

and Vc is the potential strength (or potential well depth) parameter. The parameter Vc is ex­
pressed in the present program as 

Fc= 7c,0+ VC,I-(E- VCO U 1 ^)+ VC,Z-E>+ V,JN-Z)^-Z,), (3. 4) 

where A, Z and N are mass number, proton number and neutron number of the target nucleus, 
respectively. Prime means quantity on the incident particle. Energy dependent form of Eq. (3.4) 
reflects non-local character of the optical potential141. When the non-local optical potential is used 
in the calculation, energy independent form should be selected from Eq. (3.4). Last term of 
Eq. (3. 4) stands for the symmetric term. It means z-component of isospin interaction and there­
fore such form as in Eq. (3.4) is rather general. 

Parameter R0 in Eq. (3. 3) is defined in this program as 

flo^o-A"3 or ra-[Al<3+An'3). (3.5) 

Additional term roAn/3 means radius of the incident particle. Adoption of this term is managed 
by an input data. Parameter Re in Eq. (3.4) means Coulomb radius and is given as 

i?c=rcA'/3 or rcW+A'1'3). (3.6) 

Parameters r0, re and diffuseness parameter a0 in Eq. (3.3) are given as input data in the present 
program. 

The imaginary potential Wciir) consists of nuclear surface part and nuclear interior part, 
and is expressed as 

<Wa{r) = | | {Wsffcs(r) + Wt3cAr)\ • (3.7) 

The form factor of the surface part, ScsW, is assumed to be Gaussian type or derivative Woods-
Saxon type. Either type of the form factor is selected by the input data in this program. On 
the other hand, the form factor of the interior part, 3ci(r), is assumed to be Woods-Saxon form. 
These three types of the form factor are given as the following forms: 
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&c' M = n u 5TTT •' interior, (3.8) 
1+exp {(r-Ri)!ai) 

and 
!exp{-l(r~Rs)fbT} ; Gaussian, (3.9) 

gcs(r)= 4 e x P l ( r - ^ ! d e r i v a t i v e W o o d s . S a x o n . ( a 10) 

Potential strength Wi and Ws are assumed to be quadratic form of the energy: 

W,= Wi,<,+ Wi,x'E+Wt,i'^, (3.11) 
and 

Ws=Ws,o+Ws,i-E+Ws,2-E\ (3.12) 

respectively. Radial parameters Ri and Rs are defined in the same way as R0 and Re. They 
are given as follows: 

R,=r,A^ or rriA^+A'W), (3.13) 
and 

Rs^rsA1* or r s - ^ + A ' 1 ' 3 ) , (3.14) 
respectively. 

3.2 Spin-orbit potential 

Spin-orbit potential is assumed to be Thomas-Fermi type and is expressed as 

ft2 r asotl + exp{(r-i?so)/asol T 

where Cso is given by using ff-meson mass mT. and the light velocity c: 

C s o = ( — ) V (3.16) 

Potential strength Vso and Wso are defined in the same way as in Eqs. (3.11) and (3.12): 
Vso=Vso)o+Vso,r-E+Vso,2-£2, (3.17) 

and 

Wso=Wso, 0+ WSOA-E+W'-O.I'E*. (3.18) 

Same definition as R0, Rr or i?s is given to the radial parameter Rso: 

Rso=rsoA1'3 or rs0-(A
l<3 + A'1/3). (3.19) 

3.3 Coulomb potential 

Coulomb potential in the interior region is defined as follows: 

% " W = l f ( 3 - S ^ {3-20) 
where charge distribution is assumed to be uniform. In the external region, the Coulomb potential 
is given as usual: 

q^c„ul(r) = ^ ^ - 2 , r>Rc. (3.21) 

As mentioned in section 2, internal and external wave functions are smoothly joined with 
each other at matching radius />. This matching radius TM is defined as the minimum value of 
those radii which satisfy the following conditions simultaniously: 

^ cVcBW<10- ' J / (3.22) 
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1 Wci[r)<10-\ 

and 

£<Vso(r)£10-\ 

;<Vco*(r)£10-

(3. 23) 

(3. 24) 

(3.25) 

3.4 Non-local kernel and equivalent local potential 

The -̂th component of the non-local kernel, hi{r, r') in Eq. (2.1'), is denned as 

hi(r, r')=2Krr'['H(U—7'\)P,(cosd) sind>d6. (3. 26) 
Jo 

Here, a separable form is assumed for the non-local potential to facilitate the numerical calculation. 
Some approximations are taken here after Perey and Buck's ones7*. The function H{\r—r'\) is 
chosen to be a Gaussian form or a Yukawan form. In the case of the Gaussian form, the func­
tion hi{r,r') has a following form: 

^.rO-^{ft(S^-(^>(-)»'Oi(-fl«i{-(!^) ,J (3.27) 

where ^ is a non-local parameter and |=2rr ' /^2 ' Function Qi(£) is defined as a finite polynomial 
in (1/|) and is given by 

Qi(f )=5M.»<-0- . 

where 

on 

<4„(i)=l. 
For small f, Eq. (3. 27) is expanded as a power series in | , 

Ury)^^{-r^\^r%B^, 
where 

B„{1)=- rA-,(J), n{n+2l+l) 

-B„(Z) = 1, JS,(/)=0. 

In the case of the Yukawan form for H(\i—r'\), the kernel function is 

hi(r, rO = l v 9 F / , + i / ^ X + I / , ( | ) , 0<r'<r. 

(3.28) 

(3. 29) 

(3.30) 

(3. 31) 

(3. 32) 

The modified Bessel functions, 7;+i/2{x) and K+i/z(x), are subject to a differential equation 

dx' H+U'-ih-0- (3. 33) 

where X, stands for Vxl„(x) or VxKn{x). Kecurrence relations of I*{x) and K»{x) are as 
follows: 

and 

L + i[x)=I„-l{x) In{x), 
X 

K„+l(x)=K„.l(x)+^-K„{x). 

(3.34) 

The lowest two functions of them are given as 
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hn{x) — V — sinh x, 
%x 

K\/2< U-J-. 

cosh x sinh x J, 

and 
JB*,#+i)' 

(3.35) 

respectively. Two functions must satisfy a following Wronskian condition : 

In(x)Kn»(x) + I„n(x)Kn(x)=-. (3. 36) 

The function K„{x) is an increasing function with increasing n value, while I„(x) is a de­
creasing function. Therefore, a sequence of the X„{x)-function is obtained by using Eqs. (3. 34) 
and (3. 35) with increasing order. On the other hand, a sequence of the I„(x)-function is made 
by using the recurrence relation, Eq. (3.34), with decreasing order and each I„(x) is normalized 
to Eq. (3. 36). This procedure is similar one as in the case of obtaining the wave functions in 
the asymptotic region (see next section). In ELIESE-3, this procedure is applied in order to 
obtain the values of the functions, K„(x) and I„{x). 

The equivalent local potentials are used as the local optical potentials which are effectively 
equivalent to the non-local optical potentials. Relation between the non-local potential and its 
equivalent local potential is given as follows: 

<VL& = <V»(r)G^lE+ q/L(r)]), 

where QJiSf) and ^Vsif) a r e local and non-local potentials respectively, and 

G(#)=^sH(s) exp ( -»M. 

For the Gaussian kernel, Eq. (3.37) is 

<VL<r)= <VN{?1 e x p [ j ^ ( E + q / iW)] . 

This transcendental equation is solved by the following coupled equations for the real and imagi­
nary parts of the potential: 

W L « { ( 1 V + T*V) e x p [ ^ ( £ + v y ] - i v } 1 " . (3_ 4 0 ) 

h-(tM->-»-(t). 
where Vtr and VL are real parts of the non-local and the local potentials respectively, while WN 
and WL stand for their imaginary parts. 

For the Yukawan kernel, Eq. (3.37) is given as follows : 

q^i(?)=q^w(r)j'{n-||c£H-q;L(p)]J, (3.42) 

and the solutions of the equivalent local potential are easily given by the following relations: 

(3. 37) 

(3. 38) 

(3. 39) 

V T C O B - 2 — 1 - & ] , /IT —§_ 
2 

Mil 
2K2 

T^-gv^sinf 

(3. 43) 

(3.44) 

where 
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and 
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4. Method of Obtaining the Wave Functions 

In this section, method of obtaining the numerical solutions is described on the wave func­
tions. 

4.1 Wave functions in the asymptotic region 

G,+1(p)= ( 2 / + 1 )(i(7Ti)+7)G 'w~T^2 + '2 G '- l ( , o )}- (41] 

Asymptotic form of the wave function is given by Eq. (2. 6). Function Gi(p) is subject to 
a recurrence relation15): 

/+! 
"vy+(/+i)a. 

It increases with increasing / value. Since nuclear penetrability is proportional to a quantity 
{GI{PM)2+FI,{PMY\ -1, maximum angular momentum quantum number /m„ is defined by the con­
dition : 

lGi{PM)IGo(pM)y>l&. (4.2) 
Then, the function Gi(p) is obtained at pu by using Eq. (4.1), in the range of I from 0 to /mnI. 

On the other hand, the function Fi(p) increases with decreasing / value. Therefore, the 
function Fi[p) is obtained by using the recurrence relation, Eq. (4.1), inversely. Actually, assuming 

/ (U=L.x+10, (4.3) 
i W » > = 0 , (4-4) 

and 
F,...")=10-36, (4.5) 

the function FIW(PM) corresponding to lower /-value is calculated by the reverse relation to Eq. 
(4.1). For 1=0, the normalization factor is obtained by means of Wronskian's rule as follows: 

a ^ d + ^ W ' G i - G o i V " ) . (4.6) 
The function Fia,(pM) is renormalized by using this factor: 

Ft(pM)=F^(j>M)la. (4.7) 

If the function FI(PM) is correct, Wronskian's rule should be satisfied for /<2mas: 

Fi'(pit)G1(pM) -Fl(pM)G['(pM) =1 . (4. 8) 
If it is not correct, above method is repeated by resetting l(0 as / ( 1 )+5. (Prime means differen­
tiation by p in the above and following equations for Gi(p) and Fi(p).) 

In order to use the recurrence relation, Eq. (4.1), the lowest two functions Ga[pu) and Gi{pti) 
are needed. For the neutron, the Coulomb parameter ^ is of course zero, and, 

G0(PM) = COSPM, (4.9) 

and 

Gi (pM)=— {cos pM+Pit • sinpM). (4. 10) 
PM 

For the charged particle, G0(PM) and GO'(PM) must be found at an asymptotic radius PA, because 
Go(p) and Gi(p) are not always obtained easily at PM. The asymptotic radius PA is defined byI5> 

pA=W for J?>15, (4.11) 
pA=2r? for 15>?>4, (4 12) 
pA=2n+9 for J?<4. (4.13) 

At pA, the functions G0 and G0' are calculated by means of the following formulae15': 
i) 9>15, and pA=l6, 
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Go'(pA) = Ga(p A)^-J2V, 

where t=pA/2y and 

W(t, 

Coefficients gn (tor »=0~7) are 

V(t,y)= S(-2i?)1-"ff„. 
»=o 

5o = Vt(l-t) +sin-'(V t)—-TC, 

-H^ 
02 = 

03 = 

04 = 

8/a-ia+9 
48Vi(l- /)3 ' 

8 / -3 

64c(i-ty' 

2048t6 - 9216*5 +1612& < - 13440*3-12240/2 + 7560/ -1890 

92160v'*3(l-/)0 

^ 3(1024;3-448;2+208<-39) 
q% 8192t!2(l-^6 

06 = - (262144t1D-1966080*9 + 6389760;!8 -11714560*7 + 13178880*6 

- 9225216c5+13520640*4 - 3588480J3+2487240/2 - 873180* 

and 

0?=-

+ 130977)/10321920Vi!5(l -t)'5, 

1105920t5 - 55296^ + 314624t3 - 159552t2+45576* - 5697 

393216*s(l -t)9 

Derivatives of these coefficients by t are given as follows, 

Go' 

and 

°°V<\-t)lt, 

1 

''4t{l-t)' 

& - 3 
32Vt3(l-t)i' 

= 3(8t2-4t+l) 
64f2(l-j)< ' 

1536t3- 704t2+336t-63 
2048</F(l^) r i 

= 3(2560** - 832t3+728t2 - 260t+39) 
4096t 3 ( l - t ) 7 

= - 368640t5 - 30720*4+U4944*3 - 57792*2+16632* - 2079 
65536V?(1-*)" 

and 

' = 3(860160*6 + 196608*5 + 308480*4 -177280*3 + 73432*2 -17724* 

+ 1899)/131072*<(1-*)10. 

ii) 1 5 > 7 > 4 , and pA=2y, 

G o W ) = l . 223404016i?1« (.1+0. 04959570165y-'1<'3 

- 0 . 00888888888f«i>r2+0. 002455199181;rI0/3 

- 0 . 00091089580617-'+0. 0002534684115;?-16/3), 

G0'(PA) = ~0. 70788177347-^(l-0.1728260369?-2 /3 + 0. 0003174603174?-= 

(4.14) 

(4.15) 

(4.16) 

(4.17) 

(4.18) 

(4.19) 

(4. 20) 

(4. 21) 

(4. 22) 

(4.23) 

(4- 24) 

(4. 25) 

(4.26) 

(4. 27) 

(4. 28) 

(4.29) 

(4. 30) 

(4.31) 

(4. 32) 



16 Program ELIESE-3 JAERI 1224 

- 0 . 003581214850?-8/3+0.00031178246805-1 

-0.0009073966427)?-"/3]. (4.34) 
iii) )?<4, and pA=2v + 9, (<p=PA-yln(2pA)+ao) 

GO(PA) =S*COS <p—t-sin <p, (4. 35) 

and 

where 

and 

T=2TK. (4.40) 
These s,, U, S„ and T„ are obtained by using the following relations: 

SfH^AnSt-Bnt., (4.41) 

* , * i = i , ( , + B A (4.42) 

Go'(^)=5-cos(o-T-sinv), (4.36) 

s°=2s„, (4.37) 
t=2en, (4.38) 
S=SSn (4.39) 

and 

where 

SwAtS.-BmT.-s-&, (4.43) 
PA 

T.^A.T.+B.S,-*-**, {AAA) 
PA 

A. 

R 

s0= 

S0= 

- 2n + 1 v 
2(n+l)p/1, 

_V2-n(n+l) 
2(n+l)pA ' 

=1, 

=0, 
and 

(4. 45) 

(4. 46) 

(4.47) 
(4.48) 
{4. 49) 

T0=1~(VIPA). (4.50) 

Quantities s, t, S and T should satisfy the Wronskian relation : 
sT-St=l. (4.51) 

If they do not satisfy the relation, calculation should be repeated by resetting pA to pA+5.0. 
When the functions Go and G0' are obtained at the asymptotic radius pA> the wave function 

Go is obtained numerically from pA to the matching radius pu. The wave equation for Go, 

is integrated by means of Fox-Goodwin's method: 

(2+ |-A2/(»))G„(«) - ( l - y*f(n- l))Go(n-1) 
Go(«+l) = ^ ^ / J _ 1 2 / , ( 4 5 3 ) 

• l - ^ A * / ( « + l ) 

where n stands for n-th mesh pouit in the numerical integration and h means step length of the 
integration. In this numerical method, initial, values at initial two mesh points are needed. These 
initial values are calculated by means of Picard's five points method: 

G„(l)=G„(0)-AGo'(0)+j|^ 1367/(0)G0(0) 

-282/(2)Go(2)_+116/(3)G0(3)-21/(4)Go(4)), (4.54) 
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G0(2)=G0(0) -2kG0'(Q) + ~ {848/(0)G0(0)+2304/(l)G0(l) 

-480/(2)G0(2)+256/(3)G0(3) -48/(4)G0(4)], (4.55) 

G0(3) =Go(0) -3kG0'(0) + ̂  [1323/(0)G0(0) +4212/(1)G„(1) 

+486/(2)G„(2)+540/(3)G0(3) -81/(4)G0(4)|, (4. 56) 

G0(4)=Go(0)-4AG„'(0) + ̂  fl792/(0)G0(0)+6144/(1)G0(1) 

+ 1536/(2)G0(2) +2048/(3)Go(3)]. (4. 57) 

These are simple algebraic equations and solved easily. Initial values for Fox-Goodwin's method, 
Eq. (4.53), are G0(3) and G0(4). Derivative function G0' at pM is calculated by Lagrange's six 
points method: 

G„'(n) = | | ^ (Go(n+3)-Go(n-3)) + ^(Go(«-2)-G„(n+2)) 

+ -j(Go(n+l)-G0(n-l))] . (4.58) 

Using G0(PM) and G0'{PM), the function GI(PM) is obtained by the relation: 

G'(PM) = y^f^+^^-^'W)- < 4 - 5 9 ) 
Then, the function Gilfiu) and FI(PM) are all derivable from 1=0 to /„„, and their derivatives 
are also calculated by the following relation: 

xt'(pM)=j^l^~+v)MPM) - V(Z+ iy+? Xm(^)}, (4.60) 

where Xi stands for Gi or F:. 

4.2 Wave functions in the interior region 

The wave functions in the nuclear interior region are obtained by solving Eqs. (2.1) or (2.1'). 
In the case of Eq. (2.1'), the integro-differential equation can be rewritten by using the local 
optical potentials as follows : 

-[VLu>(r)<p,<J>(r)-^ VN<»(r')h,(r, r')<p,<»(r')dA (4.61) 

where V£0)(r) and Vjvu>(r) mean the local potential and the non-local potential, respectively. 
Eq. (2.1) is included in this general form of the Schroedinger equation, and then the following 
descriptions are performed with this equation, Eq. (4.61). 

Eq. (4. 61) is rewritten in an abbreviated form: 

^ ^ = Q , 0 ) ( r ) 9 ) , 0 ) ( r ) + ^ ;o> ( r ) . ( 4 62) 

This equation can be solved by using the Fox-Goodwin's method: 

<Pi<;>(n+l) = : f(2+4WQ0,(«)Ww(n) 
l - ^ A ' O i « , ( » + l ) l V b ' 

-(i-^2G0' ,(«-i))^o,(«-i) 

+ ^h?(3llV>(n+l) + 103li<»(n) + &,<J)(n-l))} , (4.63) 
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where h is the step length of the numerical integration and n stands for the «-th mesh point. 
Derivative of the function is calculated by the same way as in Eq. (4. 58). 

The values of the wave function at the first two mesh points should be introduced as the 
starting values of this numerical integration, Eq. (4. 63). The first point is an origin, r=0, and 
the second point is at r=h. Since the wave function is regular at r=0, then, 

p,w>(0)=0, (4.64) 
for all values of /. However, for p-wave, a relation 

21O)(0)*)1O')(0) = 2, (4.65) 
should be noticed, because of the centrifugal force 2/r2 for the p-wave and the values of the wave 
functions r m for r->0. At r=h, the wave functions may be given as 

p,">(A)=A'+1. (4.66) 
The non-local function 31 ('-"(r) is calculated by the numerical integration, using the kernel func­
tion hi{r,r') and the wave function pjc''(r). Therefore, Eq. (4.63) should be solved by iterative 
procedure. 
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5. Description of Some Basic Quantities 

In this section, some basic quantities used in the program are presented. 

5. 1 Level density 

The level density used in Eq. (2.42') has the following forms in this progam16>l7>. 
(pdU.I), iorU>U0 

m i ) = Uu,I). iorU<U0, ^ 
where pa(U,I) and pr(U, I) are connected smoothly with each other at U=U0. Critical excita­
tion energy U0 is given as an input data. Functional form of pc{U, I) is given as follows: 

,u n _ ( 2 I + l ) .svso-ffi+P ,, _. 
Pc(U,l)= e zffjj, (5.2) 

where C0 is a constant and OM is a spin cut-off parameter. If a rigid body approximation is 
used, they are expressed as follows: 

C0=24v,2"(0.4Aor0M
3/5//i2v'a")5^V'i (5.3) 

and 
aM

2=0.4n0r\A™U1/2iriW~a =aU1'2. (5.4) 
Quantities a, r0 and fi0 are a level density parameter, a radial parameter in Eq. (3.5) and a 
nucleon unit mass. In ELIESE-3, another formula for pa, 

MU,I)=&±$**°, (5.5) 

is also usable. 
Functional form PT(U,I), on the other hand, has the following formula: 

pT(U,I)=pG(U0, / ) e<"-W, (5.6) 
where the nuclear temperature T is given as 

i = - ^ - K / ^ - 2 ] , (5.7) 

which is obtained by using a continuous condition.-

[fanptU, VlzjfenMU. / ) ] u = u . (5.8) 

Excitation energy U is defined by the pairing energy, the Q-value of the reacion and the 
difference between incident and emitted energies of the particles: 

U=E-E' + Q-d. (5.9) 
Quantities 5 and a are given as the input data in this program. Quantities C0 and <rM are given 
not only as the input data, but also by Eqs. (5. 3) and (5.4). 

5. 2 Method of the automatic parameter search 

A set of parameters which minimizes the value of chi-square is looked for in the program. 
The chi-square in this program is given by the following formula: 

*4IN£H' (5-io) 
where o^p', Aac*?' and <Tcti' are the experimental value, its error and the calculated value of the 
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differential elastic scattering cross seciions at i-tli angular point, respectively. It is also possible 
to add the chi-squares of the quantities concerned with the polarization. 

Let central guess-values of the parameters a/s be a."'s (expressed a vector a0.). Normal equa­
tions for the deviations of the parameters are given as follows: 

" 1 a* .( M 
£ ; 

3<W £ j W ' % A a ^ *, (<r.,P
f-<Tc.ii)aT„,'i| ( 5 n ) 

i%(AoCI,<Y dat° £ida° s ifi (4w)2 da,"' 
where M is the number of variable parameters, and 

~=^~ {»c„i'(fli°,a2°, -,ar°+fl„ - , aM')-°^(ax\a2\ - , a,", - , a„°)|. (5.12) 
da," o. 

In this program, 6, is taken to be one per-cent of a,". 

Direction of the steepest descent in the parameter-space is given by a vector Aa = (Aalt Aait 

••; Aat, •••, Aau). In numerical calculation, however, length of the vector is dependent on <5r's. 
Therefore, a parameter z is needed for the control of the length. The parameter z is given, by 
using the largest value (cu) among (Aa^/a^'s, as follows: 

z = l, for M < 0 . 1 , 
z=0.5, for 0 . 1 < M < 0 . 3 , 
2=0.2, for 0.3< H <0.5, Js (5.13) 
s=0 .1 , for 0 . 5 < | < B | < 1 , 

z=0.05/|<a|, for 1 < H . 
A point at which the minimum value of the chi-square is expected is looked for by using a 
curve which passes through three points, Z2(a°), Xz{a°+zX Aa) and X2(aa+2zxAa). The expected 
point (a=a°-fz0xAa) is given so that the value of this quadratic curve is minimum. If the 
curve is concave and if 0<zo<,2z, the value of the chi-square is calculated at the point a. If 
z0<0, z0 is replaced by 0.0. If z0>2z, z0 is replaced by 1.5z. If the curve is convex and 
X2(a°+2zx4a) is less than X2{a°), z„ is redefined as 3z. If X2(a°+2zxAa) is greater than X2(a«), 
z0 is given as —z. 

The condition of convergence for the chi-square value is defined in this program as follows; 
the curve mentioned above is concave and 

| X2&) -X2(a°) 1 <X V ) X10-", (5.14) 
or 

X*(a) <Max[NCHISQ, NCHIPLJ x 0.1, (5.15) 
where NCHISQ and NCHIPL are given as input data (See next section). 

5. 3 Phase shift of the Coulomb scattering 

Phase shift of the Coulomb scattering, <;;, is used in section 2. This quantity id obtained by 
the use of the following recurrence relation: 

(i-iw-i-ivh-a-iv) ( ; 

where l? is the Coulomb parameter defined by Eq. (2,25), and 

"o = - 7 + J-ln(16+)?z) + 3. 5tan- ' ( i ] - [tan-1)?+tan"1"!+tan"'I"! 

V f, ?2-48 gt-160^+1280] « 1 7 ) 

12(16+)?2)P30(16+?2)2 105(16+^2)< ] ' K ' 
Relation given by Eq. (5.16) is separated into real and imaginary parts as follows: 

^'•H!^^H^*H- (5-18) 
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and 

^W§^*H+te^^4 (5-19) 

5. 4 Legendre coefficients of the shape elastic scattering cross section 

Differential cross section of the shape elastic scattering is given by Eq. (2.12). On the other 
hand, the compound elastic scattering cross section is described by the Eq. (2.42), that is the 
formula of the Legendre expansion. Since the coefficient of the Legendre expansion is needed 
for reactor calculations, Eq. (2.12) is reformulated in the form of the Legendre expansion: 

^ = 2 B i A ( c o s ( ? ) , (5.20) 

where 

fif=4iSSrZ(WiW»;-|-i)TxJ!«n(l-5j.'-'',)(l-7i.o',)*]xl0. (5.21) 

Z-coefficient in Eq. (5. 21) is given by 

Z(lJJzjz; sL) = V(2h + l)(2G+IJ&/i + l)(2j,+lj 
x {UAOILQ) WVJJijt; sL) , (5.22) 

where the usual Racah coefficient and Clebsch-Gordan coefficient are used. 

5. 5 Transformation of the cross sections from center of mass system (CMS) 

to laboratory system (LAB) 

In this program, the differential cross sections are given in the center of mass system as well 
as in the laboratory system. Relations between the scattering angles in CMS and LAB are given 
as follows: 

C 0 ^ = ( T T S S ^ ' (5'23) 

or 

t a n A . = - ^ - , (5.24) 

where L and C mean LAB and CMS, and 

Quantities m and M are masses of the incident particle and the target nucleus, and E stands for 
the incident energy in CMS. Primed quantities are referred to those of final stage. By using 
these relations, the differential cross sections are related with each other between CMS and LAB 
as follows: 

'da\ =(l + 2rcosdc + r2Yl2ld<j\ f5 26] 

4Q)L | l + rcos0c| \dQJc { ' ' 

Coefficients of Legendre expansion for {dvjdQ)L are given by using the coefficients in CMS. 
The differential cross sections in LAB and CMS can be expressed as 

( S =?AP ;(cos5x.), (5.27) 

and 

file:///dQJc
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g ) c = W , ( c o s * c ) . (5.28) 

The coefficient Di is given as follows: 

Dt^—^BX d(cos8c)Pr(cosdc)Pi(cosL), (5.29) 
Ci / ' J - l 

In this program, integrations in Eq. (5. 29) are calculated by using the Gaussian method of the 
numerical integration. 

5. 6 Definition of the maximum angular momentum 

In section 4, maximum angular momentum quantum number /m„ is denned through the 
process of obtaining the wave functions in the asymptotic region. The quantity lm^ should 
satisfy the conditions described in Eqs. (4. 2) and (4. 8). These two, however, are not sufficient 
conditions for obtaining the cross sections. 

In ELIESE-3, the quantity /m„ is redefined in the process of obtaining the cross section 
for the compound nucleus formation. In Eq. (2.15), the cross section for the compound nucleus 
formation is described by a summation of partial cross sections for the compound nucleus forma­
tion. Therefore, if this summation is sufficiently convergent for the partial cross sections with 
the angular momentum quantum number l<.lm*x, the partial cross sections with l>lmax can be 
neglected in the summation. In the program, the quantity lmax is given by the following condi­
tion : 

/

/max—1 
2 <JC<"<10-' (5.30) 

The l-th partial cross section for the compound nucleus formation is given by the formula 

"•")=5 2* f^T^ W . (5-31) 
k2 j=|/_*|2s-f-l 

where s is the spin quantum number of the incident particle. 

5. 7 Basic constants used in the program 

In this program, mass of 12C is used as a standard nuclear mass, and nuclear mass unit is 
taken as follows :18'19) 

,«oc2=931. 504 MeV, (5. 32) 
where fi0 is unit mass. Planck's constant devided by 2% is 1.0545919 X 10"27 erg. sec. and the 
light velocity is 2. 997925 x 10!0cm/sec. Therefore, some basic constants used in the program are 

[2jt u , - 0 . 2187342 xlO13 MeV-1'2. cm"1, (5.33) 

= {1. 0/4. 571759) X1013 MeV-1'2. cm"1, (5. 33') 

^r„-=0. 06889532 X1013. cm"1, (5. 34) 
«2 

V 2 A 1574862 MeV1'2 (5. 35) 

and 

2jUp, r ( — 1 =0- 09786764 MeV-1. (5. 36) 
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6. Program Description 

The program ELIESE-3 is written in the FORTRAN language for an IBM-360/75 and a 
FACOM-230-60 computers. The program is composed of a main-program (control-program) and 
42 sub-programs. A flow-chart of the main-program is shown in Fig.l. 

Actual calculations start by reading a Title card at the statement number 200 in the flow­
chart (the statement numbers in the flow-chart are the same ones as in the FORTRAN-list of 
the main-program). In the Title card, the number of the discrete nuclear levels (NLEVEL) is 
given, which is identical to the number of calling INPUT in the program. Symbol LEV plays 
a role of counting of the discrete nuclear levels and energy-mesh in the continuum region of the 
nuclear excited state. The number of tne mesh-points is given automatically in the program. 
A subroutine PREP, at the statement number 220, prepares this number. The nuclear levels 
having unreasonable excitation energy for the calculations are rejected in this subroutine. Symbol 
NSIGN controls an automatic parameter search. Maximum angular momentum lmax is denned 
by Eq. (4. 2). This value of the maximum angular momentum is redefined by the condition in 
Eq. (5. 30). Symbol LMAXC means this redefined maximum angular momentum. 

Descriptions of the subroutine INPUT will be given in the next section, because an input-
routine is the most important part of the program and then it is better to set an independent 
section. In this section, descriptions of the subroutines, except for INPUT, are given, concerning 
their functions and characteristics. 

SUBROUTINE PREP 
It prepares reduced mass, wave number, potential well-depth, matching radius, Coulomb pa­

rameter and other basic quantities used in the calculations. It includes some quantities which 
are set up in each step of LEV. 

SUBROUTINE ANGLE 
It sets up angle points, angular variables and transformation parameters, Eq. (5. 25), between 

the center of mass system and the laboratory system. It rearranges the angle points in good 
order, even if the order of the angle points were given at random in the INPUT. 

SUBROUTINE SPHBES 

Functions G;(p), Fi{p), Gi'(p) and Fi'(p) for neutrons are generated at the matching radius 
PM- Maximum angular momentum /m„ is also determined. (See section 4). 

SUBROUTINE GZERO 

Functions Ga{pA) and GQ'(pA) at PA are generated for charged particles. Asymptotic radius 
PA is defined by using the Coulomb parameter J?. (See Eqs. (4.11), (4.12) and (4.13)). 

SUBROUTINE PICARD 

Values of the initial four points of the function G0 are generated by using the values G0(PA) 
and G0'(PA) for the charged particles. (See Eqs. (4. 54) to (4.57)). 
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SUBROUTINE GOASMA 
Differential equation for the function G0(p) is integrated from pA to pM by means of the 

Fox-Goodwin's method. Derivative function G0'[p) is generated by the Lagrange's six-points 
method. (See Eqs. (4. 53) and (4. 58)). 

SUBROUTINE GFLMAX 
Functions Gi(pM), Fi{pM), Gi'{pu) and Fi'(pu) for the charged particles are generated. The 

maximum angular momentum lm,x is determined by the condition of Eq. (4. 2). 

SUBROUTINE INTEG 
Internal wave functions are generated by means of the Fox-Goodwin's method. Derivatives 

of the wave functions at the matching radius PM are obtained by the Lagrange's six-points me­
thod. As far as the non-local potentials are concerned, the equivalent local potentials are prepared 
before the calculations of the wave functions are started. 

SUBROUTINE RRGET 
Non-local kernel of the Gaussian type and the non-local term of Eq. (4.62), 31,'^(r), are 

prepared. 

SUBROUTINE RRYET 
Non-local kernel of the Yukawan type and the non-local term of Eq. (4. 62) are prepared. 

SUBROUTINE ETASIG 
Coefficient of the outgoing wave, iji1^, transmission coefficient, TiiJ), shape elastic scattering 

cross section, total cross section and compound nucleus formation cross section are calculated. 
The maximum angular momentum, Zmax, is redefined by the condition of Eq. (5. 30). 

SUBROUTINE AMPAB 
Amplitudes A(8), B{6), C{8), D(6) and E{6) are calculated. Differential cross sections of the 

shape elastic scattering are calculated. 

SUBROUTINE POLAR 
Quantities Po!, Aay, RM, Dcp, T2,o, T2,i and T2)2 are calculated. 

SUBROURINE RUTH 
Amplitudes and cross section of the Rutherford scattering are calculated. 

SUBROUTINE BLL 
Coefficients of the Legendre expansion are calculated for the angular distribution of the 

shape elastic scattering cross section of the neutron. 

SUBROUTINE LABRAT 
The differential cross sections and their Legendre-coefficients are transformed from the center 

of mass system to the laboratory system. 

SUBROUTINE FLCOiViP 
Cross sections via ccmpound nucleus are calculated by means of the Hauser-Feshbach's and 
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the Moldauer's methods. Final nuclear states with discrete levels are treated in this subroutine. 

SUBROUTINE COMJP 

Denominators of the branching ratio, Eqs. (2. 46) and (2. 54), are calculated. In the case of 
the Moldauer's method, the quantities, QijJn in Eq. (2. 53), are given in this subroutine. 

SUBROUTINE CONTDN 

Cross sections for final nuclear states with overlapping levels are calculated. Denominators 
of the branching ratio, Eq. (2. 46'), are also calculated. 

SUBROUTINE AUTOS 

Optical potential parameters, up to 15 in one run, are searched for automatically, in order 
to obtain the values of the differential elastic scattering cross sections and/or polarizations which 
are best fitted to the experimental values. 

SUBROUTINE CHISQS 

Chi-square deviations for the differential elastic scattering cross sections are calculated. 

SUBROUTINE CHISPL 
Chi-square deviations for the polarizations are calculated. 

SUBROUTINE LEGEND 
Legendre functions and their associated functions of first order are generated by means of 

their recurrence relations. 

FUNCTION GPHIO 
Function $0{x) in Eq. (2. 55) is calculated. Numerical integration of Gaussian method in 20-

th order is used, if the argument x is greater than 3. 5. If x is smaller than 3. 5, polynomial 
expansion is used. 

FUNCTION SFACT 

Quantity SJn in Eq. (2. 59) is calculated by means of the Gaussian msthod. 

FUNCTION ZETC 

Square of the quantity V{2h + l)(2/2 +1){2ji-*-l)(2j2 + l) Wfojikjti \ L ) in Z-coefficient in Eq. 

(5. 20) is calculated.2") 

FUNCTION WRACA 
The Racah coefficient of a special form W(abab; ef) is calculated. 

FUNCTION RACAH 
The general form of the Racah coefficient W(abcd; ef) is calculated. 

FUNCTION CLBGD 
The Clebsch-Gordan coefficient of a special form (^/200|Z/0) is calculated. 
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SUBROUTINE OFLOW 
It is called at the head and the exit of each subroutine to see whether an overflow and/or 

divide-check condition are filled or not. 

SUBROUTINE COORDN 
A graphic frame is made in order to plot the experimental data and the calculated cross 

section curves. 

SUBROUTINE GRAPH 
The curves of the calculated values are drawn by means of the graphic plotter. 

FUNCTION PLYNM 
A polynomial is prepared for representing the cross section curve. The polynomial is used 

in order to calculate the cross section value at an arbitrary angular point. This subroutine is 
called in the subroutine GRAPH. 

SUBROUTINE INLST1 
The lists are given for the input and some fundamental data as to an entrance channel. 

SUBROUTINE INLST2 
The lists are given for the input and some fundamental data as to exit channels. 

SUBROUTINE OUTPT1 
Lists of the calculated data are given for the shape elastic scattering. 

SUBROUTINE OUTPT2 
Lists of the calculated data are given for the compound nuclear process. In the continuum 

region of the excited state, the lists are given at each mesh-point for the energy-integration. 

SUBROUTINE OUTPT3 
Lists are given for the data concerning the polarizations. 

SUBROUTINE OUTPT4 
Lists are given for the calculated values of the phase-shift an^ the scattering amplitudes. 

SUBROUTINE PUNCH 

A part of the calculated values is given on punched cards. 
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7. Explanation of Input Data 

In the same manner as the programs ELIESE-1 and ELIESE-2, the relative address is employed 
in ELIESE-3. For blank dada, the "same as before" rule is applied, except for the data on "title 
card" and "supplementary transmission data". Input data of this program are composed of four 
parts; (1) data on the title card, (2) the supplementary transmission data, (3) fixed point data, 
and (4) floating point data. Compositions of the input data are shown in Fig. 2. The fixed point 
data and the floating point data are needed for each discrete level of the residual nuclei. Some 
examples of the problems are shown in the next section, together with their input data. 

7. 1 Title card (card No. 1) (315, 10A6) 

NLEVEL Number of discrete levels used in the calculation. In this program, cross sections for 
the continuum region are also obtained above the energy region of the discrete levels specified by 
NLEVEL. For "shape elastic scattering calculation only", NLEVEL is zero. 

Restriction; 0<NLEVEL^30. 
NAUTOS Maximum number of iteration for automatic parameter search. This is the major con­
trol for the automatic parameter search, which is only available for elastic scattering calculations. 
If NAUTOS=0, no automatic parameter search is carried out. Variable range of the parameters 
is explained in Sample Problem 7. 
NTRANS Number of supplementary transmission data. 

Restriction; 0<NTRANS^30 . 
TITLE Arbitrary statements indicating the characteristics of the problem. These statements are 
printed out as the heading on each output sheet of the problem. First twelve characters, (16-27) 
columns, of the TITLE are written on a graph in which cross-section curve is drawn by a plot­
ting machine, if an option for graph-protting is selected. For specifications of output cards, cha­
racters on 16-25 columns may be used (see ref. 2). 

7. 2 Supplementary transmission datn cards (card No. 2~5) (8E10.4) 

In Eqs. (2. 46), (2. 46') and (2. 56), parameter, ctjjj, plays a role of correction factor of the 
branching ratio; corrections of the competing processes whose transmission coefficients are not 
calculable with this program. 

A parameter ajn is related to the data GAMMAL(N), where N is connected to the spin J 
of the compound nuclear state by the relation; N=J— Jmia+1. The minimum value of the spin 
Jmw is 0 or 1/2. Relation between the parameter ajjj and t'.ie data GAMMAL(N) is given as fol­
lows; (1) if GAMMAL(N) is given by O. + ajn (numerical form 0. xxxxx), corrections in Eqs. 
(2.46), (2.46') or (2. 56) are only accepted by the possitive parity state of spin J. (2) If GAMM 
AL(N) is given by l. + ctjn (1. xxxxx), corrections are only accepted by the negative parity state 
of spin J. (3) If GAMMAL(N) is given by 2. + ajn (2. xxxxx), both parity states are corrected. 

Note that the "same as before" rule cannot be applied for the blank data. If all GAMMA 
L(N)'s are the same as before, no input data are needed to put in repeatedly. 

Restriction: 0^N^30. 
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7. 3 Fixed point data cards (card No. 6, 7) (12,13, 1315) 

In ELIESE-3, fixed point data play a role of the program control. They must be given for 
each discrete level of the residual nucleus, in principle. The "same as before" rule, however, is 
applicable for the fixed point data as well as floating point data (see 7.4). Therefore, some of 
them may be given only in the initial state. 

NCNTL A card of card No. 7 in Fig. 2 is needed, if NCNTL^O. If NCNTL=0, no successive 
fixed point data card is required. In the program, fixed point data cardes are required until 
NCNTL is zero on the preceding card. 

NDATA Number of the floating point data cards relevant to the level. 
NDATA is given only on the card of card No. 6. 
NKIND Designation of the kind of an incident particle or emitted particles. 

NKIND = 1 for neutron, 
=2 for charged particle with spin 1/2, 
=3 for charged particle with spin 0, 
=4 for charged particle with spin 1. 

NUMBER Numbering for each discrete level of a residual nucleus. The numbering is made for 
each NKIND. 
NIMAG Selection for the imaginary part of the optical potential. 

NIMAG= =1 
= 2 
= 3 
=4 
=5 

Volume part 
none 
none 

Woods-Saxon 
Woods-Saxon 
Woods-Saxon 

Surface part 
Gaussian, 

der. Woods-Saxon 
none, 

Gaussian, 
der. Woods-Saxon 

NOUTPT Control for output of the cross sections. 
NOUTPT= - 1 ; No output for that level, 

= 0 ; print out on the line-printer, 
= 1; output on the punched cards as well as print out on the line-

printer. 
NCKAGT Atomic number of the target nucleus. 
NMASST Mass number of the target nucleus. 

NCHAGI The number of electric charge of the incident particle in a proton charge unit. 
NMASSI Mass number of the incident particle. 
NTHETA Control of angular points for calculated data. The number of the angular points must 
be smaller than 37. If NTHETA is positive, scattering angles are defined in the center of mass 
system. If NTHETA is negative, the scattering angles are given in the laboratory system. The 
scattering angles are given by THETA (see 4.7). NTHETA must be given in the entrance 
channel. 
NANGLE Designation of the unit of angles. 

N ANGLE = 1 for degree, 
= 0 for radian, 
= —1 for cosine. 

NEXPTL Indication of errors of the experimental data, J<7„f(ff)'s. The errors, Aaat.(0)'&. are cal­
culated in the program as 

^ « P ( 0 ) =oCiP(6) x NEXPTL/1000. 
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If Aoe%T,(d)'s are given in the input data, NEXPTL must be zero. 
NPHASE Control for output of the phase shift' factors. 

NPHASE=0; no output. 
=%0; print out on the line printer. 

This control is only available for the shape elastic scattering. 
NCHISQ Control for calculations of chi-square for angular distributions of the elastic scattering 
cross sections. If the automatic parameter search is needed, ten times of a target-value of the 
chi-square is given by NCHISQ. If NCHISQ=0, no calculations of the chi-square are made, 
(see Eqs. (5.10) and (5.15)). 
NRADII Control for nuclear radius. 

If NRADII=0, radial parameters are given by the radius of the target nucleus. If NRAD 
Il^f 0, the radial parameters are defined by a sum of the radii of the target nucleus and the 
incident (or emitted) particle. (See Eqs. (3. 5), (3. 6), (3.13) and (3.14)). 
NPOLA Control for the calculations and output of quantities concerning the polarization. 

If NPOLA=%0, the calculations and the output of the results are made. If NPOLA=0, they 
are not made. 
NCHIPL Control for calculations of the chi-square for angular distributions of the quantities con­
cerning the polarization. It plays a same role as NCHISQ for the cross section. Therefore, if 
the automatic parameter search is required for the polarization, NCHIPL should be set up as 
ten times of a target-value of the chi-square. (See Eqs. (5.10) and (5.15)). 
NEXPPL Indication of errors of the experimental data for the quantities concerning the polariza­
tion. It plays a same role as NEXPTL for the cross section. 
NPLOT Control for graphic plotting of the angular distributions of the cross sections and pola­
rizations. Each column of columns 26 to 30 controls depolarization, rotation, asymmetry, polari­
zation and cross section, respectively. For example, if every columns, except for column 29, are 
zero, only polarization is plotted by the graphic plotter. Column 30 plays some complicated roles 
in the case of NKIND>2; 

If column 30 is 1, cross section is plotted. 
If it is 2, Rutherford ratio of the cross section is plotted. 
If it is 3, cross section and Rutherford ratio are both plotted. 

NTENS Control for graphic plotting of the angular distributions of the 2nd rank tensor polari­
zation. Columns 33,34 and 35 correspond to T2,a, T2ll and T2,2 in Eqs. (2. 39), (2.40) and (2.41), 
respectively. The quantities corresponding to the non-zero columns are plotted by the graphic 
plotter. 

NFLCR Control for the calculations of the compound nuclear process. If NFLCR=0, Hauser-
Feshbach method is adopted. If NFLCR =^0, Moldauer's method is applied. Columns 39 and 40 
are assigned to the data for degrees of freedom Vi in Eqs. (2. 59) and (2.60). The data on the 
columns are given by ten times of real values of vs. 

Columns 36,37 and 38 are assigned to the value of hundred times of parameter Qi/B in Eq. 
(2.53). If these columns are zero, parameters Qi/S are calculated in the program. If a nega­
tive value is given on these columns, all Qi/ f f=0. 

NLVFIX Control for fixing the input data, except for EIN (see 7.4) and NLVFIX itself. This 
control is efficient, when the calculations of the compound nuclear process are made with several 
incident energies. In the first case of such calculations, all the data needed are put in. If NL­
VFIX is set as non-zero in the second case corresponding to a new incident energy, those data 
read in the first case are all fixed through the following cases, and no data, except for EIN, are 
needed. This control is effective until NLVFIX is set to zero. 
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NKERNL Control for the non-local optical potentials. Columns 49 and 50 play a role of selection 
of the non-local kernel. The Gaussian kernel is selected, if the value on the colmns is 1, and 
the Yukawan kernel is adopted, if it is 2. 

Columns 46,47 and 48 are assigned to the control for the spin-orbit force. If the value on 
these columns is zero, the spin-orbit force is not included in the non-local potential. If it is non­
zero, the spin-orbit force is included in the non-local potential. 

7. 4 Floating point data cards (card No. 8-153) (5X, 15,5(1 A, E9.4)) 

Floating point data have their own addresses. The address of the first data on a card is 
given in the columns 6 to 10 in each card. The addresses of the other data on the card are 
assigned automatically in a successive order. For example, EMTARG has its address 1, SPIN 
has its address 3 and EIN has its address 5. Correspondence of each parameter to its address 
is shown in full in Fifl.2. 

Note on a data format of the parameter which is given as (1A, E9.4). The first column 
is reserved for an indication of the parameter search. If a special character * is given in the 
first column of the data for a potential parameter, its value is searched for automatically in the 
program. 

EMTARG Mass of the target nucleus in a.m.u.. 
EM1N Mass of the incident particle in a.m.u.. Masses of the neutron, proton, deuteron and alpha-
particle are set already in the program: 

1. 0086652 for neutron, 
1. 0072766 for proton, 
2.0140967 for deuteron, 
4.0025923 for alpha-particle. 

If EMIN is read to be 0. 0 (in the first case, blank is also permitted), they are adopted auto­
matically. Any different values to be desired are surely permitted. 
SPIN Spin of the incident or emitted particle. Its sign stands for its parity. 
5EPAR Separation energy of the particle from the compound nucleus. This is required only in 
the calculation of the reaction process. 

EIN Incident energy of the particle. It is only needed for the entrance channel. Positive sing 
indicates the energy in the center of mass system and negative sing in the laboratory system. 
RO Nuclear radius parameter r0 for real potential (see Eq. (3. 5)). 
Rl Nuclear radius parameter n for imaginary (volume type) potential (see Eq. (3.13)). 
RS Nuclear radius parameter rs for imaginary (surface type) potential (see Eq. (3.14)). 
RSO Nuclear radius parameter rso for spin-orbit force (see Eq. (3.19)). 
RC Coulomb radius parameter re (see Eq. (3. 6)). 
AO Diffuseness parameter a0 for real potential (see Eq. (3. 3)). 
Al Diffuseness parameter en for imaginary (volume type) potential (see Eq. (3.8)). 
B Diffuseness parameter b for imaginary (surface type) potential (see Eqs. (3. 9) and (3.10)). 
ASO Diffuseness parameter <zso for spin-orbit force (see Eq. (3.15)). 

BETA Parameter fi for non-locality of the potential (see Eqs. (3.27) and (3. 32)). If BETA<0, 
an equivalent local potential is used. If BETA>0, the non-local potential is used. 
V, VE, VESQ, VSYM and VCOUL They determine the strength of the real potential (see Eq: (3.4)): 

V = Fc,o , 
VE - V c i , 
VESQ = Vc,2 , 
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VSYM= V„„ , 
and 

VCOUL= Vc„„i . 
Wl, WIE and WIESQ They determine the strength of the imaginary potential (volume type) (see 
Eq. (3.11)): 

WI =Wj,o, 
WIE =W,,x, 

and 
WIESQ= Wi,2 . 

WS, WSE and WSESQ They determine the strength of the imaginary potential (surface type) (see 
Eq. (3.12)): 

WSE=Ws,i , 
and 

WSESQ= Ws>2 • 
VSO, VSOE, and VSOESQ They determine the strength of the real part of the spin-orbit force, 
(see Eq. (3.17)): 

VSO = ySO)0 , 

VSOE=Vso,, , 
and 

VSOESQ =VS0,2 . 
WSO, WSOE, and WSOESQ They determine the strength of the imaginary part of the spin-orbit 
force (see Eq. (3.18)): 

WSO =Wso,0, 

WS0E=T7 s0 l I , 
and 

WSOESQ= Wso>2 • 
PMESH Mesh interval for numerical integrations of the internal wave functions. If PMESH is 
given as blank in the initial case, it is set as 0. 25 fm internally until any value is given. If any 
positive value is given, it is used as the mesh interval of the numerical integrations. 
PMESHC Mesh interval for numerical integrations of the Coulomb wave functions. The same 
things mentioned above about PMESH are available for PMESHC. 
ELEV Excitation energy of the level. 

SPINP Spin and parity of the level. Parity is given by its sign. 
ECRITC Critical energy Ec in Eq. (2.46'), above which the levels of the residual nucleus are re­
garded as the overlapping levels. The energy Ec is measured from the ground level of the tar­
get nucleus. 

Note that the overlapping levels can be accounted for only one residual nucleus, even if 
several residual nuclei are treated. The nucleus with the overlapping levels is characterized by 
the last data of the discrete levels put in (see sample problems). 
DNPARA Level density parameter a in Eq. (5.2). 

SPINCT Spin cut-off parameter in Eq. (5.2). If SPINCT=0, Eq. (5. 5) is adopted, instead of Eq. 
(5. 2). If SPINCT is any negative value, the spin cut-off parameter is calculated by using Eq. 
(5.4) regardless of the value of SPINCT. If SPINCTX), its value is used as the spin cut-off 
parameter aM. 

PAIREN Pairing energy 6 in Eq. (5.9). 
CNORM Normalization factor C„ of the level density formula in Eq. (5.2). If CNORM=0, the 
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factor Co is calculated by using Eq. (5. 3), If CNORM#0, its value is used as the factor C0-
ECEX Critical excitation energy corresponding to the energy U0 in Eq. (5.1). Origin of the ene­
rgy, in this case, is the energy of the ground level of the residual nucleus. Therefore, ECEX 
may be taken as an excitation energy of the residual nucleus. (See Fig.3). 
THETA(N) Scattering angle. The number of THETA(N)'s are determined by NTHETA in the 
fixed point data card. These angles do not depend on whether experimental data are given at the 
angles or not. Moreover, order of their arrangement may be random. On the output lists, they 
are put in order. If the experimental data are put in, the number of THETA(N)'s must not be 
smaller than the number of the experimental data points. 

SIGELE(N) Experimental data of the elastic scattering cross section at the angular point N. They 
must correspond to the angular points included in THETA(N)'s. 
DSIGEL(N) Errors of the experimental data given above. Correspondent relation to THETA(N) 
is the same as SIGELE(N) to THETA(N). 
POLEX(N) Experimental data of the polarization. 
DPOLEX(N) Errors of the experimental data of the polarization. 
ASYMEX(N) Experimental data of the asymmetry. 
DASYEX(N) Errors of the experimental data of the asymmetry. 
ROTEX(N) Experimental data of the rotation. 
DROTEX(N) Errors of the experimental data of the rotation. 
DEPLEX(N) Experimental data of the depolarization. 
DDPLEX(N) Errors of the experimental data of the depolarization. 
TNEX20(N) Experimental data of the second rank tensor polarization (T^.o). 
TNDX20(N) Errors of the experimental data of T2>0. 

TNEX21(N) Experimental data of the second rank tensor polarization (T"2ll). 
TNDX21(N) Errors of the experimental data of T2)l. 

TNEX22(N) Experimental data of the second rank tensor polarization (T2,2). 
TNDX22(N) Errors of the experimental data of T2)2. 
SIGERE(N) Experimental data of the Rutherford ratio of the elastic scattering cross section for 
the charged particles. 
DSIGRR(N) Errors of the experimental data of the Rutherford ratio given above. 
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Fig. 2 Input data form of ELIESE-3. Detailed description for the data is given in the text. 
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Fig. 3(1) Schematic representation of the relation among different energies which are put in as the input data. 

Incident energy is smaller than the critical energy Et (see section 7), 
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Fig. 3(2) Schematic representation of the relation among different energies which are put in as the input data. 

Incident energy is larger than the critical energy Et. 
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TABLE 1 Table of cubic root of nuclear mass number. In ELIESE-3, nuclear radius is only given in the 

form rAx'3. Therefore, this table will be convenient in conversion of the form roA"3 f n , for 

eximpie, to rA111. 

CUBIC KOCT OK MASS NUMBER 

A 

1 
2 
3 
4 
5 
6 
7 

a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2C 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3* 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

A»«<l/3> 

1.0000 
1.2599 
1.4422 
1.5874 
1.7100 
1.8171 
1.9129 
2.0000 
2.0801 
2.1544 
2.2240 
2.2894 
2.3513 
2.4101 
2.4662 
2.5198 
2.5713 
2.6207 
2.6684 
2.7144 
2.7589 
2.6020 
2.6439 
2.8845 
2.9240 
.2.9625 
3.0000 
3.0366 
3.0 723 
3.1072 
3.1414 
3.17'B 
3.2075 
3.2396 
3.2711 
3,3019 
3.3322 
3.3620 
3.3912 
3.420C 
3.4482 
3.4760 
3.5034 
3.5303 
3.5569 
3.5830 
3.6088 
3.6342 
3.6593 
3.6840 

A 

51 
32 
33 
54 
55 
56 
57 
58 
59 
6C 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
Bl 
82 
83 
84 
85 
66 
87 
88 
69 
9C 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

A«»U/3) 

3.7084 
3.7325 
3.7563 
3.7798 
3.8030 
3.8259 
3.3485 
3.8709 
3.8930 
3.9149 
3.9365 
3.9579 
3.9791 
4.0000 
4,0207 
4.0412 
4.0615 
4.0817 
4.1016 
4.1213 
4.1408 
4.1602 
4.1793 
4.1983 
4.2172 
4.2358 
4.2543 
4.2727 
4.2906 
4,3089 
4.3267 
4.3449 
4.3621 
4.37,5 
4.3968 
4.4140 
4.4310 
4.44J0 
4.4647 
4.4814 
4.4979 
4.5144 
4.5307 
4.5468 
4.5629 
4.5789 
4.5947 
4.6104 
4.6261 
4.6416 

A 

101 
1<>2 
103 
104 
*05 
106 
107 
!08 
109 
fic 
lj.1 
112 
113 
114 
115 
116 
117 
He 
119 
1?0 
121 
122 
123 
124 
125 
126 
127 
128 
A29-
l-'O 
131 
132 
1.13 
.134 

133 
136 
7 3 7 

^ 8 
139 
14C 
l41 
142 
•143 
144 
145 
146 
!47 
148 
149 
150 

A««<l/3) 

4.6570 
4.6723 
4.6875 
4.7027 
4,7177 
4.7326 
4.7475 
4.7622 
4.7769 
4,7914 
4,8059 
4.8203 
4.8346 
4.8488 
4.8629 
4,8770 
4.8910 
4.9049 
4.9187 
•4.?324 
4.9461 

4.9597 
4.9732 
4.9866 
5.0000 
5.0133 
5.0265 
5.0397 
5,0528 

5.0658 
5.0788 
5.0916 
5.1045 
5.1172 
5,1299 
5.1426 
5.1551 
5.1676 
5.1801 
5.1925 
5.2048 
5.2171 
5.2293 
5.2415 
5.2536 
5.2656 

5.2776 
5.2896 
5.3015 
5.3133 -

A 

151 
152 
153 
154 
'-55 
156 
157 
158 
159 
16C 
161 
16? 
163 
164 
165 
166 
167 
168 
169 
170 
171 
17? 
173 
174 
175 
176 
177 
178 
179 
180 
181 
162 
183 
164 
.183 
186 
187 
lee 
169 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 

A»»(l/3> 

5.3251 

5.3368 
5.3485 
5.3601 
5.3717 
5.3632 
5.3947 
5.4061 
5.4175 
5.4288 
5.4401 
5.4514 
5.4626 

5.4737 
5.4848 
5.4959 
5.5069 
5.5176 
5.5/98 

5.5397 
5.5505 
5.*oi3 
5.5721 

5.5828 
5.5934 
5.6041 
5.6147 
5.6252 
5.6357 
5.6462 

5.6567 
5.6671 
5.6774 
3.6877 
5.6980 
5.7083 
5.7185 
5.72J7 
5.7368 
5,7489 
5.7590 
5.7690 
5.7790 ' 
5.7890 
5.7989 
S.8Q88 

5.8*86 
3.8285 
5.8383 

3.6480 

A 

2C1 
2C2 
203 
2C4 
2C5 
206 
2C7 
206 
209 
21C 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
230 

A««(l/3> 

5.8578 

5.8675 
5.8771 
5.886ft 
5.B964 
5.9059 
5.9155 
5.9250 
5.9345 

5.9439 
5.9533 
5.9627 
5.9721 
5.98)4 

5.9907 
6.0000 
6,0092 
6.0185 
6.0277 
6.0366 
6.0459 
6.0530 
6.0641 

6.0732 
6.0822 
6.0912 
6.1002 
6.1091 
6.1180 
6.1269 
6)1338 
6.1446 
6.1534 
6.1622 
6.1710 
6.1797 
6,1863 
6.1972 

6,2038 
6.2145 
6.2231 

6.2317 
6.2403 

6.2466 
6.2573 
6,2650 
6.274.'. 
6.2828 
6,2912 
6.2996 

A 

251 
252 
253 
254 
255 
256 
257 
258 
2 59 
26C 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
2 76 

277 
278 
279 
260 
281 
282 
283 
264 
285 
266 
267 
268 
269 
290 
291 
292 
293 
294 
295 
296 
?97 
296 
299 
300 

A««Cl/3> 

6.3080 
6.3164 
6.3247 
6.333C 
6.3413 
6.3496 
6.3579 
6.3661 
6.3743 
6.3825 
6.3*07 
6.3968 
6.4070 
6.4151 
6.4232 
6.4312 
6.4393 
6.4473 
6.4553 
6.4633 
6.4713 
6.471)2 
6.41172 
6.4951 
6.5030 
6.51C6 
6.5167 
6.5265 
6.5343 
6.5421 
6.5499 
6.5577 
6.5654 
6.5731 
6.sees 
6.5885 
6.5962 
6.6039 
6.6113 
6.6191 
6.6267 
6.6343 
6.6419 
6.6494 
6.6569 
6,6644 
6.6719 
6.6794 
6.6869 
6.6943 
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8. Sample Problems 

In this section, some sample problems are presented in order to make the problems clear for 
input data descriptions. 

8. 1 Sample problem 1. (Figs. 4(1) and 4(2)). 

Calculations are made only in the stage of the shape elastic scattering. Polarization, asym­
metry and rotation are also calculated, that is, NPOLA=l. The incident energy is given in the 
laboratory system. The order of the angular points are random, including 11 points of the ex­
perimental values and 4 arbitrary points. Cross section values and their errors are correspondent 
to the experimental angular points at which they were measured. These are shown in F!g.4 (I). 

List of the output in this case are given in F\gA (2). In PAGE 1 of the list, the input data 
are printed out. The experimental data are rearranged in good order as well as the angular po­
ints. In pages 2 to 4, results of the calculations are given. Chi-square values are given in the 
form of Eq. (5.10) as well as N times of the Eq. (5.10), where N is the number of the experi­
mental data points. A quantity, stated by NORM in the list, means a normalization factor 
defined by the following formula1' : 

S(ff«p''Xffc.l'/(^e,p'")2) 
NORM=-i—— — T7— 

i 

In PAGE 3, quantities given in Eq. (2. 8) are printed out. 

8. 2 Sample problem 2. (Figs. 5(1) and 5(2)) 

Inelastic scattering of neutron by 238U is taken in this case. Some competing processes are 
taken into account by using the quantity GAMMAL, that is <XJH in Eq. (2. 46). In this case, 
eight GAMMAL's are used and each of them corresponds to a compound state with J J ?=l/2± to 
15/2±. For example, GAMMAL(4)=2.035 means a7/2*=a7/2-=0.035. 

Input data for the first and second excited states are the same as those of the entrance chan­
nel (ground state). Therefore, no data are needed for these excited states, except for excitation 
energy, spin and parity. 

List of the output in this case are given in Fia.5(2). In PAGEs 3 and 4, the data used in 
the calculations of the compound nuclear process are printed out. In PAGEs 5 to 7, results of 
the calculations are given. Total inelastic scattering cross section is given as 1.1892 barns in 
PAGE 7. Compound, elastic scattering cross section is 1.1335 barns (see in PAGE 5) and reac­
tion cross section (cross section for compound nucleus formation) is 2.4231 barns (see in PAGE 
2), so that 2.4231-(1-1335+1.1892) = 0.1004 barns come from the contributions of the competing 
processes mentioned above. 

8. 3 Sample Problem 3. (Figs. 6(1) and 6(2)) 

Examples in this case are devoted to explain a role of NLVFIX. PROB. 3-1, PROB, 3-2, 
PROB. 3-3 and PROB. 3-4 are successively processed. In PROB. 3-1, all data needed are prepa-
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red, and the data, except EIN, are fixed in PROB. 3-2 and PROB. 3-3 by setting NLVFIX=1. 
PROB. 3-4 treats a different problem from PROB, 3-1 to PROB. 3-3, so that some input data 
must be changed. Therefore, NLVFIX is set to zero in order to exchange the data. 

No information ab"*ut the input data of the exit channels is printed out during NLVFIX =J?0. 
In PROB. 3-2 and PROB. 3-3, ther" are no lists corresponding to the lists of PAGE 3 and PAGE 
4 in PROB. 3-1. 

In PROB. 3-4, neutron mass prepared in the program is adopted by setting EMIN=0.0. 

8. 4 Sample problem 4. (Figs. 7(1) and 7(2)) 

Calculations are performed for deuteron induced reaction with some competing processes. 
Emitted particles treated are deuteron, neutron, proton and alpha-particle. In deuteron channel, 
all the data needed are prepared, and some data are changed in the neutron, protoa and alpha-
particle channels, respectively. For example, the Coulomb radius parameter RC is giv-en as 1. 3 
in the deuteron channel, and is changed to 0.0 in the neutron channel, It is further changed 
to 1. 25 in the proton channel and 2. 07 in the alpha-particle channel. 

Lists of the output data are shown in Fig.7(2). In PAGE 8, total elastic scattering cross 
section and shape elastic scattering cross section are given as 0. 0. This means that these two 
quantities cannot be denned in the deuteron channel or charged particle channel in general. 
Therefore, values given as 0. 0 in the input or output lists must be read carefully whether they 
are truely zero or are undefined. 

8. 5 Sample problem 5. (Figs. 8(1) and 8(2)) 

Neutron inelastic scattering cross section of 79As is calculated by using the Hauser-Feshbach 
theory. Only the first excited level at 0.199 MeV is considered as a discrete level and the levels 
above 0. 2 MeV are assumed to be overlapping levels (continuum region). 

In PAGE 6 of Fig.8 (2), total inelastic scattering cross section for the discrete level is given. 
In PAGEs 7 to 12, information at some energy points in the continuum region is printed out and 
the inelastic scattering cross section for this region is given on the last line in PAGE 12. The 
energy points in the continuum region are set automatically in the program in order to integrate 
the differential cross section. 

8. 6 Sample problem 6. (Figs. 9(1) and 9(2)) 

In this example, inelastic scattering of neutron by 56Fe is considered. Proton emission is 
taken into account as a competing process. In neutron channel, continuum region of. the residual 
nucleus is considered as well as two discrete levels at 0.847 and 2.085 MeV. Input data for 
second excited level at 2.085MeV are placed at thi end of the input data set, because the last 
data indicates the channel in which the calculation for the continuum region is performed. 

8. 7 Sample problem 7. (Figs. 10(1) and 10(2)) 

An example of automatic parameter search is given. Parameters looked for are rs, b and 
Vc,o (see Sec. 3). In PAGE 3 of Flg.10 (2), some information is printed out for each step of the 
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automatic search. Chi-squares at three points (a°, a" + zxda, a° + 2zxda) are printed out as 
reference. The shape of the chi-square curve and the chi-square value at minimum point (or 
proper point) on the curve are shown as well as the solutions of the normal equation, Eq. (5. 
11), and the estimated values of the parameters. Parameters printed out are identified by their 
address numbers; for example, rs is identified by 8. In the last page, chi-square values and the 
estimated values of the parameters are given again for convenience sake. 

If NAUTOS>0, the parameters are searched for in parameter-range from 0. 5 to 1. 5 times 
of the initial values of the parameters. If this parameter-range is overleapt, the calculution is 
stopped with error message. If NAUTOS<0, no restriction is made in the parameter-range. If 
the solutions of the normal equations are not found, the calculation is stopped with error message. 

8. 8 Sample problem 8. (Figs. 11(1) and 11(2)) 

A sample calculation is given with non-local potential. In this case, spin-orbit potential is 
not included in the non-local potential but in local potential. Information for the non-local poten­
tial used is given in PAGE 1 of Fig. 11 (2). 
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, 1-. Y(N.N) E«1-49HEV, SHAPE ELASTIC SCATTERING OHlt pAQE 1 

TARGET INCIDENT PME5H - 2*300E-01 (FERMl) MAjitKUM ANGULAR MOMENTUM 5 
MASS 88.93 1.008665 PHESHC- 2.500E-01 (FERMI) CLASSICAL CUT-OFF MOMENTUM * 
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Fig 4 ( 2 ] continued 
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IMAGINARY POTENTIAL FORM NON-LOCAL PARAMETER - 0.0 ( L-S TERM 
INTERNAL SURFACE ABSORPTION ONLY 
SURFACE DIFF< wOOoS-SAxON 

POTENTIAL fAHAMETER 

FORM PARAMETER 
CFtRMl) 

RO - 1.320 
Ri - 0.0 
RC • O.Q 
R5 - 1-320 
RS<>» 1-320 
AO - 0.400 
Al - Q.O 
B • 0.4T0 
ASO- 0.400 
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0.0 
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PftCB, 2 U23I(N.N»)f E-JOQ KEV 

TOTAL CROSS SECTION 9-2001E 03 (H1LLI-BARN) 
SHAPE ELASTIC CROSS SECTION *.TTTO6 03 (HILH-BARNJ 
REACTION CROSS SECTION ... 2.4231E 03 (HILLI-BARN) 

ANGULAR DISTRIBUTION (DEGREE} 

INGLE 

o.o 
1 0 . 0 
2 0 . 0 
3 o . O 
4 0 . 0 
5 0 . 0 
60>0 

ELASTIC 

1 .32«6E 03 
1 .30J4E 0 3 
1 . ? 3 3 1 E 03 
1 .1279E 03 
< > . « 4 7 E 02 
8 &26BE 0* 
T . 2 9 6 3 E 03 

• CENTI 
ANGLE 

7 0 . 0 
1 0 . 0 
9 0 . 0 

1 1 0 . 0 
12O.0 
1 3 0 . 0 

1 OF MASS 
ELASTIC 

6 . 1 0 0 2 6 02 
9 .0924E 02 
4 . 2 8 8 0 E 02 
3 .6729E 02 
3 . 2 1 6 6 E 02 
2 . 1 I 3 3 E 02 
2 . 6 4 1 0 E 02 

ANGLE 

1 4 0 . 0 
1 * 0 . 0 
1 6 0 . 0 
I T o . O 
1 * 0 , 0 

ELASTIC 

? . * 6 9 0 E 02 
2 .3390E 02 
2 . 2 3 3 3 E 02 
2 .2U39E 02 
2 .1671E 0? 

ANGLE 

0 , 0 
1 0 . 0 
1 9 , 9 
2 9 . 9 
3 9 . a 
4 9 . 8 
9 9 . a 

ELASTK-

1.33T6E 03 
1 .3133E 03 
1 .2429E 03 
1 .1362E 03 
1 .0062E 03 
B.6740F 02 
7 . 3 2 7 4 E 02 

ANGLE ELASTIC 

6 9 . 8 
T 9 . « 
8 9 . 6 
9 9 . 8 

1 0 9 . 6 
1 1 9 . 8 
1 2 9 . 8 

6 . 1 1 6 0 E 02 
9 . 1 0 0 0 E 0? 
4 .2681F ? 
3 . 6 6 7 6 ' { 
3 . 2 0 7 3 t J2 
2 .R112E 02 
2 .6266E 02 

ANGLE 

1 3 9 . 6 
1 4 9 . 9 

1 7 0 * 0 
1 8 0 . 0 

ELASTIC 

2 .4490E 02 
2 .321BE 02 

2 , 1 4 W E 02 
2 .1666E 02 

1 3.1320E-O1 
3 2.2864E-01 1 1.5H3E-nl 

COMPOUND FORMATION PROBABILITY 
L 2»J T ( * ) 2»J T ( - ) 

3 2 . 1 4 6 2 E - U 2 3 4 . 9 U 2 E - 0 * 
7 3 . 6 7 8 4 E - Q 3 5 1 . 2 7 O 3 E - 0 3 

L 2«J T ( * > 2»J T ( - ) 

4 9 2 . 0 4 6 S E - 0 5 7 3 . 1 0 6 8 E - 0 3 

B - COEFFICIENT (CMS) 
BL LL BL 

9 .3930E 02 1 4 . 9 3 T 2 E 02 
1.83J.TE-04 6 2 . 6 3 2 T E - 0 6 

LL 

2 
9 

BL 

2 . 2 * 2 8 E 02 
0 . 0 

LL 

3 

BL 

3 .9936E 01 

LL 

4 

BL 

7.U43QE 00 

LL 

3 

tJL 

2 . 9 1 2 9 E - 0 1 

LL 

6 

BL ' 

1 . 3 4 6 4 E - 0 2 
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Fig 5 ( 2 ) continued 

PHQB. 2 U23SCNih#>. £-300 K£V P*<*E 3 

IHEIASIIC SCATTERING INPUT DATA •• •••• 

TOTAL LEVELS 3 

* GROUND STATE C N * N > 

SPIN-PARITY o+ 

TARGET INCIDENT PMESH » 2.5QOE-OI (FERMIJ MAXIMUM ANGULAR MOMENTUM * 
MASS 238.05 1.00«FC65 PHESHC* 2>500E*01 (FERMI) CLASSICAL CUT-OFF MOMENTUM 2 
MASS NO 23« I CME$H - 2.30ZE-01 (FEF)H)> WAVE NUMBER »,...... O.J2006» 
ATOMIC NO. ... 92 O CME5HC- 0.0 CFERHL) COULOMB PARAMETER (YETA) 0.0 

CMS ENERGY ... 0.300000 {MEV) 

LAB ENERGY ... 0.301271 (MEV) SEPARATION ENERGY ... 0.0 (MEV> 

INCIDENT PARTICLE NEUTRON 

IMAGINARY POTENTIAL FORM NON-LOCAL PARAMETER . 0.0 ( L-S TE"H > 

INTERNAL SURFACE ABSORPTION ONLY 

SURpACE DIFF' wOODS-SAxON 
POTENTIAL PARAMETER 

FORM PARAMETER WELL DEPTH pftfiAMETER CMEV) 
tFERHl) 

HO - 1*320 V - 40.30 *! - 0.0 MS - 9.00 VSO • 15.00 WSO - 0.0 VSYM . 0.0 
Rl - 0*0 
RC - 0.0 VE - 0.0 HlE - 0.0 «SE - 0.0 VS(}E • 0.0 «SOE • 0.0 VCOUL- 0*0 
RS - 1-320 
RSO- 1.320 VESA- 0.0 *IEs«» 0.0 VSEsi- 0*0 VSQESC* 0<0 MSOESt- 0<0 
AO - 0<400 
Al - 0>0 VRE - 40.30 WIM| - 0.0 WlMS • 9.00 VSpO * 13.00 V5P0 - C O VSYHH. 0.0 
6 - 0-4TO 
ASO- 0-400 

BRANCHING RATIO 
?.0*j 2-0*0 2.030 2>039 2*040 2*049 2'OJO 2>060 0*0 0.0 0.0 &.0 0*0 0*0 
0<0 0>0 0.0 0.0 0.0 0.0 0.0 0*0 0*0 0.0 0.0 0.0 0.0 0*0 
0,0 

LEVEL DENSITY PARAMETER 
EC - 0,0 A • 0.0 SGM* 0.0 EPR* 0.0 NOW- 0.0 

PROB. 2 U23*Cn.N»), E-300 REV 

FIRST EXCITED STATE < N . N ) 

SPlN-PAftlTY 2* 
EXCITATION E N E M Y 0.0**700 (MEV) 

POT£NTLAL FORM ANO PARAMETER ..... SAME AS BEFORE 

- SECOND EXCITED STATE < N - N J 

SPIN-PARITY »• 

EXClTMlOH ENERGY 0.14BO0O CMEV) 
POTENTIAL FORM AND PARAMETER SAME AS BEFORE 



JAERI 1224 47 

Fig 5 ( 2 ) continued 
PHCtJ. 2 U 2 a o i N , N « ) , t - 3 0 U KEV 

CALtlJLATEli uATA o F COMPOUND NUCLEAH PROCESS 

HAUseR^FEbHbACH-wCL^NSTElN THPQRY U S ^ 0 

GROUND 5 M 7 t ( N - U J 

S ^ l N - p A R I T Y 0+ 

COMPOUND t L A S T l C BLATTERING CRCsS SECTION . . . . . . . L 1 3 3 3 E 03 < H l L L l - B A « N > 
SMpe ELASTIC SCATTERING CROSS SECTION 6.7770E 03 <M1LLI-BAHN> 
TOTAL E|_AbT!C SCATTERING CROSS SECTION 7.9105E 03 CMJlL l-BAfrN) 

ANCIUL>R DISTRIBUTION (DEGREE) 

CENTE" OF MASS 
AN^LE EL*STICCS) EL*ST1C<C) E L A S T I C U ) ANGLE 

0-0 1.3266E 03 1.2447F 02 l.«510t 03 • 0.0 1.3378E 03 
10-0 1.3024E 03 1.2286F 02 l."2S2E 03 10.0 1.3U3E 03 
21.-0 1.2331E 03 1.1825E U2 1.3J13E 03 19-9 1.2429E 03 
30-0 1.1279E 03 1.112HE 02 1-2391E 03 29.9 1.1362E 03 
*0.n 9.9967E 02 1.0264F 02 l«lo25E 03 39.6 1.0062E 03 
50.0 B.6268E 02 9.400BE Ol 9.9668b 02 49,8 8.6740E 02 
60<0 7.29&3E 02 A.3B35E 01 6-1547E 02 59.8 7.3274E 02 
70-0 6.1002E 02 7.9261E Ol 6.H928E 02 69.8 6..U60E 02 
BO-o !>.0S<!4E 02 7.5009F 01 3.B425E 0* 79.8 5.1000E 02 
90.0 <t.J8oOE 02 7.3540E Ol 3.023*t 02 B9.B *.288lE 02 
lOu-o 3.6729E 02 7.3009E 01 4.4230E 02 99.B 3.6676E 02 
110.0 3.2166E 02 7.9261E Ol 4.0092E 02 109.8 3.207JE 02 
120-0 2.8B33E 02 R.5835F 01 3-T417t 02 119.6 2.s7l2f 02 
130-0 2.6410E 02 9.4008F Ol 3-5B10E 02 129,8 2.6266';' 02 
I«U.O 2.«6?0E 02 I.0284E 02 3'*93-*E 0? 139.B *.4490E at 
150-0 2.3390E 02 1.1128F 02 3.<-5l7t 02 149.9 2.321BE 02 
160.0 *,?J35E u2 1.1B25F 02 3-436QE 02 139.9 2.2336E 02 
170.0 2.2Q33E 02 1.22B6F 02 3-4322E 02 ITO.O 2.1832E 02 
180-0 2.187U 02 1.2447E 02 V*3lUt 02 1BO.0 2.1686E 02 

LABORATORY 
EL>STlC*S) ELASTICCC.) 

1.2353E 02 
1>2369E 02 
1.192DE 02 
1»1210E 02 
1.0351E 02 
9*4522E 01 
B.6201E 01 
7*9492E OJ 
7.3122E 01 
T<3342£ 01 
7.49Q1E Ul 
7.9033E 01 
8-J474E 01 
9.3496E 01 
1'0«8E 02 
1-1046E 02 
l«1732E 02 
1»21B4E 02 
1-2342E 02 

EL*STlc<T> 

1.465JE 03 
1.43T1E 03 
1.3621E 03 
1.24B3E 03 
1.1097E 03 
9.6192E 02 
B.1894E 02 
6.9130E 02 
5.8512E 02 
5.023JE 02 
4.4166E 0? 
3.9977g 02 
3.7239E 02 
3.3616E 02 
3.*roBE o^ 
3 . 4 2 6 5 E 02 
3 . 4 0 6 7 E 02 
3 . 4 0 3 6 E 02 
3 .4028E 02 

• C o E F t - l C R M t C M i ) 
LL H L - <S> 

0 5.3930t 02 
1 4.93T2t 02 
i 2-2A28t 02 
3 3.9936E Ol 
H 7-O450L Ou 
3 2.512SE-01 
" 1-3484E-02 

B3l7E-0» 

9.0200E 01 

OL -CD 

,.2?30E 02 
..9J72E 02 
I.3999E 02 
..9956E 01 
'•5845E 00 
•3129E-01 
•1141E-02 
•B517E-04 

UL -(L> 

6.29501: 02 
4.9860L 02 
2.6396t 02 
6.2368E Ol 
8.3194b 00 
3.6197E-01 
3.5656L-02 
.6361E-04 

THAMbWISblON COEFFlCItHT 

2-6327E-06 B.6026E-07 3-4929E-U6 -3.9619t-04 

rc«) 

3.O20E-01 

2.2B64E-01 

2.1462E-02 

3.6TB4E-03 

2.0483E-03 

0,0 

0.0 

0.0 

0.0 

0.0 

T<-> 

0.0 

1.5813E-01 

4.9112E-02 

1.2705E-03 

3.10686-03 

PRCB. 2 0?33lN,N*>, c»300 KEV 

CALCULATED DATA QF COMPOUND K'.ICLEAR PROCESS 

H A U S E H - F E S H B A C H - * C L ^ N S T E I N T M F O R Y U S E D 

F f f f s ? txciHQ S T A T E : C N - w j 

E A L I T A T " ] O N E M E R G Y 0 . 0 4 4 7 0 0 0 (Mfc~VJ 
EMITTER ENtRGY (CMS) . . . 0 . 2 5 5 3 0 0 0 CHEV) 

(LAB) . . . 0 . 2 5 r . 3 B l f l (MEVJ 
S P l N - P A B [ r Y 2 * 

CC*»pQUtlD NUCLEUS. FORMATION CROSS SECTION (INVEK5C PROCESS) 

TOTAL INELASTIC SCATTERING CROSS SECTION ro THIS LEVEL 

ANGULAR DISTRIBUTION <DEGREEI 
CENTEH Cf MASS 

ANGLE 
100.0 
110.0 
120.0 
130 JO 
140.0 
130.0 
160.0 
170.0 
180.0 

2.4362E 03 <MILLI-BARN) 

ANGLE 
O-o 
10-0 
20>o 
30.0 
40-0 
3U-0 
6O.0 
70,0 
80.Q 
90,0 

- CLEFF1 
LL 

0 
!i 

\ 
0 

DlFf.C-b. 
7*6*75E 01 
7.7219E 01 
7.9354t Ol 
B-2597E 01 
8-6532E 01 
9.0669E 01 
9.451oE 01 
9.TQ09F 01 
9.9&I6E Ol 
1.0031E 02 

CItNT >>CMS> 
«L 

9.2*79E 01 
-1.5806E 01 
-1.9*24£-Ql 
^3.3'43E-03 
-7.73B3E-0B 

DIKF.C.S. 
9.9616E 01 
9.7609E 01 
9.431QE 01 
9.0669E 01 
8.6532E 01 
8.2597E 01 
7.9334t 01 
7.72J.9E 01 
7.6473E 01 

ANGLE 
0-0 
10.0 
19.9 
29.9 
39.B 
49, B 
59. B 
69.B 
79.7 
89.7 

1.1621E 03 (MILLI-

DIFF-CS. 
7-7179E Ol 
7.7920E 01 
B-0040E Oi 
B.3296E 01 
8-7143F Ol 
9.1207E 01 
9>*9+7E Ol 
9.7918E 01 
9'9778£ 01 
1.00316 02 

BARN) 

ANGLE 
99*7 

109.8 
119.8 
129.8 
139.8 
149,9 
159.9 
170.0 
180.0 

DIFF.CS* 
9>9460E 01 
9.730JE 01 
9.4078E 01 
9.0136E 01 
6.3925E 01 
8.1942E 01 
7.B670E 01 
7.6523E 01 
7.37T4E 01 

9.2*79t 01 
B.7839E-01 

-1.3804E 01 
-1.7305E-Oi 
-1.9H1E-01 

TRANSMISSION COEFFICIENT 
L 2*J TC*> 

0 1 2 . 9 B 1 3 E - 0 1 
1 3 1 . 9 4 8 6 E - 0 1 
2 3 1 . 3 5 2 1 E - 0 2 
3 7 2 . 1 2 0 9 E - 0 3 
4 9 1.0135E-05 

1.3443E-01 
3.3838E-02 
7.3960E-0* 
1.363QE-03 
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Fig 5 ( 2 ) continued 

PRCB. 2 U 2 3 0 l N . N O . £ - 3 0 0 REV 

CALCULATED DATA Of COMPOUND NUCLEAR PROCESS 

HAUsER-FESH6ACH-«LFENSTElN THEORY USED 

SECOND EXCEED STATE ( N - N ) 

E X C l T * T I C N E N £ R 6 V 0.HftOOOO <MEVJ 
EHlTTEO ENERGY (CMS) . . . 0 . 1 9 2 0 0 0 0 <HEV) 

(LAB) . . . 0 . 1 3 2 * * * 1 (MEV> 
SPIN-PARITY 4* 

COMPOUND NUCLEUS FORHATION CROSS SECTION (INVERSE PROCESSJ 2.5122E QI (MILL]-»*RN) 

TOTAL INELASTIC SCATTERING CROSS SECTION TO THIS LEVEL 2>7O«<E 01 CHILLI-6ARN> 

ANGULAR DISTRIBUTION (DEGREE) 

CENTER CF HASS LABORATORY , 

ANGLE DIFF«C.S. ANGLE D L F F * C S * ANGLE D L F F . O S . ANGLE 
0-0 1*T»1QE 00 100.0 2OQ50E 00 O«0 2«Bl2*E 00 99«T 

10>0 1.1093E 00 110^0 2.2633E 00 9 ,9 1.I308E 00 109.7 
20*0 l . l t l t E 00 120.0 2.J023E 00 19.9 1.II2SE 00 119.7 
30*0 1.9393E 00 130J0 2.1212E 00 29 .1 l . '39*E 00 129.7 
*0-0 2.02»»E 00 1*0,0 2.0299E 00 39.8 2.0*83E 00 139.8 
30 .0 2<1212E 00 130 t0 1.9393E 00 *9,T 2*l375E 00 1*9.8 
tO*0 2.2023E 00 160.0 1.I619E 00 39.7 2.2133E 00 139.9 
70«O 2.2633E 00 170,0 l>iO*3E 00 49 .7 2.27+7E 00 It 1! .9 
80*0 2«3030E 00 110.0 1«7»10E 00 79.7 2.1QME 00 180-0 
10-0 2 .3H3E 00 19.T 2>31I4E 00 

DIFF.C.S. 
J.3004E 00 
2.2362E 00 
2.1893E 00 
2.1090E 00 
2.0H3E 00 
1.919*£ 00 
1.8*l lE 00 
l.TIB*E 00 
1.7697E 00 

B - COEFFICIENT (CMS) 

2.1340E 00 
-3.*3l3E-01 
-L««3l4E-02 
-3.tf«9E-04 

(LAB) 

2»13*OE 00 
2<t*«2E-02 

-3.*3Q*E-01 
-**7*»7E-03 

TRANSMISSION COEFFICIENT 
1 J»J K O 

2.*36*E-0l 
1.1070E-01 
3«01«E-03 
3.34UE-0* 

.6Q69E-02 

.19*3E-02 

.2707E*0* 

INELASTIC CROSS SECTION 1.1B92E 03 (NILLl-BARN) 

RUNNING T1HE 3.H SEC, 

http://U230lN.NO
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Fig 6 ( 1 ) 

49 

PROB. 
1 1 

3 6 . 0 
1 . 2 4 3 
0 . 6 2 

• 6 . 0 
0 . 0 

1 0 . 0 
15(1.0 

2 
0 . 4 4 6 9 

2 . 0 ( 3 
PROB. 

2 . 0 
PRO*. 

1 . 0 
PROB. 

1 

0 . 0 
0>0 
2 
0 . 0 9 

3 - 1 t F E 5 4 - N . E » 3 . 0 MEV i MOLDAUER THtukv 
24 3b 0 1 15 1 

iooi> 
1 . 0 0 9 0.5. 3 . 0 

i . 4 1 . 2 6 J 
0 . 3 Q .62 

1 4 . 0 7 . 0 
3 . 0 1 " . 0 JO.0 3 0 . 0 

TO.O 9 0 . 0 1 2 0 . 0 1*0-0 
1 6 0 . 0 1 7 U . 0 1 7 3 . 0 1BU.0 

2 . 0 

4 . 0 
3 - 2 * F E 3 6 - N i b - J . U 

3 - 3 « F E 3 6 - H . t - 1 . 0 

3 - * i F E 3 6 - N , t - 2 . 0 

MEV « "OLDAuER ' H E U W Y 

1 

MEV , MQLDAUE8 I H E O H Y 

MEV 1 MOLOAUEft >NEUHY 

010 0 
2.1J 

0 , 0 

0 . 0 

Fig 6 ( 2 ) 

PRCB. 3-1. *EJ6-N». E"3.0 HEV . MOLDAUER THEORY « Q"L. NU"1«3 

TAHGET INCIDENT PHESH • 2.30011*01 CFTRHI) MAXIMUM ANGULAR MOMENTUM 
HAbS ...< it.00 1.009000 PhtSHC- 2.J0OE-01 (FEHM)J CLASSICAL CUT-OFF HOMtNTUH. 
MSS NO 36 1 CMtSH • 2.499E-01 (FERMI) *AyE NUMBER 
ATOMl<- NO- ... 26 0 CMESHC" 0-0 (FERMI) COULOMB fARAMETEH CYE1A) 

CMS ENERGY ... 3.000000 (HEV) 

LAB ENtRGY ••• 3.054054 CfEV} SEPARATION ENERGY ... u.O (HEv> 

INCIDENT PARTICLE ..... NEUTRON 

IH*G1II*RY POTENTIAL FORM NON-LOCAL PARAMETER > 0.0 < I.-! 
IwlERNAt. SURFACE ABS0HPT10N ONLY 

SURFACE GAUSS 

POTENTIAL PARAMETER 

FORM PABAHETER WELL DEPTH PARAMETER. (MEV) 
(FERH1) 

RO - 1>263 V - 46.00 wl - 0.0 Wb • 14.00 VbO - 7,00 HSO - 0.0 
R) • O'O 
RC • 0«0 VE - 0.0 vit m 0.0 «5t • 0,0 VSOE - 0,0 wSOE * 0.0 
RS - 1*400 
RiU- 1-J65 VES«« 0.0 wltSS- 0.0 •SEsO. O.U V^oEiw- 0.0 WSObStt- 0-0 
AO - 0-620 
Al - 0.0 VflE • 46.00 VlHt - 0.0 *IH5 * 14.00 VSpO - 1.00 MSPO * 0-0 
6 a 0.300 
ASO- 0.620 

BRANCHING RATIO 
O'O 0f0 0*0 0*0 0*0 0>U 0*0 0*0 0*0 0>0 0*0 0«u 
O.U 0*0 0.0 0.0 0.0 0.0 0*0 0.0 0.0 0.0 O.Q O.w 
0.0 

VSYH . 0.0 

vCOUL. 0.0 

VSYMM. 0.0 

LEVEL DENSITY PARAMETER 
EC - 0.0 A " 

°.0 

NO EXPERIMENTAL DAlA 

PROB. 3-1i FE56-N. E-3.0 MEV , HOLDAUFR THEORY <- ««1• NU-IO 

TOT*L CRO&S SECTION 3.J323E O3 (MlLLl-BARN) 

SHAPE ELASTIC CROSS SECTION 2 . I M S E 03 I M U L I - B A R N ) 
REACTION CROSS SECTION ... 1.337flE 03 (MlLLl-BAhN) 

ANGULAR DISTRIBUTION (DEGREE) 
CENTEH Of MASS ....... 

ANGLE EL*5T1C ANGLE ELASTIC ANGLE 

0.0 1.42J0E 03 
3.0 1.4012E 03 
10.0 1.3403E Oi 
20*0 l.H|3E 03 
30.0 «.1736E 02 

3 0 . 0 
7 0 . 0 
9 0 . 0 

1 2 0 . 0 
1 4 0 . 0 

2 .3909E 02 
1 .3633E Ol 
2 .3931E n l 
7 . 4 B H E n l 
4 . 8 6 1 4 E 6 1 

ELASTIC 

130.0 3.743,t 01 
160.0 3.2700E Ol 
17Q.0 3-2346E ol 
173.0 3.2632E fll 
1*0.0 3.2794t 01 

IN(JI 

0, 
4, 
9, 

19 . 
2V, 

.E 

.0 

.9 

.H 

.7 
,3 

ELASTIC 

1 .4737E 
1 .4319E 
1 .36»3E 
l , 1 3 b » E 
B.4337E 

03 
03 
I I I 
03 
02 

ANGLE ELASTIC 

49 
69 
89 

119 
iay 

, 2 
. 0 
. 0 
, 1 
.3 

2 . 6 3 2 0 E 
1.3B33E 
2 .3S44E 
T .3497E 
4 W 2 9 1 E 

02 
ni 
01 
01 
01 

ANGLE 

1 * 9 . 
139 . 
1 6 9 , 
174 , 
1 8 0 . 

.5 

.6 
,n 
,9 
0 

1 

V 
3, 

ELASTIC 

.629SE 

.1604E 

.1209E 
•1491E 
•1623E 

01 
01 
01 
01 
0 1 

L a«j 
COMPOUND FOHMATION PROBABILITY 
2»J T(»> ?#j T<-) 

1 9.A364E-01 
3 1.33I7E-01 1 1.3726E-nl 

1.313 7E-02 
1.67«4E-03 

• CoEfFKltNT ICMS) 

1.TU3E 02 
«.03T7E-01 

3.2343E 02 
7.4770E-02 

4.0291E 02 
1.215«-OZ 

3.3214E 02 
I.M19E-04 

3 1.I233E 01 b 3.3130b. 00 
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Fig 6 (2) continued 
PflCB. 3-1i FLjfc-N, E"3.0 MEV , MOLCiAUER THEORY • $*1* NU-l.J PAGE 3 

INELASTIC S<-ATTtR|Nu INPUT DATA 

TCTAL LEVEL* *, 

» • • GROUND STATt I N - N 1 

Sp lM-pA H j lY , 0 -

TAHGET INCIDENT PME5H - 2 . S 0 0 E - 0 1 (FERMl) MAXIMUM ANGULAR MOMENTUM 3 
MASS - 3 6 . 0 0 1<009000 PMESHC* 2.JQQE-01 (FERMI) CLASSICAL CUT-OFF MOMENTUM J 
MASS N 0 56 ! CMESH - 2 . 4 9 9 E - 0 1 ( F E R M I ) »*VE NUMBER 0.J7T1T7 
ATOMIC NO. . . - 26 a CMESHC- 0 . 0 (FERMI) COULOMB PARAMETER (YETA) 0 . 0 

ChS ENERGY . . . 3 .000000 <l«rVJ 
L*B ENERGY . . . 3 . 0 3 * 0 3 * (vEV) SEPARATION ENERGY . . . 0 . 0 <MEV> 

IHCJDEHT PAflTltLE • • • . . uEUTRCN 

IMAGINARY POTENTIAL FOf?H NON-LOCAL PARAMETER . 0 . 0 ( L-S TERM 
1NTEHNAL SURFACE ABSORPTION ONLY 
SURFACE • • • GAUSS 

POTENTIAL PARAMETER 

FOHH PARAMETER 
(FERMI) 

RO > 1 . 2 * 3 
Rl • t.«0 
RC - 0 . 0 
RS - 1>A00 
RSO- 1 .261 
AO - 0<««t> 
Al - U>0 
6 - 0*300 
A J O . 0.620 

•E-LL DEPTH PAHA^ETER CMEV) 

V - A6 .00 

VE - O.o 

V f i « - 0 . 0 

VRf - * 6 . 0 0 

* l -

y l t -

tflEsfi-

WlMI • 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

US > 1*>0Q VSO - T.OO MSO - O'O 

*5E > 0 . 0 VSOt • 0 . 0 nSOE > 0 *0 

kSEsd" 0 , 0 VSOEStt> 0 .0 VSOESi- 0>0 

HIHS • 1 4 . 0 0 VSpO . T ,o0 WSPD • 0<0 

VSYM . 0 . 0 

VCOUL. 0 . 0 

BRANCHING * * T t O 
0-C o.o 
1>° 0 .0 
0.0 

LEVEL UtNStTv PARAMETER 
EC - 0 . 0 A - 0 . 0 

° . 0 0 , 0 

PRCB, 3-1. FE56-N. £-3.0 M£V , MOLPA, '" THEORY * S-l. NU*l«i 

• • • FIRST EXCITED STATE < N - N > 

SPIN-PARITY , 
EXCITATION ENEHGY 0.6*6900 (MEv) 

PO'ENTJAL FORM AND PARAMETER &AME AS BEFORE 

*•»• S'.CQND EXClTgo STATE ( N - H > 

S P I N - P A R I T Y « + 

E X C I T A T I O N E N E R G Y 2 . 0 B 3 0 0 Q ( H E V ) 

POTENTIAL FORM A^O PARAMETER SAME AS BEFORE 

PRCB, 3 - 1 i FE56-N , E - 3 . 0 HEV , MOLDAUfR THEORY » « - l i NU-1#3 

CALCULATED DATA QF COM^UUND NUCLEAR PROCESS 

MOLoAUER THEORY USEO S-FACTOR . . . i ; 0 0 0 OEG. OF FRECIKJM . . . 1 . 3 0 

GROUND S T A T I C N - N } 

S P 1 N - P A R ] T Y , , o» 

COMPOUND E L A S T I C S C A T T E R I N G C R Q S S S E C T I O N J .2270E 02 ( H I L L I - B A ^ N ) 
SHAPE E L A S T I C S C A T T E R I N G CROSS S E C T I O N 2 . i « 3 E 03 ( H ! L L I - 8 A H N > 
TOTAL E L A S T I C S C A T T E R I N G CROSS S E C T I O N 2 . 3 i 7 2 E 03 C M I L L I - B A R N ) 

ANGULAR DISTRIBUTION (DEGREE) 

CENTER CF MASS LABORATORY 
ANGLE EL*STtC(S) ELASTlC(C) EL*ST IC (T ) ANGLE ELA&TlCtS) ELASTIC(C) 

0 -0 l . « 2 0 E 03 5 . * 0 * l £ 0 1 1<*7*1E 03 0 . 0 1.4737E D5 i . lQ79fc ©1 
3*0 1.4012E 03 3 . 3 2 7 8 t 01 l . * 3 6 3 E 03 4 . 9 l . * 5 1 9 E 03 3 . 7 2 H E 0 1 

10>0 1.3A03E 03 J .3062E Ol 1.3933E 03 9 . 1 1 . 3 I 8 3 E 03 3>49 I4E Ol 
2 0 - 0 1.11U3E 03 A.3332E 01 1-1641E 03 I f . 7 1 .134 IE 03 4 . 7 1 1 0 E 01 
3 0 - 0 8 .1736E 02 3 .4363F Ol 8-3412E 02 2 9 . 3 « . 4 J 3 7 E 02 3 . 7 7 H E Ol 
30*0 2 .3909E 02 2.4152E 01 2-8324E 02 4 9 , 2 2.6320E 02 2 .4722E 01 
7 0 - 0 1.3433E 01 2 .0133E Ol 3>5768E 0 : 6 9 , 0 1.3B33£ 01 2 .0392E ° 1 
90<0 2 .39^1E 01 1.8997E 01 4 .492bE 01 B9.0 2 , 3 9 * * E 01 1 .9D0*E 01 

1 2 0 - 0 T . 4 8 H E 01 2.133NE Ol 9*&330E 01 1 1 9 . 1 7 .3497E O l 2 . 1 1 * 0 E Ol 
1*0*0 4 . I 6 U E 01 2 .9017E 0 1 . T . 7 * 3 l E Ol 1 3 9 . 3 4 .7291E 01 2 . 1 2 2 I E 01 
130 -0 3 .7434E 01 3.6363E 01 T-4017E 01 149 .3 3 . 6 2 9 I E 01 3*3433E Ol 
1*0*0 3.2TO0E 01 4 .3932E 0 1 7 > I 2 3 l E Ol 139.& 3.1604E 01 4 .4023E 01 
1 7 0 . 0 3 .2346E t 1 5 . 3 0 I 2 E O l « . J * 2 » E 01 169.B 3.1209E 01 3-121#E Ol 
179>0 3.2&92E 01 3.32TBC 01 I - 7 9 3 1 E o l 1 7 4 . 9 3 . 1 4 9 l E 01 5 .3312E U l 
1B0.Q 3 .2794E 01 r..6041E Ol 1.BB36E 0 1 1B0.0 3.1623E 01 3 .4040E Ol 

ELASTIC(T) 

l . » l » E 02 
1.S092E 03 
L.4432E 03 
1.2039C 03 
B.B109E 02 
2.B992E Oi 
' • 6 2 2 3 E 01 
4 .4930E Ol 
9.4697E 01 
7 .3 }1«E 0 1 
7.1T34E 01 
T*3fr28E 01 
B.2424E 01 
» .4 *03E 01 
» . 3 * t 3 E 01 

COEFFICIENT <CHS> 
LL 

0 

10 

BL- (S) 

1.T463E 02 
J'?S43E 0^ 
4 .0231E 02 
3 .3J14E 02 
l ' 4 * i | E 02 
1 . I 2 3 3 E 01 
3*3130E 00 
• . O J 7 7 E - 0 1 
7 i 4 7 7 0 E - 0 2 
l » 2 1 3 9 E - 0 2 
B > l t l 9 E - 0 4 

2 

BL- (C> 

9680E 01 

B«?1E 0 1 

1401E 00 

3 7 H E OD 

1304E-Q2 

1433E-03 

BL - ( T ) 

2' 0031E 02 
J*23«3£" 02 
4 . 2 H 3 E 02 
3.9214E 02 
1'9382E 02 
1.8233E 01 
B>0(4«E 00 
I . 037TE-O1 
9 .40T3E-02 
1 .2139E-02 
8<0913E-03 

<LAS> 
6L - C D 

2.0031E 02 

3,27li£ M 
4.2723E 02 
S.f tUBE 02 
1.7144E 02 
2 .7323E 01 
9.3419E 00 
1.4691E 00 
l . l * 3 0 £ - 0 l 
? . 3 l l 9 E - 0 2 
9 . 9 3 4 T E - 0 3 

TRANSMISSION COEFFICIENT 
L 

0 

T ( * > 

9 .B346E-01 

1 . 3 J I 7 E - 0 1 

7.3O7OE-01 

1 . 1 3 4 9 E - 0 1 

1 .3137E-02 

l > » T | 4 E - 0 3 

OiO 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

1 .3TZ4E-01 

6 . 7 3 1 0 E - 0 1 

3 .4132E-02 

3 .0333E-02 

4 .7421E-04 
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Fig 6 ( 2 ) continued 

PRCB. 3-1. Fc36-h. E-3.0 HEV t MOLDAUER THEORY • 0-1' NU-l-i 

CALCULATED uATA OF COMPOUND NUCLE'R PROCESS 

MCLDAUEN TMtQRY USEU tf-FACTOfi ... 1.000 "EG. OF FREEUUM ... 1.3U 

FIHST tiClTtD STATE ( N - N > 

EXCITATION ENEKCY O.BA690DO <HEV) 
EMITTED ENERGY (CMS) ... J.HSlOOO CMEV) 

<LAB) ... ?,19189*2 CMEV) 
SPlN-^"RlTY 2> 

CCPCU^D NUCLEUS FORMTICN CROSS SECTION (INVERSE PROCESS) 1.3*2"t 03 (MlLLI-BAkN> 

TOIAL INELASTIC SCATTERING CROSS SECTION TO THIS LEVEL fl.ssm on <M[LLI-HAWN> 

ANGULAR DISTRIBUTION tDEGREO 

CENTER CF MASS " ' * • LABCKATOSV 
ANGLE D t F F . C . S . ANfij E O l F f ' C S * ANGLE D l F F ' C ' S . ANGLE 

O'D 4>49*BE 01 1 2 0 . 0 7 -1967E 01 0 - 0 6 > T 7 4 0 t 01 l l f l ' T 
5 - 0 6 - 5 H 6 E 01 1 * 0 . 0 7 . 1 0 9 * E U l 1 .9 6 - 7 9 0 } E 01 1 3 * . 2 

1 0 * 0 6 . 3 6 0 3 E 0 1 H o . O 6 . 9 3 7 6 E 01 9 .B 6 . B 3 8 I E Ol 2 4 9 . 4 
2 0 - 0 6 . 7 3 0 0 L 01 1 6 0 . 0 6.730OE 01 1 9 . 6 7.U023E 01 1 5 9 . b 
3 0 * 0 6 < 9 3 7 6 t O l 1 7 0 . 0 fc-Ho^b Ol 2 9 . * 7 . I 9 6 7 E O l 1 6 9 . f l 
3 U - 0 7 .19T3E 01 1 7 5 . 0 6 . M 1 & E 01 4 9 . 1 7 .396JE 01 1 7 * . 9 
7 0 - 0 7 V39BE Q l 1 8 0 . 0 6 - *9 * t JE Ol 6 8 - 9 7 . 2 * B * E O l l f lO .O 
9 0 - 0 7 . 0 5 0 * E 0 1 BB.8 7 . 0 3 i 2 b 01 

D I F f - C . S i 
7 . 0 * 8 1 E 01 
6.BB16E 0 1 
6.6B3bE 01 
6 . * 6 * 2 £ 01 
6.2BB5E O l 
6 .2387E 01 
6 .2215E 01 

• CGEF^IC1ENT (C*5> 
LL ttL 

0 7 .0T2BE O l 
2 - 2 ' U M E 00 
* _ 3 . 5 2 7 » £ 00 
t> -1.38O2E-01 
B -9.6626E-0* 

lu -?.B*>fl3E-03 

OL 

7.0728E 01 
3.0263E 00 

-2.tm0flE 00 
-7.9U3TE-03 
-J.3220F. 00 
-2.*J06t-01 

T«AHS»1SS\0M COEFFICIENT 
L 2«J U O 

0 1 *.973aE-01 
1 3 I.11B2E-01 
2 3 <"7llBE-01 
3 7 J.7OTIE-O* 
* 9 5.3237E-03 
3 11 *.667eE-0* 

1*33T3E-01 
6.9777E-01 
J.1000E-C2 
6.766BE-03 
a.iaifcE-05 

PRCB. 3-1, FE-36-S, E-3.U MEV . MOLDAUER THEORY ' 0-l« NU-1.3 

CALCULAtED DATA OF COMPOUND NUCLEAR PROCESS 

MCLDAuEM Tnt-OR* USEL' li-FACTQR ... 1.000 UbG, OF FREEUUM ... 1.30 

SECOND t*CIT£D STATt ( N - N l 

EXL]T*.TJCN ENE«GY 2.0B300OQ (MEVJ 
EMITTED ENERGY (CMS) ... 0.9130000 CMEV) 

<LAB) ... 0.931*86* <MEV> 
SPIN-PARITY *+ 

COMPOUND NUCLEUS FORMATION CROSS SECTION (INVtKSE PftOCESSJ ...... 1.7211E 03 (HILLI-BARN> 

TOIAL INELASTIC SCATTERING CROSS SECTION TO THIS LEVEL i-»627t 02 (HILLI-BARN) 

ANGULAR OISTKJBUTION (DEGREE) 

......... CENTER CF MASS < LABORATORY 
ANGLE DIFF.C.S. ANGLE OIFF.C.S. ANGLE DIFF-C-S. ANGLE 
0-0 J>0l33t 01 120.0 1.1876b 01 0.0 l'OBOSt 01 lib.* 
3*0 1.0139E 01 1*0.0 1.1291b 01 4.8 1.QB31E 01 13B.8 

10-0 1.0235E Ol 130.0 1.0B9*t Ql 9-7 J.Q904E Ol 1*9.0 
20.0 1.0512E 01 160,0 1.U512E 01 19.* 1-1169L 01 139.3 
30*0 l.o89*t Ol 170.0 l.u23Sb Ol 29 *- 1.1D22E Ol 169.7 
30-0 1-1631E 01 173,0 1.015*E 01 *0.6 J.2135E 01 17*.8 
70.0 1.202*b Ql 180.0 1.0133E 01 68.3 1.2311E 01 180.0 
90.0 1.2117E 01 84.1 1.2136E 01 

DtFF.C.S. 
1.1S06E 01 
1.0741E 01 
1.0291E 01 
9.8798E 00 
9.3885E 00 
•J.3098E 00 
9.A83QE 00 

B - COEFFlCJtNT 

1.16*0E 01 
-1.1M3E 00 
-3.1362E-01 
-6.6798E-03 
-«.9*22E-03 

BL 

1.16A0E 01 
7.7*9*E-0l 

-1.171*E 00 
-7.9133E-02 
-J.13*0t-01 

TRANSMISSION COEFFICIENT 
L 2*j T(») 

D 1 *.T33BE-01 
1 3 o.8*69E-02 
2 3 i!.6707E.ol 
3 / l.B718E^03 
4 9 2.3607E-0* 

9.8645E-02 
1.7690E-01 
3.8229E-0* 
l.*360E-0* 

INELASTIC CROSS SECTION 1.03J1E 03 (MILLl-BAfiN? 

RUNNING TIME 13-87 SFC. 
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Fig 6 (2 ) continued 

M O B , 3 - 2 . « 3 4 - N . E-2 .0 HEV * MOLOAUE* THEORY • • - ! . NU-1.3 PAGE 1 

TARGET INCIDENT PMESH - 2.3O0E-O2 (FERHt) MAXIMUM *HGULAR MOMENTUM J 
MASS 34 ,00 1 ,00*000 PHE&HC- 2-5O0E-O1 CFERHl) CLASSICAL CUT-OFF MOMENTUM « 
MrtSj NO, . . . . . 34 ! CMESH • 2 . » 9 9 E - o l (FcRMt) *AVE NUMBER 0.307964 
ATOMK N0« • > • 24 0 CMESHC* 0*0 (*5RMl> COULOMB PARAMETER (YETA) 0-0 

CMS ENERGY . . . J,000000 CMEV1 

LAB ENER«Y . . . 2 . 0 j * 0 3 t <MEV1 SEPARATION EKEftGY . . . 0 ,0 (HEV> 

INCIDENT PARTICLE NEUTRON 

IMAGINARY POTENTIAL FORM. NON-LOCAL PARAMETER - 0 , 0 t L-S TERM 
iNTEflhAL , SURFACE ABSORPTION ONLY 
SURFACE GAUSS 

POTENTIAL PARAHETEH 

FORM PARAMETER 
<Ftnnl) 

RO - 1 - I 45 
Rl • 0 . 0 
PC - 0*0 
RS <• 1*400 
RSO. 1-2*5 
AO - 0 -420 
A l • O.o 
S - 0-300 
ASO- 0-1,20 

BRANCHING rtATIO 
0 ,0 0 .0 
0 , 0 0,0 
0 .0 

*ELL DtPTH 

V - 4 & , Q Q 

VE - < \0 

VESA- 0 , 0 

VRE - *4,.a0 

O.O o 
0 .0 0 

LEVEL D E N S H Y PARAMETER 
EC - 0 . 0 

0 ,0 
A - 0 ,0 

O.Q 

PARAMETER 

« I 

H I E -

•IEs«-

WlMt -

. 0 0 .0 

. 0 0 .0 

5GM" 0.1 
0,1 

(MEV> 

O.Q 

0 . 0 

o.o 
0 . 0 

0 .0 
0 .0 

NS • 

*SE -

• S E s i -

• 1H5 -

0 .0 
0 . 0 

3 EPR- 0 .0 
3 0 . 0 

1 * . 0 0 

0 , 0 

0 , 0 

14 .00 

0-0 
0 .0 

NOH-

vso 

VSOE -

VSOE59-

VSpO • 

Q.O 
0 , 0 

0 .0 
0 ,0 

7 .00 

O.O 

0 ,0 

7 .00 

0 .0 
0 . 0 

•SO > 0 -0 

MSOE - 0 .0 

wsoEsa- o-o 

ftSPO • 0•0 

0 .0 O'O 
0 .0 0 .0 

VSYM - 0 ,0 

VCOUL- 0 .0 

VSTWN" O.Q 

0*0 0 . 0 
0 . 0 0 .0 

NO EXPERIMENTAL DATA 

pftCB. 3 -2 * FE36-N, E -2 .0 MEV , MOLOAUEft THEORY . «>1< NU-1.3 

TOTAL CRQSS SECTION 3.«373E 03 (M(LLI-»AHN> 
SHAPE: E L A S T I C CROSS S E C T I O N I . B 7 6 7 E 03 I M I L L I - B A R N ) 
REACTION CHOSS SECTION , . , l . j i O b E 03 CH'LLI-BAHN) 

ANGULAR DISTRIBUTION (DEGREE) 
; CtNTEfl OF MASS 

ANGLE E«-*ST 1C ANGLE ELAST (C ANGLE ELASTIC 

0 .0 1 .01ME 03 
1.0 l . ° 0 1 * E o3 

10 .0 9 . t * 0 3 E 02 
2 0 . 0 l .^ 'OSE 0 2 
iC.O 6.3239L 0? 

1 ° . ° 2.4231E 0 ! 
70 .0 3.1281E fll 
9 0 . 0 T.23A4E 00 

6.337TE p i 

130.0 
160.0 
170.0 
17J.0 

9.23B4E 01 
1.Q18SE 02 
1.0921E 02 
1.1132E 02 

1*0,Q a.332i£ nl 180.0 1.120SE 02 

ANGLE 

0,0 

ANGLE ELASTIC ANGLE ELASTIC 

1.0310E 03 
1.03T6E 03 
9.9434E 02 
B.3*3*E 02 

*9.2 2.AB03E OS 
3.1681E ol 
7.2399E 00 
6.2264E 01 

1*9.3 
139.6 
149.8 

B.9728E 01 
*.B*39E 01 
1.0337E 02 
1.0736E 0? 

2V.3 6.3236E 02 139.3 A.124AE 01 160.0 1.08O3E 02 

L 2»J T<*> 2»J L 2*J T(*) 2«J 

0 1 9,9»%4E-01 5 5 6,«900E-01 3 fc.ATISE-O* A 9 4.2462E-03 T 4.B507E-03 
1 3 1.07BDE-01 1 1.3J28E-f)l 3 7 2.B747E-02 5 «-332*E-o3 5 11 1.77*»E-0* 9 5.3234E-03 

B - COEFFICIENT CCHS) 

0 1.A93AE 02 1 2.322SE 02 3 3 .3I9SE 02 3 2 .1 *7 *E 02 • 7.379flE 01 S 3.9190E I 
7 6 . 7 B j » E - 0 2 B 4.6ST6E-03 9 »,27$0E-0» 10 2 .2510E-03 11 O'O 

b 9 . 3 O 2 E - 0 1 

PROB. 3 - 2 . FE36-N. E ' 2 . 0 NEV , MOLDAUER THEORY * *"1« NU-1.5 

CALCULATED DATA OF COMPOUND NycLEAH PH0CE5S 

MOLDAUER THEOHT USED 4-FACTOR . . . 1.000 D£G. OF FfiEEDi" 1 . . . 

GROUND STATE ( N - N ) 

SP'N-pAfi ir i ' o» 

COMPOUND E L A S T I C S C A T T E R I N G c e s s S E C T I O N 6.3BS9E 02 
SHAPE E L A S T I C S C A T T E R I N G CROSS S E C T I O N I . S 7 6 T E 03 
TOTAL E L A S T I C S C A T T E R I N G CHOSS S E C T I O N 2 . 5 1 3 3 E O I 

ANGULAR O I S T H I B U T I O N (OEGRECJ 

CENTEH QF MASS • • • 
ANGLE ELAST(CCSJ ELASTlC(C) ELASTICtT) ANGLE 

0 . 0 1.01A1E 03 1.0140E 02 1.113TE 03 0 .0 
3*0 1 .00 I4E 03 1.0032E 02 1.1019E 03 * . 9 

1 0 . 0 S. i -^SE OJ 9 .7*0*E 01 1.0414E 03 ? .« 
20*0 a.KOBE 02 B .63UE 01 9« - l?3« 0? 19.7 
3 0 . 0 B.5239E 02 T.19I9E 01 7 .043 IE 02 2 9 . 9 
30*0 2.4231E 02 A.B33AE 01 2.9047E 02 *9.2 
70-0 3 .1J I1E 01 3 . *933E Ol 7*123»E 01 * 9 . 0 
fO'C 7 . 2 ) 4 * E Oo 3.9233E 01 4.4472E Ol 19 .0 

120.0 4.33T7E 01 4,2«73E 01 1 .0JI5E 02 1 1 9 . 1 
1 *0 '0 B.3321E 01 J , * * J 7 E 01 1<*196E 02 139.3 
130*0 9.29B*E 01 7.19B9E 01 1>6*37E 02 1*9 .3 
140*0 1.01B3E 02 B.6314E 01 l ' « H 7 E 02 139.6 
170.0 1.0921c' 02 9.740AE Ol 2.0642E 02 149.4 
173-0 i > U 5 2 E 02 1 .0032f 03 2 - U J * £ fl2 1 7 * . » 
110.0 1.1203E 02 1.0140E 02 2>1343E 02 1B0.0 

B • COEFFICIENT <CHS) 
LL 1L - <S) 

0 1<44J*£ 02 
1 2-3229E 02 
2 3'3i»|E 02 
3 2*14T*E 02 
* T i379 |E Ol 
9 3*9 l fOE 00 
4 f . 3 * J 2 t - D * 
7 4 . 7 | 3 * E - o a 
I 4 .4974C-03 
9 *<27 IOE-0* 

10 2 .2MOE-03 

I L *>(T) 

J .OOl iE 02 
2.3229E 02 
J»7>02£ 02 
2 « l * 7 * t 02 
|.<J2|1E 01 
3.9190E 00 
2 . 1 * 3 t E 00 
4>TIJ4C-0^ 
* ; 4224C-02 
4<27lOE-04 
3 ' l f 2 « E - 0 3 

BL -<L> 

2.Q014E . ' . 
2.34TVE 4 2 
3 .7T9 IE 02 
2 .2 I43E 02 
1.00J7E 02 
9.**(9E 00 
2.»9*E 00 
2,*2J»E-0l 
9.794|E-02 
4.7242E-0J 
3.9292E-03 

CMlLLI-BARN) 
(MlCl-1-flANN) 
<MlLLI-BARN) 

ELAST IC<:s> 

1.0510E 03 
1.0376E 03 
9<9636E 02 
l . 3 * 3 * E 02 
6.J234E 0? 
2 .4 I03E 02 
3.16B1E 01 
7.2399E 00 
6,226*E 01 
I . U 4 « E 01 
1.973 ;E 01 
9.*-^->E 01 
1*093TE 02 
1>0TJ6£ 02 
1.0B03E 03 

ELASTIC(C) 

1.0329E 02 
1.0414E U2 
1.00B9E 02 
B.9247E 01 
7.4242E 01 
* . 9 * 9 * E 01 
4.Q444E Ol 
j . 9 2 3 * E 01 
••1727E 01 
9>6«*7£ V I 
4>*749£ Ul 
B O * 2 l E Ul 
9.J979E L)i 
9-4947E 01 
9 .794 IE 01 

TRANSMISSION C O E F F I C - N T 
L K O 

0 9>94**E-01 

1 l .OTIOE-Ol 

2 4 .4900E-01 

3 2 . | 7 « E - 0 2 

* 4 .2 *42E-03 

> 1 I 7 T 4 * ) E « 0 4 

T<0> 

0 . 0 

0 .0 

O.Q 

0 .0 

0 . 0 

0 . 0 

ELASTfC(T) 

1.1362E 03 
1 .141IE 03 
1.D993E 03 
9.4340E 02 
7 .26 I3E 02 
2.9T32E 02 
7 .21*J£ 01 
» . 6 * 9 * t 01 
1.0399E 02 
1.3S09E 02 
1.S930E 02 
1.1104E 02 
1.993SE O,1 

2 . 0 * 3 l £ 0." 
2.0602£ 02 

T t * j 

0 , 0 

1 .322 IE -01 

4.47B3E-01 

I .3326E-03 

4 . I307E-03 

9.3234E-03 
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F i g 6 ( 2 ) continued 

PRCH. 3-/t »-I.«-N, E'2-U MEv . MDLOAUFR THEORY 

CALCULATED ^ATA DF COf-P>-UND NUCLEAR PROCESS 

MOLDAUH* I'tORY |>SE-' i.-F ACTOR ... 1.000 

FIRST t^Clt'D STATE ( r* - M ) 

S-l< NU-1.5 

OEG. QF fREEu. 

E*<-|T*I ION ENERGY .. 
E^cRGY CCS) 

CLAtl) 
Riir 

ilTTti 
0.8**9000 
1-1531000 
1.173*764 

IHEVJ 
<Mf;V) 
tMEVJ 

Co- PCuhO MjCLEuS FORMATION CROSS SECTION (JNVEHSE PROCESS) 

TOUL INELASTIC SCATTERING CROSS SECTION TL. THIS LEVEL -•• 

ANGULAR DISTRIBUTION (DEGREE) 
CENTER CF MASS 

3 U - 0 
5 u * 0 
7 0 - 0 
9 U - 0 

O I F * 
7 -0554E 01 
7 .06B8E 01 
7.1wi76E 0 1 
7 # 2 0 » f 0 1 
7 . * 1 0 2 E O l 
T ' ( .130E D i 
7 - 5 J « O t 01 
7 . 4 * 4 6 E 0 1 

ANGlE 
120.0 
1*0,0 
150.0 
140.0 
170.0 
1T5.0 
UO.O 

D l F F - t . S . 
T . 6 0 0 3 t 01 
7 .5473E 01 
7 .»102E 0 1 
7 . - ! 43 *E 01 
7.1Q76E Oi 
7.U6S|JE 01 

055* 01 

1.7i89t Oi CMILLI-8ARN) 
9.*l9flE Oi (MlLLl-BARN) 

INQLE 
0 . 0 
4 . 9 
9 . f l 

1 9 . 5 
2 9 . 3 
4 9 . 0 
6 8 . 7 
8 8 , 6 

O I F f * C . S . 
T -3942E 0 1 
7.*»0T0E 01 
7 . 4 4 3 6 E 01 
7 .570BE 01 
7.7J.94E 01 
T -b iOBE 0 1 
7 .6664E 01 
7 . * 3 0 9 E 01 

ANGLE 
l i l t . 6, 
139.1 
1 4 9 . 3 
1 5 9 . 5 
1 6 9 . 8 
1 7 * . 9 
l f l O ' O 

D 1 F F - C . S . 
7 .4260E 01 
7 . 2 7 8 l E 01 
T . U 0 3 E 01 
6 , 9 2 4 7 £ 0 1 
6 , 7 7 9 * E 01 
6 .738&E 0 1 
6 . 7 J 4 5 E 01 

• CUEFr'CltNT <C**S> 

7.4*60t 01 
-I.J763E 00 
-3.0^T9t 00 
-3.16fc0t-0? 
-*.B*BU-0* 

7.4V60E 01 
3.5696E 00 

-1.Z343E 00 
2.5223E-02 

-3.DV1QE 00 

9,aa7*£-01 
7.9090E-02 
3.B090E-Q1 
4.2Q67E-03 
6.2332E-04 

1.U33E-01 
2.S191E-01 
1.2«*2E-03 
4.Q604£-Q4 

INELASTIC <- -OSS SECTION 

Sl/NNINU Tl E ..... 7,47 SFC. 

9.419BF 02 (MILLl-BARN) 

PHCb. 3-->* *-t56-N. C-1.0 MEV * MOLDAUER THEURY I S-l* NU»1.3 PAGE 1 

TAHQEI INCIDENT PMESH • 2O00t-0l (FE R M I ) M A X I M U M ANGULAR MOMENTUM 4 
MAbs 56.00 1.0O9O00 PMtSHC- 2«300t-01 (FERMt) CLASSICAL CUf-OFF MOMENTUM 3 
"ASS ''" 56 1 CMESH - 2.4B3E-01 <FEfiMl) »AvE NUMBER 0.217763 
ATOMJC NO. ... 2b 0 CMESHC- 0.0 {FER*l> COULOMB PARAMETER (YETA> 0.0 

CM=> ENtRGY ... 1.000000 (PEv) 

LAo F'.tRCy ... 1.018018 (MEv) SEPARATION ENERGY ... V.O <MEV> 

thUDf-T PART1LLE NEUTRON 

IMAGINARY POTENTIAL FORM NUN-LOCAL PARAMETER - o.o ( w-s TERM > 
I -TEHNAL SURFACE ABSORPTION ONLY 
Su*F**-E GAUSS 

POTENTIAL ^ARAhETEh 

FORM PARAMETER «itLL 0£PTH PAtfAMETEH (HEV) 

RO m 1.263 V - tb.OO Ml - 0,0 «S - 14.00 VSO - T.QO VSO - 0*0 VSYM • 0.0 
Rl - 0-0 
ftC - U.Q VE - 0.0 w't - 0,0 VSE - 0.0 VS Q E • 0.0 WSOE - 0.0 VCQUL- 0,0 
RS - 1.400 
Hi--- 1.245 VES-i- 0.0 *1ES<5" O.C wStsfl* 0.0 VSoESS» 0.0 WS0E5«* 0.0 
AO • 0*6*0 
Al - U.L VRE - 46.00 VIM| • 0.0 *IMS " 14-00 VSpO • 7.00 *SPO • 0.0 VSYKH- 0.0 
S • u.jOU 
H^m O.oJO 

HRANCMI-G "ATIO 
0.0 0*0 Q.O 0.0 0<0 0.0 0*0 0.0 O'O 0.0 0-0 O'Q 0*0 0*0 
0.0 Q.C 0.0 0,0 0.0 0,0 0.0 0.0 0.0 Q.O 0.0 0.0 0*0 0.0 
O.u 

LEVEL DtNSHv PARAMETER 
EC. - 0 . 0 A - 0 . 0 SGH» 0 . 0 EPf i - 0 * 0 NOM" 0 . 0 

0,0 0 , 1 0 . 0 0 . 0 0 , 0 

HO EXPtPlMLNTAL DATA 

PROB. 3 - 3 . F c ^ f c - N , E - l , t ) MEV . MOLDAJER T>" ORY ^ S - l « N U - 1 . 3 

TOTAL CROSS SECT]ON 3 . 2 3 7 2 E 03 ( M I L L I - 6 A R N ) 
SMApE ELASTIC CRCSS S E C l l n N 1 .5364E 03 CMlLL l -BARN) 
REACTION CRQSi SECTIOM . . . I.J209B 03 ( M l L L l - B A H N ) 

ANGULAr. W J S l h l B u l I O N (DEGRFE> 
• CENTER OF MASS 

ANGLE ELASTIC ANGLE ELASTIC 

0 . 0 2.01Q6E 02 5 0 . 0 2 .0335E 02 
5 . 0 4 .96TBE 02 To .O T.93B1E O l 

1 0 . 0 4 .B407E 02 » 0 . 0 2 . 7 2 6 4 E 0 ' 
2D-0 4 . 3 6 U E 02 1 2 0 . 0 3 . 3 * 6 1 E O l 
3 0 . 0 3 .636AE 02 1 4 0 . 0 1 .0393E 02 

ANGLE ELASTIC 

150,0 1.2MIE 02 
16Q.0 1.5163E 02 
]7o.O 1.6630E 02 
175.0 1.7Q15E 0? 
1B0.O 1.T146E 02 

ANGLE ELASTIC 

0 , 0 5 .1430E 02 4 9 , 2 
4 , 9 3 . 1 4 7 7 E 02 6 9 . 0 
9 . 8 5 .0141E 02 « 9 , 0 

1 9 . 7 4 . 5 1 0 5 E 02 1 1 9 . 1 
2 9 . 5 3 .771BE 02 1 3 9 . 3 

2.0I15E 02 
I.039TE 01 
2.7277E 01 
3.2521E 01 
1.0111E 02 

ANGLE ELASTIC 

149.5 1.29'1E 02 
1 5 V . 6 l . t t M E 02 
1 * 1 . • 1 .6045E 02 
1 7 4 . 9 1 .6410E 02 
1 1 0 . 0 1 .4533E 02 

COWPUUNO FORMATlUN PROBAtHL iTY 
2 » J T ( » ) 2 » J T<-> 

9 . » i l 4 E - U l 
7 . 2 0 2 3 E - J 2 1 l.DifcBE-iil 

3.0872E-01 
2.5347E-03 

2.12B3E-01 
7.BBB36-04 

9 3.6253E-04 7 2.1404E-0* 

B - COEFFICIENT «*«,> 

1.1923E n2 
2-0403E-O5 

3 4.3310E 01 4 1.3714& Ol 3 2.6T16E-01 6 4.039lt-02 
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Fig 6 ( 2 ) continued 

a- i . NUM.5 

U£G. OF FREEDOM . . . 1 , 5 0 

PHCB. 3 - J , F r s t - N , E " 1 . 0 MEV , MOLDAUER THEORY 

C»LCULA>ED ' A T * OF COMPOUND NUCLEAR PROCESS 

MOLDAUt" T " L G : : * ijSEO (u-FACTOR . . . 1 . 000 

liROL'ND = T M e < H - N > 

S H I N - H - R T T Y 0 * 

C U - P C U - D t L A S T l C SCATTERING CRCsS SECTION 1 .2Q8b t 03 ( H l L L J - 8 * K N ) 

I H * P E l t . A i ! l C SCATTERING CROSS SECTION l , 5 3 6 t t 03 ( « l L L l - B * « N ) 
TO'AL cLA iTTC i C A ' ? E f t f N 6 CR05S SECTION 2 . 7 « 5 2 E 03 <Ml|_L l -BARN) 

A N G U L » R v i S T K l H U T ' O N (D t5REF) 

• . , CtNTER CF HASS LABORATORY -
ANfcLE ELA5I lC( i>) F.LAST[C<C> E L A S T l C U ) ANGLE e(_ASTfC<5> ELASTIC(C) 

i>*0 5 . 0 1 0 f l £ 02 1 .602JE U i 6 .6130E 02 0 . 0 3 .1930E 0? 1 .660JE 02 
J>-0 4 . 9 6 T 8 6 u2 1.5a9*>E 0? 6 . 5 5 7 1 t 02 4 . 9 3 .1477E 02 1-6A69E 02 

l u - D <. . f l *y7E u? 1 .5517F 02 6 -3925E 02 9 .8 i . 0 1 4 1 E 02 1 .6073E 02 
2 o - 0 4 . 3 6 1 3 E 02 1 .416nE 02 J . 7 7 7 3 E 02 1 ? . 7 * . 3 l o 3 E 02 1 . A M 3 E 02 
3u<0 3 .63&4E 02 1 .2338F 02 4 .B922E 02 2 9 . J 3 . 7 7 l B £ 32 1 .2748E 02 
50-D 2 . 0 3 3 5 E 02 9 .2576E 01 2 .9393E 02 * 9 . 2 2 .0813E 02 9 . 4 7 3 9 E 01 
7 0 . 0 7 .9301E 01 R.2139E 01 1-613ZE 02 4 9 . 0 8 . 0 3 9 7 E 01 6 .3190E ^1 
9U-0 2 . 7 2 b * E 01 R.2261E 01 1-0932E o2 8 9 . 0 2 . 7 2 T 7 E 01 8 . 2 3 0 1 E 0 1 

2 2 0 - 0 S . l t o l E " 1 6 . * 9 0 B E 0 1 1.3B37E 02 1 1 9 . 1 S .2321E 0 1 B-3417E 0 1 
1 4 0 - 0 1 .0393E u2 1 .0398E 0? 2-U991E 02 1 3 9 . 3 1 . 0 U 1 E 02 L O J 0 9 E 02 
1 5 0 * 0 1 . 2 9 d l E 02 1.233BE 02 2 -5339E 02 1 *9 .3 1 .2381E 02 1.19T7E " 2 
1 6 0 - 0 J . H » > E u2 1 , * 1 6 0 E 02 2 . 9 3 2 6 b 02 1 3 9 . 6 1 . 4 6 5 7 6 02 1 .36B6E 02 
1 7 0 - 0 1 .66J0E 02 1 .3317E 02 3 .2147E 02 1 6 9 . 8 1.6U43E ° 2 1.49T2E «2 
1 T 5 - 0 l . T O U E 02 1 . 5 e 9 * F 02 3 .2909E 02 1 7 4 . 9 1.61V0E 02 1.S32BE 02 
1B0-0 l . T l * * E " 2 1 .6023F 02 3.316f iE 02 1 8 0 . 0 1 .6533E 02 1.543UE ^2 

ELASTIC(T> 

6 -8133E 02 
6 - 7 9 * 7 E 02 
6 . 6 2 U E 02 
^ •9T50E 02 
5 . 0 * 6 7 E 02 
3-0291E 02 
1.633)9E 02 
1 .0938E 02 
1 . 3 3 9 » E 02 
2 . 0 4 2 0 E 02 
2 .4358E 02 
2 - 8 3 * 3 E 02 
3.1G17E 02 
3 .1TJ8C C2 
3 . 1 9 8 4 E 02 

. - CCEFhIC I tNT ICH5) 
Lu B L - <S) 

u l . j ! ? 2 b t 0 * 
1 1-1923L 02 
•r 2 . 0 Q 2 3 t 02 
3 4 O 1 1 0 L 01 
* l . J T 1 4 t 01 
^ 2 . 6 7 1 6 t - 0 1 
» 4 . Q 3 9 B t - 0 ^ 
7 7 .3?91 t -0 *> 
tj 2 - O 4 0 3 b - 0 5 

• (C> 

9 .6194E 01 

* 0 1 ? 1 E 0 1 

2 -0603E 01 

2 - 1 9 0 7 E - 0 1 

1 -8914E-02 

8L -(1) 

2.1845E U2 
1.19J3E 02 
2.4J44E 02 
*.531UE 01 
3.4317E 01 
2.6716E-01 
2.5947E-U1 
T.3291E-U* 
1.6934E-02 

BL -(L> 

2,ld*5t 02 
1.2.>33E 02 
2.47D0E 02 
5.5026t 01 
3.6787E Ol 
?.3732t 00 
3.3ti62E-0l 
S.1297E-02 
1.9390t-O? 

T«ANSM|S5JON COEFFICIENT 
TCO 

9.B116E-01 

7.2B23E-03 

3.0BT2E-01 

2.55A7E-03 

3.6^33C-0* 

1 

0 . 0 

0 . 0 

O.Q 

0 * 0 

0 . 0 

TC-> 

0.0 

1 . 0 3 6 8 E - 0 1 

2 . 1 2 8 3 E - 0 1 

7 . 8 B 8 3 E - 0 * 

2 . 1 4 0 4 £ ^ 0 4 

PROB. 3 - 3 , F L 5 6 - N , E ' l . u HEv , MOLDAuER THEORY « S - l « N U - 1 . 5 

CALCULATED C-ATA oF COMPUUNO NUCLEAR PROCESS 

*CLDAUE" THEc" " USE** w-FACToR . . . 1 , 0 0 0 DEG. OF FRtEOUM . . . 1 . 5 0 

FIRST f - d l E o S7ATE ( " - H ) 

E ^ l T A T 1 0 " EME^GY 0 . 6 * 6 9 0 0 0 tMEV> 

EMITTED ENERGY (CMS) . . . Q . l 53 lOQO tHEV) 
(LAO) . . . 0 .153B58S tHEV) 

S f - l N - P A R l l Y 2 * 

Co-'PCUND NOCLEu*. FORMATION CROSS SECTION (INVERSE PROCESS* 3 -3827E Q3 ( N I L L I - 8 A R N ) 

TOTAL I N E L A S T I C S C A T T E R S CROSS S E C T I Q N TO THIS LLvEL 3 .120SE 02 C M I L L I - B A R N ) 

AMGUL«R D I s T n l B U T I O N (DEGREF) 

• ' CENTEH CF MASS • LABCRAT0RY 

ANGLE D l F F . C . i . ANGLE D l r F . C S * ANGLE D I F F . O S . ANGLE 
0 - 0 4 ' 0 3 * 3 E 01 1 2 0 . 0 4>0789E 0 1 0 - 0 * " > 3 6 2 t 0 1 I l f ' T 
5 - 0 4 > 0 ^ 4 7 t 01 1 4 0 . 0 4 . 0 7 3 5 E 01 4 . 8 4 . 4 3 3 4 £ 0 1 1 J 6 . 2 

l u - 0 4 .0S61E 01 1 3 0 . 0 4 > Q ( 7 2 t 01 9 . 6 4 . 4 3 2 T E 0 l 1 4 8 . 6 
2 0 - 0 4 . 0 t l l £ 01 1 6 0 . 0 4 . 0 6 H E 01 1 9 , 1 4 - 4 2 1 7 E 01 1 3 9 . 1 
3 0 ' 0 4 .0*>75t 0 1 1 7 0 . 0 4 . 0 3 6 1 E 01 J 8 . 7 * . 4 0 l 6 £ 0 1 1 4 9 . 3 
JO-0 4 . 0 7 7 4 E 01 1 7 3 . 0 4 -0347E 01 4 8 . 0 4 . 3 3 0 0 E 01 1 7 4 . 8 
7 0 * 0 4 . 0 7 « 3 E 01 1 8 0 . 0 4 .U343E Ql 67.6 4.2194E Ol 1BO.0 
9C0 4.0770E 01 87,4 4<0900E 01 

DIFF.C.S. 
J.90JOf 01 
3.7965E 01 
3.732IE 01 
3.T187E 01 
3.6970E 01 
3.6914E 01 
S.taflSE 01 

b - Ci-EFr ICItNT (CMS) 

4.0748E 01 
-l.l30lt-01 
-9.2440E-02 

4.0748E 01 
3-7348E 00 
-2.6334E-02 

7.223BE-01 
1.0933E-02 
t.8318E-03 

1.7832E-02 
2.***2£-o3 

INELASTIC C"OSS SECTION 3.1203E 02 (MlLLl-BARN) 

RUNNING Tl-E *.M SEC. 



JAERI 1224 55 

Fig 6 ( 2 ) continued 
PROB. 3 - * , FE36-N. E -2 .0 MEV , MOLDAUER THEORY PAGE 1 

TARGET INCIDENT PNE5H • 2.JODE-D1 (FERMI> MAXIMUM ANGULAR HOMENTUH 3 
MA->s 3 6 . 0 0 1,008663 PMESHC* 2.3OOE-01 ( F E R M I ) CLASSICAL CUT-OFF MOMENTUM 4 
MASS NO 36 l CNESH * 2 .499E-01 I F E R r l ) WAVE NUMBER 0 . 3 0 7 9 U 
ATOMIC NO. . . . 26 0 CMESHC-O.D IFERM) COULOMB PARAMETER (YETA) 0 ,0 

CM5 ENERGY . . . 2 ,000000 <MEV) 
L A B ' E N E R G Y . . • 2 . 03602* <KEV> SEPARATION tNEffGY , . . 0 , 0 tHEV> 

INCIDENT PARTICLE NEUTRON 

I M * G I N A R Y POTENTIAL FORM NON-LOCAL PARAMETER - 0 . 0 ( L-S TERM ) 
INTERNAL . . , . . , . . , , SURFACE A B S O K P T . O N ONLY 
SUHFACE • • • . * GAUSS 

POTENTIAL PARAMETER 

FORM PARAMETER WELL DEPTH PARAMETER ( H E V ) 
< F E R H I ) 

RO - 1-265 V . 4 6 . 0 0 wl * 0*0 «S - 1*>00 VSO • 7 .00 WSO - 0>0 VSYH • 0 . 0 
RI - 0 -0 
RC - O.Q VE - 0 . 0 w lE • O.O «SE - 0 . 0 VSOE - 0 .0 wSOE * CO vCQUL* 0 . 0 
RS - 1.400 
R50- 1*263 VES«- O.Q v I E s f i * 0 -0 WbEsO- 0 . 0 VS0ES3- 0 .0 WSOtSti- 0-0 
AO - 0-620 
A l - U-0 VRE • 4 6 , 0 0 « I H | • 0-0 *1HS • 1* .00 VSpO - 7 .00 *SPO - 0 -0 V S Y M M - 0 , 0 
B - 0 -500 
ASO. U.«20 

BRANCHING HAT 10 
O'O 0>0 0 . 0 0*0 0 -0 0 . 0 0*0 0*0 O'O 0 . 0 C C 0 "J O'O 0 -0 
0 > u 0 . 0 0 . 0 0 . 0 0 , 0 0 . 0 O.Q 0 . 0 O'O 0 . 0 0 . 0 O.u o.O O.U 
0 . 0 

LEVEL D E N S M Y PARAMETER 
EC « 0,0 A - 0.0 SQM- 0.0 EPR- 0.0 NOM- 0,0 

0,0 0,0 0.0 0>& 0,0 

NO EXPERIMENTAL OATA 

PTOd. J - * . ' •E34-N, £ " 2 . 0 MEV . MOLOAUfR TNEOftr 

TOTAL CROSS SECTION 3-T392E 03 (MLLLI-BARN) 
SHAPE E L A S T I C CROSS S E C T I O N I . * T T « O J C M I L L I - * I A R N > 
R E A C T I O N CROSS S E C T I O N . . . I . 5 B U E 0 3 [ M L L L I - B A R N ) 

ANGULAR D I S T R I B U T I O N CDEGBEE> 
• CENTER OF MASS 

ANGLE ELASTIC ANGLE ELASTIC 

0,0 I.OL46E 03 
3,0 1.0019E 03 

10.0 9*6*33E 02 
20>0 B.2637E 02 

30.0 6.3304E 0 ; 

5°»0 2.4263E 02 
70.0 3.1390E nl 
90.0 7.1669E QO 

120,0 &.3292E Ol 
i-*<J.O B.3534E ol 

ANCLE 

130.0 
160,0 
176 .0 
173.0 
HO.O 

ELASTIC 

9.2677E 01 
1.0199E 02 
1.093BE 02 
1 . U 3 0 E 02 
1.1223b 02 

WGl 

0 , 
A, 
9, 

19. 
29. 

.E 

,0 
,9 
,1 
,7 
3 

ELASTIC 

1.0»L3C 
1.03B2E 
9.990TE 
S.3«8>E 
6.5302E 

03 
03 
02 
02 
02 

ANGLE ELASTIC 

49. 
69 
• 9 

119, 
139, 

.2 

.0 

.0 
,1 
.3 

2 .4JJ3E 
3.1791E 
7.170AE 
6 . 2 1 I 0 E 
6.12B1E 

02 
01 
00 
01 
01 

ANGLE 

1*9 .5 
1 ) 9 . 6 
169 .6 
174 .9 
180.0 

ELASTIC 

8.9B20E 
9.B576E 
1.03S4E 
1.0733E 
1.0822E 

01 
01 
02 
0? 
02 

B - COEFFICIENT ( C M S ; 

6.4T38E-01 
S.4931E-03 

1.4944E o2 
6.76BIE-02 

2.J2S3E 02 
*.«a0JE-O3 

3 3.922BE 00 

PROB, 3-*. FE36-N, E-2.0 MEV . MOLOAUER THEORY PAGE 3 

INELASTIC SCATTERING INPUT DATA 

TOTAL LEVELS 2 

• GROUND STATE < N - N ) 

5P1N-PAR1TY t , 0+ 

TARGET INCIDENT pMESh - 2 .300E-01 (FERMI) MAXIMUM ANGULAR MOMENTUM 3 
MASS 36*00 1-008663 PHESHC- 2 .300E-01 (FERMI) CLASSICAL CUT»OFF MOMENTUM 4 
MASS NO 36 1 CHESH - Z .499E-01 tFERMt) WAVE NUMBER 0 .307914 
ATOMIC NO. . . . 26 0 CMESHC- 0 . 0 (FERMI) COULOMB PARAMETER IYETA) O.O 

CMS ENERGY . . . 2 .000000 (MEV) 
LAB ENERGY . . • 2 .036024 (HEV) SEPARATION ENERGY . . . 0 . 0 (MEV> 

I N C I O E N T PARTICLE • . . - . NEUTRON 

IMAGINARY p 0TEN7lAL FORM NUN-LOCAL PARAMETER - 0 . 0 ( L-S TERM > 
INTERNAL SURFACE ABSORPTION ONLY 
S U H F A C E GAUSS 

POTENTIAL PARAMETER 

FORM PARAMETER WEL.L OEPTH PARAMETER <MEV) 
(FERMlJ 

RO - 1 -2*5 V m 4 6 . 0 0 v f - 0 . 0 * 5 • 1**00 VbO * 7 .00 wSO - 0 . 0 VSYH . 0 . 0 
RI - 0<0 
RC - 0 . 0 VE • 0 . 0 H I E - 0 . 0 USE • 0 .0 vSoE - 0 . 0 wSOE • C O VCOUL* 0 . 0 
RS - 1>400 
RSO- 1,265 VES«* 0 , 0 w!Es«» 0 . 0 *SESB" 0 . 0 VSOESfl- 0 .0 wSOEs*- 0 . 0 
AO - 0 . ^20 
A l • 0-0 VRE » 4 6 . 0 0 W[M( - 0.0 W|M5 • 1**0Q VSPO - 7 .00 WSPO • 0 .0 V$YMH- 0 . 0 
B - O.JOO 
ASO- 0 .620 

BRANCHING R A j | 0 
0 -0 0*0 0 . 0 0 . 0 0 . 0 0 . 0 0>0 O'O 0*0 0 . 0 0*0 0<U O'O O'O 
0 . 0 o>0 0 . 0 0 . 0 0 . 0 0 .0 0 .0 0 . 0 0 , 0 0 .0 0 . 0 O.U 0 . 0 0 . 0 
0 . 0 

LEVEL DENSITY PARAMETER 
EC - 0 . 0 A • 

0 , 0 
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Fig 6 ( 2 ) continued 

PROS. 3-1*. f-t«-N, E-2.0 MEV i MOLDAUER THEOHY 

••• FIRST EACITED STATE 

SP t N-PARITY Q* 
EXCITATION ENERGY 0.S90OO0 (MEV) 

POTENTIAL FO*M AND PARAMETER SAME AS BEFORE 

PRCB. 3-*, FE56-N, E-2.0 MEV . MOLOAUEft THEORY 

CALCULATED DATA OF COMPOUND NUCLEAR PROCESS 

MCLDAUEK THtORV USED OEG. OF FREEDOM •<• 1<00 

GROUND STATE ( N - N ) 

SplN-PARlTif D, 

CCPCUND ELASTIC SCATTER^ C«0S5 SECTION 1.206UE 03 (MlLLl-BAhh) 
SHAPE ELASTIC SCATTERING CROSS SECTION I.ST79E 03 (MIUI-BAHN) 
TOTAL ELASTIC SCATTERING CHOSS SECTION S.OBSBE 03 OIILLI-BAKN) 

ANGULAR OIsTRlBUTION (DEGREE) 

. ' . . . , , . . CENTER OF MASS LABORATORY 
ANOl-E ELASTIC<5) E L A s T J C ( 0 EL*S7 IC<7> AWGLE £L*STlC<S> ELASJlC(<-> 

0 * 0 l , 0 1 * t E 03 2 . 2 0 3 6 C 02 I.J311E. OJ 0 . 0 1.051SE 03 
5 - 0 1 . 0 0 1 9 E 03 2 . 1 T I 7 E 02 1 .2197E 03 4 . 9 1 . 0 3 | 2 E 03 

1 0 . 0 9 . 6 4 3 J E 0? 2 . 1 0 0 T E 02 1 .1746E 03 9.B 9 .9907E 02 
2 0 * 0 l . 2 4 * 7 E 02 1 .8232E 02 I .U091E 03 1 9 . T « . 3 * B 3 E 02 
3 0 - 0 b.Si'JAE ° 2 1.472SE ° 2 ".'.H030E 02 2 9 . 9 6 . 9 3 0 2 E 02 
5 0 - 0 2 . 4 2 * 3 E 02 H . 5 6 M E 01 : t 0 2 3 U E 02 4 9 . 2 2 .4S33E 02 
TO-0 3 . 1 3 9 0 E O i 4 . 9 3 2 9 E Oj 1 .0092E 02 6 9 . 0 3 . 1 7 9 1 E 0 1 
»Q«0 7,lbt>9F, Oo 6 - 8 2 3 3 E 0 1 Y . 3 * 2 0 t 01 6 9 . 0 7.17Q4E 00 

1 2 0 ' 0 6 , 3 2 * 2 E O l T .J443E 0 1 1 .J874E 02 1 1 9 . 1 6 .218QE 0 1 
1 * 0 - 0 8 , 3 J 5 * E 01 U U l t E 02 1 .9773E 02 1 3 9 . 3 B . 1 2 H E Ol 
1 3 0 . 0 9 .24TTE Ol 1 .4T26E 02 2 . 3 9 9 4 E 02 1 * 9 . 3 8 .9&20E 0 1 
1 6 0 * 0 1 . 0 1 * 9 E U7 1 .6252E 02 2-.8431E 0< 1 5 9 - 6 9 .B376E 0 1 
1 7 0 . 0 1 .09JBE 02 2 . 1 0 0 7 E 02 3 1946E 02 1 6 9 . 8 1 . 0 1 ) » E 02 
1 7 3 . 0 l . U S O E 02 2 . 1 T I T R 02 3 - 2 « 7 E 0 * 1 7 * . 9 1 .0733E 02 
I B O ' 0 1 .1223E 02 2 . J 0 3 6 E 02 3 -32T9E 02 1 8 0 , 0 I . 0&22E 02 

2 . 2 8 3 7 E U2 
2 . 2 3 7 6 E " 2 
2.176QE U2 
1 .8876E u2 
1 .3191E 02 
9 .1T88E u l 
7 .0A19E <J1 
6 .82B7E u l 
7.412QE " I 
1 .1107E <•>? 
1 .4272E "2 
1.764UE 1*2 
2 . 0 2 6 9 E bi 
2 . 1 0 1 2 E 02 
2 .1268E U2 

E L * S T I C a > 

1.2S00E 03 
1.2-4 JVE 03 
1 .2167E 03 
1 .0436E 03 
B.0493E 02 
3 .4013E 02 
1 . 0 2 2 1 E 0? 
7.3A37E 01 
1 .3630E 02 
1 .9236E 02 
2.323AE 02 
2 .7 *V f l £ 02 
3 .0S23E 02 
3 .1766E 02 
3 .2091E 02 

C C E f 
LL 

U 
1 
<r 
3 
4 
3 
b 
7 
b 
9 

l u 

JCfENT <0*5> 
BL- 4S> 

1 . 4 9 * 4 E 02 
2 » 3 2 S 3 t 02 
3 - 3 * 2 « E 0 2 
2 - U 6 6 E 02 
T O T t o E O l 
3<922SE 00 
9 « 3 4 4 7 E - 0 l 
6 . 7 6 B 1 E - 0 2 
A ' 6 B 0 3 E - o 3 
4 . 2 6 0 9 E - 0 * 
2 . 2 4 2 3 E - 0 * 

9 

* 
V 

3. 

3. 

l r 

B L - ( O 

•396TE 0 1 

•263BE 01 

>892flE 0 1 

•0200E 00 

>B392E-01 

•76T9E-02 

6L - ( T J 

2 .A540E '2 
2 0 2 S 3 E L>2 
4>2191E <J2 
2»1466E ('2 
1 -1229E I 2 
3 .922AE CO 
3 .9543E 00 
M T b f l l E - 0 2 
3 . 9 0 6 Q E - 0 1 
4 . 2 6 0 9 E - 0 * 
l<T662E-0-J 

(LAB) 
bL -IO 

2 . 4 340E 02 
2.3B30E 02 
4 .26BTL 02 
2 .3U11E 02 
1 .2337E 02 
1 .07J4E Oi 
4 . 4 0 4 3 E 00 
3 . 6 2 S 3 E - 0 1 
4 . 0 3 6 Q E - 0 1 
3 . 6 4 5 7 E - 0 J 
1 . S 9 7 7 E - 0 2 

TRANSMISSION COEFFICIENT 

9 .9*>52E-01 

1 . 0 ? 8 4 E - 0 l 

6 . 4 9 6 3 E - 0 1 

2.8*>26E-0? 

4 .2« .23E-03 

1 . 7 b 9 3 E - 0 4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Tt-3 

0.0 

1.32ME-01 

6.473BE-01 

8.4931E-03 

4.B37JE-03 

3.M03E-03 

PRCB. 3-4, FEjfc-N, E«2.0 MEV « MOLOAUE" THEORY 

CALCULATED DATA oF COMPOUND NUCLEAR PROCESS 

MOLDAUER THEOHY USED bEG. OF FREEDOM ... 1-00 

FTRST EXCJTEo 5T*TE < N - N ) 

EXCITATION ENERGY 0.8300000 (HEV> 

EMITTED ENERGY (CMS) ... l.lJOOOOO (MEV) 
(LAB) ... 1.1T07137 tHEV) 

SPIN-PARI7Y 0+ 

CQHPOUNO NUCLEUS FCRkATioN CROSS SECTION (INVERSE PROCESS) i.7i9>E 03 (HIUI-BARNJ 

TOTAL INELASTIC SCATTERING CROSS SECTION ru THIS LEVEL •• 3.73AIE 02 (MILLI-BARN) 

ANGULAR bisThiauTiON <DEGREF> 

CENTER CF MASS LABORATORY 

ANGLE OIFF.C.S. ANGLE 0 IFF-os. ANGLE DIFF>C<S> ANGLE 
0 * 0 6<2239E o l 1 2 0 . 0 2<*213E O l 0 * 0 6*52301. O l 118*8 
3 * 0 S.1374E 0 1 1 4 o ; 0 3 . * * 7 3 E 01 * . 9 6 . 4 5 2 3 E 0 1 1 3 9 . 1 

1 0 * 0 3 . 9 6 3 I E 0 1 1 3 0 . 0 4 . 3 J 3 0 E Ol 9 . 6 6 . 2 4 6 2 E Ql 1 4 9 . 3 
20>0 3>26B3E o l 1 6 0 . 0 3 -J685E 0 1 1 9 . 3 3 0 0 6 8 b 0 1 1 3 9 . 3 
30<0 4 . 3 3 3 0 E O l 17Q.0 3 < 9 6 3 6 t 0^ 2 9 . 3 4 .&34gE O l 1 6 9 . B 
3 0 * 0 2-8O01E 0 1 1 7 3 . 0 6 . 1 J 7 4 t 0 1 4 9 . 0 2 .BB77t 0 1 1 7 4 . 9 
7 0 - 0 2 - 2 I 6 1 E O l lflO^O 6 . 2 2 3 9 E O l 6 8 . 7 2 . 3 2 3 U 0 1 1 8 0 - 0 
9 0 . 0 2 . J * 3 4 E 0 1 8 8 . 6 2 . 2 » 3 3 t 0 1 

D I F F . C . S -
2 0 6 S 9 E 0 1 
3 . 3 * i b E 01 
4 . 1 7 6 7 E 01 
3 .0363E 01 
5 . 6 6 8 2 E 01 
3 , 6 6 9 5 E 01 
3 .9317E 0 1 

• COEFFICIENT (CMS) 
LL BL 

0 2 .9B74E 01 
2 2<1613E 0 1 
4 1.Q484E 0 1 
* 2 O 3 7 6 E - 0 1 
1 2<9^13E-02 

ILAB) 
BL 

2.9074b 01 
1.21J9E 00 
2.1613E 01 
B.9S96E-01 
1.0488E 01 

9.8863E-01 
'.9872E-02 
3.7964E-01 
".1492E-03 
*>.2096E-04 

1.1153E-C1 
2,eoOUE-01 
1.267^E-0J 
4.0009E-04 

INELA57.C CAQ55 SECTION ......,.,. 3.7341E 02 (MlLLl-BARN) 

RUNNING TINE 7.39 5EC. 
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Fig 7 ( 1 ) 

PROM. »' C<P.D U P A) RtACTION* £-1,656 *fV . M-F THEORY 
1 2 

1.005 
0 . 9 

122.0 
- 0 . 1 } 

3 . 0 
30 . J 

100.0 
130.0 

1.2* 
0.63 

*s.o 

6 
0 . 0 

10.0 
60 . 'J 

110.0 
lbO.O 

7 
0 . 0 

12 1 
1 . 0 
1.003 
U.42 

14.0 

20.0 
70.0 

120.0 
1T0.0 

13 0 
U . 5 
1.23 
0.63 
?.o 

2 19 
1 0 . ' 6 2 ) 

1.U03 
o.» 
9 . 0 

30.0 
SO.u 

130.U 
1B0-O 

1 
10.5334 

1.25 
0.63 
(r.i? 

1 
- l . | 3 i 

1 - 3 

40-0 
90 .0 

1*0-0 

0 - 0 

3 . M 

10,0 
2.07 
0.35 

60,0 
0,0 
0,0 

0 . 0 
* . 0 7 
0 . 3 

11.613* 
0.0 
0.0 
0.0 

Fig 7 ( 2 ) 

C<w*0 N p ^ Rt ACTION. E - l - 8 5 6 MFV » H - f TrtfcORV 

W.00 
PMESH " 2-JOOt-Ol (FEhHl) 
PhESHC- 2.500E-01 <?EHMl> 
ChtSH - 2.%99fc-01 (FEHhO 
C*£SHC- ?*»87t-Ol CFEKHI) 

MAniHUf* ANGULAR MOMENTUM 
CLASSICAL CHl-OfF HOHENTuM 

0.362128 
0.98*3*0 

CM* E'-tRG* ... 1.36-I237 (KEV> 
LAt! £ .tRGY ... 1,836000 OEV) StPARATlO* ENtRGV ... 10.2629 <MEW 

]NClOt»T PARTICLE DEUTERON 

IH-GINAR* MOTE--»TJAL FORM NON-LUCAL PARAMETER . n.o 
iNlERNAL SURFACE A&SCKPTlUK C M Y 
S U « F * C E D1FF* wOCJDS-iAxON 

P 0 7 5 N U A L ' - A ^ A M E T E " 

FORM P»rt-MEIER 
CFtRHJ) 

RU « i .OOS 
H i « 0-0 
HC - 1 -300 
f)h •> 1 -003 
R i o . 1 .003 
AO • u . 9 0 0 
A l * v.O 
B - o-^au 
A b u * u * 9 0 0 

BRANCHING n * T l U 
O^o 0 * 0 
O.u 0 . 0 

t E L L DEPTH PARAMETER 

V - 1 2 2 . 0 0 

VE - 0 . 0 

VEbw- 0 . 0 

vnt -122.on 

0>0 
0.0 

0.0 
0.0 

*1 -

wlE -

w ( t S Q -

WlMl -

0 . 0 
0 . 0 

(nEV> 

0 . 0 

o.o 

o.u 

0 . 0 

o. 
0. 

.0 

.0 

•s -

WSE . 

wSt's«-

* I M S -

O.u 
0 . 0 

i*.oo 
0 . 0 

0 . 0 

1A.0O 

0 . 
0 . 

0 
0 

vso -

VSOE m 

VSoES*)-

vspo • 

0 ^ 0 

o.o 

9.QU 

- O . i S O 

0 . 0 

8 . T b 

0 . 0 
0 . 0 

WSO - O'O 

WSOE - O.C 

• SOEJ.S- 0 . 0 

HSPO - 0 . 0 

0*0 O'O 
0 . 0 0 . 0 

0 
0 

V5YM - 0 . 0 

VCOUL- 0 . 0 

VSYHM- 0 , 0 

>0 C O 
• 0 0 . 0 

o.e 
0 . 0 

LEV tL 1>LNSHY •'ARAMtTER 
0 , 0 
0 . 0 

NO ERPt f i lMtNTAL DATA 

PKCtJ. * • C ( L " D h P A) fttACTION* £ - 1 . 8 ^ 6 MEV . H-F THEORY 

REACTION OtOSS 5 C C U 0 N . . . 8 - 9 9 7 i E 02 t M L L l - B A K N ) 

ANGULAH DISTRIBUTION (OEGREE) 

^NGLE 

5 . 0 
1 0 . 0 
2 U . 0 
J0>0 
1 0 . 0 
3 0 , 0 
bO,0 
7 0 , 0 
* U . O 
4 0 , 0 

ELASTIC 

5 . l A 7 0 t 06 
3 .1993E 05 
1 - 7 | 7 * E o * 
3-327SE 03 
1 - l i a o E 03 
9 .5136E 02 
2 .919TE QC 
1 . 5 * 9 * E 02 
8 .U981E 01 
* . 1 0 * 0 t 0 1 

RUTHERFORD 

1.00B7E 00 
9 . . 9939E-01 
fl.T9B1E-0l 
a . 0 » 3 4 £ " 0 1 
8 . 5 7 8 3 E - 0 1 
9 . 3 2 1 8 E - 0 1 
9 « 8 7 8 R E - 0 l 
9 . 1 3 7 2 F - 0 1 
T . * l * . 2 E - 0 l 
5 . 3 J 4 3 F - Q 1 

MASS • 
A N I J L E 

1 0 0 . 0 
1 1 0 . 0 
1.20,0 
1 3 0 . 0 
1 * 0 . 0 
1 3 0 . 0 
1 6 0 . 0 
1 7 0 . 0 
leo.o 

E L A S T 1 ' 

2 . l 6 8 1 b Q l 
1 . 3 V 4 7 t 01 
l . * 2 0 3 E 0 * 
1 30A2t 01 
l . * 3 * 7 t 0 1 
1.1B21E 0 1 
1 . 6 6 0 0 k O l 
1 .6938E 0 1 
1 .7033E O l 

R U I H E R F O R O 

* . U t 2 0 E » 0 l 
J . 3 9 * 3 £ - 0 l 
3 . 7 1 6 6 E - Q 1 
* . 7 6 3 6 E - 0 1 
6 ' l * 0 T E - 0 l 
7 . * 5 3 B E « 0 1 
| . * 5 3 0 E - o l 
9 . 0 * l £ E - 0 1 
9 . 2 3 1 9 E - Q 1 

*N*iLE 

^ . 3 
0 . 6 

1 7 . 2 
2i .a 
3*-5 
*J.« 
} ' * • * 
6 1 . 3 
To. 9 
8 0 . 3 

ELASTIC ANGL6 

T . 0 1 3 7 E 06 
* . 3 * I 3 E 03 
2 . *0* ,3E 0 * 
* . * 0 0 3 E 03 
1 . 4 9 J 2 E 03 
6 . 9 0 * 6 E 02 
3 . J 2 3 2 E 02 
1 .8021E 02 
I . 9 H 0 E 0 1 
4 . 2 7 » 7 E 01 

9 0 . 3 
1 0 0 . 3 
1 1 1 . 0 
1 2 1 . 8 
1 3 2 . 9 
1 4 * . * 
134>1 
1 4 8 . 0 
1 1 0 . 0 

ELASTIC 

2 .1331E 0 1 
1 .2913E 01 
1 .0632E 0 1 
1 .0T03E 01 
1 .1302E 01 
1.1T23E 01 
1 .1839E 0 1 
1.183TC 01 
1 .1809E 0 1 

7.0S>83E-01 
A . y 6 9 5 t - 0 1 • j .QTAofc-Ol B . 6 0 3 6 E - 0 l 

COf^OUNO *-0J(HA71ON PROBASILITy 
T ( + J H O ) H - ) 

1.7135E-01 
2.2B11E-02 

•3290E-01 
•8*08E-Q3 

3.03A8E-01 
k,O?53fc-03 

L T(0 TCO) T(-) 

* 2>*00*E*u* 2.O12fE~04 3*»ll*E-03 
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Fig 7 ( 2 ) continued 

PRCB. *t CtO'D h P A> REACTION. E"1'856 MEV , H-F THEORY P*GE 3 

INELASTIC SCATTERING INPUT DATA 

TOTAL LfVEL • . . . . . . 7 

*•« GROUND MATE ( D - D ) 

$PIN-PAR,TY 0+ 

T*.:.GET INCIDENT PMESH * 2.5oot-oi <FERMI> MAXIMUM ANGULAR MOMENTUM * 
MAiS • 12.00 2-0U097 PMESHC* 2-5OOE-01 (FESMI> CLASSICAL CuT-OFF MOMENTUM A 
MASS NO 12 2 ChtSH • 2.499E-01 (FERMI) **VE NUMBER 0.36212B 
ATOHK NO. ... 6 1 CMESHC- 2.4«7t-Ol tfERM]) COuLOMB HARAHETEH CYtlA) o.9BO*0 

CMS ENtRGY ... 1.569257 CMEV) 
LA6 ENtRQT ... 1.856000 <MEV> SEPARATION ENtRGY ... 10.2b2s <MEV) 

INCIDENT P A R T K L E ..... OEUTERON 

IMAGINARY POTENTIAL FORM NUN-LOCAL PAHAMETEK . 0.0 { L-S TERM > 
INTERNAL SURFACE ABSORPTION ONLY 
S^fACE • DIFF' wOODS-SAxON 

POTENTIAL fARAMFTE" 

FORM PARAMETER *ELL DEPTH PARAMETER (MEV> 
<FtRH() 

RO - 1-005 V -122.00 w> - O.U WS - lft.0o VSO - Y.CN wSO - 0.0 vSYM - 0.0 
Rl - 0*0 
RC - L300 VE - 0.0 «1E • O.U «SE > 0.0 vS£)E > -0.150 »50t - 0.0 VCOUL- 0,0 
RS > 1>005 
RS>-. 1.005 VE5W- 0.0 vIEsQ" O.U WSESS- O.U VbOEbtta 0.0 WSutSfi- D.O 
AO - 0-900 
Al • o.O VRL "122.00 WIM| - 0.0 WlWS - H-OQ VSpO - B.7<> *iSPU - 0-0 VSYMM- 0.0 
B - Q.»?0 
ASU- U.90U 

BRANCHING RATJO 
0.0 0.0 0.0 0.0 0*0 0*0 O'O O'O 0*0 0.0 0.0 O.u 0*0 OiU 
C.U 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1* O.U 0.0 
0.0 

LEVEL DENSITY PARAMETER 
EC - 0,0 A • 0.0 SGM* OiQ EPR- 0.0 NOf" U.O 

0,0 C O 0.0 0,0 0.0 

PRCB. »i C(0*D N P A> RfcACTION» E-l.85* HEV * H-F THEORY PAGE * 

>• GROUND STATE ( D - N > 

SPIN-PARITY 1/2-

EXCITATJON ENERGY 0-0 CMEV) 

TARGET INCIDENT PMESH • 2.5QQL-01 CFEKMl) MAXIMUM ANGULAR HOMENTUT * 
MAS$ 13-00 1*008665 PMESHC» 2.500E-01 CFERMl) CLASSICAL tUT-OFf- MOMENTUM 3 
MASS MO 13 1 CMESH - 2.«93E-0\ (FERMI) *AvE NUMBER 0,242*67 
ATQHJC NO- 7 0 CMESHC- 0.0 (FEHHl) COuLONB PARAMETER (YETA) 0.0 

CMS ENtRGY ... 1.315157 (MEV> 

LAD ENERGY ... I.«20»32 CfEV) SEPARATION ENERGY ... 1U.5336 <MEV> 

EMlTTEU PARTICLE NEUTRON 

IMAGINARY POTENTIAL FORM NUN-LOCAL PARAMETEK . o.O t L-5 TE«M 
INIERNAL SURFACE A6SC«PTlL>N ONLY 
SU«F*CE DIFF* *000S-SAxON 

POTENTIAL HARAMETE^ 

FORH PAKAHETER *£LL DEPTH PARAMETER CHEV) 
(FERHO 

RO . 1-250 V • 45.00 Hi • O.U WS • 7-00 VSO • S.OU WSO - 0-0 VSYM « 
Rl - 0«0 
RC . 0<0 VE * 0.0 vIE > 0.0 WSt -i 0.0 VSOE * -0.150 wSOE - 0>0 VCOUL-
RS - 1-250 
ftiO- 1-250 VEbi- 0.0 ylfcSS" 0,0 *5Es«- 0.0 V5QES»}» 0.0 wSOESS" 0-0 
AO - 0*650 
Al . O-o VRE * *5,00 * WIMI - 0.0 wlHS * 7'00 VSPO - 7.flO WSPO • 0-0 VSYMM-
6 - 0*650 
ASO* 0,650 

# • , 

BRANCHING RAjIO 
0>0 0*0 0.0 0.0 0.0 O.U 0*0 0*0 0*0 0.0 0«0 O'O 0*0 0 
0.0 0 0 0.0 0.0 0,0 0,0 0>0 0.0 0.0 0,0 0.0 0,u 0.0 0< 
o.o 

LEVEL DtNSUY PARAHtTEK 
EC - U,0 A * 

0,0 
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Fig 7 ( 2 ) continued 

PROB. * • C("'C> N P A) RtAcTION- E«1.B}6 HEv % H"F THEORY 

• GROUND ^T» l t < 0 - P > 

SPitl-PABJTY 1 / 2 -
EJt t l lAl lQN ENE«S\ 0 . 0 (MEv) 

TAHGET INCIDENT PHESH - 2 .500E-D1 (FERMI) MAXIMUM ANGULAR HOMENTUH 5 
MA>S 13.00 1.007JT7 PMESHC- 2 .300E-01 (FERMl) CLASSICAL CUT-OFF MCHENTUM 4 
HAbS nw 13 1 CHESH - i . » T E - O l CFERM1) "AVE NUMBER 0*411605 
ATCHlC NO- . . . t l CMESHC- 2 . 4 » « t - 0 1 (FERMl) COULOMB PARAMETER (VETA) 0.440JJO 

CMS ENtRGY . . . 4 .301037 <fEV> 

LAu E«tRGY • • • 4 .634315 (MEv) SEPARATION ENERGY . . . 7 . 3 * 0 7 <NEv) 

E M r u c u PAffTiCte PROTON 

IhAGi^ARV POTENTIAL FoSH NUN-LOCAL PARAMETER - 0 . 0 ( L"*S TERM J 
IMEBNAL SURFACE ABSORPTION ONLY 
S U « F * C E D IFF . wOODS-SAxON 

POTENTIAL •"ARAHETE* 

FORM P * « A M E T E R wELL DEPTH PARAMETER (MEW> 

RO • 1>23Q V - 5 4 , 0 0 v ! • 0 .0 *S - 1-QQ VSO * B.00 vSO • 0 . 0 V5YM « 0 . 0 
Rl * 0*0 
AC - l - l i u vE • 0 ,0 »tE • 0 .0 *5E - 0 . 0 VSOE . - 0 , ^ 3 0 ySOE • 0 . 0 VCOUL- 0 . 0 
RS * 1-250 
HbC. l.?>0 VESW- 0,0 ^1E59- 0.0 *SES»- 0,0 YSOESS- O.Q «SOES«- 0.0 
AO - v-650 
Al - 0.0 VRE - 54.00 *|MJ - 0.0 *lM5 - 1.00 VSpO > 7.JS WSPO - 0.0 V$VHM- 0.0 
B • 0>630 
AS". 0.630 

B R A N C H I " G HATlO 
0 . 0 0 . 0 0 . 0 0 .0 0 . 0 0 . 0 0 . 0 0*0 0*0 0 . 0 O.C 0>0 0 .0 0 . 0 
0 . 0 0 . 0 0 . 0 0 , 0 0 . 0 0 . 0 0 . 0 0>0 0 . 0 0 , 0 0 . 0 0 . 0 0 . 0 0 . 0 
0.0 

L E V E L O E N S ' T Y PARAMETER 
EC - - J . 0 A " 0 . 0 5 G M " 0 . 0 E P » - 0 » 0 NOM" 0 , 0 

U,0 0.0 0.0 0.0 0,0 

PRCB. * , C<U>D N P A) REACTION' E*>1 > B36 MEV . H-F 

' FIRST EXClTt'O STATE ( D - P ) 

SPIN-PARI Tr , 1/2* 
E*C|T«l lCN ENEHGV 3.050000 <»Ev) 

PUlEMUAL FO"M AND PARAMETER SAME AS BEFORE 

' SECOND EXCHEO STATE C 0 - P J 

SPlN-PARlTy s / 2 -
EACtTAlfCN E«E«<5V J .680000 l"EV> 

PO'EN'lAL FORM AND PARAMETER . . . . . SAME A5 BEFORE 

' T H ] R D E X C I ' C D STATE C 0 - P ) 

SPIN-PARITY V 2 * 
EXClT^'iON ENERGY 3.850000 CM£V> 

P U I E N ' I A L FO^H AND PARAMETER SAME AS BEFORE 

PRCB, 4 , C<0'D h P A) RtACTION. E - I . J i f t MEV . H-F TMEORY 

• GROUND STATE < 0 - A > 

S P ( N - P A R I T Y 3* 

E)H.)T* I ]CN ENERGY 0 -0 CMEV) 

TAHGET INCIDENT PMESH - 2.5QOE-01 (FERHI) HA*]HUH ANGULAR MOMENTUM 4 
HAbS I d . 0 0 4 .002592 PMESHC- J .500E-01 (FERMI) CLASSICAL CUT-OFF MOMENTUM 0 
MASS N U 10 4 CHESH - J . 4 4 3 E - 0 1 (FERMtl 'AVE NUM8E* 0 . 1 « 0 » 0 
ATOMIC NO. , . • 5 2 CMtSfC- J . 3 3 2 E - 0 1 (FERMI> COULOMB PARAMETER tYETA> 3 .453741 

CMS ENtRGY . . . 0 .231337 (MEVJ 

LAB ENERGY . . . « .33376? (MEV> SEPARATION ENERGY . . . 11.6134 <MEV) 

EMITTtu PARTICLE ALPHA-PARTICLE 

IMAGINARY POTENTIAL FORM NON-LOCAL PARAMETER n 0 . 0 < L-S TE*H 
IN'ERNAL SURFACE ABSORPTION ONLY 
SUKFACE OlFF. «0005-SAX0N 

POTENTIAL PARAMETER 

FORM PARAMETER *ELL DEPTH PARAMETER (MEV> 
( F t R N I ) 

RO - 2 .07D V • 10 .00 ml • 0 .0 *S * *>*00 VSO • 0 . 0 tfSO - 0 . 0 • VSYH • 
Rl - 0>D 
AC - 2^070 VE • 0 , 0 W IE • Q.O wSE * 0 .0 VSOE . 0 . 0 «SOE - 0 . 0 VCOUL. 
RS > 2-OTO 
RSU- 0 . 0 VESU- 0 , 0 y I E j « » 0 . 0 H S E S « " 0,0 V&OESV. O.D VSOCst* 0 . 0 
AD - 0 . 3 3 0 
A l - 0 . 0 VRE - 10 ,00 W IK [ - 0 . 0 * IM5 *• 4 . 0 0 VSPO . 0 .0 WSPO - 0 . 0 VSYMH. 
6 - 0<300 
A5U- C O 

0 . 0 

0 . 0 

BRANCHING K * T 1 0 
0 . 0 0<0 
0 . 0 0<0 
0 . 0 

LEVEL DENSn> PARAMETER 
CC « U,o A " 

0 , 0 



S 0 - 3 0 0 9 * * C 
C 0 - 3 6 6 C C ' T 
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7 ( 2 ) continued 

PRCB- »• CCD'D h P A) RE*CTION. E - l • 8 ) 6 MEV * H-F THEORY 

CALCULATED LIATA Qf COMPOUND NUCLEAR PROCESS 

HAUSER-FES«BACH-*OLFENSTEIN THEORY USED 

GROUND STATt ( D - p ) 

EXCrTATfON fNEWGV . . . . . 0 , 0 (MEV) 
EMITTED ENERGY (CHS) . . . 4 .3010370 (M£V> 

(LAB) . . . 4 . 6 3 * 3 1 3 0 (MEV) 
SPlN-PARlTY 1 / 2 -

COKpCUND NUCLEUS FORMATION CROSS SECTION UNVtKSE PROCESS) 7.00T4E 0^ ( M R L I - B A R N ) 

TO'AL f-EACTlON CROSS SECTION TO THIS LEvEL 3.26«2E 02 (H lLL t -BARN) 

ANGULAR OisTHlBUTlON (DEGREE) 

• • CENTER OF MASS LABORATORY , 
ANGLE D l F F . O S . ANGI E D I F F . C . S . ANGLE O l F F * C ' S - ANGLE 

3 -0 J .4794E O l JOO.O 2-2599E 01 4 - 1 3 -VF68 t Ol 9 6 . 0 
1 0 - 0 3 .4»10E 01 110 .0 2.3403E 01 9 ,4 3-92T6E 01 1 0 6 . ? 
2 0 * 0 3 - 2 9 8 1 t o l 1 2 0 . 0 2 - *731E Ol 1 8 . 7 3 .744 ( , t o l 116 .« 
3 0 - 0 3.0946E 01 130 .0 2-6333E 01 2 B . 1 3-*82BE 01 126 .8 
• 0 - 0 2.B483E o l 1 *0 .0 2-&683E 01 3 7 . 6 3.1893E O l 137 .3 
3 0 . 0 2 .6533E 01 130 .0 3.0946E 01 * T , 1 2 . " *062t 01 147 .9 
60*0 2 .4731E o l 160 .0 3.2-»BlE O l 3 6 , 7 2 . 6 6 0 9 * O l 138 .3 
7 0 * 0 2 O * 0 j E 01 1?C,0 3. -U10E 01 6 6 . 4 2-4(,7rjE 01 1 6 9 . 3 
8 0 ' 0 2 .2199E O l J.80.0 3>4<)23E o l 7 6 . 1 2 .3303E O l 1 9 0 . 0 
9 0 . 0 2-2331E 01 tf>,0 2 .2492E 01 

r i F F . C . S * 
2-2217E 01 
2 .2456E 01 
2.3180E 01 
2 .433?E 01 
2.1B03E O l 
2.7397E 01 
2.0832E 01 
2.9879E 01 
3.0231E 01 

• COEFFICIENT (CMS) 
LL BL 

0 2.3S76E 01 
2 T-9333E 00 
* 9 - 3 3 9 3 E - 0 1 
6 6 . 0 3 0 * E ~ 0 2 
8 1 .6798E-03 

1M 0>0 

(LAB) 
UL 

2.39T4E 01 
3.3816E 00 
* . 0 2 1 B E 00 
J..2330E 00 
1 -O lO lE 00 
2 . 0 T B 2 E - 0 1 

U.1721E-01 
0 . 0 8 6 0 E - 0 1 
3 . 4 9 6 1 E - 0 1 
* . 3 0 e T E - 0 2 
1 .90T7E-03 
1 .2274E-04 

* . 8 0 5 * E - 0 1 
4 . 7 8 1 3 E - 0 1 
2 . 3 6 7 6 f - 0 2 
1 .6237E-03 
1 .16T( , E -04 

PRCe, « • C (U 'D N p A) REACTION. E - l i 6 3 6 NEV , H-F THEORY 

CALCULAlEO l-ATA OF COMPOUND NUCLEAR pHOcESS 

HAUsER- rESH8ACM-KLFENSTElN THEORY USED 

F|R 5T E X C I T L D ST^ lE | D - P ) 

EUClTAt jON ENEhGY 3 .0900000 (ME^) 
EHlTTEl ' ENERGY (CHS) . . . 1 .211037a ( H E M 

(LAB) . . . 1 .30 *8931 (MEV) 
SP1 N - P A R 1TY 3 / 2 * 

COFPCUND N U C L E U S F O R H A T I C N CROSS S E C T I O N ( I N V E R S E P R O C E S S ) 4 . 7 8 7 1 E 0 ^ ( M L L L L - B A R N ) 

T O T A L F A C T I O N C R O S S S E C T I O N TC T " T S L E V E L 6 . 4 3 9 3 E OL ( M I L L ) - B A R N ) 

ANGULAR DISTRIBUTION COEGREE) 

. . . . . . . . . CENTER CF MASS LABORATORY 
ANGLE D I F F . C . S . ANGLE D I F F . C . S . ARGLE 0 I F F . O S - ANGLE 

5 ' 0 J.B393E 00 1 0 0 . 0 4<B803E 00 4 . 4 7"%592t 00 9 2 * 1 
1 0 - 0 3 .8033E 00 1 1 0 . 0 4.927BE 00 8 , 6 7 .3996E 00 102 .7 
2 0 - 0 3.6800E OO 130 .0 3.C149E 00 17,T 7.17T2E 00 1 1 3 . 1 
30>0 5 .5043E 00 l 3 0 , 0 •)>1460E 00 2 6 . 6 6 '8337E 00 1 2 3 . 8 
* 0 - 0 3.3137E 00 1*0 .0 3 .3137E 00 3 3 . 6 6 '«e9?E 00 1 3 4 . 7 
3 0 . 0 J .1460E 00 U f l . O 3.3043E 00 -V4.7 6.1240E 00 143 .6 
6 0 . 0 3 < 0 l * 9 E 00 lbOiO 3.6S0OE 00 5 5 . 9 S.TflBOt 00 1 3 7 . 1 
7 0 . 0 4.927BE 00 l l Q . O 3.8D33E 00 6 3 . 3 3.4S98E 00 1 6 8 . 3 
80<0 4.6B03E 00 HolO 3 .8309E 00 7 2 . 8 9-2239E 00 1B0 .0 
9 0 - 0 4 .8633E 00 » 2 . 6 4 .9906E 00 

D I F F . C . S . 
4 .7831E 00 
4 .6092E 00 
4 .4776E 00 
4.3V36E 00 
4.3613E 00 
4 . 3 6 * 7 E 00 
4.36B1E 00 
4.4122E 00 
4.422QE DO 

B - COEFFICIENT ( C M S ) 

3.1242E 00 
6'0331E-01 
l.l»0«E-Ol 
2.2726E-03 

3.1242E 00 
1.3076E 00 
6-7B32E-01 
1 .6741E-01 

TRANSMISSION COEFFICIENT 
t 2 » J 7<+> 

0 1 i . 8 7 l ( , E - 0 1 
1 3 * . J 3 3 9 E - 0 2 
2 3 1 .3»93E-02 
3 7 1 .6332E-04 

3.46*lE-02 
7.1261E-03 
1.1380E-04 

PROB. *' C(0'D N p A) REACTION. E-1'836 MEV , H-F THEORY 

CALCULATED DATA oF COMPOUND NUCLEAf PROCESS 

HAusER-rESHi*CH-wOLFENSTElN THFORY USED 

SECOND EXCITED STATE ( D - P ) 

EXCITATION ENERGY 3.6800000 (MEV) 

EMITTED ENERGY (CMS) ... 0.6210370 (MEV) 
(LAB) ... 0.6691782 (MEV) 

SPIN-PARITY V2-

COMPUUND NUCLEUS FORMATION CROSS SECTION (INVERSE PHQCdSS) 2-3440E 02 (M]LLI-BARN) 

TOTAL REACTION CROSS SEC7I0N TO THIS LEVEL • • 3.6170E 01 (MRLl-BARN) 

ANGULAR DISTRIBUTION (DEGREE) 

CENTEH QF HASS LABCRATOHY .... . 

ANGLE DfFF.C.S. ANGLE DIFF.C.S. ANGLE DlFF-C-S. ANGLE 
3*0 3.030QE 00 100.0 2.B189E 00 4.2 4.2324* 00 6f.3 
10-.0 3.Q2J7E 00 110.0 2.8331E 00 B.3 4,212?E 00 99.6 
>0-0 3.0000E 00 120.0 2.B968E 00 1T,0 4.134JE 00 110.1 
30-0 2.9637E 00 130.0 2.BB8BE 00 25.3 4.0138E 00 121.0 
40*0 2.9266E OO 1*0.0 2.V266E 00 34.1 3.8623E 00 132.2 
30>0 J.88B8E 00 190.0 2>9637b 00 42.9 3>691oE 00 143.« 
60*0 2**5t«E 00 160.0 3.0000E 00 31.8 3.3092E 00 193.7 
TO.O 2.B331E 00 170.0 3.02J7E OU 60.B 3.3234E 00 1*7.8 
80''0 2.B1B9E 00 160.0 3.0321E 00 70.1 3.1378E 00 160.0 
90 0 2<Sl42E DO 79.7 2-9338E 00 

DIFF.C.S. 
2.7S08E 00 
2.6163E 00 
2.4671E 00 
2.3362E 00 
2.2263E 00 
2.1398E 00 
2.07T2E 00 
2.0394E 00 
2.0267E 00 

• COEFFICIENT (CMS) TRANSMISSION COEFFICIENT 

2.8TI3E 00 

1.449»E-02 
3.2T04E-09 

2.8T83E 00 
J.0403E 00 
2.2360E-01 
3.6140E-02 

1.8424E-01 
6.73I0E-O3 
B.l4 3«E-0* 
S.0S21E-06 

6.2624E-03 
3.8183E-04 
3.6204E-06 
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Fig 7 (2 ) continued 

PROS. 4 . C(l»-D N p A) Rt-AcTIOHi E - l « f l 3 6 HEV I H - f THEORY 

CALCULATED D A M OF COMPOUND NUCLEAR PROCESS 

HAUSER-FESHBACH-W0LFEN5TE1N THEQHY USED 

THIRD EXCITED STATE < 0 - P ) 

EXCITATION ENERGY 3 . 8 5 0 0 0 0 0 (H£V) 
EMITTED ENERGY CCMS) . . . 0 . 4 3 1 0 5 7 0 (MEV) 

(LAB) . . . Q , « 6 6 0 0 6 1 <KEV) 
S P l N - M A R l T Y , . 3 / 2 * 

COMPOUND NUCLEUS FORMATION C R O S $ SECTION (INVERSE PROCESS? 1 .1079E 0^ C M R l l - B A f t N ) 

TOTAL HEACT10N C R O S S SECTION TO THIS LEyEL 2 -372TE 01 C M I L H - B A R N ) 

ANGULAR DISTRIBUTION (DEGREE) 

CENTER CF HAS5 • • • LABORATORY 
ANGLE Q l F F - O S . A N S L E O I F F . C S . ANGLE D l F F - C - S . ANGLE 

3 . 0 1.933BE 00 1 0 0 . 0 1 .8674E 00 4 . 1 2.8 ' .7 t1E 00 6 7 . 7 
10>O 1 .9323E 00 H O i O 1-BT33E 00 8 . 2 2 .636BE 00 9 7 . 6 
7 0 * 0 I . 9 2 6 1 E oo 1 2 0 , 0 1 -8623E 00 1 6 . 3 2 .7944E 00 1 0 8 . 3 
JO'O 1.916BE 00 1 3 0 . 0 l ' f i 9 3 3 E 00 2 « . S 2 . 7 ? 6 4 £ 00 1 1 9 . 2 
4 Q > 0 1.9Q33E OQ 1 * 0 , 0 1 .9053E 00 3 3 . 3 2.633<>t 00 1 3 0 . 7 
3 0 - 0 1 .8933E 00 1 3 0 , 0 1-9168E 00 4 1 . 8 2 .527?E 00 1 4 2 - 3 
6 0 - 0 1 .8823E 00 1 6 0 , 0 1 .9261E 00 3 0 . 5 2 . "043 fc 00 1 3 « . f l 
7 0 * 0 1 .«7J3E 00 1 7 0 . 0 1-9323E 00 3 9 . 4 2 .2723E 00 1 6 7 . 3 
8 0 * 0 1.B674E 00 1 8 0 , 0 L 9 3 4 4 E 00 6 6 . 3 2 . 1 J 4 6 E 00 1 6 0 - 0 
9 0 * 0 1.B634E 00 7 7 . ? 1 .9931E 00 

D I F F . C S > 
1.B571E 00 
1 . 7 2 * l E 00 
1 .3990 i l 00 
1 .4ASJE 00 
1.3863E 00 
1 .3051E 00 
1 .2447£ 00 
1.20T3E 00 
1 .19*9E 00 

B - COEFFICIENT fCHS) 

1.B8B2S 00 
4.3BHS-02 
4«0?i*E-Q4 

.essje oo 

.0439E-01 

.2967E-0L 

6.53O3E-02 
1.7612E-03 
1.6TUE-0" 

1.66BbE"0^ 
7.6414E-05 

( D - P ) CHQSS SECTION 4.5071E 02 (HtLLl-BARN) 

PftOB. 4. C<D»D N P A) REACTION. E-1,836 MEV , M-F THEORY 

CALCULATEO OATA Of COMPOUND NUCLEAR PHOcESS 

HAUSER-FESMbACH-WOLFENSTEIN THFORY USED 

GROUND STATE ( 0 - A ) 

EXCITATION ENERGY 0.0 (NEV) 
EMITTED ENERGY (CMS) ... 0.2383370 (MEV) 

(LAB) ... 0.3337616 tHEV) 
SPIN-PARITY 3+ 

COMPOUND NUCLEUS FORMATION CROSS SECTION (INVERSE PROCESS) 1.3o3«E-Ot> (MlLLI-B/" 

TOTAL REACTION CROSS SECTION TO THIS LEVEL 3.7oi4£-07 (MlLL1-BAKN) 

ANGULAR DISTRIBUTION (DEGREE) 

CENTER QF MASS LABORATORY ..... 
AN&LF OIFF.C-S. ANGLE OIFF.CS. ANGLE DLFF.OS. ANGLE 

3*0 4. l l30E"08 100.0 2.4281E-Q* 3.0 1-1432E-07 63.3 
10'0 4.0720E-03 110.0 2.372SE-08 6.0 1.1291E-07 70.6 
20-0 3.9t i6E-08 120,0 2.7931E-0B 12.0 1.0bB0E-07 78.9 
30.0 3-6646E-0B 130,0 3.O722E-0B 18.0 9.7661E-08 8B.0 
40*0 3.3733E-08 140.0 3.3733E-08 24.1 B.*74fcE-oS 96.6 
30-0 3.0722E-06 13010 3.6646E-08 30,3 T.3333E-D6 111.3 
60-0 2.T931E-08 Uo.D 3.908BE-D8 36.3 6.431eE-06 128.3 
70.0 2.3724E-08 170.0 4.072DE-D8 42.9 3.5070E-08 131.2 
80'0 3»*261t-0fl 180,0 4.1293E-08 49.4 4.7383E-0* 180.0 
90*0 2.3T81E-06 36.2 4-1434E-06 

• COEFUctENT <CW5) 
LL BL 

0 2.9435C-06 
2 1.1S22E-08 
* 3.7121E-10 
* 4-5909E-11 
fi 2.6253E-13 

BL 

2.9«3*E-0« 
3.7M7E-0B 
1.8733E-DB 
1.201SE-0B 
9.&193E-09 

TRANSMISSION COEFFICIENT 
HO 

3,3*06E-10 
3.7063E-10 
1.A086.E-11 
1.9705E-12 
1.9733E-1* 

01FF.C.S. 
3.6817E-08 
3.2847E-08 
2.B864E-08 
2.42B1E-08 
1.9014E-08 
1 3323E-08 
8.7307E-09 
3.5«06E-09 
%.5168E-09 

< D - A ) CROSS SECTION 3.7014E-07 (MlLLl-BARN) 

RUNNING T]HE 11.83 SEC. 

http://DIFF.CS
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Fig 8 ( 1 ) 

63 

PRCb. 
1 5 

71.92 
1.302 
0.62 
46.0 

3. AS73(N-
33 

1.302 
0.62 

•N«> . E-1, 
7t> 0 
0.5 
1.421 
0.30 
14.0 

.0 MtV . EC-0.*U ML' 
1 10 1 

1-0 
1.3U2 
0.t>2 
J.U 

10.0 
130.0 

F "g 8 ( 2 ) 

PPCB, 3 . AS?3(N«Ne> ' e - 1 . 0 M.F.V , £ 0 0 . 2 0 *EV 

TAHGET INCIDENT PMESH « 2 - S 0 0 E - 0 1 (FEUMI) MAxIMu* ANGULAR hO^ENTu* 
HASS . . . . . . . . . 7 1 . 9 2 1 . 0 3 8 4 6 5 PMESHO ? . i 0 0 L - 0 1 IF£WMJ) CLASSICAL CUT-OFF HCHtNT<JM 

MAbS NO. . . . . ' 7> 1 C M E S H - 2 . & 1 3 E - 0 1 C ^ E R M ! ) »*VE Nl/wbER • 
ATOMIC NO- * . ' 33 0 CMESHC 0 . 0 I F E h M t ) COULUMB PARAMETER (YETAJ 

C f i i ENERGY . . . 1 , 0 0 0 0 0 0 CfEV) 
LAO ENEPG* • • • 1 -013463 (MEv> StPARATSON ENERGY . • • 0«D (MEv> 

INt-lOENT PARTICLE NEUTRCN 

IMAGINARY POTENTIAL FORM NUN_t,OCAL PARAMETER . 0 . 0 ( L - ! 

I ivIERKAL *O0DS-S*X0N 
SU-iFAC( DlFp. wOODS-bAxON 

POTENTIAL ^ARAHfTE* 

FOAM PAWAKElER 
(FtRHl) 

RU - 1.302 
SJ - 1.302 
RC • 0.0 
US - l'*21 
RSU. IMO; 
AO - L'.(,2(j 
Al - Q.62u 
B - 0*300 
ASUo 0-620 

BRANCHING KATIO 
0-« O'O 
0.0 Q.O 
o.o 

•ELL DFPTH 

V • 46.00 

VE - -0,2*>0 

VEbw* 0.0 

VRfc - 43.T3 

0*0 D 
0.0 0 

PARAMETER (HEV) 

.0 

.0 

Wl • 0.0 

MlE • 0.12* 

wl£s&" -O.uoo 

W|HI • 0.12 

O.U 0< 
0.0 0. 

wS - 1^.00 V&O - 7.00 

*SE - -0.200 VSOE - 0.0 

wSESQ" O.U 'JbOESW- 0.0 

HlMS - 13.Bo VSpO « 7.00 

»S0 • 0.0 VSYH . 0.0 

trSOE - 0.0 VC O U L B 0.0 

aSOESffl- 0.0 

WSPU • O'O V&YMM- U.O 

LEVEL DENSI IY t>ARAMtTEH 
EC - u.2u A • 

NO EXHLRlriENTAL DATA 

PRC8. 3* AS7J>(NIN»> • E-1.0 MEV . EC-Q.20 HfcV 

TOTAL CROSb SECTION 4.4269E 03 (MlLLl-frAhN} 
SHAPE ELASTIC CROSS SECTION 2.4232E 03 CMILLI-BANNJ 
REACTION CftOSS SECTION ... 2.0017E 03 (HlLLl-BARh} 

ANGULAR UlSTHlBUIION (DEGREE) 
• CENTER nf HASS 

ANGLE ELASTIC A^LE ELASTIC 

0.0 7.0702C 02 
10.0 6.8603E 02 
30.0 5.4l(,2t 0? 
60.0 2.667TE 0? 

90.0 
110.0 
120,0 
130.0 

1.2426E 02 
8.35D7E 01 
6.8460E nl 
3.7183E r>l 

170.0 
160. 0 

ANGLE ELASTIC 

7.261BE 02 
/,0»33E 02 
.3436E 02 

ANGLE CLASTIC 

69,2 
109.3 
119.3 

1.2429E 02 
6.2S39E 01 
.7353E 01 

59,3 2.7U43E 02 149.6 J-6323E 01 

ANGLE ELASTIC 

169.9 
180.0 

2.9427E 01 
2.8772E 01 

1 3.1279E-U1 
3 6.37O9E-01 1 *.fl73*E-0l 

COMHUUNO FOftHATIJN PROBABILITY 
L 2»J T(»> 2 » J T ( - > 

3 1 - 5 7 1 7 E - 0 1 
5 1-333UE-02 

L 2 « J TC*1 2 « J T<-> 

4 9 2 - 2 3 0 8 E - 0 4 7 2 . 6 3 3 2 E - 0 4 

• COEFFICIENT CCMS) 

3 V . 4 3 O M E 01 

BL 

? . J > 7 8 t 01 3 fc.92^fct-01 
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Fig 8 (2 ) continued 

PROS. 5> A S T S < N « I I » ) ' E " 1 ^ NEV . E C - C 2 0 MEV PAGE J 

i N E L A S H c S C A U t R l N G • • I N P U T D*TA 

TCTAl LEVELS 2 

• * • GRDuND S T ' T L ( N - K J 

SHIN-PARITY 3/2-

TA*GET INCIDENT PMESH - 2.300E-01 (FERMI) MAXIMUM ANGULAR MOMENTUM * 
MASS • 7«*92 1-008665 PMESHC- 2-500E-O1 (FERMl> CLASSICAL CUT-OFF MOMENTUM 3 
MASS NO • 75 1 ChESH - 2.M3E-D1 tFERHj) «AvE NUMBER 0.216216 
ATOMIC NO. ... 33 0 CMtSHC- C O (FERMI) C0UL0HB PARAMETER CYETA) 0.0 

CMS ENERGY ... 1.000000 (N£V> 

LAO ENERGY ... 1.013*63 (MEV> StPARATIO" ENERGY ... 0.0 <MEv' 

INCIDENT PARTICLE NEUTRON 

IMAGINARY POTENTIAL FORM NUN-LOCAL PARAMETtR . 0.0 I L-S TERM 
INTERNAL WOOOS-SAXON 
SuRpACE OlFF* wOODS-SAxON 

POTENTIAL HARAMETE" 

FOKM P A H K M E - U R 
( F t R M | j 

HO - 1 .302 
fit - 1 O 0 ' 
RC > u.O 
RS - l . * ? l 
R S 0 . 1 .302 
AO • 0>62U 
A l - 0 * 6 2 0 
B - u * 3 0 o 
ASO- ••J'bZO 

BRANCH] -.Q K M I O 
O-o 0 - 0 
0 . 0 0 * 0 
C O 

WELL OEPTM PARAMETER tHEVJ 

V - * 6 . 0 o * 1 • 0 . 0 

VE • - 0 . 2 1 0 v I E • 0 . 1 2 3 

V E S « - 0 . 0 w i t s a - - 0 . 0 0 0 

VRE • >i5.75 WIMI • 0 . 1 2 

0 *0 0 . 0 0 . 0 C O 
0 . 0 J.O 0 . 0 0 . 0 

LEVEL u t N S M Y PARAMETER 
EC - 0 , 2 0 

O.O 

• S - l * . O 0 

*SE - - 0 . 2 0 0 

«SEs<3- C O 

M|MS - 1 3 . 8 0 

0 * 0 O'O 
0 . 0 0 . 0 

A - 8 . 7 2 SGM- 0 . 0 EPR* - l . * 5 HOM" 
0 . 0 0 . 0 0.0 

VSO • 

vsoe » 

VS0E5B-

V S P O -

0 - u 
0 . 0 

0 , 0 
O fO 

7.0O 

0 . 0 

0 . 0 

7 . 0 0 

0 . 0 
0 . 0 

wSO -

• SOE -

• S O E S t -

WSPO -

0 . 0 
0 . 0 

0 . 0 

0<0 

0 . 0 

0 . 0 

0 . 0 

O.u 

VSYM * 0,0 

VCOUL- 0,0 

VS^MM- 0 t0 

0 * 0 0 * 0 
0 . 0 0 * 0 

0.0 
0 . 0 

PWCb. 5 . A S O ( N . N B ) ' E - 1 . 0 MEV > EC-Q.2Q MEV 

* • » FJ«ST t J l C l I t Q STATE < N - N ) 

SP1N-^»R1TY 
EXClTA'tO* ENERGY . 

OO'ENTIAL FOfM AND PARAMETER SAHE AS BEFORE 

PRC6. 5i AS75(N»*») . £>1.0 MEV * EC-O.L'O FEV 

CALCUCAlEO UATA oF COMPOUND NUCLEAR PROCESS 

MAUsER-FESHBACH-wOLfENSTEIN THEORY USED 

GROUND bTA T£ ( N " N } 

Splhi-P*RJ TY ........... 3/2-

COMPCWIo t L A S T I C SCATTERING C^OSS SECTION 9 .9491E 02 t H l L H - 8 A « N ) 

SM*PE ELAbTlC SCATTERING CROSS SECTION ? . * 2 > 2 E 03 <Hl( .LJ- f lARN> 
TO'AI. ELASTIC SCATTERING CROSS SECTICN 3.*20JE 03 CMILLI-BARN) 

ANGULAR DISTRIBUTION (OEGREE) 

CENTER OF MASS ........... LABORATORY ....... 

ANGLC ELAST!C(SJ ELASTIC(C) ELAsTlCCT) ANGLE ELASTlctS) ELASTJC(C) 

0-0 7.0702E *J2 1.0006E 02 8.070TE 02 0.0 7.2618E 02 1.0277E 02 
10<0 6.8603E 02 9.8879E 01 7.a*SlE 02 a,9 7.0+33E 02 L0132E 02 
30-0 3.*1&2E "2 9.106AE Ol 6«3268E 02 29,6 3.SA36F. 02 9.3206E 01 
60-0 2.66T7E 02 7.6363E Ol 3-*33*E 02 39,3 2.7043E 02 7.7613E Ol 
90-0 1.2A26E 0? 6.9B74E Ol 1.9A13E 02 89,2 1.2*29£ 02 6.9B93E Ol 
11L.-0 U.35B7E 01 7.3019E 01 1-16&U 02 109,3 J.J839E 01 7.236£E 01 
120-0 6.8A60E Ol 7.6363E Ol 1-«02E 02 119.3 6.7333E Ol 7.3S51E Ol 
15U*0 3.71B3E Ol 9.IO6AE 01 1.2823E 02 149,6 J.4323F 01 I.8939E 01 
170*0 3.0223E Wl 9.8879E Ol 1*J910E C2 169.9 2.9A2?E 01 9.6273E Ol 
180*0 ?.9!>62E 01 1.O006E 02 1.2962E 02 1S0.O 2.I772E 01 9.7379E ul 

a - O - E F M C U N T (CMSJ ILAB) TRANSMISSION COEFFICIENT 
LL BL» IS> B L - CC1 BL - ( 1 ) B t - £ L J L T ( + ) 1 ( 0 > 

0 l . « 9 9 E 02 7 .9176E 0 1 2 . 7 2 1 T E 0 2 2 . 7 2 1 7 E . 0 2 0 3 . 1 2 7 9 E - 0 3 C O 
i 2 . fe3*5E Qlt 2*63A3E 02 2 .69B2E 02 
i 1 -5153E 02 1.923TE 01 1 .7278E 02 1 .T902E 02 I 6 . 3 7 0 9 E - 0 1 0 , 0 
J> 7 .A3B»£ 0 1 T . * * « A E 01 7 .9792E O l 
•* 2 . 1 ^ 7 B E 01 1 .2073E 00 2>2TB*E u l 2 . 5 6 9 T 6 Q l 2 9 . 1 3 0 B E - 0 2 0 , 0 
•> 6 . v 5 3 f e E - 0 l 6 > 9 2 3 6 E - 0 1 1.7A6BE 00 
6 1 . 7 2 6 8 E - 0 1 * . 3 5 * 3 E - 0 1 fc.O»HE-Oi 6 . 6 A 6 7 E - 0 1 3 3 . 0 6 * O E - 0 5 0 , 0 
7 A . 1 7 3 J E - 0 3 A O 7 3 3 E - 0 3 A . 0 6 4 3 E - 0 2 
0 - l . O 2 2 5 E - 0 > 1 . 0 * A 6 E * 0 7 - 1 . 0 1 2 l E - 0 5 1 . 0 3 7 3 E - O J A 2 . 2 3 0 8 E - 0 * 0 , 0 

ELASTICCT) 

8 . 2 6 9 3 E 02 
8 .0&8TE 02 
6 . A 7 ^ 4 E 02 
3>*eO*E 02 
1 .9A18E 02 
1 .55?0E 02 
1 . A 3 H E 02 
1 .25?1E 02 
1 .2570E 02 
1 .2613E 02 

0 . 0 

A . 8 T 3 A E - 0 1 

1.S717E-01 

1.3. ' ' *0E-O2 

2 . 8 5 3 2 E - 0 4 
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Fig 8 ( 2 ) continued 

PRCB. 5« A$T5(N»NO i £-1.0 HEV « EC-0'20 MEV 

CALCULATED vAT* OF COMPOUND NUCLEAR PROCESS 

HAUsER-FESHBACH-irOLFENSTEIN THEORY UjEO 

FIRST EXCJTto STATE C N - N ) 

EXCITATION ENEK6Y 0.1990000 (MEV) 

EMITTED ENERGY CCMS> ... o.soioooo CMEVJ 
<LAb) ... 0.8117B40 (MEV) 

SPIN-PARITY 1/2-
COWPCUND NUCLEUS FORMATION CROSS SECTION (INVERSE PROCESS) 2.Q6*OE Q3 (MILLI->BAHK) 

TOTAL INELASTIC SCATTERING CROSS SECTION TO THIS LEVEL 3.32*et 02 CHILLI-* A R M 

ANGULAR DISTRIBUTION (DEGREE) 

• • CENTER CF MASS LASCRATOH> 
ANGLE O I F F ' C S . AN6LE D I F F . C S * ANGLE D I F F - C - S . ANGLE 

0 - 0 Z«B329E 0 1 1 1 0 . 0 2-T933E 0 1 O.O ? . 9 1 A f i t 01 109.2 
1 0 . 0 J . 8 3 3 4 E 0 1 1 2 0 . 0 2 . 7 9 0 E 0 1 9 . 9 2.V18QL 01 1 1 9 . 2 
3 0 - 0 2 .81T3E o l 1 5 0 . 0 2 -8273E 01 2 9 . 6 ? . V u l 7 t o l 1 « 9 . 6 
6 0 . 0 ? . 7 9 * 3 E 0 1 1 7 0 . 0 2«833»E 01 5 9 . 3 2 . B 3 7 a t 01 1 6 9 . 8 
9 0 . 0 2 .7989E Ol 1 8 0 . 0 2«8129E Ol 89.1 2.7SI9BE Ol 180 .Q 

D 1 F F - C . S . 
2 .76S5E 01 
2 .T331E 01 
2 . "5<OE 01 
2 .T501E 01 
2 .7A«3E 01 

• COEFFICIENT (CMS) 

Z.0090E 01 
2 > B 2 O 4 E - 0 1 
1 - 1 3 2 9 E - 0 1 

- 1 . 1 7 9 7 E - 0 1 
- 2 . 9 4 1 J E - 0 B 

SL 

*.B030£ 01 
6-*220t-01 
i .6B3lE-01 
7.6T10E-03 
1.1525E-01 

TRANSMISSION COEFFICIENT 
L 2»J T<*> 

4 . 8 5 6 6 E - 0 1 
S . 3 4 4 9 E - U 1 
6 . * 0 2 * E - 0 2 
1 . 4 6 7 9 E - 0 ? 
& . 4 1 8 9 E - 0 5 

*.l?b9E-Dl 
1.12»1E-01 
7.3490E-O3 
l.iej*E-o* 

INELASTIC CnoSS SECTION J . 5 2 4 8 E 02 ( M I L L I - 8 A R N ) 

PRCB. 5* A S ' 5 < r t * N O < E » 1 . 0 MEV , E C - 0 . 2 0 MEV 

CALCULATEO DATA OF COMPOUND NUCLEAR PROCESS 

HAUSER-FESHbACM-wCLFEN57EtN THFORY USED 

SECOND tKCl'ED STATt ( N - N ) 

C*C | TATjCN ENEKGY 0.2000000 <MEV> 
EMlTTtb ENERGY (C^S) ••• O.BQOQOOO (NfV) 

(LAB) ... 0.B1O77O6 (MEV> 
cot'.pcûD NUCLEUS FORMATION CROSS SECTION (INVERSE PROCESS) 
TOTAL INELASTIC SCATTEHIUG CROSS SECTION TO THIS LEVEL *•• 

ANGULAR UlSTHlBUTION (DEGREE! 

ANGLE 
0.0 
10-0 
30>o 
60>o 
90>o 

•.... CENTER 
DlFF.OS. 
fli9*94E 01 
8.9*^*E 01 
«.9*9*E 01 
8.9*9*E 01 
8-9*9*E 01 

KAS5 
ANGlE 
110.0 
120.0 
150.0 
170.0 
160,0 

DIFF-C.S. 
B-9494E 01 
8.9*9»E 01 
8«9*9*E 01 
8.9*9*E 01 
B.949*b 01 

ANGLE 
0 . 0 
9 . 9 

2 9 . 4 
5 9 . 3 
6 9 . 1 

2 .0643E a') ( M I L L I - B A R N ) 
1>1?4(>E 03 < M I L L I - 6 A R N / H t v > 

LABCRATCRY 
DIFF-C-S. ANGLE 
9'2?06t 01 109-2 
9.2168b 01 119.2 
9.1fi50b Ol 149.6 
9.0S69E 01 169,B 
6.952AE Ol ISO.O 

OIFF-CS. 
B.S602E 01 
B.S173E 01 
8.7163E 01 
8.6B61E 01 
Q.6B20E 01 

B - COEFFICIENT (CHS) 

8 . 9 * 9 * E 0 1 
0 . 0 
0<0 
O'O 
0 * 0 

UL 

B>9«9 i 0 1 
2.t>9A2l 00 
2-Q276E-D2 
3 . 7 7 1 7 E - 0 6 

- 3 - 2 1 6 8 E - 0 5 

TRANSMISSION COEFFICIENT 
L 2 * J T C O 

0 1 4.«SQE-01 
1 3 i.S*02E-01 
2 3 t>.38S8E-02 
3 7 1.4618E-02 
* 9 S.3T36E-05 

•1228E-01 
.1219f-0l 
.31B*E-03 
.1772E-04 

PRCB. 5. AS*5<N.N«) ' E-1»0 MEV » EC«0.Z0 *b'V 

CALCULATED DATA OF COMPOUND NUCLEAfi PROCESS 

HAUSER-^ESHP.ACM-KQLFENSTEIN THECRr USED 

THIRD EJCCrTEo STATE C * - N ) 

FKClTAT[ON ENERGY » . . . . 0.3592000 tHEV) 
EMITTED ENERGY <CHS) ... 0.4A08000 (MEV) 

(LAb> ... 0.6*9*272 (MEV) 
COMpOgND NUCLEUS FORMATION CROSS SECTION (1NVEHSE PROCESS) 2-121VE 0> <MlLL|-aARh) 

TOTAL INELASTIC SCATTERING CROSS SECTION TO THIS LEVEL 1.1012E 03 (mLii-hAKN/*tV) 

ANGULAR DISTRIBUTION (DEGREEI 

CENTER CF MASS LABORATORY 
ANGLE DLFF.C.S. ANGL E DJFF.CS. ANGLE DLFF-C-S. ANGLE 

0 . 0 B*7o30E O l 1 1 0 . 3 8.763Gb O l 0>0 9>U602 t O l 1 0 9 . 1 
1 0 - 0 1 .7630E 01 1 2 0 . 0 fl.Tb^Ofc 0 1 9 . 8 9 .U358E 01 1 1 9 . 2 
3 0 * 0 8 -7630E O l 15o.O 8 . 7 6 3 0 b O l 2 9 . 3 9 - U 2 U E O l 1 * 9 . 3 
6 0 . 0 B.T630E 0 1 1 7 0 . 0 8 .T630E 0 1 5 9 , 2 B . ^ 1 3 8 t 0 1 l b 9 . f i 
9U<0 B«763o t O l 1 8 0 . 0 8 . 7 6 3 0 b O l 8 9 , 0 P<7t>67E O l 1 8 0 . 0 

D I F F . C . S . 
B.66S6E 01 
B . * 1 9 0 E 01 
6'jLOlE 01 
8 .A752E 0 1 
B . *707E 01 

B - COEFFICIENT (CMS) 

I.7630E 01 
0.0 

1L 

8-7630E 01 
2.9»76E 00 
2,-*7eeE-02 
3.aS98E-0t 

-3.S198E-03 

TRANSMISSION COEFFICIENT 
. L i*J FC+J 

0 1 • f . 3 6 9 1 E - 0 1 
1 3 t . T 0 « 2 E - 0 l 
2 5 4 . 3 0 B S E - 0 2 
3 T 6 . 9 1 7 2 E - 0 3 
« 9 3 . 1 * ^ 8 E - 0 5 

3.4177E-01 
7.6BBjE-02 
3.*T02E-03 
4.78036-05 

http://lb9.fi
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* i g ( 2 ) continued 

P f i c a . l i AST3(N>N») ' E - 1 . 0 MEV . EC-O.ZO MEV 

C»LCULAIFO L-ATA OF COMPOUND NUCLEAR PROCES5 

H»uSEH-' 'ESHPA!:n-WCLFENi ]?elN THEORV USE& 

4-TH tACMbo STATE < N - H ) 

ExClTAljOh ENEKGY 0.318*000 CHEV) 
EMJTTtu ENEnGV (CMS) ... 0.4816000 (M£V) 

(LAB) ,,, 0**880839 CMEV) 
CO'PCur.D NUCLEUS FORMATION CROSS SECTION ClNVERSE PROCESS) 2-1B30E 03 (HILLI-BARN) 
ro'AL INELASTIC SCATTERING CROSS SECTION TO THIS LEVEL I . O U T E OS (MILLI-BARN/ME-V) 

ANGULAR DISTRIBUTION <DEGREFJ 

• CENTER OF MASS LABORATORY 
ANGLE D ^ .C-&. ANGLE DIFF.OS. ANGLE DLFF«OS. ANGLE 

0 * 0 « -0>91E 01 3 1 0 - 0 8«G39JE Ol 0.0 «>J7*PE Ol 1 0 8 . 9 
1 0 * 0 B.0S91E 01 1 2 0 . 0 8 .0391E 0 1 9 . 8 B.3702E 01 1 1 9 . 0 
3 t « 0 8 .0591E 01 1 5 0 . 0 B.Q191E 0 1 2 9 . S » . 3 3 3 * E O l I V ) . A 
6 0 * 0 B-0591F. 01 1 7 0 . 0 6 .0391E 01 3 9 . 0 B.2197E 0 1 1 6 9 . 8 
9 0 * 0 B*0^91E 0 1 1 6 0 . 0 8 > 0 3 9 l E O l 6 9 . 9 8 -0637E 0 1 1 6 0 - 0 

D 1 F F . C S . 
7 . 9 M i E 01 
7.90TOE 01 
7 . 7 9 l * E 0 1 
7 . 7 M 3 E 01 
7.7A93E 01 

b - COEFFICIENT (CMS) 

8-0391E ol 
0-0 
0.0 
Q.O 
0.0 

6L 

8.Q391E 01 
3'1270t 00 
3.0J3*E-02 
A.7219E-06 
-3.1633E-05 

•J.191BE-01 
3,4772E-01 
2.A794E-02 
2.6U9E-03 
0.0 

2.6031E-01 
4.A83JE-02 
1.3132E-D3 
0.0 

PROB. 3t AS75(N'N») ' E-1.0 M£V * EC-0.20 HEV 

CALCULATED DATA OF COMPOUND NUCLEAR PROCESS 

HAUSER-FESHrtACH-^Ol^ENSTElN THFORY USED 

3-TH EACl'tp STATE ( H - N ) 

EXC | TAT ION ENEhGv ..... 0.677«,000 (M.EV> 
E M T T E U ewERcr (cws> . . . 0 ,322*1000 ( M E W 

<LfcB> . . . 0 .32b1* i03 t H t V J 
CO'̂ PCUNT) NUCLEUS FORMATION CROSS SECTION (INVERSE PROCESS) ?*2*B3E 03 (MILLI-BARN) 
TOTAL INELASTIC SCATHING CROSS SECTION TO THIS LEVEL BOOIOE 02 (HJLLI-BARN/NEV) 

A K G U L A R & I5TKIBUTION (OEG.REE) 

CENTER CF MASS LABORATORY 
ANfjLE O I F ' - . C ' S . / N G | E D I F f . C . S * ANGLE D I F F - C ' S - *NGLE 

0 . 0 6<b03BE O l 1 1 0 . 0 6 . 6 0 3 6 E 0 1 C O 4 - 9 2 2 7 E 0 1 1 0 i « 7 
1 0 - 0 6 . 6 0 3 B L 0 1 1 2 0 , 0 6 . 4 0 M E 01 9 . 8 6 . 9 « o E 0 1 1 1 1 . 8 
3 0 * 0 6 .603BE o l 1 5 0 . 0 «.4o5»A. 01 2 9 . 3 6 . » H 2 E O l 1 * 1 . 3 
60>0 6 . 6 0 3 8 E 0 1 1 7 0 . 0 6 . 6 0 3 8 E 0 1 3 8 . 8 6 . 7 b 7 j E 0 1 1 4 9 . 1 
9 0 * 0 6 .603BE 01 1 6 0 . 0 6 . 6 0 3 8 E 0 1 6 8 . 6 6 . 6 H 3 E 0 1 1 1 0 * 0 

DIFF.e.S. 
6.50«0f 01 
6.*3*2E 01 
t.33B*E 01 
4.3010E 01 
6.2942E 01 

• CCfFFlCItNT (CMS) 
LL flL 

0 6-6J38E 01 
1 0*0 
* o.o 
b 0.0 
8 0.0 

(LAB) TRANSMISSION COEFFICIENT 
BL L 2»J T O ) 

6.6036E 01 0 1 3.*6*0E-Ol 
3.132&E 00 1 3 2.*M0E-Ol 
3.7U2E-02 2 S 1.0641E-02 
1.7309E-0* 3 ^ 6.3«fE-0* 
-2.9813E-03 A 9 0.0 

i.«af*>E*oi 
1.9436E-02 
3«3226£*0* 
0.0 
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Fig 8 ( 2 ) continued 

PRC6, i, AS73 (N iN» ) * E - 1 . 0 M£V , EC«0 .20 MEv 

CALCULATE: bATA OF COMPOUND NUCLEAR PROCESS 

HAUSER-FESHbACH-WOLFENSTEIN THEORY USED 

4 - T H EXCITED STATE ( N - N ) 

EXCITATION ENERGY . . . . . 0 . 0 3 6 0 0 0 0 CWEV) 
E n l T T t U ENERGY CCMS> . . . 0 . 1 * 3 2 0 0 0 (MEV) 

( L A 6 > . . . 0 . 1 6 5 3 9 7 ? <W£V> 
COMPOUND NUCLEUS FORMATION CROSS SECTION CLNVERSE PROCESS) 2-3702E 03 (MILLI-BARN) 
TOTAL INELASTIC SCATTERING CROSS SECTION TO THIS LEVEL S.2622E 03 (MILLI-BARN/KTV) 

ANGULAR WSTRIBUTION (DEGREE) 

CENTER <CF NASS • • • LABORATORY 
ANGLE 0lF>'«OS, ANGLE 0IFF-OS. AN<j|_E D IFF.OS- ANGLE 
0*C 4.187SE cl MO.O ».I875E 01 0-0 *.4713t 01 108*2 

10*0 4«lS7>jE 01 120.0 *.1S71E 01 9.7 *.*«,7lE 01 110.3 
30-0 4.1I75E 01 150.0 *.lfl75E 01 29.1 4.43*JE 01 1*9.0 
60.0 A.1B7JE 01 170.0 4.1875E 01 38.4 A.3333E 01 169.7 
90-0 4-1873E 01 180.0 **l87SE 01 86.1 *.19*3£ 01 100.0 

01FF.C.S-
4.0988E 01 
4.05**E 01 
3.9311E 01 
3.917*E 01 
3.9131E Ql 

- COEFFICIENT (CMS) 
LL BL 

U * . l f l ! 3 E 0 1 
2 y O 
4 0 . 0 
h O'O 
B 0 * 0 

BL 

4 . U T 5 E 0 1 
2 . 7 < * l l £ 00 
* . * S 1 0 E - O 2 
3 . 7 7 6 2 E - 0 6 

- J . J J 6 1 E - 0 3 

TRANSMISSION COEFFICIENT 
L 2 * J T < * ) 

2 . 0 3 4 4 E - O 1 
1 - 0 7 3 3 E - 0 1 
/ • 2 6 7 2 E - 0 3 
O.1907E-O5 
U.Q 

7 . 2 7 5 2 E - 0 2 
• • 1 3 « i £ - 0 3 
3 . 1 i 4 t £ - 0 3 
0 . 0 

PR06 , 5 t A S f 3 ( N » N O * E - 1 . 0 HEv . EC-0<20 MEV 

CALCULATED UATA O ? COMPOUND NUCLEAR PROCESS 

H A U S E R - F E S H B A C H - W O L F E N S T E 1 N THEORY UsEt) 

7 -TH EACJTtp STATE ( N - N ) 

EXClTATjON ENERGY 0 . 9 9 * 0 0 0 0 CHEV) 
EHITTEU ENERGY (CMS) . . . 0 . 0 0 * 0 0 0 0 (MEV> 

( L * t ) l . . . 0 . 0 0 * 0 3 3 8 CHEV) 
COMPOUND NUCLEUS FCWATlCN CROSS SECTION (INVERSE PROCESS) 8 .8201E 03 ( H l L L I - B A f l N ) 
TOTAL INELASTIC SCATTERING CROSS SECTION TO THIS LEVEL 3 . « ? 4 0 E O l (MJLLI -BARN/HEV) 

ANGULAR OisTRlBUT'ON (DEGREE) 

CENTER GF MASS . • * • . . . . • LABORATORY . . . . . . . . 
ANfit.E OIFF'C.S, ANGLE D l F F . C . S . A N G L F D t F F . O S . ANGLE 

0 - 0 A O i l B E 00 U O . O A.331BE 00 0 . 0 6 « b 6 6 5 t 00 9 7 . 0 
1 0 - 0 A . 5 3 1 I E 00 1 2 0 . 0 4 .331BE 00 8 . 2 6 . 6 * 0 3 E 00 1 0 8 . 3 
3 0 . 0 4 0 3 1 B E 00 1 3 0 . 0 4 . 3 3 1 8 E QO 2 * . q 6 . 4 3 3 0 E 00 1 * 2 . 6 
6 0 . 0 4 . 3 3 1 0 E 00 1 7 0 . 0 * . 5 j l « E 00 3 0 . 3 3 .7B04E 00 1 6 7 . 3 
9U*0 4 . 3 3 I 0 E 00 1 8 0 . 0 * . 5 3 1 8 E 00 70..0 4 .B433E 00 1 8 0 . 0 

0 1 F F . C . S . 
4 . 1 7 1 0 E 00 
3 . 8 5 1 9 E 00 
3 . 0 9 2 2 E 00 
2 .6402E 00 
Z . 8 0 7 7 E 00 

8 - COEFFICIENT (CMS) 

4 . J 3 1 8 E 00 
0«0 

BL 

A .5318E 00 
l . 9 2 9 * E 00 
2 . O 6 7 1 E - 0 1 
5 . 1 2 8 6 E - 0 7 

- 1 . 3 « « T £ - 0 j 

TRANSMISSION COEFFICIENT 
L 2 » J T<*> 

5 . 2 1 3 0 E - O 2 
* > . 9 2 * 6 E - 0 * 
U.O 
0 . 0 
U.O 

3 . 3 3 0 3 E - 0 4 
0 . 0 
0 . 0 
0 . 0 

INELASTIC <-«oSS SECTION , . b ,3426E 02 (MlLL l -BAf lN) 

KUNNINb TIME U - * l SEC. 
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Fig 9 ( 1 ) 

PROB. iS .FE36(N»N«,P) * E-3 .2HEV . E C - 2 . 1 MEV 
I I 26 56 1 10 1 

36 .C 
J . 27 
0 . 6 2 

4 6 . 0 
7.1 
3 . * 

10.0 
1>0.0 

2 
0.1*7 
1 
0 .0 
l . ? 3 
0 .0 

0.3 
1.4 
0.33 
y.o 
3.1 

30,0 
6U.0 

7.646 
1.26 
0.62 
7.0 
1.34 

60,0 
170.0 

3-2 

90<0 
110.0 

0 . 0 
0 . 0 
2 . 0 6 3 

Fig 9 ( 2 ) 

PRCB. 6 . F E 3 i < N . N « , P ) « E-3-2MEV , E C - 2 . 1 HEV PAGE 1 

T**G£T JHCTO£HT P W S H • ? » 5 0 0 £ - 0 i <Fei7Hri **XtHU* **GOtrfff i**f£<Vrtf* 3 
HASS 3 4 . 0 0 i , 0 0 l t « » PMEShC- 2 . 3 O 0 E - 0 1 <fffiMJ> CL*SS|CAL CUT-OFF MOMENTUM 3 
MASS HO. , . . . • 36 1 CHESH • 2 . 4 * 4 E - 0 l (FERMI) WAVE NUMBER 0 . J M 4 M 
A T O H K NO. • • • 2b 0 CMCSHC- 0 . 0 ( F E R M ! > COULOMB PARAMETER CYETA) 0 . 0 

CMS E N E R G T . . . ),200000 <MEv) 
LAB ENERGY • .' 3.237*31 (MEV) SEPARATION ENERGY ... 7.6440 <HEV> 

INC|OE«T PARTFCLE ..... NEUTRON 

IMAGINARY POTENTIAL FORM NON-LOCAL PARAMETER . 0,0 < L-S TERM I 
INTERNAL •....,,,,. SURFACE ABSORPTION ONLY 
SU* FAC£ «... GAUSS 

POTENTIAL •'ARAMETEH 

FORM PAHfHETEp WELL OEPTH PARAMETER (HEV1 
<FERHl> 

RO . 1.2T<J V - 44,OQ V ] • 0.0 VS - 9,00 VSQ - 7,0" WSO - 0.0 VSYH - 0,0 
Hi - 0<o 
RC - 0.0 VE • 0,0 wIt - 0.0 HSE • 0,0 VSQE - 0.0 WSOE - 0.0 VCOUL- 0.0 
RS- • 1-400 
RSO- 1-260 VES»" 0,0 wIES** O.U WSESi" °«0 VSo£S«- 0.0 VSOES*- 0.0 
AQ > 0-fc2u 
Al - O'O VRk - 46.0o ¥l«l - 0*0 tlMS • *<Q0 VSpO - T.00 WfPO - 0>0 VSYHH* 0,0 
B - 0-330 
ASO- 0-420 

BRANCHING RAjIO 
0.0 o<0 0*0 0.0 0.0 0.0 0*U 0>0 0*0 0.0 0-0 0*0 O'O 0»0 
0.0 0*0 0.0 0,0 0.0 0.0 0*0 0.0 O'O 0,0 O.Q 0.0 0«0 0*0 
o.o 

LEVEL DENSlTy PARAMETER 
EC • 2.10 A - 4.10 SGH" 3.10 EPR» 1.34 NOM- 0,0 

5,30 0.0 0,0 0.0 0,Q 

NO EXPERIMENTAL OAT* 

PROD. 4<FE3«<N»N*,P) • E"3.2MEV , EC-2.1 MEV 

TOTAL C«OSS SECTION 3.J299E 03 (MlLLl-BARNl 
SHApE ELASTIC CROSS SECTION 2.4464E 03 (MlU)-BARN) 
REACTION CROSS SECTlOf* ... J.2133E 0* (MlLLI-BARN) 

ANGULAR DISTRIBUTION (DEGREE) 
,.-* CENTER OF hASS 

ANGLE ELASTIC ANCLE ELASTIC 

10.0 1.32J0E 03 
20.0 1*23«9E 03 
30.0 f.03T2E 0? 
40.0 **T1-33E Ol 

90.0 4.70STE 01 
12U.0 1.4731E 01 
130.u 3.4;o34E Ol 
1*0.0 3.4221E 01 

ANGLE ELASTIC 

1T0.O 
110,0 

4 . 2 9 4 3 E O l 
4 . 6 3 U E Ol 

LABORATORY 
ANGLE ELASTIC ANGLE ELASTIC ANGLE ELASTIC 

1 . S T 7 I E 03 
1 .3030E 03 
9 . 3 4 : 0 E 02 
• , | 7 4 J € 0 1 

8 9 . 0 
1 1 9 , 1 
1 4 9 . 3 
1 3 9 , 6 

4.70»0E 01 
I . H O E 01 
3 . 2 9 I 7 E 0 1 
3 , 3 0 0 1 E 0 1 

COMPOUND FORMATION PROBABILITY 
2 * J T(*> 2 * J T ( - > 

A,2l5*E-0l i 1 - U o t E - n i 
> 7 - i * * 2 E - 0 J 
7 1 . 1 3 9 3 E - 0 1 

f*777*£-01 
3<4713E-0Z 

• COEFFICIENT CCMSJ 

3 . 3 3 9 2 E Q2 
» < 3 3 3 I E - t i 2 

4 . 3 7 1 U 02 
3.0419L-02 

4 , 0 I 9 9 £ 02 
1 . 9 T 9 4 E - 0 3 

3 2.047QE 01 6 4 .T74QE 00 
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F i g 9 ( 2 ) continued 

PRCB. 6«FE56<N.N«.P) . E-3.2MEV . EC-J.l HEV PAGE 3 

jNfcLASTJC t̂.ATTEBlN<i JNPUT DAT* 

TCTAL LEVELS 1 

•*• GROUND bT*'E ( N - N ) 

SPlN-P^RlTV 0* 

TARGET INCIOENT PMESH - J.500t-01 (FEKMl) MAXIMUM ANGULAR MOMENTUM 3 
HAi-S &b<00 I>00l4b3 PMESNC- J.»oOE-OX (FER-M) CLASMCAL CUT-OFF MOMEHTWM *> 
MASS '*0 36 1 CHESH - J,»9+E-0l (FERMI) »AVENUHBER 0.389**3 
ATOMIC NO. ... 26 0 C^ESHC- 0*0 (FERMI) COuLUMB PARAMETER (YETA) 0,0 

CHS ENtRGY ... 3.200000 <*Ev> 

LAB E^.RGY ... 3.23763B <MEV) SEPARATION ENERGY ... I.tmtO i»EV> 

INCtOE'T PARTfCLE ..... NEUTRON 

IMAGINARY POTENTIAL FORM NON-LOCAL PARAMETER - o.o ( L-S TERM 
INTERNAL SURFACE ABSORPTION OMLY 
SO«FACE •'- GAUSS 

POTENTIAL ' ARAMETER 

FORM PARAMETER oELL DEPTH PARAMETER CHEV) 
<FtRHI> 

RO • 1-JT0 V • 44,00 vl • 0.0 «S * '.CO V50 * T,00 HS0 - 0-0 VSYM > 
fil • M>O 
RC > 0*0 VE • 0,0 «IE • 0.0 «SE - 0*0 VSOE • 0.0 t#SOE - 0.0 VCOUL-
RS - 1*400 
HSC. i.;«0 VEb«- 0,0 »1ES«- 0.0 BSESB- O.U VbOES&- 0.0 wSOES«- 0.0 
AO - W-420 
Al - 0-0 Vftt - 46.00 trlHJ • 0.0 KIMS - 9,00 VSPO - 7.00 VSPO * 0.0 VS^MH-
B - u-350 
ASO- 0*620 

BRANCHING K*TIO 
O'U O'O 0*0 
o.o o-o o.o 
o.o 

LEVEL OtNSJlY PABAMtTER 
EC • ',10 A • 4.10 

3,50 0.0 

0.0 0-U 
0.0 0.0 

SGM" 3.10 
0.0 

0*& 
0.0 

EPR-

s:s 

S:3* 

0*0 
0.0 

NOM-

s:S 

!:.' 

• O.U 
0,11 

0*0 
0.0 

0.0 
0.0 

0.0 
0.0 

O'U 

o.o 

PROS. 6«FE3blN<N*.P> • E-3.2HEV . EC-2.1 MEV 

• • • FIRST £»CJUD STATE C N - N ) 

SPIh-P*RlTY 
EACITAItON EN£rtGY 0*647000 CHEV) 

POTENTIAL FORM AN" PARAHETER SAME AS b£FQhE 

PRCB, *.FE5b<N«N«.P) . E-J.iHEV . EC-2.1 HEV PAGE 3 

»* GROUND STATt I N - P ) 

SPlN-P«RITV . J* 
EXCITA1|0N fNEHGY 0«0 <MEv) 

TARGET INCIOENT PhESH - 2.300E-01 (fERM(5 MAXJHUM ANGULAR MOMENTUM 3 
MASS • 36.00 1.007277 PMESHC- 2.100E-Q1 <FERH]) CLASSICAL CUT-OFF MOMENTUM 0 
fAiS NO 34 1 CHESH - 2*494t-01 (FERHJ) »AVE NUMJER 0.115*61 
ATOMIC NO. ••• 23 1 CMESHC- 2.486E-01 <FEHMI) CCULOMB PARAMETER <YETA) 7.360221 

CMS ENERGY ... 0.211*00 <fEV) 

LAB ENERGY *«• 0.266669 (HEV) SEPARATION ENERGY ... 10.54*4 (HEV> 

EHlTTEO PARTICLE PROTON 

IMAGINARY POTENTIAL FORM NON-LOCAL PARAMETER . Q.Q ( L-S TERM ) 
INTERNAL SURFACE ABSORPTION OM.Y 
SURfACE •. GAUSS 

POTENTIAL PARAMETER 

FORM PARAMETER *ELL DEPTH PARAMETER CHEV) 
<FERMI) 

RO - 1-270 V . 46.00 M> - 0.0 X& - 9,00 VSO - 7.00 wSO - 0.0 VSYH > U.O 
RI - O'O 
RC - X.J30 VE - 0.0 wit - 0.0 «SE • O.U VSC*E - 0.0 WSOE - 0.0 VCOUL- 0.0 
RS - 1*400 
RSC- l.}40 VESv- 0.0 wtEs«> 0.0 ItSEsi- 0.0 vSOESfc- U.O *S0E$i- 0.0 
AO - 0*420 
H - w»0. VRt - 44,00 WIMl - 0-U «trtS- ».O0 VSpO • T..0Q WSPO • 0.0 VSYMM- 0.0 
B - O'MO 
ASO- 0*420 

BRANCHING RATIO 
0.0 0-0 0.0 0.0 0.0 0.0 0*0 0>0 0*0 0,0 0.0 0"J 0*0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O.U 0.0 0.0 0.0 0.0 
0.0 

LEVEL OENSlTy PARAMETER 
EC - 2,10 A - 4.60 SGM- 3.10 EPR* 1-54 NOM- U.O 

3.30 0.0 0.0 O.U 0.0 



70 JAERI 1224 

Fig 9 (2) continued 

PRCB, 6 .FE56<N«N« ,P ) , fc»3.2H£v . E C - 2 - 1 HEV 

• • * FIRST E X C I l t D STATt f N - P ) 

SPIN-PARITY 2+ 
E X C l T A I l C h ENERGY 0 . 0 2 6 0 0 0 <MEV> 

PO 'EN l lAL FORM AND PARAMETER SAME AS 8EFCRE 

PRCB. 6«FE56 lN»N* ,P> . E*3 .2H$v » E C - 2 . 1 HEV PAGE 7 

* SECOND CXCH£D 5TATc ( N - N. ) 

SPlN-HARITr .•...--.... *+ 
EXClTAIlON EKEKGY ..... 2.085000 <M£v> 

TARGET INCIDENT PMESH " 2.JO0E-01 (FERMJ) HAXIMUM AKGULAR MOMENTUM * 
MASS •. io-00 1.QCB66S PMESilC- 2.3O0E-O1 (FERMI) CLASSICAL CUT-OFF MOMENTUM J 
MASS **0 36 i CMESH - 2.4T4E-01 (FE»Hl> WAyE NUMBER 0.22990fc 
ATOMIC NO. ... J* i CMESHC- 0,0 IFER«!> COyLOMR PARAMETER (VETA) 0.0 

CHS ENERGY ... 1.113000 <MEV) 

LAB ENERGY ... 1.133083 (MEV) SEPARATION ENERGY ... T.6460 (MEV> 

EMITTED PARTICLE NEUTRON 

rMrtGIWff f PQTEbTtAL FOKH WOW-LOCAL PAiWHtKt? m 0 , 0 C L-5 *E#H 
INTERNAL SURFACE ABSORPTION ONLY 
SURFACE G'US5 

POTENTIAL PARAMETER 

FORM pAftAHETER 
<FEHMl) 

RO • 1.270 
Rl - 0.0 
RC - 0.0 
f)5 - 1-400 
RSO- 1-260 
AO • 0-620 
Al • 0.0 
B - 0*350 
ASO- 0.620 

BRANCHING MT10 
0-0 0' 
o.o o-
0.0 

•0 
.0 

VELL DEPTH PARAMETER (HEV) 

V - 46,00 

VE • 0,0 

VESU* 0,0 

VRE • *6-00 

0.0 
0.0 

LEVEL DENSITY PARAHtTgR 
EC - 2,10 A - 6.80 

3 ,,30 0,0 

«1 - 0,0 

VfE - 0.0 

wiEse- o.o 

*IMl - 0,0 

0.0 0*0 0*0 
0.0 0.0 D.O 

MS 

»SE -

MEse-

• IMS -

o*o 
o.o 

SGM* 3.10 EPR- 1.34 
0.0 0.0 

9,or 

0,0 

0,0 

9.00 

o.o 
0.0 

NOM" 

V$0 

VSOE -

VSOESi-

vspo -

o»o 
o.o 

0,0 

o.o 

7,00 

o.o 

0.0 

T.00 

0*0 
0.0 

«S0 » O'O 

«0E • 0.0 

VSOESI* O'O 

Kspr. - o.o 

0.0 O'O 
0*0 0.0 

VSYH • 0,0 

VCOUL- 0,0 

VSYMM- 0,0 

o.o o«o 
0<0 O.Q 

0*0 
0.0 

PRCB. 6iFE3*lN.N.,P> . E-3.2MEV . EC-2'i M£V 

CALCULATED DATA OF COMPUUND NUCLEAR PROCESS 

K*ySfH-FESHfl*C+<-«!LF£MSre^ THEORY Us£0 

GROUND STATE I N - N ) 

SPJN-PARITY .......,,., o+ 

COMPOUND ELASTIC SCATTERING CROSS SECTION ....... 1.90B4E 02 (MILLI-BARN) 
SHAPE ELASTIC SCATTERING CROSS SECTION 2<M««E 03 <MILLI-BARN> 
TOTAL ELASTIC SCATTERING CROSS SECTION a.tsTsE 03 CMILLI-BARN> 

ANGULAR DISTRIBUTION (DEGREE) 

• • CENTER OF MASS 
ANGLE ELAST]C«S> ELASTIC(C) ELASTLCTT> ANC-« 

1 0 - 0 1 .3230E 03 3.220OE 0 1 1 .3332E 03 9 . 8 1 .37T4E 03 
2 0 * 0 1 .2399E 03 2 . T 6 3 6 E C I 1 .2J73E 03 1 9 . T 1 .3030E 03 
3 0 > 0 9 .03T2E 02 2 . 2 2 H E 0 1 9 .2792E 02 2 9 . 3 9 , 3 H 3 0 £ 02 
4 0 * 0 8 .T133E OS. 1.2T1TE 0 1 9 . 9 I 3 1 E 0 1 3 9 . 1 I .B?42E 0 1 
9 0 . 0 4 . 7 0 3 T E 01 1 .0603E 0 1 3 .T643E 0 1 1 9 . 0 * « 7 0 I Q E 0 1 

1 2 0 * 0 I . * 7 3 1 E 0 1 1 .2T17E 0 1 9 -7449E 0 1 1 1 9 . 1 ««32«3E 0 1 
1 3 0 ' 0 3 . 4 0 3 6 E 0 1 2 . 2 2 i l E 0 1 3 . 4 2 4 7 E 0 1 1 4 9 , 3 3 . 2 9 8 7 E 0 1 
1 6 0 * 0 3 . 6 2 2 1 E 0 1 2 . 7 6 3 6 E 0 1 fc.3|7IE Q l 1 3 9 . 6 3 . 3 0 0 I E 0 1 
1 7 0 * 0 4 . 2 9 4 3 E 0 1 3 . 2 2 0 0 E 0 1 7 . 3 H 3 E 0 1 1 4 9 . 1 4 . 1 4 3 3 E 0 1 
1 * 0 * 0 4 . 4 3 1 6 E 0 1 3 . 3 9 I 3 E 0 1 8<0299E 0 1 1 8 0 . 0 4 . 4 6 6 2 E 0 1 

. LABORATORY 
ELASTIC(S) ELASTIC(C) 

3 . 3 3 5 3 E 0 1 
2 . 8 6 0 2 E 0 1 
2 . 2 9 1 2 E ° 1 
1 . 2 9 3 2 E 0 1 
1 . 0 6 1 0 E 0 1 
1 > 2 M * E 0 1 
3 . 1 3 2 6 E ° 1 
2 « * 7 3 0 E 0 1 
3 . 1 0 6 9 E 0 1 
3 . 2 7 7 0 E 0 1 

ELASTICC7) 

1.4109E 03 
L.3316E 03 
9.3721E 02 
1*0149E 02 
3.7491E 01 
9.3737E 01 
3.4S13E 01 
6.1737E 01 
7.2302E 01 
7*7432E 01 

B - COEFFICIENT (CMS) 
LL BL- «> 

0 1 .9468E 02 
1 3 . 3 3 9 2 E 02 
2 4 - 3 7 U E 02 
3 4 . 0 8 9 9 E 02 
4 1-9474E 02 
3 2<0«70E 01 
6 6-7T40E 00 
7 l-*t02E DO 
I 4.333IE-02 
9 3.Q619E-02 
10 l.t7»»E-03 

**1323E 00 

BL -(T> 

2.09C7E 02 
3.3392E 02 
4<4«13E 02 
4.0699E 02 
1.99I9E 02 
2*04T0E 01 
»*3*22E 00 
i***tfJ£ «» 
I.9018E-02 
3<04l9C-02 
4.I347E-03 

TRANSMISSION COEFFICIENT 

2.09I7E 02 
3.4021E 02 
4.3533E O; 
4.2339E 02 
2.2031EO2 
3.2774E 01 
1.0061E 01 
2*J3J3£ 00 
2.3763E-01 
4. 4D43E-02 
8.1419E-03 

T(+> 

9.1133E-01 

1.2136E-01 

7.1»82E-01 

1.1393E-01 

1.1301E-02 

2.2313E-03 

0*0 

0.0 

0.0 

0.0 

0.0 

D.O 

T(-) 

0.0 

1.1406E-01 

9.7776E-01 

3.4713E-02 

4.4l23E-0!t 

3.2422E-04 
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Fig 9 (2 ) continued 

PHCb, 6 * F E 5 d N . N « , P ) . t - 3 . 2 " E V ' E C - J . l MEV 

CALCULATED ^ATA oF C-OVPOUNO NUCLE** PROCESS 

NAU$ER-rESiihACri-WCl>ENSTEIN THEORY USED 

Flfc$T L^ClTcD b U T E ( M - N ) 

E A ( . | T M ] 0 N ENERGY 0 . 8 4 7 0 0 0 0 (HEV) 
E M l T T t u ENERGY (CbS) . . . 2 . 3 1 3 0 0 0 0 (HEV) 

( L » 0 ) . . . Z .3913B19 (HEVl 
S P l N - P " R l T Y 2 * 

C U ' P C U N D NUCLEUS FORMATION C*USS SECTION (INVERSE PROCESS* 1.S266E 03 ( M I U I - B A R N ) 

TUIAL INELASTIC SCATTERING CPPSS SECTION TU THIS LEVEL *.6I30E 02 (MIILI-BARN) 

ANGULAR DISTKIBUTION (DEGREE) 

....'.... CENTER OF HASS •••• LABORATORY 
ANbLE D l f ' C - b . ANG[ E D I F F . C . S . ANGLE D l F F - C - t * ANGLE 

1 0 - 0 3 . ^ * i B 9 t 01 1 2 0 . 0 • 3 . 1 2 7 B t 0 1 9 . 8 3 ' i 9 3 l £ 0 1 1 1 8 . 9 
2 0 * 0 3 . 5 J 7 5 E 01 1 5 0 . 0 3 .6403E 0 1 1 9 . 6 3 .67«aE 0 1 1 * 9 . 4 
3 0 * 0 3 .6 -<03 t 0 1 1 0 0 . 0 3-5375E O l 2 9 . 4 3 .7746E 01 1 1 9 . 6 
6 0 - 0 J . 7 2 7 B E 0 1 1 7 0 . 0 3 .4489E 01 5 9 . 0 3.B0B3E O i 1 6 ? . 8 
9u .O 3 . 6 3 S 3 t O l 1 8 0 . 0 3 . 4 I 3 9 E O i 8 8 . 6 3 . 6 J 7 7 E O l 1 8 0 . 0 

D I F F . C . S ' 
3-6517E. 0 1 
3 . 5 0 9 7 E 01 
3 . 3 9 9 5 E 01 
3 . J 0 7 7 E 01 
3 .2720E 0 1 

b - Ck-EFf iCIENT (CMS) 

3 ' 6 T 2 s t 0 1 
- ? . A 8 0 1 E - 0 l 
- I . 8 0 6 2 E 00 
- 1 . 7 l * l E - 0 l 

-2.7iOBt-05 

BL 

3 .6725E 01 
1.5474E 00 

- * , . i 2 0 6 t - 0 1 
2 . 4 3 9 3 C - 0 2 

- J - J J f 2 * F 00 
-1.2223t-01 

» . » 3 7 3 E - 0 1 
9 . 9 4 6 G E - 0 2 
7 . 1 7 2 2 E - 0 1 
» . 0 7 ? 0 E - O 2 
5 O J 2 + f - 0 3 
3 . 9 0 4 4 E - 0 4 

1 . 0 8 0 Q E - 0 1 
B . 7 2 9 3 E - 0 1 
1 . 2 4 0 1 E - 0 2 
l „ Q 0 B B £ - 0 2 
i . 0 3 l 4 £ - Q * 

PKCb. ft.KE^N.N^P) ' E"3«2HEV , E C " 2 . 1 HEY 

CALCULATED UATA OF COMPOUND NUCLEAR PROCESS 

HAUSER^ESMJACH-WOL'-ENSTEIN THEORY USED 

GROUND bTATL ( N - M 

E*ClTAl|ON ENERGY ..... 0.0 (HEV) 
EMlTTtn ENERGY (CHS) ... Q.2*l60Ol (HEV) 

(LAB} ... 0.2B66652 (HEV) 
SPlN-P-RlTY 3+ 

CÔ PĈ i-D NUCLEUS FORMATION CROSS SECTION (INVERSE PROCESS) 1.6*27E-ll (MlLLl-BARN) 

TOIAL NEALTJON CROSS SECTION TO THIS LEVEL 1.S120E-12 (MILLI-BARN) 

ANGULAR DlSTKlBUTlON (DEGREE) 

. CENTER OF ^ASS . • - LABORATORY 
ANijLE DlFI-'CS. ANGLE 0 IFF.OS- ANGLE DIFF'C'S. ANGLE 
10-0 1.0?56E-13 120.0 1.21V9E-13 9.* 1.20B1E-13 116.9 
20-0 1-0*29E-13 130.0 J.U93E-13 18.9 1-2217E-13 1*8.2 
30*0 1.1A95E-13 lt»0.0 l 0929E-13 2B.3 1-2*171-13 138.7 
60*0 1.2l99t-13 170.0 1>0736E-13 37.1 1.3001E-13 169.* 
90*0 1.2'02t-13 160.0 1-0696E-13 66.3 1.2772E-1J 110.0 

DIFF.C.S' 
1.1521E-13 
1.006*E-13 
9.7230E-14 
9.3104E-14 
9.4371E-1* 

B - COEFFICIENT <CMS> 
LL flL 

U 1.2032E-13 
2 -10391E-1* 
* 1.703*E-17 
6 1.0982t-lT 

(LA&> TRANSMISSION COEFFICIENT 
bL L 2»J T{+) 

1.2032E-13 0 1 2.8923E-16 
1.4925E-1* 1 3 2.3896E-13 

-1.2B70E-1* 2 5 2.7436E-17 
-1.M3BE-13 3 7 1.7929E-18 

1.3700E-13 
1.3503E-17 
3.8106E-1I 

PRCB, 6«fE5o(N.N*,P) . E-3-2MEV . EC-2.1 MEV 

CALCULATED UATA QF COMPOUND NUCLEAR PROCESS 

HAUSER-FESH&ACH-*OLFENSTE1N THEORY USED 

FIRST t*CITt.O STATE ( N - P ) 

EACITAlION ENERGY Q.Q2bOQ0O (MEV) 
EMITTED ENERGY (CMS) ... 0*2556001 (MEV) 

(LAB) ... 0.2601976 (MEV) 
SpiN-cxRirv 2* 
COMPCoND NUCLEUS FURCATION CROSS SECTION (INVtRSE PROCESS) 1.79»2E-l2 (HILLJ-BARN) 

TOTAL --FACTION CROSS SECTION To T W S LEVEL 1.6*22E»i3 (HILLl-BARN) 

ANGULAR UiSTKIBUTlON (OEGREEJ 

CENTER OF MASS LABORATORY 
ANGLE DlFF.C.i". ANGLE DIFF.C.S. ANGLE DlFF.C'S. ANGLE 
10*0 1>*39*E-1* 120.0 3.2B70E-14 9-4 l'6*83E-l* 116.7 
20>0 1.089E-14 150.0 1.4073E-1* 18.8 I.6U3E-I* 1*1,1 
30-0 1.4U73E-1* 160.0 1.4389E-14 28.J 1-3690^-14 131.7 
60.0 1.2070E-14 170.0 1-4394E-14 36.9 1-3T62E-14 1*9.3 
9U-0 1.2^61E-14 18C.0 l.«.fc65E-l* tfc.* i.233lE-14 1*0.0 

OIFF'C.S. 
1.2122E-1* 
1.25I5E-14 
1.2T29E-14 
1.2I24E-1* 
1.2e3TE-14 

• COEFFICIENT (CMS) 
LL bL 

0 1.3U6BE-14 
2 1.60S2E-13 
* -1.03**>fc-17 
b -7-4U72E-19 

1.306BE-14 
1.6236E-13 
1.6S09E-13 
2.4591E-16 

TRANSMISSION COEFFICIENT 
T(») 

2.SB36E*17 
2.374*E*16 
2.T106E-18 
l.TB9*E^19 

1.3384E-16 
1.3J18E-ia 
3.4967E-19 

( N - P ) VnOSS SECTION 1.6762E-12 (MILL I-BARN) 
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Fig 9 ( 2 ) continued 

PROD. 6*FE3*(N*N*»P) * E-3.2HEV * EC"2*1 W V 

CALCULATED OATA DF COMPOUND NUCLEAR PROCESS 

HAUSER-FESHBACM-WLFENSTEIN THEORY USED 

SECOND EXCITEO STATE ( N - N J 

EXC|TAT|ON ENER6Y 2,0130000 (MEV) 
EMITTED ENCftGY (CMS) ... 1,1150000 (MEV) 

(LAB) ... 1,13308-33 (HEV) 
SPIN-PARITY *• 

COMPOUND NUCLEUS FORHATLON CROSS SECTION (INVERSE PROCESS) 1.9212E 03 (MRLI-SARN) 

TOTAL INELASTIC SCATTERING CROSS SECTION TO THIS LEVEL I.ZJBSE 02 <HILLI-BARNJ 

ANGULAR OtsTftlBUT'ON (DEGREE) 

CENTER Or HASS LABORATORY 
ANGLE DlFf-C'S. AH6LE DIFF.C.S. ANGLE OIFF-C-S. ANGLE 
10*0 t-ilSlE 00 120*0 L0040E 01 9.1 9«2132e 00 116-3 
20<0 |.f02*E 00 lSOlO 9.2043E 00 19,* 9.4219E 00 149,1 
30.0 9.204JE 00 1*0.0 l*9024E 00 29,1 9.To2lE 00 159.* 
60.0 1.0040E 01 170,0 B.6I31E 00 3f.3 1.0339E 01 169.7 
90<0 1.0303E 01 IIQ.O ».t02lE 00 »».3 1<031|E 01 UO.O 

OlFF-CS. 
9.7*67E 00 
B,7£96E 00 
8.A00IE 00 
B.1693E 00 
8.0B3BE 00 

• COEFFICIENT 

9.I339E 00 
-l»03l|E 00 
-2t02OOE-Ol 
-1.22m-02 
-2-M91E-0: 

<LA8) TRANSMISSION COEFFICIENT 
BL L 2«J T(r) 

9.I339E 00 0 1 9.1313E-01 
4.1*1>E-01 1 3 &.3097E-02 
-1*02»2E 00 2 3 4.4441E-01 
-4.7IHE-02 3 ? 2.»92»E-03 
-2.0336E-01 4 9 *.9l7lE-04 

a,40T7E-02 
3.0724E-01 
9.B130E-0* 
3.1B3TE-04 

INELASTIC CROSS SECTION 3.B334E 02 (MlLLl-BARN) 

PRO** 4<Fei4(H*N»,p) » E-3.JMEV * EC"2»i HEV 

CALCULATED DATA Of" COMPOUND NUCLEAR PROCESS 

HAUSER-FESHBACH-wOLFENSTtlN THEORY USED 

THIRD EXCITED STATE ( N - N ) 

EXCITATION EHEftftY ..... 2.1000000 (HEV) 
EMITTED ENERGY (CMS) ... 1.1000QOO <M£V) 

(LAB) ... 1.119H30 (HEV) 
COMPOUND NUCLEUS FORMATION CROSS SECTION (INVERSE PROCESS) I.922*>E O* (MILLJ-BARN) 
TOTAL INELASTIC SCATTERING CROSS SECTION T ° THJS LEVEL • 5.3922E 02 (MILLL-BARN/HTV) 

ANGULAR DISTRIBUTION (DEGREE) 

CENTER OF HASS LABORATORY 
ANGLE DIFF.C.S, ANGLE * DIFF.C.S. ANGLE DIFF'OS. ANGLE 

10*0 4»3434E 01 120.0 4.2B12E 01 9*7 4-6337E 01 111.3 
20*0 40331E 01 130^0 40393E 01 19.4 4.4109E 01 149.1 
30*0 4.3393E 01 140.0 4.3S31E 01 ' 29.1 4 .373QE 01 139.4 
40<0 4-2»l2E 01 170.0 4<3434E 01 31.3 4.41I2E 01 1*9.7 
90-0 4<232jE 01 110,0 4*34f9E 01 I I . 2 4.23I3E 01 110*0 

OIFF'C.Si 
4.1332E 01 
4.1132E 01 
4.10B0E 01 
4.1034E 01 
4.1044E 01 

B - COEFFICIENT «M$) 
LL BL 

0 4.2'10E 01 
2 7*T42oE-ol 
4 3»477»E-03 
* 3.3210E-07 
« 7.2320E-10 

(LAB) 
BL 

4*291CE 01 
2.62«f£ 00 
I.1333E-01 
3.T04IE-02 
3O244E-03 

TRANSMISSION COEFFICIENT 
L 2«J T(+) 

0 1 9.9333E-01 
1 3 4.2304E-02 
2 3 4.3727E-01 
3 7 2.I343E-03 
4 9 4.4I24E-04 

B.3492E-02 
2.9479E-01 
9.3720E-04 
2.9933E-04 

PROB, *iFE3ttN.H.,P> . E-3.2HEV « EC-2.1 MEV 

CALCULATED DATA OF COMPOUND NUCLEAR PROCESS 

HAUSER-PESHBACH-WOLFENSTSIN THEORY USED 

4-TH exciTEo STATE < N - N ) 

EXCITATION ENERGY 2.4791439 (MEVJ 
EMITTED ENERGY (CMS) ... 0.720I34Q (HEV) 

^ _ »_ a W > '•• 0.7331310 (M€V) 
COHpOOHO NoctEUs FORMATION CROSS SECTION (INVERSE PROCESS) 1.933'E 03 (MILLI-BARN) 
TOTAL INELASTIC SCATTERING CROSS SECTION TO THIS LEVEL 3.a?i9E 02 (MILLI-BARN/HEV) 

ANGULAR DISTRIBUTION (DEGREE) 

CENTER OF HASS . • • - LABORATORY 
ANGLE DIFF.C.S. ANGLE DIFF.C.S. ANGLE DIFF.C.S. ANGLE 
lO'O 4U092E 01 120*0 4«030«E 01 9*4 4***23E 01 'llB.1 
20-0 4<l02lE 01 130;0 4.0912E 01 19.3 4.*009E 01 141.9 
30*0 4.0*12E 01 160.0 4«l02lE 01 21.9 4<3*6|E 01 139.2 
40.0 4.030IE 01 170,0 4.1092E 01 31.2 4<212»E 01 169.4 
90>0 4.030IE 01 110.0 4.1114E 01 17.• 4«U39SE 01 110.0 

DIFF.C.S. 
3.9031E 01 
3.I2I9E 01 
3.I137E 01 
3.B0I0E 01 
S.BO'SE 01 

• COEFFICIENT (CHS) 
LL BL 

0 4.0374E 01 
2 3.37|lE-0l 
• i*443tE-Q3 
* l»*10»E-07 
i 2*0122E-10 

(LAB) TRANSMISSION COEFFICIENT 
BL L 2*J T(+) 

4.03T4E 01 0 1 9.9903E-01 
3.0714E 00 1 3 4.3216E-02 
5.M05E-M 1 3 2*3913E~Ol 
4.M0IE-O2 3 7 6.S014E-0* 
4.3II6E-03 4 * 9.4473E-05 

6.4244E-02 
2*193Qe-02 
2.2301E-04 
4.393IE-D3 
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Fig 9 ( 2 ) continued 

PRC8. t.FF5b(N»N«,P) * E"3>2MEV i EC-2.1 HEV 

CALCULATED DATA 0^ COMPOUND NUCLEAR PROCESS 

HAUSEft-FESHBACH-trtL^ENSTElN THEORY USED 

9-TH EXCITED STATE ( N - N ) 

EXCtTAT|ON ENERGY 2.7191*27 (MEV) 
EMJTTEO ENERGY (CHS) ... 0.4808573 (HEV> 

(LAB) *•• 0.419*184 CHEV) 
COHPOUND NUCLEUS FORMATION CROSS SECTION (INVERSE PROCESS) 2.0J60E 05 (MlLLl-BARN) 

TOTAL INELASTIC SCATTERING CROSS SECTION TO THIS LEVEL %,MieE 02 (MILLI-BARN/NEV) 

ANGULAR OlSlRlBUTlON (DEGREES 

CENTER OF MASS • • • • LABORATORY . . . . . . . . 
ANGLE O I F F . C . S . ANGLE DlFF.C.S. ANGLE DlFF'CS. ANGLE 

10*0 3.7191E 01 120-0 3-4I78E 01 9»A 4«0fcTfcE 01 U7 .4 
20-0 3.7133E Ol 150.0 3<7093E 01 19.1 4-04I2E 01 141 . * 
30«0 3.7093E Ol 160.0 3.7I33E 01 21.7 4.0170E 01 139.0 
60-0 3*i878E 01 lTOJO 3-7191E 01 ST.7 3>«701E 01 149.9 
90*0 3.6770E Ol 180,0 3>T2Q4E Ql »7.3 3**890E 01 180.0 

D1FF.CS> 
3>S274E 01 
3-4199E 01 
3.3993E 01 
3.3H9E 01 
3*3127E 01 

COEFFICIENT <CHS> 
LL BL 

0 3 . t?14E Ol 
2 2* t»&E-0 l 
* 1.2H2E-03 
* 2»404|E-D» 
8 0.0 

BL 

3.4914E 01 
3.A231E 00 
j.*7.11E-0l 
3.2044E-0! 
2.8334E-03 

TRANSMISSION COEFFICIENT 
L 2*J T(+) 

0 1 ••I421E-Q1 
1 3 3.123OE-02 
2 3 1.0403E-01 
3 T l.STTTl-O* 
4 • 0,0 

4.<3?9E-02 
4»29i4E-02 
S.41*OE-o3 
0.0 

PROD, b.FE3*(N.N»,P) • E*3*2MCV , EC*2>1 HEV 

CAL^ULATEO DATA OF COMPOUND NUCLEAR PROCESS 

HAU$ E R-FESH§ACH-»OLFENSTE]N THEORY USED 

*-TH EJCCIT*D STATe ( N - N > 

EXCITATION ENERGY 2.9O42900 (HEV) 
EMITTED ENERGY (CMS) ... 0.2*37100 (HEV) 

(LAB) ... 0.30103*3 (REV) 
COHpOuNu NUCLEUS FORMATION CROSS SECTION (INVERSE PROCESS) 2.3443E 0* (MlLLl-BJUIN) 
TOTAL INELASTIC SCATTERING C«OSS SECTION TO THIS LEVEL . .« 4<2»t2e 02 ( N R L I - S A R M / N E V ) 

ANGULAR" DlsTfiJBUrlON (DEMCE) 

CENTER OF MASS •« LABORATORY 
ANQLE DIFF>C>5. ANGLE DlFf.C.$. AN&LE D!FF*C*S. AMfiLC 
10-0 3.4322E 01 120.0 3-4197E 01 9*4 3»**49E Ol 11T-0 
20-0 3*O0«E 01 130,0 3<*283E 01 18.9 3-*234E 01 141.2 
30.0 3<«2I3E Ol 140.0 3>«30tE Ol 2|.4 3*7«37E Ol 131*1 
60-0 3.4197E 01 l7ojO 3.A322E 01 37.1 3<*3I9E 01 149.A 
90.0 3.4133E Ol 11O.0 3>*327E Ol 14.4 3*433SE 01 1IQ.0 

OIFfC.S. 
3*2354E 01 
3*0900£ 01 
3«04l*E 01 
3.0438F 01 
3.0379E 01 

• COEFFICIENT <CH5) 
LL BL 

0 3*4212E 01 
J I.l«7f-01 
A 4*l30lE-04 
6 3.33|«E-09 
• O.O 

ILAB) 
BL 

3.4212E 01 
4*0Slie 00 
2.3*21E-01 
1.422TE-02 
1.43B0E-03 

TRAN5H3SSION COEFFICIENT 
L 2*J TC+1 

0 1 "»-4312*-01 
1 J i.«*7of-oi* 
2 3 3.34»H-02 
3 7 2.4S10E-03 
4 9 0.0 

TC-) 

1.2T34E-02 
l*0|13E-03 
0.0 

http://D1FF.CS
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F i g 9 ( 2 ) continued 

PROB. 6<FC36(N<N»,P) > E-3.2MEV , EC-;.l HEV 

CALCULATED DATA OF COMPOUND NUCLEAR PROCESS 

HAUSf«-FeSHBACN-wOLrENSTClN THEORY USED 

T-TH EXClTEp STATE ( N - N J 

EXC1TATJ0N ENERGY ..... 3.0591717 (HEV) 
EMITTED ENERGY (CHS) ... 0.1*0i2*3 (HEV> 

(LAB> ... 0.1*334*6 <HEV> 
COMPOUND NUCLEUS FORHATION CROSS SECTION INVERSE PROCESS) *«1729E 03 (hILLI-BARN) 

TOTAL INELASTIC SCATTERING CROSS SECTION TO THIS LEVEL 3.9I9.IE 02 <MiLLi-BARN/Ntv> 

ANGULAR DISTRIBUTION (DEGREE) 

CENTER OF MASS • • • LABORATORY 
ANGLE DTFF-C.S. ANGLE DLFF.C.5. ANGLE DLFF'C-S. ANGLE 
iO'O 3»12l2E Ol 120.0 3»U8*E Ol 9.2 3»(>723t 01 113.6 
20>0 3>120BE 01 liOlO 3.1203E 01 IS.4 3.6*88E 01 1*7.3 
30*0 3.1203E 01 1*0.0 3-1208E 01 27.7 3.6102E Ol 138.2 
*0>0 J.U8*E 01 170.0 J.1212E 01 33.9 3.*17aE 01 169.1 
90-0 3.1173E 01 1BO.0 3.1213E 01 85.1 3«l32oE Ol lBO'0 

DirF.C.S-
2.8823E 01 
2.6822E 01 
2.6416E 01 
2.6167E 01 
2.6083E 01 

6 - COEFFICIENT (CMS) 
LL BL 

0 3'1187E *1 
2 2.3292E-02 
* 8.t39*E-03 
6 0-0 
a o.o 

SL 

J.1187E 01 
3>33*«E 00 
J.3313C-02 
3.17Z3E-03 
3.0733E-0* 

TRANSMISSION COEFFICIENT 

8.39*3E-01 
7.3*J3E-03 
:.*122E-03 
0.0 
0.0 

1I2O36E-02 
? .9870E-03 
0.0 

PROB. **FEi*tNiN»,P) • E-3.2MEV 1 EC.J.1 HEV 

CALCULATED DATA OF COMPOUND NUCLEAR PROCESS 

HAUSER-FESMBACH-WOLFENSTEIN THEORY USED 

»-TH EXCITED STATE ( N - N ) 

EXCITATION ENERGY ..... 3.19*3000 (HEV) 
EMITTED ENERGY (CHS) ... 0.0033000 CHEV) 

(LAB) ... 0.00*3990 (HEV) 
COMPOUND NUCLEUS FORMATION CROSS SECTION (INVERSE PROCESS) 3**89?E 0* (MILLI-BARN) 

TOTAL INELASTIC SCATTERING CROSS SECTION TO THIS LEVEL I.**5*E 02 (HiLLi-BARN/ntv) 

ANGULAR DISTRIBUTION COEGREE) 

CENTER OF MASS • LABORATORY 
ANGLE 0IFF.C.5. ANG^E DLFF.C.S. ANGLE DLFF-C-S- ANGLE 
ID'O 1O302E Ol 120.0 1«1302E 01 7.0 2«33*9E 01 9*.3 
20'0 1.1502E 01 lSolO J.1302E 01 1*.0 2«3l9*E 01 130.8 
30<0 1.1502E Ol 1*0.0 1»1>02E Ol 21.0 2.2606E Ol 1*3.9 
60-O 1.1302E 01 170.0 1.1302E 01 *2.8 L*3*2E 01 162.3 
90'0 1.1302E 01 180^0 1*1302E 01 66.3 1>S0«E 01 16Q.0 

DIFF.C.S. 
9*626*F 00 
3.3133E 00 
*.*1*3E 00 
3.B638E 00 
3.678IE 00 

B - COEFFICIENT CCHS) 
LL BL 

0 1.1302E 01 
2 7.3B*lE-0» 
* 0.0 
* 0*0 
8 0.0 

(LAB) TRANSMISSION COEFFICIENT 
BL L 2*J T(») 

1.1302E 01 0 1 2-B936E-01 
9,«*7E 00 1 3 T.U61E-03 
2.2338E 00 2 3 0,0 
6.9103E-D3 3 7 0.0 

-&.3287E-0Z * 9 0.0 

1.U69E-0* 
0.0 
0.0 
O.Q 

INELASTIC CROSS SECTION 5.0726E 02 CHILLI-BARN) 

RUNNING TIME 32.22 SEC. 
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Fig 10 ( 1 ) 

10 PROS• 
1 1 2 

1 238.05 
6 1.32 
11 0.47 
16* 42.0 
51 0.85 
56 -0.05 
91 1255,0 
96 373.0 

7. U23S-N. 

0, 
-a, 

1033, 
Mb, 

92 

• • 
.67 
.3? 
.0 
.0 

E-250 REV 
2 5B 

10 
0.5 
1.32 
0.47 
9.0 
0.43 
-0.53 
951.0 
437.0 

, AUTO) 
1 

1«32 
0.*7 
13.0 
0.20 
-0.4« 
605.0 
4J7.0 

AUTOMATIC PARAMETER SEARCH 

Fig 10 ( 2 ) 

PROB. 7 . U?3B-n . E-2^0 *EV . AUTOMATIC P*R*HETE« 5EARCH PAGE 1 

INELASTIC SCATTERING INPUT DATA 

TOTAL LEVELS 3 

•• GROUND STATE [ N - N > 

Spl ( ( -PARjTy o» 

TARGET INCIDENT PHESH • 2 . 5 0 0 E - 0 1 ( F E R M O HAxIMuH ANGULAR MOMENTUM 3 
HASs 2 3 8 - 0 5 1*008665 PHESHC- 2 O 0 0 E - 0 1 (FERMI) CLASSICAL CUT-OFF MOMENTUM 2 
MASS NO 23« 1 CHESH • 2 . 4 8 7 E - 0 1 CFERHl} wAyE NUMBER 0 . 1 0 * 3 7 4 
ATOMIC NO. . . . »2 0 CMESHC* 0 . 0 CFERHl) COyLOMfl PARAMETER (YETA) 0 , 0 

CMS ENERGY . . . 0 . 2 4 1 9 4 3 (HEV) 

LA6 ENERGY . . . 0 .2500QD CMEV> SEPARA7ION ENERGY . . . 0 . 0 <MtV> 

INClDENT PARTICLE NEUTRON 

IMAGINARY POTENTIAL FORM NON-LOCAL PARAMETER • 0 , 0 ( L-S TERM 

INTERNAL SURFACE ABSORPTION ONLY 
SU^ACE D I F F . ^OOpS-SAxON 

POTENTIAL PARAMETER 

FORM PARAMETER WELL DEPTH P A R A H E T E R CHEVJ 
C F E R K I ) 

RO - L 3 2 O V - 4 2 . 0 0 wl • 0 . 0 * S • 9 . 0 0 VSO - 1 3 , 0 0 * S 0 * C O VSYH * 
Rl • 0 - 0 
RC - 0 . 0 VE - 0 . 0 wIE • 0 . 0 USE * 0 . 0 VSoE - 0 . 0 VSOE m 0 . 0 VCOUL* 
RS - 1 - 3 2 0 
RSO- I . 3 2 O VES&- 0 . 0 WlE' j«" 0 . 0 WSES*- ° - 0 VSoESt - 0 , 0 M!>OE$«* 0 . 0 
AO . 0 - 4 7 0 
Al - O.o VftE * 4 2 . 0 0 y I M I - 0<0 WlMS • * - 0 0 VSpO - 1 9 , 0 0 V$PO - C O V5YHM* 
B - 0 - 4 7 0 
ASO. 0 . 4 7 0 

BRANCHING R*T10 
0 . 0 0 * 0 
0.0 0 . 0 

0 - 0 
0 - 0 

0 * 0 
0 . 0 

LEVEL DENSITY PARAMETER 
EC " 0 . 0 A -

0 . 0 
0 . 0 
0 . 0 

PRCB, 7 . U 2 3 » - N . E"230 K.EV . AUTOMATIC PARAMETER SEARCH 

' FIRST EXClTEo STATE ( N - N > 

SPIN-PARITY . . . . . . . . . . . 2+ 
EXCITATION ENERGY 0 . 0 4 7 7 0 0 (M£v) 

POTENTIAL Fo"N AND PARAMETER 5AHE AS BEFORE 

> SECOND EXCITED STATE t N - N > 

SPfN-PARlTY 4* 
EXCJTATJON ENERGY 0.1480DO (MEV> 

POTENTIAL FORM AND PARAMETER *.... SAME AS BEFORE 



76 JAERI 1224 

Fig 10 ( 2 ) 
continued 

PROB. 7. U23I-N* E-290 *EV • AUTOMATIC PARAMETER SEARCH 

NO* 0? ITERATION ... 1 
REFERENCE VALUES OF CHI-SBUARES AT 0.0 0.04741 O.C»3J* 

CHl-SBUARES 1.6I14E 01 l*4J69E 01 l.7392fc Ol 
SHAPE OF CHI-SWAHE-CURVE . . . CONCAVE 

SOLUTIONS OF NORMAL E«UATION 
-3.0723E-Q1 4.*)2IIE-0l 3.*»97E 00 

PARAHETER5 ESTIMATED 
• 1*3Q09 -0.0191 13 0.4||6 0*0116 16 42.2076 0*2076 

T 0.037 75 
1>6233E 01 

NO. OF ITERATION ... 2 
REFERENCE VALUES OF CHl-StUARES AT 0.0 0.10000 0,20000 

CH1-SBUAHES 1*6233E 01 1.497TE 01 1.3330E 01 
SHAPE OF CHI-S«UARE-CURVE ••. CONCAVE 

SOLUTIONS OF NORMAL EQUATION 
-2.4T0IE-O1 4.T339E-0J -1.T493E 00 

PARAMETERS E5T1HATED 
I 1*2715 -0*0293 13 0,5*4* 0.05*2 16 42.0001 -0 .2073 

CHl-Si' AT 0.11B64 
1.4966E 01 

NO. OF ITERATION . . . 3 
REFERENCE VALuE5 °F CHl-5«MRES AT 0.0 0.10000 O.2O0Q0 

CH1-SBUARES 1.4966E 01 L4042E 01 1,<337E 01 
SHAPE OF CHJ-SluARE-CURVE . . . C0NCA'<E 

SOLUTIONS OF NORMAL EQUATION 
-9.I39AE-02 4.0QQ9E-01 -3.260TE 00 

PARAMETERS ESTIMATED 
I 1.23*3 -0.0123 13 0.3946 0.0419 16 41.3446 -0.6333 

NO* OF ITERATION ..« •* 
REFERENCE VALUES OF CHl-SBUARES AT 0.0 0.0i»67 0.03934 

CHI-SIUARES 1.4031E 01 1.4TBTE 01 1.6T33E 01 
SHAP6 OF CHI-SBUARE-CURVE »*. CONCAVE 

SOLUTIONS or NORMAL EQUATION 
-1.397IE 00 1*3116E 00 9.3244E 00 

PARAMETERS ESTIMATED 
ft 1.2393 0.0 13 0.3946 0.0 16 41.3446 0.0 

J 0.0 
1.4031E 01 

PROB. 7. U236-N-. E-230 KEv « AUTOMATIC PARAHETER SEARCH PAGE 4 

TARGET INCIDENT PHESH - 2>3Q0E-Ol tFERHI> MAxlHUH ANGULAR MOMENTUM 4 
MASS 231.03 1.001663 PhESHC- 2.300E-01 <FERM|) CLASSICAL CUT-OFF MOMENTUM 2 
MASS NO,. 236 1 CnESH • 2*44tE-01 <FERM|) WAVE NUMBER 0.109376 
ATOMIC NO. ••• ^2 0 CMESHC- 0.0 (FERMI) COuLOHd PARAMETER (YETA) 0.0 

CHS ENERGY ... 0.241143 CMEV) 

LAB ENtRGV >.• 0.230000 (HEV) SEPARATION ENtRGV <" 0.0 <MEV> 

INCIDENT PARTICLE • •••• NEUTRON 

IMAGINARY POTENTIAL FORM NON-LOCAL PARAMETER • 0.0 ( L-S TERM ) 
IN'ERNAL SURFACE ABSORPTION ONLY 
SUKFACE OIFF. HOODS-SAXON 

POTENTIAL PARAMETER 

FORM PAHAMETER WELL DEPTH PARAMETER <MEV> 

RO - 1*320 V - 41.J4 t/J - 0.0 iS - 9.00 VSQ - 13.00 TJSO • 0.0 VSVM - 0.0 
Rl - 0*0 
RC - 0.0 VE - 0.0 HlE - 0.0 «SE * 0.0 VSQE •> 0.0 MOE • 0-0 VCOUL- 0.0 
RS • 1*239 
R|0. I.32O VES6- 0,0 «IE5ft- O.Q vSESt" 0.0 VSQES** 0.0 W$0E56> 0.0 
AO - 0*470 
Al • 0.0 VRE • 41,34 WlHI - 0.0 VIMS * 9*00 VSpO - 13.QO «SpO • ?<Q V5VMM- 0*0 
B - 0*313 
AS0> 0.470 

BRANCHING RAno 
0*0 0*0 0*0 0*0 0*0 0*0 0*0 0*0 0*0 0.0 0-0 0*1/ 0*0 0*0 
0.0 0*0 0.0 0.0 0.0 o,o 0.0 0.0 o.o 0.0 0.0 0*0 0.0 0.0 
0.0 

LEVEL DENSlTy PARAMETER 
EC • 0 , 0 A -

0.0 8:s 
EXPERIMENTAL DATA < EXP. ERROR 

ANGULAR DISTRIBUTION (COSINE) 

ANGLE ELASTIC EXP. ERROR 

O.130 1.2330E 03 6.2730E 01 
0**70 1.0330E 03 3.143QE 01 
0*430 t.glOOE 02 4.2330E 0] 

3.0 PERCENT > 

0*200 4.I300E 02 3.423UE 01 
0*0 3.7100E 02 2.B33QE Ol 

-0.030 3.7300E 02 2.6630E 01 

-0*320 4.3600b Q2 2.2100E 01 
-0.330 4.3T00E 02 2.1I30E Ol 
-0.610 4OT00E 02 2.183QE 01 
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Fig 10 ( 2 ) continued 

PRCB. T. u23fi-Ni E-250 KEV » AUTOMATIC PARAMETER SEARCH 

TOTAL CROSS SECTION 
SHAPE ELAST|C CROSS SECTION 
REACTION CROSS SECTION ... 

1.03?1E 04 (MtLLl-BARN) 
7.1372E 03 (MILL.-BARN) 
3.2340E 03 <MlLLl-BARN) 

ANGULAR DISTRIBUTION CCOSINEI 
• CENTER OF MASS 

ANGLE ELASTIC ANGL6 ELASTIC ANQLE ELASTIC 

O>830 1.1431E 03 
0.670 9.4'32E 02 
0.430 7.3*37£ Q7 

0.200 
0 .0 

-0-050 

3.1234E 02 -0*320 3.460«E 02 
4.7490E 02 -0O50 2.7IOIE 02 
4.3139E 02 -D*4|0 2.4432E 0? 

CHI SiUARE 
CHI S8UARE PER POINT 

NORH-1.000 NORH«0*7f* 
2-0123E 02 4.I713E 01 
2>2342E Ol 5.4123E 00 

ANGLE ELASTIC 
... LABORATORY 
ANGLE ELASTIC 

0.131 
0.672 
0-^53 

1.1334E 03 
9.3473E 02 
7.57*TE 02 

0.204 
0.004 
-0.044 

ANGLE ELASTIC 

3.I334E 02 
4.7491E 02 
4.3141E 02 H 3-4311E 02 

2<7*7'E 02 
2.4311E 02 

1 2,*7o«-01 
3 2.99D2E-01 1 1.9955E-Q1 

COMPOUND FORMATION PROBABILITY 
L 2«J T(*J 2«J Tt") 

5 1.14)91-02 3 3.1tl7E-OZ 
7 2.»7(,fcE-Ol 5 9.403»E-04 

L 2»J T(*) 2»J T<-) 

4 9 1.3419E-03 7 1.4479E-03 

B - COEFFICIENT <CKS> 
BL 11 »L 

3.67..E 02 1 3.3733E 02 
9.«»UE-05 . 3..73.E-0T 

LL BL 

2 1.M0IE 02 
. 0.0 

LL »L 

3 3.••«»£ 01 

LL 

« 
»L 

J.»J5jE OD 

LL BL 

» 1.3.31E-01 

LL >L 

t .O02.E-03 

PROS. 7* U23B-N* E-230 KEV • AUTOMATIC PARAMETER SEARCH 

CALCULATED DATA OF COMPOUND NUCLEAR PROCESS 

MOLDAUER THEORY USED DEC, OF FREEDOM ••• 1-00 

GROUND STATE C N - N ) 

5PtN-pARlTY 0* 

COMPOUND ELASTIC SCATTERING CROSS SECTION 2-I73*E 03 CH1LLI-BARN> 

SHAPE ELASTIC SCATTERING CROSS SECTION 7,15*2* 05 <HILU-BARN> 

TCTAL ELASTIC SCATTERING CROSS SECTION 9.312K OS CHJLLI-BARN) 

CHI stUME (WITHOUT EXP. ERROR) 
CHI SCUARE PER POINT 

NORM-1.000 
1.4031E Ol 
1.3390E 00 

ANGULAR DISTRIBUTION CCOSTNEI 

ANGLE 

o.«o 
O.*70 
0.4So 
0>2Q0 
0.0 

-O*0lo 
-0-3*0 
-0 .3*0 
-0.610 

CENTER OF MASS •• 
ELAST)C(S) ELASTIC(C) 

1.1431E 03 
9 . 4 f 3 2 E 02 
7 . 3 4 3 7 E 02 
3 . I 2 S 4 E 02 
4 . 7 4 V 0 E 02 
4 . 3 1 3 9 E 02 
3 . 4 6 0 4 E 02 
2 . T I 0 I E 02 
2 . 4 4 * 2 E 02 

2 . 2 3 4 3 E 02 
1 . I 4 9 9 E 02 
1 . J 3 M E 02 
1 .3934E 02 
1 .3073E 02 
1 .3103E 02 
1 .4317E 02 
l . * | l * E 02 
1 . M 7 6 E 02 

ELA5T1C<T> 

1 . 3 4 » | E 03 
1 . 1 3 4 3 E 03 
9 . 1 0 1 2 E 02 
7 .1T90E 02 
4 . 0 3 4 3 E 02 
3 - I 2 4 2 E 02 
4 . M 2 1 E 02 
4 . 4 4 2 2 E 02 
4 < 3 3 2 * £ 02 

NOflM-1.033 
3 - » 7 l 2 E 00 
4 . 4 2 0 2 E - 0 1 

ANGLE 

0 . 1 3 1 
0 . 4 7 2 
0 . 4 3 3 
0 * 2 0 4 
0 . 0 0 4 

- 0 * 0 4 4 
- 0 . 3 1 4 
- 0 * 3 4 T 
- 0 - 4 T 1 

ELAST lc lS ) 

1 .1334E D3 
9 .3473E 02 
7 .3747E 02 
3 . I 3 3 4 E 02 
4 . 7 M 1 E 02 
4 . 3 1 4 1 E 02 
3 . 4 3 1 1 E 02 
2 . 7 4 7 « E 02 
2 .4311E 02 

ELASTIC(C) 

2 - J 5 2 7 E 02 
1 - W 0 4 E 02 
1-3414E 02 
1 * » I 0 E 02 
1-9074E 02 
I O O M E 02 
1*4271E 02 
l ' i 7 3 4 E U2 
1 > « 7 4 I E 02 

ELASTICtT> 

1.3TI7E 03 
1.142IE 03 
•.1341E 02 
7>l«l4E 02 
4.0343E 02 
3.4231E 02 
4.47I9E 02 
4.4413E 02 
4.327*E 02 

B - COEFFICIENT (CMS) 
LL BL- (S) 

0 3.»T*4E 02 
J 30733E 02 
2 l<a*)0|E 02 
^ 3<ll99E 01 
4 3-M53E 00 
3 1-3I31E-01 
* 6>3024E-03 
7 *.4*»2E-03 
• 3«4734E-07 

BL -(T> 

7.410H 02 
3-3733E 02 
2-TM2E 02 
3-U99E 01 
4*T1|4E 00 
1OI51E-01 
l*143|E-02 
».44«)2E-03 
1.2«4E-03 

BL -tL) 

7.4109E 02 
3.4334E 02 
2.1033E 02 
4.1410E 01 
T.2002E 00 
2.3303E-01 
I.3912E-02 
1.23UE.-03 
-4.7733E-04 

TRANSMISSION COEFFICIENT 
T<+) 

2>fT09E-01 

2*9902E-01 

1.9459E-02 

2<|T*6E-03 

1.3^l9E-05 

O.O 

O.O 

0.0 

0.0 

0.0 

T<-) 

0*0 

1.9953E-01 

3.19I7E-02 

».*03«E-04 

1.4479E-03 
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Fig 10 ( 2 ) continued 

PROB. T. u2Ja-Ni E-25G kEv . AUTOMATIC PARAMETER SEARCH 

CALCULATED ^ATA 0F COMPOUND NUCLEAR PROCESS 

HCLOAU6K TrtEORV KiSEU OEG- <!F FREEDOM »•. LOO 

FIRST LXClTfcD 5T*TE £ N - N ) 

EXC|TAt|ON ENEMGY 0.0*T7QG0 (MEV) 
EMlTTtU ENERGY (CMS) ... Q.201?*32 (HEV) 

(LAB) ... 0.2020979 (HEV) 
SPlN-P*R t TY 2+ 

COMPOUND NUCLEUS FORMATION CROSS SECTION (INVERSE PROCESS) 3.2633E 03 (HILLI-BARN) 

TOTAL 1N.ELASTK SCATTERING CROSS SECTION TO THI5 LEVEL 1.0329E 03 (MLLLL-BARN) 

ANGULAR DISTRIBUTION CCOSINE) 

CENTER CF MASS * LABORATORY 
ANGLE DLFF.OS. " ANGLE DIFF.C.S. ANGLE DTFF.C-S. ANGLE 
0'«50 ?.291*E ol -0.050 B*9969t 01 0*831 T-350OE 01 -0.0*3 
0.670 7.9375E 01 -0.320 fl*7706E 01 0.673 8.0Q79E 01 -0.316 
0>43o BOJ91E 01 -0.330 S.3031E Ol 0*434 8*5756E Ol -0*347 
0.200 8.9133E 01 -0.480 7-92SU 01 0.203 B*9306E 01 -0.677 
0.0 9.Q046E ol 0.003 9*00*9E Ol 

DIFF.C.S. 
8.993QE 01 
8,7***E 01 
B.2623E 01 
7.fl7*5E 01 

• COEFFICIENT (CMS) 
BL 

B-219*E 01 
-1.3935E 01 
-3*2*05E-01 
-4.3016E-Q3 

BL 

B.2199E 01 
6.04T9E-01 

- l - 5 9 3 3 t 01 
-1 .7620E-01 

TRANSMISSION COEFFICIENT 
L 2*J T(*) 

0 1 2.T3B2E-01 
1 3 2,*23TE-Ol 
2 5 1.2369E-02 
3 T li3932E-03 

1.6044E-Q1 
2.0531E-02 
4.3789E-0* 

PRCB. T* U2-Jo-N» E-2^0 fcEV . AUTOMATIC PARAMETER SEARCH 

CALCULATEO uATA oF COMPOUND NUCLEAR PROCESS 

HOLDAUEK THEORY U5EU DEG. CF FREEDOM • *. 1.00 

SECOND EXCII£D STATE ( N - H ) 

EXClT«T|ON ENERGY ..... 0.1*80000 (HEV) 
EMITTED ENERGY (CMS) ,,, 0.1009432 (HEV) 

(LAB) ,., 0.1013729 (MEV) 
SPIN-PARITY *+ 

COMPOUND NUCLEUS FORMATION CROSS SECTION (INVERSE PROCESS) 3.35T9E 03 (HlLLI-BARN) 
TOTAL INELASTIC SCATTERING CROSS SECTION TO T^.'S LEVEL 2.3391E 01 (MILLI-BARN) 

ANGULAR DISTRIBUTION CCOSINE) 

CENTER OF PASS LABORATORY , 
ANGLE DLFF.C'S. ANG|"E DIFF.C.S. ANGLE 0 I F F . O 5 . ANGLE 
O'BSO 1<B12SE 00 -O'OSO 2>1»96E 00 0>8S2 1*B33*E 10 -0'0*3 
0.670 1.96B9E 00 -0.320 2*1*3TE 00 0.6T* 1.9l*tE 00 - 0 . 3 1 * 
0*430 2.0?3BE 00 -0*330 2>0*3BE 00 0>*33 2.l08*E 00 -0.545 
0.200 2*l726E 00 -0.6B0 1.9616E 00 0.206 2<WISE 00 -D.676 
0.0 2.19QTE 00 0.007 2.190IE 00 

DIFF.C.S. 
2.18B2E 00 
2.13ME 00 
2.0309E OD 
1 . 9 * 3 9 E 00 

B - COEFFICIENT 

2.0206E 00 
-3.3633E-01 
-2.4445E-02 
-*.13D3E-04 

BL 

2.0206E 00 
2.7|**E-02 

-3.3I22E-01 
-•J.S032E-03 

TRANSMISSION COEFFICIENT 
L 2*J T<») 

0 1 2f0i t*E-Ol 
1 3 1.1123E-01 
2 3 2.9tTTE-03 
3 7 1.2933E-04 

7.2392E-02 
*.3«35E-03 
*.30»4E-D5 

INELASTIC CKQSS sECTIo* 1.03S3E 03 (HlLLt-BARN) 

PROS. 7. U23B-N* E-230 KEV . AUTOMATIC PARAMETER SEARCH 

N0> CHl-SfUARE 
D l.fcllE 01 
1 1>623E 01 
2 l.**TE 01 
3 1.4Q3E 01 
4 l-40jE 01 

1*3200 
1.3009 
1.2713 
1.2393 
1.2313 

0.0 
-0,0191 
-0.0293 
-0.0123 
0.0 

n 
n 13 
13 
13 

0.*T00 
0.*l»6 
0.3**8 
Q.»9*6 
0.39*6 

0.0 
0.0116 
0,0362 
0.0*99 
0.0 

1* 
16 
14 
1* 
1* 

•2.0000 
42.207* 
42.0001 
41.3*46 
41.3**6 

0.0 
0.2076 
-0.2075 
-0.6333 
0*0 

KUNMING TIMf ...*• *S*T1 SEC* 
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Fig 11 ( 1 ) 

PRCB. 8.NON-LOCAL POTENTIAL, FESt-N, E*7-0 *Ev 

56.0 
1.25 
0.65 

? 0 . 0 
0 .0 

30 .0 
1Q0.0 
190.0 

10 ,0 
60 .0 

110.0 
160.0 

O.J 
1.23 
0.63 
7.0 

20.0 
TO.O 

120.0 
170.0 

1.21 
o.ts 

10.0 
30 .0 
BO.O 

130.0 
180.0 

7.0 

Q . « 

40.0 
90.0 

140.0 

Fig 11 (2) 

'RCB. B*NON"l-OCAL POTENllAL* FE36-N* E"7.0 MEV PAGE 1 

TARGET 1NCI0ENT PMESri - 2.500t-01 (FER«t> MAXIMUM ANGULAR MOMENTUM 6 
MASS •> id.00 1.008663 PMESHC- 2.300E-01 <FERM() CLASSICAL CUT-OFF MOMENTUM ^ 
MASS NO 36 1 CMESH - 2.493E-01 IFEHMl) *AvE NUNbER 0,576053 
ATOMIC. NO. ... 26 0 CME5HC- 0.0 tFERHl) COULOMB PARAMETER (YETA) 0.0 

CMS ENERGY ... 7.0000QO (MEV) 
LAB ENERGY ... 7,126063 (MEv) SEPARATION ENERGY ... 0.0 CMEV* 

INCIDENT PARTICLE NEUTRON 

IMAGINARY POTENTIAL FORM NUN-LOCAL PAHAMETER • Q.800(GAUSS1AN L-& TERM EXCLUDED) 
INTERNAL SURFACE ABSOHPT(ON CW-Y 
SURFACE GAUSS 

POTENTIAL PARAHETEH 

FORM P A H A H E T E R 
( F E R M I ) 

RO - 1 . J 5 0 
Rl - 0>0 
RC - U.Q 
RS > 1<230 
RS.U- l . j J O 
AO - 0 - 4 3 0 
A l - 0 . 0 
B - 0 * 6 3 0 
ASC- U ' 6 3 0 

BHANCHING RATIO 
Q.U o.O 
o.u o.o 
0 . 0 

WELL DEPTH PfRAHETEH 

V - 7 0 , 0 0 Ml 

VE > 0 , 0 « f £ • 

VESV* 0 , 0 H l E s f i -

VRfc • 7 U . 0 0 w I H | • 

0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 

LEVEL DENSHy PARAMETER 
EC - u.O A • 0 . 0 SGM» 0 . ' 

u , 0 0 , 0 0,1 

(HEV) 

0 . 0 

0 . 0 

o.o 

0 . 0 
0 . 0 

* i £ -

VSESO 

*1MS -

0 . 0 
O.U 

0 EPR" 0 , 0 
Q 0 . 0 

7 . 0 0 

D.O 

0 . 0 

7 . 0 0 

o-o 
0 . 0 

NOM" 

vso « 

VSOE -

VSOEbUn 

VSPO • 

O'U 
o.u 

0 , 0 

1U.0U 

0 . 0 

10 . jO 

0 . 0 
0 , 0 

vso - o.o 

*SOE > 0 . 0 

fcSOESB" 0 . 0 

VSPO - 0 . 0 

0 . 0 D-u 
O.o o.u 

VSYM . 0 , 0 

VCOUL. 0 , 0 

VSYMM- 0 . 0 

0 . 0 0 . 0 
0 . 0 0 . 0 

0 . 0 
0 . 0 

NO EXPERIMENTAL DATA 

PRCB, 8.NON-LOCAL POTENTIAL. FE56-N* E-7,0 MEV 

TOTAL CROSS SECTION 4.1367E 03 (HLLLL-BAHN) 
SHAPE E LASTIC CROSS SE-TION 3 O 3 * « E 03 <MILLI-BARN> 
REACTION CROSS SECTION ... T.9983E 02 (MLLLL-BAHN) 

ANGULAR 0|STRlBurtON (DEGREE) 

INGLE 

0 , 0 
1 0 , 0 
2 0 . 0 
3 0 t 0 
4 0 * 0 
3 0 . 0 
6 0 , 0 

ELAST]C 

3 . 5 * 9 9 E 03 
3 . 1 * 7 3 E 03 
2 - 2 2 3 5 E 03 
1 .1»02E 03 
* . 5 £ 3 5 E 02 
1 .3222E o2 
6 ' B > 2 0 £ 01 

ANGLE 

7 0 . 0 
• 0 . 0 
9 0 . 0 

1 0 0 . 0 
1 1 0 . 0 
1 2 0 . 0 
1 3 0 . 0 

K or MASS 
ELASTIC 

9 .3000E 0 1 
1.O305E 02 
« . 8 5 l l E 0 1 
6 . I 0 3 6 E o l 
5 .B223E o l 
1 . 9 I 3 3 E O l 
4 . 0 9 7 2 E O l 

ANGLE 

1 4 0 , 0 
1 5 0 . 0 
1 6 0 . 0 
1 * 0 . 0 
1 1 0 , 0 

ELASTIC 

3 .22«6E 0 1 
9 .2133E 01 
1 .3399E 02 
1<52-*0E 02 
1 .5437E Q2 

WGLE 

0 , 0 
9 .S 

1 9 . 7 
2 9 . 5 
3 9 . 3 
4 9 . 2 
5 9 . 1 

ELASTIC 

J . 7 3 0 7 E 03 
3 . 3 1 1 8 E 03 
2 . 2 9 9 J E 03 
1 .2173E 03 
4 . V 1 2 E 02 
1 .3534E 02 
7 .0u90E 0 1 

ANGLE ELASTIC 

6 9 . 0 
7 9 , 0 
• 9 , 0 
9 9 . 0 

1 0 9 . 0 
1 L 9 . 1 
1 2 9 . 2 

9 . 4 1 9 0 E 01 
1 .0376E 02 
I . B 5 5 4 E 01 
6 . 7 6 * 3 E Ol 
3 . 7 3 3 3 E 01 
4 .B956E 01 
4 . 0 0 4 0 E 01 

ANGLE 

1 3 9 . 3 
1 4 9 . 5 
1 5 9 . 6 
1 6 9 . B 
1 8 0 . 0 

ELASTIC 

5 .0864E 01 
B.9294E 01 
1 .2950E 02 
1 . 4 7 0 * E 02 
1 .4906E 02 

•,*103E-ol 
1.4714E-U1 
3.I664E-J1 

1.4B77E-nl 
3.67O3E-01 

COMPOUND FOHH*TION PROBABILITY 

3.9074E-01 
3-7B31E-02 
2.5232E-01 

9.082TE-02 
3.735>E-0l 
1.633BE-02 

L 2»J H + ) 2*J T(-) 

6 13 2.7641E-03 11 3.83B9E-Q4 

B - COEFFICIENT (CMS) 

2.43S4E 02 
S,06«6t 01 

.1938E 02 
•3398E 01 

7.12*SE 02 
1.6313E 01 

6.8864E 02 
-7.26f2E-0l 

4.17-S4E 02 
3.07&8E-O2 

S - C0EFF|CltNT (LABJ 

5.*55*E 02 
)*B223E 01 

RUNNING TIME 

3.237TE 02 
2>00*3E 01 

7.2Q41E 02 
l.»053E 01 

7.0343E 02 
1.09*0E 00 

6.T?32E 02 
• •*3-*5t-02 

4.4723E 02 
4.00»»E-02 


