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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 1. 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 andfor 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.
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1. Introduction

The programs ELIESE-1" and ELIESE-2? have been prepared to calculate elastic and in-
elastic scattering cross sectior.s, and some types of reaction cross sactions concerning a particle
with spin O or 1/2 by means of the optical model and Hauser-Feshbach’s method®. 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 {n, @), (p, @) and (n, ), (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 ELIESE-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 (r, 4), (4, #) and
{d, a) reactions through the compouad nucleus. (3) Moldauer’s method¥®® can be used in the
calculations of the compound nuclear process. (4) Hauser-Feshbach’s method® 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 potential?® 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
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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 skown in Fig. 1. The program ELIESE-3 is written for IBM 360/75 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 prcgram. One temporary device (magnetic tape,
disk, or drum) is needed in the calculation, of which logical number in Fortran statement is 15.
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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 cbtaining these guantities by using the

optical model.
2.1 Cross sections and polarizations for shape elastic scattering

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

[griz_ﬂgﬂ + Bt Qlr) + L5+ 1) =0+ 1) —5(s+ 1) IV so(r)

—CVCOu.<r)}¢,<f><r)=o, @1

where

fi—s|<j<i+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 equation?.® ;

{i—w+k2}rpz‘i)(r)+gm (Velr) + L+ —I+1)

dre 72 o

—s(s+ 1)1V so(r") — WV coulr)} Belr, )19 (r!)dr’ =0, (2.17)

where CPc(r), GVsolr) and CVcau(r) are the central, spin-orbit and Coulomb potentials, respec-
tively. Function 2;(r,7”) is the /-th component of the non-local kernel. The wave function
¢19(r) is the radial wave function corresponding to angular momentum guantum number j
which is composed of orbital angular momentum ! 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 £ in Eqs. (2.1) or (2. 1) is defined by

k= (2uE[h?)"?, (2.2)
where ¢ and E are reduced mass and relative energy between an incident particle and a target

nucleus, respectively. They are given as follows:

_mM
TmtM @3)
and .
M
E_m+ MEQ . (2.9

where 72 and M are masses of incident particle and target nucleus, and E; the energy in labora-

tory system.
The wave function, ¢;?(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
P18 (2) 10, D () =14, - (0) ~ 0, sy (9 (). (2.5)
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The wave functions #;(g) and %, (p) stand for the incoming and outgoing waves, respectiveiy,
and they are written as

1,2 (p) =G (p) 2iF(p). (2.6)
For neutron, wave functions G.(;} and Fi(o) are the spherical Neumann function and the spheri-
cal Bessel function multiplied by their argument g (=£#r), respectively.

Coefficien: of the outgoing wave, 7{?, is an important quantity and is related with scatter-

ing phase shift & :

U =exp(2i6, ). 2.7
This quantity, 7,1, is obtained by joining the wave functicn ¢, (r) to its asymptotic wave func-
tion ;) (p) smoothly at py=kry which is called matching radius. (Definition of the matching
radius in ELIESE-3 will be given in the next ssction) The quantity, 7,7, is given by the
following formula:

o 1P = (di—is)

N RTEIRT @8

where £, is the logarithmic derivative of the wave function ¢, (r) at the matching radius, r :

dop, / . :l
D=y I:_,_ w] . 2.9
.) ! a » [ rru ( )
Corresponding quantity for the incoming or outgoing wave functions in the asymptotic region is
() !
drsis=p 242 fui] . (210
dp lo=pu

(i) For neutron, elastic scattering cross section and its differential cross section formulae
are written by using the quantity 7;'? as follows, in unit of milli-barns:

a,,—-—Z (13- 1) | L~ 80 24 21—, 4-D {2} X 10, 2. 11)
and

La_ 1a@)+BOI x10, 212
where

A(B)—j}; é (14 1) (L~ 7, 4+9) -1 —, 8-D)] Pifcos 6), 2.13)
and

BiO)= 57 3 (009 —7%+9) PrX(cost) 219

Legendre function Py(cosf) and its associated function Pjt(cosd) are used. Cross section f
compound nucleus formation and total cross section are calculated by the formulae:

ac~_—£2— S I+ 1T + 1T, 1) x 10, (2.15)
=0
and .
0y =0u--0c, (2. 16)
where the quantity 7,%? is called transmission coefficient and is related to the quantity n W :
TP =1—|pN0]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 formulae®,19:11) ;

_A(B)*BO)+A®B)B(6)*
Fa= =A@+ 1BO) @ 18)
_ QAQ) (= BO)IY) in -+ {A@)* BE)~ AQLBOY) cos6. o

A} 12+ | B(6)]*
and
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_ (L A6))*~ | B(6)|?) cos —i(A(9)* BB)~ AB)BO)*) sin 6
JAG)|*+ | B@)|*
(ii) For proton or charged particles with spin 1/2, the same equations as those for neutron

Ro= (2. 20)

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 Eg. (2.12), but the
quantities A(f) and B(f) are somewhat different from Egs. (2. 13) and (2. 14). They are defined
by using phase shift of Coulomb scattering o, [cf. section 5]:

AO=F0)+ 2 3 eer (I (L —pu*2)+ UL —p,-)] Pifeost), 2.21)
and

B(o)_i_k— E eZlu, { {I- 1).._771(14'1)} PII(COSG)’ (2' 22)

=0
where f.(6) is Coulomb scattering amplitude :
= exp [—~ipIn(sin®(8/2)) +2ic,] . :

Je(6) 2k sm?(0)7) exp {—iy In(sin?(0/2)) + 2io) (2. 23)
Cross section of the Rutherford scattering is given by using the amplitude f.(6):

d6¢1> _ 2

(&) — 1703110, (2. 24)
Quantity 7 is Coulomb parameter which is defined by

p=uZZ' e*fkzk. (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 7:¢? depends only on the
orbital angular momentum / and the quantities A(f) and B(§) are

AB)=12(6)+ éi};é ¢%94(20+1)(L—7: ) Py{cos 6), (2. 26)
and
B(@)=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:

‘i’fé’=%HA(0)lz+2(lB(0)l?+ [CO) |2+ | D@) |2+ | EB)[?)] x10, _ (2.28)
where )
A(f)= f(0)+ Eez"’l {C+ 1)1 =74 0)+ L1 — 5, 4-1)} PycosE), (2. 29)
B(6)=fc(6)+~ 2 e [(I+2)(1—p, 0+ )
+ (21+ l)(l—r}:(”) + (=)L —n0U-D)} Pi(cosB), (2. 30)
C@G)= 2«/2k 2 %% {, U= —p, 441} Py (cos 6), (2.31)
2 o 2i0¢ +1
DO =551 5 1(z+1) -t
—2L+1) (1= D) — (B—1)(L~p YD)} P} (cos 6), (@. 32)
and

E((’):ﬁéez'"'luﬂ) =)

—@I+1)A—-p®)+ 4+ 11—, - ~V)} PP{cos ). (2.33)
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The cross section for the compound nucleus formation is given by the formula:

T oca I+1 . .
= oo 27+ 1)T, U % 10. 2.34
7 3k21§)j=§—1|( STy @38

The polarization of the scattered deuteron is written by the use of the quantities defined in Egs.
(2.29) to (2. 33)91010 ;

Pu= l/s—s-zm (A@)CI)*+ B@) DO)* +DIB)EH)*) %10 / (‘.1}5!). (2. 35)
The asymmetry, rotation and depolarization of the scattered deuteron are similarly defined :

A= {/ZRe(BE*D(6) + D(6)*E(6)) cos6

. - dos
+(1BO) "~ | E®)]) sin8) XIO/(JQ>Asy,’ (2. 36)
Ru= {Re(A(6)* BO)+ A)*E(6)) cos
— v TRe(BO)*C)+E(0)*Cl6)) sin 6} x 10 / (‘;’;‘)R i (2. 37)
and
D.,= [Re(A(6)* B) +2C(6)*D(6)— A(6)*E(6))
++/7 Im(C(B)* A(6) + D(6)* B(6) + E@)* D(@))} x 10 / (%)Dep . 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 Egs. (2. 29) to (2.33)1V:

2 2
P f1- 14015 200110) (2. 39)
Ty 1= — Ty 1=+ 2 Re (BO)* D(6)— D(6)* E6) — AB)*C@)} 10 / (d"c'), (2. 40)
3 an
and
Tos=Ts 2= ;/1——? {2ReBO)*E@) — |C6) |7 x 10 / (%)= @.41)
respectively.

2.2 Cross sections for compound nuclear reaction

Differential cross section for the compound nuclear reaction is written as the following
formula :
doel, ty, s, @, E~I', w10, 8, wer, E')} 0
=%BL(I, 1 S, Ty E—=I', Tp, s, oy E')Pr(ces8y). (2. 42)
This formula means that the incident particle with energy E, spin s and parity z, collides with
the target nucleus with spin I and parity #;, and forms the compound nucleus with spin J and
parity I before emitting a particle with energy E’, spin s’ and parity 7, leaving a residual
nucleus in a state with spin I’ and paritr z;. Coefficient B.(I, zy, s, &, E=I ny, §', me, E') is
expressed in terms of the Hauser-Feshbach formula® :
BL(I, Ty Sy Tsy E—’I',?Z'[', S’, Ts'y E')
_ 1 ()it (2 +1)2
42 (2s+1)(2I+1) g o
xt (B, I, s, 5, T, L)lelfvﬂ (zr, Ty, el (B, T, wp, s, ey J, L) %10,
! (. 43)

Dag(w:, 7., 1)
A

where
on(ar, 1, D= | T+ 1 XX ()], (2. 44)
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(B, I, ny, 5, ®s, J, LY=T,"E, I, m;, 5, m,)» Z(Ljl7 ; sLY- W(jJ5J ; IL), (2. 45)
and

o= 3 oalmr, e, 1) TrOUE, 1w, o m)/(L—aum). (2. 46)
Py s mg U

The transmission coefficient, T;*}(E, I, #;, s, ©s), Is calculated by the use of Eq. (2. 17). Parameter
ayp plays a tole of correction factor of the branching ratio?:12, It corrects the effects of the
competing processes, such as (», v) 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 ate 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:

dolc, ¢') _
dE.dfe LI'rrr
where p(U’, I', ;) is level density of the residual nuclear state which has excitation energy U,

= B, =y, s, we, E=I' 1y, 87, o, ENp(U?, Umr)Fricos8e), (2.427)

spin I’ and parity z;. Eq. (2 46) is also rewritten as

o= 3 eplmy, we, YT EL I w8 ma)+ 3 aylnp, T, 1)
E'lxps'n, U5 Prps’aply’

E+Q ]
X AU, I N T, I, =, (2. 46"
et Q'
where Q' means Q-value of the reaction concerned here and E. 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 Bo(l, 7y, 5, o, E=I', np, 8/, e, E’). Explicite formula of the cross section is

ol E, I, m;—~F', I', n;)=4zBy(l, 1, s, ©,, E=I', 111, ', 7o, EY), (2. 47
where
— 1
Byl n1, 5, ®oy E=T, 7y, 80, oy Bl)= 47:(25+1)(2I+1)
2J+ an(rrz, 7 DTYDE, L wy, s, 705)
JII (247 ]
X._S_,I‘w;;(m', oy, ) TpUHE, I, e, 57, Ter) X 10. (2. 48)
o

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

Ur(Es I, 77:1) =47’:1,E {.?BD(I: %1, S, Tss E_’II, Ty -‘J: Tty E’)
e

E—~E,
+f, AU T B 3, 5 BT o mn EVGEY 2.49)

In the Moldauer formula®-5»9, the coefficient, B.(I, 71, s, %, E—>I', np, ', Ty, E!), is defined
as the fluctuation part of the cross section and is given by the formula:

1 1

Byl 71, 5, T E—I', T, ', T, Ef)= o oo
o, 71, 8, ey BT, T, 8, 7oy E) 4k (25 +1)(21+1)

—I+5~9'

xsyes+ 1)2{( CL Saner, 2, 0510 (E, L 51, 5,70, L)
J
Xz}fw[l(ﬂ'n T, U)oty VUE, I 2y, Sy gy Jy L)+ See?(E, I, s, Ll EL IS0
J

+8ey ey _;)j_,'_""(l —8j, +00,0) (L4 8 e 10,10 BE vy rrr)
2

X(;l—wn(ln. T &) eoplns, 7 LZUFLF 5 sL) W55 5 IL)T?

2l
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XO; Elr s7,)Bp ' N Elnssas) S’ WE, L s, j, U; E, L s, j', U')

— g Oetesires 3 Warmstbeae, L2 s sL)- WUTSTS 5 IDF
P

x[1~ulosn) [-waler, 7., O-0ntar, 7o, )61 Elrism.)

X @rj“m(EII]SE,)} x 10, (2. 50)

where

@ NE, I, s, 5, 7, J, L) =6y, M(Elnise) Z(515 3 sSL)W(JjJ5 : IL). (@ 51)
The quantities 8;;/7(EIr;sr,) and T (EIz;sw,) are combined with each other by the following
formula®:5,8 ;

TW =9UJH_%.QUJII x[6:71T, (2.52)
where
' Qi1 =2%X[1—Do{o.1)], (2.53)
and
o=_ 3 on@r T, )Gy N (E Paps'ze)(1—au)- (2.54)
EPrpsag 'l

The quantity 8;;77 is solved by the iterative method®:%:912_ Function @, gives an interference
effect between resonance levels, and is defined as follows:

Dy(2z)=1— —i—[l——_];e" sinh .z] —T:;Ei ( -x)[cosh x—% sinh .::], (2. 55)
where

Ei(—x)=—5:€;—’dt=logx+y+”§=:1 (n‘j (2. 56)
and « is the Euler’s constant,

y=0, 5772157. (2.57)
Quantity bgre,jr in Eq. (2.50) is defined in this progra=i by the following formula:

bere,ji=expl2: arg(@: P (rar)) ). (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=ry. Effect of the fluctuations of the resonance
level widths is taken into account by the quantity S../I(E, L s, 5, L; E, I, s, 7, I) :

2N, L5, 4 BT, 7 U
Ji SL R o M= 3
St (B, Ls, j, 1 EN I, 8, 5, 1) SO FAELy fA BTSN f oo
]
(2.59)

where
26,-,-’”(EI7:;s7ri)-t, (2 60)
V0
assuming a X2.distribution with v; degrees of freedom for G,/7.
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

SHELfl) =1+

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 alco described in this section.

3.1 Central potential

The central potential is written as
Qeclr)=Ver(r) +iWeilr), 38.1)
where C{cr(r) is the real part and 9c;(r) the imaginary part. The real potential GVcr(r) is
assumed to have Woods-Saxon form factor and is represented as follows:

Per(r)= %‘% Ve Fer(r), 3.2

where Fer(r) is the Woods-Saxon form factor and is written as

1
1+exp {(r—Ro)/ac} ’
and Ve is the potential strength {or potential well depth) parameter. The parameter V¢ is ex-

Fer(r)= (3.3)

pressed in the present program as

7 52! — 7Y 17!
Vo= Voot Vc,l-(E— Vcou,zlze—:)+ Ve,o B2+ r/:,m‘i%—_%*ﬁ,

where 4, Z and N are mass number, proton numher and neutron number of the target nucleus,

3.4

respectively. Prime means quantity on the incident particle. Energy dependent form of Eq. (3.4)
reflects non-local character of the optical potential'¥. 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 R, in Eq. (3.3) is defined in this program as
Roy=r, AR or ry:(AVR+A477R). (3.5)
Additional term r;A’'® means radius of the incident particle. Adoption of this term is managed
by an input data. Parameter Rc in Eq. (3.4) means Coulomb radius and is given as
Re=rcA? or rc+(AVR+AR), (3.6)
Parameters 7y, rc and diffuseness parameter g; in Eq. (3. 3) are given as input data in the present
program.
The imaginary potential 9¥c;(r) consists of nuclear surface part and nuclear interior part,
and is expressed as

Werlr) =28 {Weos(r) + Wi r(r) 3.7

The form factor of the surface part, Fes(r), 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, Fci(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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1 e
gcj(r)=m ; interior, (3 8)
and
exp {—[(r—Rs)/6]1?) ; Gaussian, (3.9
Fes(r)=] 4 expi(r—Rs)/b) derivative Woods-Saxon. (3.10)

[1+exp{(r—Rs)/8} ]2 :

Potential strength W; and W5 are assumed to be quadratic form of thes energy:

Wi=Wro+ Wi+ E+ Wi, E?, (3.11)
and

Ws=Ws,o+ Ws,1* E+ Ws, 2 E?, (3.12)
respectively. Radial parameters R; and Rs are defined in the same way as R, and Rc. They
are given as follows:

R;=r; A or 7+ (AV+ A1), (3.13)

and
Rs=rsAlA or re«(AV3+ANN), (3. 14)

respectively.

3.2 Spin-orbit potential

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

_2n 1 expi(r—Rso)/aso)
Weolr)= '}?CSO (Vso +sto) o1+ exp {F—Rso) /aoso} i (3. 15)

where Cso is given by using z-meson mass and the light velocity c:

ﬁ 2
Cso=( ) g _ (3. 16)
M

Potential strength Vso and Weo are defined in the same way as in Fgs. (3.11) and (3.12):

Vso= Vso,0+ Vso,1* E+ Vso,2+ E?, RN Y
and -

Wso=Wso,0+ Wso,1* E+ Weo,+ £% (3.18)
Same definition as Ry, R; or Rs is given to the radial parameter Rso:

Rso=rs0A'? or rso(AV3+ A"5), » (3.19)

3.3 Coulomb potential
Coulomb pofential in the interior region is defined as follows:

2uZZ! ez( )
oul(7) =5 === 3—~—=;), r<R, : 3.20
Veoulr)= 52 2R\ )T <Rc (3.20)
where charge distribution is assumed to be umform In the external region, the Coulomb potential
is given as usual:

Weoulr) =2 ZZr ¢ >R (3. 21)

As mentioned in section 2, internal and external wave functions are smoothly joined with
each other at matching radius 74. This matching radius 7 is defined as the minimum value of
those radii whlch satisfy the following condmons simultaniously :

£ Vaa<10, ‘ | (8. 22)
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k%“u/cl(f) <1074, (3.23)
Zlgcvso(r)glo—a 3. 24)

and-

%z-CVcom(r)glO”". (3.25)

3.4 Non-local kernel and equivalent focal potential

The I-th component of the non-local kernel, A(r, ') in Eq. (2.1'), is defined as
hu(r, 71y = 27crrS H(|7~#'|)Py(cos 6) sin 6+ d6. 3.26)

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 ones”. The function H(l;—;’ 1) is
chosen to be a Gaussian form or a Yukawan form. In the case of the Gaussian form, the func-
tion %,(r, 7'} has a following form:
2 2
e, )= el Qe exe] — (57) Jr-im@u-g e - (3], w2
where A is a non-local parameter and &=2r7//8%. Function @;(§) is defined as a finite polynomial

in (1/§) and is given by

!

Qig)= ED An(D{(—-E)n, (3.28)

where
U+l —nn—-1)

A40) —nla=l) 4,0, J a2

AlH)=1
For small £ Eq. (3.27) is expanded as a power series in £,

hir, )= 1 expl:—r2+r’2:| e 1A Z B, (3. 30)

’ ET: B2 1@+ 45 ? ’

where

1

B = ey B @ 31)
By(l)=1, Bi(l)=0.

In the case of the Yukawan form for H{|7—7/]), the kernel function is

hir, r )—/—5;'\/7"7" Iz+1/2( 5 )Km/z(ﬂ) 0<Lri <. (3.32)
The modified Bessel functions, Jiy12{z) and Kiyi2(z), are subject to a differential equation :

@Xn [ (e N5 _

o {1+rz(n 4)]X.—0, (3.33)

where X, stands for vz L,(z) or vz K,(z). Recurrence relations of I,(z) and K,(z) are as
follows :

In+1( ) n l( )—%In(x), ]
and (3. 34)

K..+1(x)=Kn-x(x)+3;—K.(x)- {

The lowest two functions of them are given as
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Tela) =y, ;f; sinh z,

alz) =y %(cosh 2= sinh x),

T (3. 35)
‘ Kip(z)= éf; e,
and
{1\ .
KG/Z(x)_Jé;kl+_x_)e A
respectively. Two functions must satisfy a following Wronskian condition :
L&) Kun(2) + (@) Kala) == (3.36)

"The function K,(z) is an increasing function with increasing n value, while I,(z) is a de-
creasing function. Therefore, a sequence of the K,{x)-function is obtained by using Egs. (3.34)
and (3. 35) with increasing order. On the other hand, a sequence of the I,(x)-function is :nade
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,.(.i) and I,(z).

"' 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:

V1) = VG EELE+ V2(1) (3.3)
where CV.(F) and CVx(r) are local and non-local potentials respectively, and
‘ G (k) =Sd§H(s) expl(—ife5). (3.38)
For the Gaussian kernel, Eq. (3.37) is
W)= Vn(r) exp[z—”—ﬁﬁZ(E+ CVL(?))]. (3. 39)

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

. ) 8 e

WL={(VN +W~)exp[—ﬁ-;(E+ VL)]— VL’} . (3.40)
N AW o (_Wﬁ) (3.41)

tan l(VL)+zﬁzW;_—tan I'VN )

where Viy and V. are real parts of the non-local and the local potentials respectively, while Wy
and W stand for their imaginary parts.
For the Yukawan kernel, Eq. (3. 37) is given as follows:

Vilf)= Va1 L+ V21 6.4

and the solutions of the equivalent loca! potential are easily given by the following relations :
LS Dy W T i

Vs ﬂﬁz{«/A cos5 1 Z)izE}’ (8.43)

Wo=to VA sind (3. 44)

[ 2’
where :



JAERI 1224

and

o

tanf=

26 )’
1+ 2ﬁzE +

2‘;’32 Wx 1 {(1

3. Description of Potential Forms

gﬁ—f—z Vn]z-i' (g"—’;zé-z WN)z,

B N | 208
+—2—}§E) +—ﬁ2—‘VN].

(3. 45)

(3. 46)

13
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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

Asymptotic form of the wave function is given by Eq. (2.6). Function G:(p) is subject to
a recurrence relation!® :

Gunnlo) =l 4 1 LG~V FFEGuto). @1
It increases with increasing [/ value. Since nuclear penetrability is proportional to a quantity
{Gilon)?+ Fi(om)? -}, maximum angular momentum quantum number /.. is defined by the con-
dition :
[Gilom)/Golom) 12> 108 (4.2

Then, the function G(p) is obtained at pp by using Eq. (4. 1), in the range of I from 0 10 max.

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

10 =7, +10, 4.3

Fropn® =0, @ 4)
and

Fin® =10-%, 4. 5)

the function F;"{py) corresponding to lower l-value is calculated by the reverse relation to Eq.
(4.1). For I=0, the normalization factor is obtained by means of Wronskian’s rule as follows:

a=(14+p VWG, -G Fy V). (4.6)
The function F;W(py) is renormalized by using this factor:

Filoy)=F: "V {ow)/e. 4.7
If the function Fi(om) is correct, Wronskian’s rule should be satisfied for /< /i :

Fi'(om)Gilon) ~Frlom)Gi (par) = 1. “.8

If it is not correct, above method is repeated by resetting [( as [®?+5. (Prime means differen-
tiation by p in the above and following equations for G,{p) and F;(0).)
In order to use the recurrence relation, Eq. (4. 1), the lowest two functions Gy(pm) and Gi(pa)
are needed. For the neutron, the Coulomb parameter 7 is of course zero, and,
Golps) =cos par, (4.9
and

1 .
Gilom) =on {cos par+pmsinpn] - (4.10)

For the charged particle, Goloa) and Go'(os) must be found at an asymptotic radius o4, because
Go(p) and G,(p) are not always obtained easily at ppr. The asymptotic radius p4 is defined by'®

pa=16  for 715, (d.11)
pa=2p for 15>79>4, 4. 12)
pa=29+9 for p<d. (4.13)

At pa, the functions G, and G,’ are calculated by means of the following formulae!® :
i) »=15, and pa=186,
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Goloa)=exp{¥(¢, 7},

G (o) =Gilo) 5 20,
where ¢=p4/2p and

T, )= 3 (—20)~"g,.

#=0

Coefficients g. (for n=0~7) are

g3=«/ﬁl_—-—t§+sin‘1(x/7)——;—1r,

e
n=7 =)
81249
J2 48'\/?(1—-2‘)3’
_ &3
0s= gaei—2)>’
_ 204845~ 92165+ 16128¢¢—13440¢°— 122402 + 7560¢ — 1890
g 92160V AL —2)° ’
_ 3(10248° — 448t 2082— 39)
g 8192:%(1— )¢ '
go= — (265144210 196608045 + 6389760¢° — 1171456027 + 13178880¢°
— 922521645+ 135206402 — 358848022 + 248724022 —873180¢
+130977)/10321920v/ B(1— 9’5,

and .
_ 1105920¢° -55206¢+-3146244° — 159552224 45576t —5697
! 393216£%(1—¢)° '

Derivatives of these coefficients by ¢ are given as follows,
g’ = VIL=0)/e,
1
,= ———e
R =z’
o/ B1=3
E 7 VI § g L
o= 38—t 1)
el
153623 ~7042% 4336t —63
204851 -1t !
s 3(25602* — 83243 1 728¢%— 260£ -+ 39)
gs 4096851 —2)7 ’
<+ —368640¢5—30720¢4 + 1149442° —57792¢% + 16632 — 2079
o 655367 21 (1~2)"" :

g =—

and
97" =3(86016025 + 1966083 + 30848024 — 177280¢° + 734322 — 17724¢
+1899)/131072¢4(1—£)1°,
ii) 15>7>4, and pa=2p,
Golps) =1. 22340401655 {1+0. 0495957016573
—0. 008888888886Gp-2+-0. 002455199181p~107
—0. 00091089580617~ 4+ 0. 00025346841155~1673) ,
and

Go' (pa) = —0. 70788177347~ {1—0. 1728260369724+ 0. 0003174603174p~

4. 14)
(4. 15)

(4. 16)

“.17)
(4.18)
(4. 19)
(4. 20)
@.21)

4. 22)

(4. 23)

(4. 24)

(4. 25)
(4. 26)

4.27)
(4. 28)
(4. 29)
(4. 30)

(4.31)

4.32)

15
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—0. 0035812148507~/ 4-0. 0003117824680 4
—0. 0009073966427n~1473] .
il) <4, and p4=2049, (p=pas—7nIn(204)+00)
Go(pa)=s+cos g—~24sin p,

and

Go'(pa)=S-cosp— Tsin g,
where

s=235,,

t=2X1,,

S=238,,
and

T=3T.,

These sa, ts, Ss and T, are obtained by using the following relations:
Sa41=AnSn—Byte,
i1 = Apta+ Bysy,
Sni1=AnSa— By T =24,
04
and

T!H'ltAnTn'l'BnSll_'ﬂp
(2}

where

2n+1
Ap=—"——7p,
A+ )pa”
_P—n(n+1)
2(n+1)oa

and
To=1~(7/pa).

Quantities s, £, S and 7 should satisfy the Wronskian relation :
sT—8t=1.

JAERI 1224

(4. 34)
(4. 35)
(4. 36)
(4.37)
(4. 38)
(4. 39)

(4. 40)

4. 41)
(4. 42)

4. 43)

4. 44)

{4. 45)

(4. 46)
. 47)
. 48)
(4, 49)
4. 50)

(4. 51)

If they do not satisfy the relation, calculation should be repeated by resetting 04 to ps+5.0.
When the functions G, and G,’ are obtained at the asymptotic radius ps, the wave function
G, is obtained numerically from p4 to the matching radius py. The wave equation for G,,

&Go_ (2 - '

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

(2+ %hz f(n))G.,(n)—-(l———ll—zhz f(n——l))Go(n--l)

Gq(ﬂ+l)= - . 1
1-—~l—Z—h2f(n+l)

(4.52)

(4.53)

where z stands for 7-th mesh poiat in the numerical integration and & 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 :

Goll) =Gol0) ~hG/(0) + ;2= 1367 FOIGol0)

" —282f(2)Go(2) +116£(3)Go(3) — 2Lf )G}t ,

(4. 54)
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Go(2)=Gol0)~28G!(O)+ fags I4BF(O)Go(0) +2304 F(IGo(1)

— 480 £(2)Go(2) +256.£(3)Go(3) —4BFIGo(4)] (4.55)
Go(3)=Ga(0)~ BhGo’(0)+ﬁIO (1323£(0)Go(0) +4212 £ (1) Go(1)
+486/(2)Go(2) +540f(3)Gu( )—8LFAGo(4)}, (4. 56)

Go(d)=Go(0)—4kGy' (0) + 1= 1440 {17921 (0)Go(0) + 6144 £ (1)Go(1)

+1536 £(2)Go(2) +2048 £(3) . (4.57)
These are simple algebraic equatlons and solved easxly. Initial values for Fox-Goodwin's method,
Eq. (4.53), are Go(3) and Go{4). Derivative function G,/ at py is calcilated by Lagrange's six
points method : '

Gu’(n)=-}];—{glﬁ(Go(n+3)—Go(n—-3))+ %(Gu(n—z)*cumz))

4 —i—(Go(n+1)—G’o(n-—1))}. 4. 58)
Using Gy(oa) and Go'(osr), the function Gy(oy) is obtained by the relation :
1
Gx(PM)=1/1+’72{\77+ )GO(PM) Go'(pM)} (4. 59)

Then, the function Gi(on) and Fi(oa) are all derivable from I=0 to I, and their derivatives
are also calculated by the foHowing relation :

X tor) = o] (EE2L ) X o) OF I Koo, (.60)

where X; stands for G; or Fi.

4.2 Wave functions in the inferior region

The wave functions in the nuclear interior region are obtained by solving Egs. (2. 1) or (2. 17).
In the case of Eq. (2.1'), the integro-differential equation can be rewritten by using the local
optical potentials as follows :
2o _fige1)

= - BV (r)}¢, U (r)

~{oeir )= Vet reear (4.61)

where Vp:@(r) and Vu*?(r) mean the local potential and the non-local potential, respactively.
Eq. (2.1) is included in this general form of the Schroedinger equation, and then the following
descriptions are performed with this equation, Egq. (4. 61).
Eq. {4 61) is rewritten in an abbreviated form:
a9
dr?
This equation can be solved by using the Fox-Goodwin'’s method :

— e+ 200
1——h2Q;<J>(n+ 1)

2L QD (PP () + R (7). (4. 62)
o9 (n+1)=

- (1_ l.z.th,m (n—l))q;,fi) (n—1)

LR (ro1) + 10RO ) +gz,<ﬂ(n—1))] ) 4. 63)
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where % is the step length of the numerical integration and n stands for the n-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, =0, and
the second point is at 7=4. Since the wave function is regular at =0, then,

29 (0)=0, (4. 64)
for all values of /. However, for p-wave, a relation
O\ P (0)p, P (0)=2, (4. 65)

should be noticed, because of the centrifugal force 2/72 for the p-wave and the values of the wave
functions #/*! for 0. At r=F, the wave functions may be given as

0P (R)=hi+, (4. 65)
The non-local function R;%(r) is calculated by the numerical integration, using the kernel func-
tion &7, ') and the wave function ¢;'?(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. (2.427) has the following forms in this progam!61n,
_ olU, I), for U=U,
o, I)"{pT(U, D, for U< U,

where oo(U, 1) and (U, I) are connected smoothly with each other at U=Uj,. Critical excita-

(5. 1)

tion energy U, is given as an input data. Functional form of g¢(U, I) is given as follows:

1+1)
oolU, I) =%E{,—1)eﬁ+— 6.2)

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

Co=24v"2 (0.4uer 2 A¥5/li2v @ )3 ait (5.3)
and

oat=0. 42 AR UV IRV @ =aU'2, ©.4)
Quantities @, ro and g, are a level density parameter, a radial parameter in Eq. (3.5) and a
nucleon unit mass. In ELIESE-3, another formula for g,

(21+1) AVaU
oo(U, D =577 CDUZ s (5.5)
is also usable.
Functional form p1(U, I), on the other hand, has the following formula:
U, I)=pa(Up, I)el0=0T, (5.6)
where the nuclear temperature T is given as
T Uo {’\/ﬂ Uo } (5. 7)
which is obtained by using a continuous condition :
0 ]
[ﬁlnpr(U, I)]U;Jn[é—c—jlnpa(l/, 1)]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-90. (5.9)
Quantities & and @ are given as the input data in this program. Quantities Co and o4 are given
not only as the input data, but also by Egs. (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:
1 NA(0ei—0cm ]2
A2 exp. .cn .
Nig.'l[ Aorl'xpl ’ (5 10)
where Gexp’, 0oy’ and ocy are the experimental value, its error and the calculated value of the
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differential elastic scattering cross seciions at i-th angular point, respectively. It is also possible
to add the chi-squares of the quantities ccncerned with the polarization.

Let central guess-values of the parameters 2.s be @,%’s (expressed a vector 2°.). Normal equa-
tions for the deviations of the parameters are given as follows:

A G L 8 (Gexy — Teqt?} 0,00
Q. cl . ’= _EX .Ci\ Ch Y 5. 11
El(daup")z 9a.° s‘gl da,° da igl (do.,')?  8a.® 6.1
where M is the number of variable parameters, and
?ao‘f:)—‘='51— {ocnli(alos azﬂs "';aro‘{"an ) aﬂll)—aca\i(alov azo, Sty aro, Y aMO)) . (5' 12)

In this program, &, is taken to be one per-cent of

Direction of the steepest descent in the parameter-space is given by a vector AE=(Aa1, da,,
-y da,, ++, day). In numerical calculation, however, length of the vector is depsndent on &.’s.
Therefore, a parameter z is needed for the control of the length. The parameter z is given, by
using the largest value (w) among (da:/a.)’s, as follows:

z=1, for {w]|<0.1,

2=0.5, for 0.1< 0| <0. 3,

2=0.2, for 0.3< |0} <0.5, (5.13)
z=0.1, for 0.5< 0| <1, {

z==0.05/{a|, for 1<,

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, 223, Xz(c_z?’+z><A;) and xZ(Z°+2zxAZ). The expected
point (ZEZ°+20XAZ) is given so that the value of this quadratic curve is minimum. If the
curve is concave and if 0<z, <2z, the value of the chi-square is calculated at the point a If
2,<0, =0 is replaced by 0.0. If 2,>2z =, is replaced by 1.5z. If the curve is convex and
X2+ 2z X 4a) is less than 12(50), 2, is redefined as 3z. If 12(;°+szdg) is greater than 12(20),
2o 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

1X2(a) ~X2(a%) | <X2(a) % 104, (5.14)
or

¥%(@)<Max[NCHISQ, NCHIPL]x0. 1, (5.15)
where NCHISQ and NCHIPL are given as input data (See next section).

5. 3 Phase shift of the Coulomk scattering

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

o, (HIYE—1+in)---(L+in) ,;
sio {lHE j 7) o, 5. 16
= i 1=in)-(—a7) .10
where 7 is the Coulomb parameter defined by Eq. (2,25}, and

3
-7 [j, 7—48 714—160172+1280]
12016+ 72| +30(15+,72)z 105(16+72)¢ | (6.17)
Relation given by Eq. (5.16) is separated into real and imaginary parts as follows:

_[E+1)2—np? 2+ .
COS(ZG'H-I) —[mcos(%,)]-[#msm(&n)], (5. 18)

o= —r)+-27]—ln(16+02) +3. 5tan“l(—Z—> -—[tan“177+tan‘1%+tan‘l—2-:l
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and

s;n(zmﬂ)=D—§%§:—;Z—zsin(2a1)]+[(—lz%%cos(2a,)} (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:

‘(‘i"éf ~S1B.Pulcoss), (5.20)
where
By =L 5 E[Z(l;jllzjz ;—1—L):|2 X Re[ (1—7,," " )(1 —5,%2)*Ix 10 (5. 21)
8%217. 57, 2

Z-coefficient in Eq. (5.21) is given by
Zhjilege; sLY=+/ L+ 1)(2L+ 1)(251 + 1)(2/2+1)
X (LLOO| LOYW (L j\lzja s 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:
_ 7 +cosfic
cond = (5. 23)
or :
tanf— sinfc 5. 24
an Lm?’-i-cosﬂc ’ (6.24)
where L. and C mean LAB and CMS, and
r\1l/2 E 1j2
7=(—-—A”}3”4,\) (E) . (. 25)

Quantities 2 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:

(a’_a) =(1+27cos€c+7'2)3’2(_d£_) (5. 26)
dslL ]1+7’C050cl das c. )

Coefhcients of Legendre expansion for (do/d@); are given by using the coeffcients in CMS.
The differential cross sections in LAB and CMS can be expressed as

do\ _
(E)L_;D,P,(cosm, (5.27)

and
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(Z—E)C=2!B;Pl(cosﬁc). (5.28)
The coefficient D, is given as follows:
1
D ,=2_l;'_112' B,,S 1a’(cosoc)P,r(cosﬁc)P,(cosL). (5.29)

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 /.., is defined through the
process of obtaining the wave functions in the asymptotic region. The quantity l... should
satisfy the conditions described in Egs. (4.2) and (4 8). These two, however, are not sufficient
conditions for obtaining the cross sections,

In ELIESE-3, the quantity lu 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 /</u., the partial cross sections with >« can be
neglected in the summation. In the program, the quantity /... is given by the following condi-

tion :
Imax—1
g, Umax) / Y 0. <104 (5. 30)
i
The /-th partial cross section for the compound nucleus formation is given by the formula
I+ 2 '+1 ;
g w=F bty AN 5.31
k2 j=iT-s12s+1 : ( )

where s is the spin quantum number of the incident particle.
5. 7 Basic constants used in the program

In this program, mass of 2C is used as a standard nuclear mass, and nuclear mass unit is
taken as follows 1819
Hoc?=931. 504 MeV, (5. 32)
where g is unit mass. Planck’s constant devided by 2r is 1.0545919x10-?" erg. sec. and the
light velocity is 2. 997925 x 10%%m/sec. Therefore, some basic gonstants used in the program are

172
(29 " <0, 2187342 x 1010 MeV-12. cm™, (5.33)
,iZ
or
= (1. 0/4. 571759) x 10* MeV-1"2, cm~", (5.33")
3—‘,‘,2“:-2 —0. 06889532 X 10%%. cm"%, (5.34)
%fﬁf=o. 1574862 MeV1r2 (5. 35)
and

2
‘%‘f(;f—c) —0.09786764 MeV-. (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 ievels and energy-mesh in the continuum region of the
nuclear excited state. The number of the 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 /., is defined
by Eq. (4.2). This value of the maximum angular momentum is redefined by the condition in
Eq. (5.20). 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,(0), Fi(p), G/'(p) and F/(g) for neutrons are generated at the matching radius
py. Maximum angular momentum Z... is also determined, (See section 4).

SUBROUTINE GZERO
Functions Gy(pa) and Gy’(ps) at pa are generated for charged particles. Asymptotic radius
4 is defined by using the Coulomb parameter 7. (See Egs. (4.11}, (4.12) and (4. 13)).

SUBROUTINE PICARD
Values of the initial four points of the function G, are generated'by using the values Go(pa)
and Gy/(pa) for the charged particles. (See Egs. (4.54) to (4.57).
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SUBROUTINE GOASMA

Differential equation for the function Gy(p) is integrated from pa to par by means of the
Fox-Goodwin’s method. Derivative function G,'{(p) is generated by the Lagrange’s six-points
method. (See Egs. (4.53) and (4. 58)).

SUBROUTINE GFLMAX
Functions Gi(oa), Filoar), Gi'(on) and Fi'(op) for the charged particles are generated. The
maximum angular momentum I, 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 ps 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), R;{s), 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, 7,19, transmission coefficient, 7%, shape elastic scattering
cross section, total cross section and compound nucleus formation cross section are calculated.
The maximum angular momentum, ..., is redefined by the condition of Eq. (5. 30).

SUBROUTINE AMPAB .
Amplitudes A({§), B(), C@), D) and E(f) are calculated. Differential cross sections of the
shape elastic scattering are calculated.

SUBROUTINE POLAR )
Quantities Pos, Ay, Roiy Depy T2y00 L1 and T,z 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 FLCOMP
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, @:;/7 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 andfor 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 @y(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 ic smaller than 3.5, polynomial

expansion is used.

FUNCTION SFACT
Quantity S'7 in Eq. (2.59) is calculated by means of rhe Gaussian mathod.

FUNCTION ZETC
Square of the quantity +/(25 +1)(2L+1)(25 -1)(27.+1) W{(hjilojz; -;—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 (7,£,00]L0) 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 QUTPT1
Lists of the calculated data are given for the shape elastic scattering.

SUBROUTINE QUTPT2
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 phasc-shift anc the scattering amplitudes.

SUBROUTINE PUNCH
A part of the calculated values is given on punched cards.
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Fig. 1{1) Flow-chart of ELIESE-3.
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CALL WELL
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Coulomb phase

CALL INTEG
( CALL ETASIG )
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Fig. 1(2) Flow-chart of ELIESE-3.
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CALL INLST2

Finish
prepara-
tions,

CALL FLCOMP

LEV=LEV+1
LEP=LEP+1

CALL PUNCH(:)

Output some results
of automatic
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CALL CLOCK(T2)

T=T2-T1l
T1=T2
output T in. sec.

Fig. 1(3) Flow-chart of ELIESE-3.

29



30 JAERI 1224

7. Explanation of Input Data

In the same manuer 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, 10A4)

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; 0O<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 uséd (see ref. 2).
7. 2 Supplementary transmission datr: cards (card No. 2~5) (8E10.4)

In Egs. (2.46), (2.46") and (2.56), parameter, asy, 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 ayy 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—Jnia+1. The minimum value of the spin
Jmin is 0 or 1/2. Relation between the parameter ayz and the data GAMMAL(N) is given as fol-
lows; (1) if GAMMAL(N) is given by 0.+ayy {numerical form 0. xxxxx}, corrections in Egs.
(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 1.4y (1. xxxxx), corrections are only accepted by the negative parity state
of spin J. (3) f GAMMAL(N) is given by 2.4+ ayy (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(NY’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. &,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 NCNTL20. 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.
MNIMAG Selection for the imaginary part of the optical potential.

Volume part Surface part
NIMAG=1; none Gaussian,
=2; none der. Woods-Saxon,
=3; ‘Woods-Saxon none,
=4; ‘Woods-Saxon Gaussian,
=5; ‘Woods-Saxon 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.
NCHAGT 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.
NMASS! 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.
NANGLE= 1 for degree,
= (0 for radian,
=—1 ‘for cosine.
NEXPTL Indication of errors of the experimental data, 46:p(6)’s. The errors, 4o, (0)s. are cal-

culated in the program as
40 e3{6) =0 epl6) x NEXPTL/1000.
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If d6e<p(8)'s are given in the input data, NEXPTL must be zero.
NPHASE Control for output of the phase shift factors.

NPHASE=0; no output.

20; 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 Conirol for nuclear radius.

If NRADII=0, radial parameters are given by the radius of the target nucleus. If NRAD
1Ic0, 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 Egs. (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 73,0, Z2,1 and 73,2 in Egs. (2. 39), (2. 40) and (2. 41),
respectively. The quantities corresponding to the non-zero columns are plotted by the graphic
plottes. ) ' . i
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 u; in Egs. (2. 59) and (2.60). The data on the
columns are given by ten times of real values of vi.

Columns 36,37 and 38 are assigned to the value of hundred times of parameter Q;;/F in Eq )

(2.53). If these columns are zero, parameters §;;/7 are calculated in the program. If a nega-
tive value is given on these columns, all Q;;/7=0.
NLVFIX Control for fixing the input data, except for EIN (see 7.4) and NLVFIX itself. This
centrol 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 {cord No. 8-153) (5X, 15, 5 (1A, E9. 4))

Floating vpoint 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 ita 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 Fig.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..
EMIN 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 neutrdn,
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.
SEPAR Separation energy of the particle from the compound nucleus. This is requlred 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 r, for real potential (see Eq. (3. 5)).
Ri Nuclear radius parameter r; for imaginary (volume type) potential (see Eq. (3.13)).
RS Nuclear radius parameter s for imaginary (surface type) potential (see Eq. (3. 14)).
RSO Nuclear radius parameter rso for spin-orbit force (see Eq. (3. 19)). A
RC Coulomb radius parameter r¢ (see Eq. (3. 6)).
AD Diffuseness parameter a, for real potential (see Eq. (3.3)).
Al Diffuseness parameter a; for imaginary (volume type) potential (see Eg. (3. 8)).
B Diffuseness parameter b for imaginary (surface type) potential (see Egs. (3.9) and (3.10)).
ASC Diffuseness parameter @so for spin-orbit force (see Eq. (3. 15)).
BETA Parameter 8 for non-locality of the potential (see Egs. (3.27) and (3.32)). If BETA<O,
an equivalent local potential is used. If BETA>0, the non-local potential is used. . :
V, VE, VESQ, VSYM and YCOUL They determine the strength of the real potential (see Eq: (3.4)):
v =Ve0 »
VE =V,
VESQ = VC,z y
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VSYM= T,aym '
and
VCOUL= Veau -
Wi, WIE and WIESQ They determine the strength of the imaginary potential (volume type) (see

Eq. (3.11)):

WI =Wro »

WIE =Wp,,
and

WIESQ= Wl,z .

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

WS: =Wy,

WSE=Ws,; ,
and

WSESQ= W, .
VSO, VSOE, and YSOESQ They determine the strenzth of the real part of the spin-orbit force,
(see Eq. (3.17)):

VSO = Vso,0 »

VSOE= Vso,: ,
and

VSOESQ= Vso,; -

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

WSO =u’50,o 3

WSOE= VVSO,l >
and

WSOESQ= Wso,: .
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 E. in Eq. (2.46'), above which the levels of the residual nucleus are re-
garded as the overlapping levels. The energy E. 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 2 in Eq. (5. 2). '

SPINCT Spin cut-off parameter in Eq. (5.2). If SPINCT=0, Eq. {5.5) is adopted, instead of Eq.
(6.2). 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 SPINCT>>0, its value is used as the spin cut-off
parameter oy

PAIREN Pairing energy & in Eq. (5.9).

CNORM  Normalization factor G, of the level density formula in Eq. (5.2). If CNORM=0, the
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factor Cp is calculated by using Eq. (5.3), If CNORM=:0, its value is used as the factor Cp.
ECEX Critical excitation energy corresponding to the energy Up 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 angufar 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 (7%,0).

TNDX20(N) Errors of the experimental data of T,e.

TNEX21(N) Experimental data of the second rank tensor polarization (7T%,,).

TNDX21(N) Errors of the experimental data of T3,

TNEX22(N) Experimental data of the second rank tensor polarization (7%,»).

TNDX22(N) Errors of the experimental data of T%,;.

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 abave.
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Target Compound Residual
nucleus nucleus nucleus

LIN(cm.s) t i

ELEV
J ELEV
___SEPAR _ _ o
[ j SEPAR

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 £, (see section 7).

Target Compound Residual
nucleus nucleus nucleus
PSRy SRS F [N PO U,
I I I I S i 1
EIN(c.m.s)
ECEX
ECRITC
N I L. _ e
---------------- SEPAR ——— —
[SEPAR

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 E..
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TABLE 1

>

DD NN D W N

Table of cubic root of nuclear mass number.

exmmgie, to AV

AN%(173)

1.0000
1,2599
144422
1.5874
1.7100
1.8171
1.9129
2.0000
2.0801
2.1544
2.2240
242894
243513
2.4101
2.4662
2.5198
2,5713
2.6207
246684
2,7144
2.7589
2.802¢0
2.8439
2.884%5
249240

249625

3.0000
3.0366
3.0723
3.1072
3:141%
3.1748
342075
3.239¢
3.2711
3.3019
3.3322
3.262¢0
343912
344200
34482
3.4760
3.5034
3.5303
345569
3.5830
J.6088
3.6342
346593
3.6840

Axn(173)

3.7084
33,7325
3.7562
3.7798
3.803¢C
3.8259
3,3485
3.8709
3,893C
3,9149
3.9365
3.95719
3.9791
4,0000
4,0207
4,0412
4,061%
4,0817
4,1016
4,1213
54,1408
4,16p2
4,1793
4.1983
4,2172
4.2358
4,2%43
442727
54,2908
4,3089
4.3267
443449
443621
44,3795
4.3948
4,4140
444310
Ach4go
44647
4,4814
4,4979
4.5144
24,5307
45468
4.%629
4,5789
4,5947
4.6104
4.6261
4.6416

A

101
toz
ig3
Lloa
105
106
ig7
Los
log
i10
131
112
113
i1s
1is
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Axr(1/3)

4.6570
4.4723
4.6875
4.7027
447177
447326
4.7475
84,7622
44,7769
4,7914
%.8059
4,8203
4.8346
4.8488
4.8629
48770

44,8910

4,9049
4.9187

4.0324

4.9461
449597

449732

449866
5.0000
5.0133
5.026%
5.0397

© 3.0528

3.0658
540788
540916
5.1045%
5.1172
5.1299
5.1426
541551
51676
5.1801
5.1925
5.2048
5+2171
5.2293
5.2415
512536
3.2656
5.2776
5.2896
543015
5.3133

&
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In ELIESE-3, nuclear radius is only given in the

form rAY3. Therefore, this table will be convenient in conversion of the form r¢A'? +ry, for

A

151
152
153
154
158
156
157
18
159
leg
1g1
162
163
les
les
165
167
163
169
170
171
172
173
174

cuslC ROCT CF MASS :NUMBER

Awn(1/73)

5.3251
543388
5.3485
543601
5.3717
5.3832
543947
5.4061
5.4175
5.4288
5.:4401
5.4514
544626
5.4737
5.4848
544959

545367
515505
Sed0l12
545721
545878
543924
5.6051
5.6147
5162%2
5.6357
5.6462
5.6567
35,6671
5:6774
546877
546980
547083
5.7185
57247
5.7388
57489
%5.7390
547690
5.7790
5.7890
547985
3.8088

53,8480

Avu(1/3)

5.8578
548675
5.,8771
5.8868
5.8964
5.9059
5,9155
5.9250
5.3345
549439
5.9533
5.9627
5.9721
5.9a)4
549907
640000
6.0092
6,0185
6.0277
640368
640459
6+0550
640641
6.0732
640822
640912
6.1002
641091
6.1180
641269
641358
621446
641534
6.1622
641710
641797
6.1885
641972
642058
6.2145
6.2231
662317
642403
6.2488
642573
6,265¢
642742
6,2828
6,2912
6.2996

Axr(1/3)

6,3080
6.31g4
£.3247
6,333C
6.3412
6.3496
6.3579
6.3661
6,3743
6.3425
643907
6,3988
6.4070
6,415l
6,42232
6,4312
644393
6,4473
6,4553
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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=1. 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 Fig.4 (1).

List of the output in this case are given in Fig.4 (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 formula® :

2 (Gexp’ X Ocat’/ (AT exp’)?)
NORM = D(Oexp’/40exy)?

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 ayr in Eq. (2 46). In this case,
eight GAMMAL'’s are used and each of them corresponds to a compound state with J7=1/2% to
15/2¢. For example, GAMMAL(4)=2. 035 means @y, =ay,;-=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 Fig.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 & (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 PRCB. 3.3, so that some input data
must be changed. Therefore, NLVFIX is set to zero in order to exchange the data.

No information al~ut the input data of the exit channels is printed out during NLVFIX=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, neutrcn, 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 Cculomb radius parameter RC is given as 1.3
in the deuteron channel, and is changed to 0.0 in the neutrcn channel, It is furthar 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 defined 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 "As 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 regjion 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 4. (Figs. 9 (1) and 9 (2}

In this example, inelastic scattering of neutron by **Fe 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 2.085MeV. Input data for
second excited level at 2.085MeV are placed at thz end of the input data set, because the last
data indicates the channel in which the calculatioa for the coutinuum 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, & and
Ve,o (see Sec. 3). In PAGE 3 of Fig.10 (2), some information is printed out for each step of the
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automatic search. Chi-squares at three points (c;", @+ zX da, 2'+2zX 4a) 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, s 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 putential. Information for the non-local poten-
tial used is given in PAGE 1 of Fig.11 (2).
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0,700 5.3000E 02  8,0000€ O1 «0,270 1.4000 02  2.0000¢ 01 -0,950
0483 3.8000E 02  &,000DE 01 =0:510 1.1500€ 02  2.000UE ol =04980

AMETER

MAX (UM ANGULAR MOMENTUM

CLASSICAL CuT-OFF MOMENTUM
WwAVE NUMBER
COULOMB PAR,

PAGE 1
L]
4
tesassess  0e263166
CYETAY 0.0
t L=5 TERM )
%S0 = 0:0 VSYH w 0.0
wSOE = 0.0 vCouL= 0.0
wS0ESee 0.0
WSPO = 0.0 VSYMM= 0,0
0+0 00 00 040
Q.0 0.y 0.0 0.0
ELASTIC €XP¢ ERROR
1.1000€ G2  1.3000¢ 01
1.0000E 02 1.0000g 01
1,5000€ 02 1.0000f O
0,0 0.0
0.0 0.9

0.0
0.0
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Fig 4 (2) continued
PRCB. 1+ YINSN) Em1.%9MEV. SHAPF ELASTIC SCATTEHING ONLY PAGE 2
TOAL CROSS SECTIUN vivee,  4.2319E 03 (HILLL=BARN) NORM=1,000  NORM=D,333
SHAPE ELASTIC LKOSS SECTION 1.9364E 03 (MILLI=BARN) CHI SQUARE ssueires 3.7592E 02  &.2951E 01
REACTIUN CNOSS SECTION o4, 2.27%4E 03 (MILL1=-BAxN) CH] SOUARE PER PCINT 9+42T4E V1 3,9048E pO
ANGULAR UfSTiIBUTION  (COSINE)
sasteenst CENTER OF MASS esssssste veeese  LABORATORY +etees
ANGLE  ELAsTIC ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC
0.990 8.077ar 02  0.250 11,0979 Q2 2.2953€ 01 0,990 8,2599E 02  0.261 1.,1044€ 02 =D.643 32,2619 01
0.940 6,9773t 02 0.0 8.0047¢ @I 1.7495¢ o1 0.9%1 7,0739E 02 o0.011 0l =0.T09 [,7214F O}
D.B60 5,802k 02 =0.010 8,0149E 61 1.3820€ 01 0,863 3.312¢E 02 0.001 01 =0.765 1.3580E O1
0:700 3.2978k 02 =0.270 5.9809F ol 1.2503k ol 0+706 3.3%07E D2 ~ 39 0l =i A9 1.,2233¢ O
0.485 2.7916E 02 -=0.510 13,.6T67F 01 1.,9622€ 01 0.494 1,8117E 02 <«0.302 3.6348E 01 =-0.980 1,4299¢ 01
CLOMPOUND FORMAT IUN PROBABILITY
L 2%y Teed 2ey L TTSY L 2 e 2y T4+ L 2w TH) 20y T(=)
0 1 5.4914F-ul 2 5 1.957BE=01 3 3.0462E-01 4 9 1.8392E=03 T 2.377Tag-03
1 3 9.138aF=01 1 b.6180E=Al 3 1 l.76a6k=0L 5 as3421E-02 5 11 1,4839E-08 9 5,Tanlg~D3
A = COEFF |CIENT «Cns) .
L 8L Lo BL LL nL LL 6L (4N BL Le aL LL BL
0 1.5370E 02 1 2.5412€ g2 2 1,937k 02 3 1.3426F 02 4 67737 01 3 9.39L3E 00 6 2.3314E 0O
7 1.3294E-p1 8 8,8364E-03 9 2,T175t-04 10 7.3342e~08 11 0.0
B - COEFFICLENT tLav)
X8 BL L aL L eL 48 oL L oL L B L BL
0 1.3370E g2 1 2.46%4€ 02 2 2.03%t Q2 3 1.386bE 02 4 T.)1932E M 5 1,2133€ @1 &  2.785%4E DO
T 2.71323E-01 b 1.9Te9E~02 9 9.2732L-04 10 1,1618E=05 11 T.2967E-0%
PRCB, 1+ Y(N'K) tael.a9WLV. SHAPE ELASTIC SCATTERING ONLY PAGE 3
esees BHASE FACTUR ( EXP(24]*PHASE=SHIFT) ) esaas
Le} Sted . JREAL 3{e) .. 1MAG $¢=2.,REAL  S{=)..IMAG L+l S5¢+)»REAL  S{#}«+IMAG 5C=) 4 REAL S5{=) ¢, IMAG
1 -6.08B7F-01  2.8738£=0 . Q.0 4  9.0738£~01  1.3734E-D2 9+ TTT9E=01  1.T30a€~02
2 2-9320f-U}  ~1.375BE-02 3.2%00€=01 «+2,4257E=-01 5 9.9908E~01  1.9829E-03 9,9881E-01 «1.6319E~04
3 8.736UE=01 =2.0257E-01 T.8130E-ul =2,6311E-01 & 9,9993E~01  5.4104g-03 9.9997E~01  4,5725(~09
censs SCATTERING SMPLITUDES «ivss
ANGLE Ay, o KEAL AcelMAG Bas oREAL Beao IMAG ANGLE Ae o sREAL As e IMAG 8,4 REAL By [MAG
0.990 ~1.8287t DO &,7941F 00 1.U6TBE=01 =1.uBY6E=OL =0,270 1.38TTE 00 1.TTB9E 00 #.2652£=01  =3,3733E=01
0,940 =-1,9571E 00  8.1687E 0D 2.3362€~01 =2.3502E-01 =0.510 1.01T3E 00  1,408sE 0D 6.3740E-01 =2,2187E-01
0.860 =1,1375E 00  T.2489E 00 2,9373E=01 «3.6332E~01 =0,650  §-3643E=01 +1315E 00 Te3611E"01 =1.4493§=01
U.T700 =3.8713E-91 5.TOASE pD 2,9067k~-01 =4.69T71E=01 =0,71%  3.5933E=01 1.0141E 00 T«6039E-01 «1320E=01
0.am5  5.16p3E-01  A.1636E 0N 2.2262E-01 =5,13%7E-0L =0.770  9<742%E-02  8.8478E-01 T.b282E=01 =8,TA3AE=02
0e2%D 1,2141E 00 3:y346E go 1436081 =01 =4,9931E-01 =049%0 =9+3711E=01 3.9366E-01 4:9691E-01 =~1,1339E=-02
0,0 1.6176k 00  2+28%7E 00 2.4%66E=01 =4,.3972E-01 =0.980 =1.1367€ 00 2.4800E-01 3,3111E~01 =3,7ATBE=03
=0.010 1.6253k 0D  2+2627E 00 243037€-01 -#.3658E~01
PROB. 14 Y(NuN) Ewl.49MEV, SHAPE ELASTIC SCATTERING ONLY PAGE o
EXPERIMENTAL DATA FOR POLARIZATION
Ng EXPERIMENTAL O<TA
~
CA{ CULATEL DAA FON PULARIZATION
ANGLE POLs  ANGLE POL« ANGLE ~ ASYM» ANGLE  ASYM. ANGLE ROTe ANGLE ROT»
04990 D<02p4 =270 =G.02%8 0+990 =U+1392 =04270 ~0+T508 =0+27TQ =0+6600
0¢9a 0:0706 =0.510 =0.2180 04540 =0.3810 =0:510 =0.913%
0.880 0+.1198% ~p.650 ~0.2%589 0:800 =0¢3611 04630 ~0:9586
0.700 0.1&89 «0.715 =u,1790 0+TUD 2 THAL 1 =0.71% = 809
0485 0.2299 =0.770 U QU0 0e48% =0Q+904> =0T7¢ 0+b6480 =0.7T0
04230 0.23a7 920 V.7514 04250 ~U+9Ti6 =0.950 0.Us1T 04930 ~0s656%
0.0 0.1501 u,5161 0:0  =0,9373 -0,980 =0.0637 =0,980 =0.8540
«0.120  0.1450 ~0:010 =0.9336 =0.010 =0.3278
RUNNING TIME .iae- 2428 SFC.
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Fig 5 (1)
L N T P P O JRN TP MY S
8PROB. 2 U23B(NJN®)+ E~300 KEV
2,045 2.04 w3 2,035 2.0s 2,08 2,03 2.06
1 1 92 1 19 1
1 238.0% .3 Uy
6 1.92 1.32 1432
11 044 0.47 0.4
16 en.S 9.0 15.0
31 0.0 10,0 20.0 30.0 Au.g
5  50.0 60,0 70.0 0.0 90.0
51 100.0 110.0 120.0 130.u 140.0
N 66 150,0 160.0 170.0 1800
2
. 36 0.0447 2.0
3 0.1a8 4.0
Fig 5 (2)
PROB. 2 U235(N.Ne): E=300 KEV PAGE 1
TARGEY  INCIDENT PMESH » 24500E=01 (FERMI) MAXTMUM ANGULAR MOMENTUM 4
MASS  viessensr 238,05 1-000865 PMESHC~ 2(500E=01 (FERM1) CLASSICAL CUT-OFF HMOMENTUM 2
MASS O, . 1 CMESH = 2:5D2E=01 (FERMI) WAVE NUMBER +essvsersvscs  0.120069
ATORIC NOW o CMESHCs 0.0 CFERM]) COULOMB MARAMETER (YETA) 2.0
CM5 ENERGY ...  0,300000 (MEV) *
LAB ENERGY a4» 0,301271 (MEV) SEPARATION ENERGY oss 0.0 (HEV)
INCIDENT PARTICLE +eess NEUTRCN
IMAGINARY POTENT]AL FORM NUNWLGCAL PARAMETER w 0.0 ¢ L~S TERM )
INTERNAL « SURFACE ABSCRPTION ONLY
SURFACE 1vavsee DIFFe wOODS=SAXON
POTENTIAL PARAMETER
FORM PARAMETER wELL DEPTH PARAMETER (MEV?
(FERML)
m} - 3.320 v » 40,50 wi - 0.U ws = 9.0p vS0 = 1%.00 w50 « 0.0 V5YM = 0.0
Rl = 0.9
RC « 0.0 VE = 0.0 wlE = 0,0 wSE = 0.0 VS50E & 0.0 WSOE = 0.0 VvCOULw 0.0
RS w 1.320
RSO- 1+320 VES@= 0.0 wiEs@s 0.0 wsEses 0.0 vSQEse= 0.0 wSO0ESBe 0.0
A 400
Al [ VRE = 40.50 Wiy & 0,0 wins = 9,00 VSpO = 15.00 ¥SPD = 0.0 VSYMMs 0.0
B
ASO=
BRANCHING RATIVL
2:DAS 2,080 24030 24035 2,080 2+04%  2+030 2:060 0+0 0w 040 0.0 Q0 0.0 0s0
g-g 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o 0.0 0.0 0.0
LEVEL DENSITY PARAMETER
€z = 00 A= 0.0 SGM* 0.0 EPR® 0.0 RQMe 0,0
0.0 0.0 0.0 0.0 v
NO EXPERIMENTAL DATA
PRCB. 2 U238(N.Ne)+ E=300 KEV PAGE 2
TOTAL CROS5 SECTION 942001E 03 (MILL[=BARN)
SHAPE ELASTIC CROSS SECTION &.7TTOE 03 (MILLI-BARNS
REACTION CROSS SECTION ... 2,4231F 03} (RILLI-BARN)
ANGULAR DISTRIBUTION (DEGREE)
sesteravs CENTER OF MASS srevceaen tveess LABORATORY sevuss
ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC
0.0 1,32g6E 03 70.0  §+1002€ 140,0  2.4650€ 02 0.0 1,33TBE 03 69.8 6.1180E 02  139.8 2.4490E 02
10.0 1.3024E 03 %0.0 5 130,0 2.3390E 02 1,3133E 03 T9.8 5,1000€ 02  1a9.% 2.3218E 02
20,0 1.233E 03 90.0 4.288 160.0 2.2333E 02 1.2429E 03  89.8 4.2881F 2 199.9 2.2356E 02
30.0 1.1279E o3 10040 3.6729E 1T0.0 2.2U35E 02 1.1362€E 03 99.8 346676 ¢ 1700 2+1832E 02
40.0 9.99¢TE 02  110.0 3.2164E 180,0 2.1871E 02 1,0062E 03 109.8 3.2073t 02  180.0 2.144¢E 02
5040 5.5268E p2  120.0 2. 3E 02 B8, 6T40E 02 119.8 2.8712€ 02
€040 7.29¢3E 02  130.0 2.6410F 02 T.327aE 02 129.8 2.6266€ 02
COMPOUND FOKMATION PROBAB[LITY
Lo2vw T(e) 202 T(~) [ ™" 20y TC=) Lo2ey TC*) 200 T(=)
0 "1 3.1520E-91 2 5 2.1862E=02 3 A12E-02 L) 9 2.0482€-05 7 3.1063E-05
1 3 2.2864E=01 1 1.3813E-ni 3 7 3e57s4E~03 5 1.2705€-0)
B = COEFFICIENT (CMS) .
w eL L AL BL L BL w BL L 6L [ BL
0 5,3930€ 02 1 4.9372€ 02 2 3 5.9936E O 4 7.UA30E 00 5 2.5129E~01 6 1,38BAE=02

T 1.85)17€~04 B 2.432TE=06 9

2.2520E 02
0.0
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Fig 5 (2) continued

PROB, 2 U23&(N«N#)s E=300 KEV PAGE 3
IBELASTIC SCATTERING stveecesrse INPUT DATA ssvsesssrans

TOTAL LEVELS . 3

*&% GROUND STATE (N~ N}

SPIN=PARITY ssenvsracaae 0+

TARGET  INCIDENT PHMESH = 2+50D0E=01 (FERMI} HAXTMUM ANGULAR MOMENTUM L3
MASS teasssent 238.0% 1.0008665 PHESHCs 2+500E«01 (FERMI) CLASSICAL CUT=OFF HOMENTUM 2
MASS NO, ..... 232 1 CMESH = 2.302E=D1 (FERM)) WAVE NUMBER ctve0ss00sese 0.12006%
ATOMIC NO. o4s B2 0 CMESHC= 0.0 CFERM1) COULOMB PARAMETER (YETA) 0.0

CHS ENERGY «v»  D,300000 (MEV)
LAB ENERGY +s¢  0,301271 (MEV) SEPARATION ENERGY «es 0.0 (MEV)

INCIDENT PARTICLE «vete NEUTRON
IMAGINARY POTENTIAL FORM NON~LOCAL PARAMETER w 0.0 ¢ L=5 TERM ]
INTERN,

AL tesse ++ SURFACE ABSORRTION ONLY
SUREACE +teave v+ DIFF¢ wOODS=SAXON

POTENTIAL PARAMETER

FORM p:?::ﬂfﬂ WELL DEPTH ARAMETER (MEV)
:? - é-gzo V = 40,50 wl = 0.0 ¥S = 9.00 VS0  « 1500 w0 e 0.0 VSYM o 0.0
VE = 0,0 wlE = 0.0 wSE = 0.0 VSGE = 0.0 wS0E = 0.0 VCOULe 040
VES®= 0.0 wiEses 0.0 ws€si= 0.0 V50ES@e 0.0 WSOESe= 0.0
VRE = %0.50 WML = 0.0 ¥INS = 9.00 VSPO  « 13.00 WSPO = 0.0 VS¥MMe 0.0
450« 01400
BRANCHING RATIO
24083 240%0 2,030 2:035  2+040 2:043 2¢030 2,060 0°0 0.0 010 G0 (] 00 040
g:g a0 0.0 0.0 0.0 0.0 0.0 0:0 0.0 0,0 0.0 0.0 00 0.0 0.0

LEVEL DENSITY PARAMETER
EC= 0,0 A® 0.0 SGMY 040 EPR= 0.0 NOMs 0.0
0.0 0.0

v,0 0.0 0,0

PROB. 2 U233(K(Ne)¢ Em300 REV PAGE o

wes FIRGT EXCITED STATE ¢ N w N )

SPIN=PARITY ,seicnunaes 2¢
EXCITATION ENERGY ... 0.048700 (MEV)

POTENTIAL FORM AND PARAMETER «.v+e SANE AS BEFORE

aa® SECOND EXCITED STATE (N = N)

SPIN=PARITY s2vqen
EXCITATION ENERGY

4
0,148600 (MEV)
POTENTIAL FORM AND PARAMETER 1.uey SAME AS BEFQRE
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Fig §

(2)

continued

PRCB, 2 U238(N«Ne)s E=3pU KEV

CALCULATEL LATA oF COMPOLUND NUCLEAR PRUCESS
HAUSERSFESHBACH=yOL ENSTEIN THFORY UsSED
GROUND STATE (N = N )

SPIN~PARITY 0+

.

CUMPQUND ELASTIC SCATTERING CRCSS SECTION o
SHAPE ELASTIC SCATTERING CROSS SECTICN .
TOTAL ELASTIC SCATTERING CROSS SECTICN .

ANGULAR ULSTRIGUTLON CDEGREE)

ttsiaaess CENTER OF MASS cesecqenn
ANGLE ELASTICCS) ELASTIC(C) ELASTIC
0.0 1.3266€ U3 1.2447F 02 1.4510t
16.0 1.3024E 03 1.2286F 02 1.64252€
2000 1.2331€ 03 1.1825€ 02 1:3513E
30.p 1.1279€ 03 1.1124€ 02 1:2391€
40.0 9.9967€ 02 1.0284€ 02 1.1025
50.0 8.6268E 02 9.4008€ 01 9.5668¢
00:0 7.2963E 02 #.5835E 01 B+ 134TE
70.0 6.1002E 02 7+9261E 01 6.8928E
BO.g 5.0944E 02 745009F V1 38425
90.0 4.2800E U2 7.3540€ 01 340234
lov.g 3.6729€ 02 7+3009E 01 4+4230E
110-0 3.2166E U2 7.9261F 01 4.0092€
129.0 2.8833E 42 8:5835F 01 37817
130.0 2.5410E 02 9.4008F 01 3:5810E
160.0 2.8650F u2 1.0784€ 07 3.4935E
150.0 2+3390E 02 1.1128F 02 3+4517L
160.9 2.25356 L2 1.1825€ U2 3.4360E
170.0 2.2035¢ 02 286 02 3.4322€
180+0 2,1871E 02 1.2847€ U2 3+4318E

B ~ CuEFFICIENT  (CND)

L BL= (S) BL- (C) L =1

v $.3930t 02 9,0200E 03  6+293QE 02

L 4.9372: Q2 449372E 02

e 2+2628E D2 3.3713F 01 2.5999E 02

3 3.9936E Q1 5.99586E 1

“ 7-04500 Ou  $.3992E=01  7.5B45E U0

> 2+5129E=01 2+5129€~01

3 1.3484E~02  1.7457E=02 3+ 1lelE~u2

! 18527600 1+8517E=04
a 2.6327E-06  B.6026E~0T  3.4929E-u6

PRCB. 2 U23BINJNe)s £=300 KEV

CALCULATED DATA OF CGMPUUND NUCLEAR PROCESS
HAUSEH=FESHBACH-WCLFENSTEIN THFORY USED

FIRST ExCiTED STATE (N = N 3

+ 0.0847000 (MEV)

042533000 (HEV)
0.,2563B18  (PEV)
2+

EAL{TATION ENERGY s
EMITTED ENERGY (CMS)
QA

PEET TR

SPIN-PARITY

COMpOUND NUCLEUS FORMATICN CROSS SECTION (INVEKRSE PROCESS)

TOTAL INELASTIC SCATTERING CROSS SECTION Tu THI

+« 1.1335E 03

< 8.7770E 03
«vr T.910%€ 03
(48] ANGLE
03 0.0
a3 10.0
03 19.9
03 29.9
03 39.8
02 49,8
02 39,8
02 §9.8
02 79.8
02 89,8
02 99,8
02 109.8
0z 119.8
0z 129.8
az 139.8
02 149.9
02 139.9
[H 17040
02 18040

(LABY

BL (L}
6.2950t 02
4.9860L 02
2.4396E 02
6.2368E 01
8,3194r 00
3.6197E-01
3,5656E=02
4.6361€=08
5,9619E~04

S LEVEL

ANGULAR DISTHIRUTION ¢DEGREE)
“tieveese CENTER CF MASS ervecanss
ANGLE DIFF A Coby ANGLE DIFF+CeSe
G-0 7464%73E D1 100.0 9+9616E 01
10:0 7.7219€ 01 110,0 9.7609E 01
20.¢ 7.935at oL 120,0 §.8510€ 01
30.0 8.2%97¢ 01 130,0 9.0669E 01
Q0.0 3:6532E 01 140,0 8.6532E 01
3us0 9<0669E DI 150.0 82597 01
60+g 9+45310E 01 160.0 7.933ak 01
0.0 94T009€ 01 170.0 ToT249E CL
8040 816E gl 180.0 Te64T3E 01
%u.0 1.0031€ 02
B = CUEFFICIENT  \CHS) (LAB)
L LIN (X% 8L
o 9.2479E 01 0 9,2879¢ 01
3 ~1+5806€ 01 1 B.7859E-01
N ~1.9424€-01 2 -1.5804E Ol
b ~3.3943€-03 3 -1,730%E=0}
L] ~7+7383E=08 L} =1.9511E-01

9.7

TRANS|
L

rumrO

(MILLI=BARN)
MILLI=BARNY
CMILLI=BARN)

suiee LARORATORY .....,
ELASTIC(S) ELASTIC(C)
1,3378g 03 1.2353€ V2
1,3133g 03 112389 02
1.2429€ 03 141920E 02
1,1362¢ 03 141210 02
1,0062€ 03 1.0351E v2
8,6T40 02 94A522E V1
7.327A€ 02 8.6201E U1
6,1180F Q2 T+9492€ 01
5.1000E 02 748122¢ 01
Ti3%a2¢ 01
T44901€ ul
T49033€ 01
843A74E U1
913498€ 01
1.0218€ v2
1<10a6E 02
141732€ V2
12304 L2
+1686E 123426 02
THANSMISSION COEFFICIENTY
L TCe)
] 3.1520€-01 0.0
1 2.2864E-01 0.0
2 2.1%62€~02 0.0
3 3.67B4E=03 0.0
A 2,0%63€-03 0.0
2.4362E 03 (MILLI=BARN)
* 141621F 03 (MILLI=BARN)
ssesssesse.  LABCRATORY
DIFF«CeS, ANGLE
77179E @1 99.7
T+7920€ 01 10%.8
8.0040E 0i 119.8
8.32%6E 01 129.8
847145F 01 1398
941207 01 149.9
9.4947€ 01 139,9
9.7918¢ 01 170.0
9.9778€ 0L 18040
1.0031€ 02
MIS510N COEFFICIENT
24 Te) 24y
1 2,9813€~01
3 1.,9486£-01 3
Ll 1,3521E=02 3
T 2,1209e=03 3
9 1,0135E=0% 7

47

PAGE 3

ELASTIC(T?

1.4633E
1,4371E
1.3621F
1.2883F
141097
9.6192F
8.189a€
6.9130F
$.8512F
$.0235F
A.4164E
3.9977€
3.7259€
3:3616E
3.4T00E
3.4265€
344087E
3,4038F
3+4020€

Te=)
040
1581301
4.9112g-02
142705E-03
3.10686=03

PAGE ¢

DIFF.Cu5e
9+9460E 0L
9.7305E 01
9.4078E 01
90136 01
843925 ol
B841942F 01
7.8670E 01
T«6323E 01
T+57T4E 01

T(=

103443801
3.3858E~02
7.3960E~04
1.3650E~03
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Fig 5

(2) continued

PRCB, 2 U234(N+Ne)s E=300 KEV

CALCULATED DATA OF COMPOUND NUCLEAR PROCESS

HAUSER=FESHBACH-WOLFENSTEIN THEGRY USED

SECOND EXCIVED STATE ¢

EXCITATION ENERGY

EM[TTED ENERGY (CMS) .4
SPIN=PARITY

COMPOUND NUCLEUS FORMATION CROSS SECTION (INVERSE PROCESS)
TOTAL INELASTIC SCATTERING CmOsS SECTION TO THIS LEVEL

N=¥N)

441480000 (MEVY
0.1520000 (MEV)

(LAB) .:» 01926441 (NEV)

sttavanenns A

ANGULAR DISTRIBUTION (DEGREE)

8 ~ CUEFFICIENT (CHS)
L L'A

o
2
N
1]

atesayeas

ANGLE DIFFCaSe
1000 2+3050€ 00
110,0 2+2653E 00
1 3 00 120.0 2.2023E 00
1:9393E 00 130,0 2+1212€ 00
2.0299E 00 180,0 2.0299€ 00
241212E 00 15n,0 149393E 00
242023E 00 16040 148639€ 00
242653E 00 170.,0 1+8093E Q0
243050E 00 18040 1+T910€ 00
243183€ 00
{LAB)
i n
2+1340E 00 o 2+1540€ 00
«3.4313E~01 1 2.64§2E~02
«149316E=02 2 =344304E~D1
=y 6969E=0H 3 =2, TABTE~03
s 1.10%2E 03

INELASTIC CROSS 3ECTION

RUNNING TINg

Se19 SEC,

(MILL1=BARND

.

2.9122E 03
2.7068€ 01

LABORATORY

243184 00

TRANSMISSION COEFF{CIENT
fy 2% T(e

wum o

1
3
3
?

2,4364E~01
1+1070E~01
3+0092E~03
3.3611E~04

(MILL1-BARN)
CMILL1=BARN}

PAGE 7

sesasaansas

997
109.7
1197
129.7
139.8
149,20
159.9
165.9
180.0

vwe

DIFFC.Ss

243004
242362€
2,1893E
2+10830¢
2.0115€
1.9198¢
l.8411E
1.TRBAE
1.T697F

Te=>

0
00
00
00

a

1.6069g~02
141963F=02
1.2707TE~08
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Fig 6 (1)
LI TEETL FRTRY Paewl PRERE FRFRL LRYYE FRTRE FRPNE PIEES P TRREL FESEY PEREY PR EF L ]
3 PROB, 3=1+ FES4-N+ E»3.0 MEV s MOLDAUER THEUKY + @=1 Nusi.
107 1 1 1 FI 101 1
1pols -
1 3%6.0 1.009 [T} 2.0
6 1.265 1.4 1.263
1 0162 0.5 Q.62
16 6.0 14,0 7.0
51 0.0 3.0 11,0 0.0 30.0
56 30.0 70.0 %0.0 120.0 18g.0
&1 1%0.0 160.0 17v.0 173.0 18u.p
1
36 a.848% 2.0
1 3
36 2.005 400
3 PROB+ 3=2+ FE56=N+ E»2.U MEV + MOLDAUER THEUKY * Qalv NUm).3
11
1
E 2.0 :
2 PROBa 3=3+ FEB6=Ns Ewle0 MEV + MQLDAUER THEOMY » Qule NU=l.3
1
L] 1.0
2 PROB. 3~&¢« FE36=N, E=2,0 MEV  MOLDAUER PNEULRY
1 2 1
010 0
2 0.0 2.u
3 0.0 0.0
1 2
36 0.8% [ Y]
CITTRLIEERE L TSN PIRRY PR FEERY FRRT)
Fig 6 (2)
PRCB. 3=1s FE3b=Ny E=3.0 MEV 4 MOLDAUER THEQRY ¢ @=lv NU®=1.} PAGE 3
TAHGET INCIDENT PHESH ® 3,500t«0l (FERMI) MAX | MUM ANGULAR MUMENTUM 3
HADS  seiriyeer 56400 1.005000 PRESHC® 2,300E~01 (FENM]) CLASH]CAL CUTOFF MOMENTUN B
HASS NOe  oyeer 36 1 CMESH = 2.4G9E~02 (FERMI) WAVE NUMBER sessateasenss  03TTLTY
ATOMIC NO+  «ov 26 0 CMESHT= 0.0 CFERMI) COULOMB PARAMETER (YETA) 0.0
CMS ENERGY ..v  3,000000 (MEV)
LAB ENERGY 4o 3.034034 CMEVY SEPARATION ENERGY +oe u.0 (MEV)
INCIDENT PARTICLE «vusy NEUTRON
IMAGINARY POTENTIAL FORM NUN=LOCAL PARAMETER « 0.0 ¢ =5 TERM b
INTERNAL SURFACE ABSDRRTIUN ONLY
SUPFACE 2o GAUSS
POTENTIAL PARAMETER
FORM PA::«E'IER WELL DEPTH PARAMETER (MEV)
CFERMI)
R? = 1.265 v = 48,00 wl = 0.V ws = 18.00 V50 = 7.00 wSQ = 0.0 VSYH w 0.0
Rl = 0«0
RC = 040 VE = 0.0 wiE = 0.0 w5t = 0.0 vs0E = 0,0 wSO0E = 0.0 vCOULw 0.0
RS = 1+400
RSUm 14265 VESem 0.0 wiES®s 0.0 wSES@~ 0.0 v50Eswa 0.0 wSOESe= 0:0
AD = 0:p20
Al = 0.0 VRE = 46.00 WiMl = 0.0 WIMS = 18,00 VSPO = 17,00 WSPU & D0 V5YMMs 0,0
B o 0.500
ASta 0.620
BRANCHING RATIO
0.0 059 0+0 0.0 040 0s4 0t 0<0 o v 0.0 0+0 0ey 0+0 040 0-0
g.g 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0L 0.0 0.0 0.0
LEVEL DENSITy PARAMETER
EC = 0,0 A= 0.0 SGH® 0.0 EPRe 0.0 NOM= 0.0
. 0.0 0.0 W 0,0
NO EXPERIMENTAL DATA
PROB. 3=1: FE36~N. E®3.0 MEV « MOLDAUFR THEORY « @=ls NU=1.5 PAGE 2
TOTAL CROSS SECTION .ovuee  3.5323E 03 (MILLI-BARN)
SHAPE ELASTIC CROSS SECT 2.1943E 03 (MILLI=BAKN)
REACTION CROSS SECTION ... 1.357aE U3 (MILLI~BARN)
ANGULAR DISTRIBUTION (DEGREE)
seseennss CENTER (OF MASS vvesnsocs sevess  LABORATORY coevne
ANGLE  ELAgTIC ANGLE  ELASTIC ANGLE  ELZSTIC ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC
0.0 1.4270E 03 80,0 2.9909E 02 150.0 3,745~ 01 0,0 1.4737E 03 49,2 2,6520E 02  149.5 3.8298F 01
3.0 1.4012E 03 70,0 1.%633E 01  160.0 3.2700f 01 A,9 1.a519E 03 69,0 1,3833E 01  159.6
10.0 1.3303E 03 90.0 2,5931E nl  170.0 3.23A6E Ol 9.8 1,3883E U3 89,0 2.5Y4AE 01  169.8
20.0 1,11p3E o3 120.0 7.4811E pl  173,0 3.2632€ o) 18,7 1.,1563E 03 119.1 T.34497E€ 01 174.9
30.0 &.1T36E 02 140.0 4,86)4E nl  140.0 3.279ak 01 29.5 ¥,8337E 02 139.3 A.7291E 01  180.0 3.1623€ OL
COMFOUND FOKMATION PROBABILITY
[ TLe) 28y =2 [R1 ) Tee 20y <) Lo2w Tt 2%y T=)
[ 1 9.58364E=01 . 2 5 7.5070t=01 3 8.7310E=04 \ 9 1.3137E~02 7 3.0233E=02
1 3 1.3387E=01 1 1.3726E=pl 3 7 1.1349e-01 5 3¢4132E-02 5 11 1.6784g~03 9 8.T7a21€-0a
8 = COEFFICIENT (CmS)
L BL L BL 18 (18 w BL L eL AN oL w 8L
0 1.TA3E 02 1 342383E 02 2 4,0281€ 02 3 2,521a€ 02 4 1.8a6pE 02 S 1.8233E O1 6 5.5130E 00
‘T 8,03TTE"0L 3 7.4770E-02 9 1.2159%E=02 10 8,0819€=0s 11 0.0
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Fig 6 (2) continued

PACB. 3=1. FES6=N, E®3.0 MEV , MOLQAUER THEORY 1 @els NUwL.5

INELAST!C SCATTERING .0 INPUT DATA  sanove .
TCTAL LEVELS ..o, 3
*as GROUND STATE (N = N
SPINSPARITY ,saaueess,. On
TaqGEY INC [DENT PHESH = 2,500E=01

MASS ., < 56.00 14009000 PMESHC= 2:3%00E=-01
wass Ho, . 2 1 CHESH = 2.499E-01
ATOMIC N4 ao- 28 o CMESHC= 0.0

¢S ENERGY .

3.000000 (MEVY
LAB ENERGY

3.034054 (VEV)

INCIDENT PARTICLE  ++s.. lEUSRCN

SEPARATION ENERGY

PAGE 3
CFERMIY MAXTMUM ANGDLAR MOMENTUM 5
CFERME) CLASSICAL CUT=OFF MOMENTUM s
(FERMI) WAVE NUMBER sssssnssnneen 0.37M177
(FERMI} COULOMB PARAMETER (YETA) 0.0
ves 0.0 EY?

IMAGINARY POTENT AL FOaM NON=LOCAL PARAMETER = 0.0 ¢ L=5 TERM b
NTERNA! reuan SURFACE ABSURPTION ONLY
SURFACE  »esesn GAUSS
POTENTIAL PARAMETER
FOHM PARAMETER WELL DEPTH PARAMETER (MEV)
CFERMIY
RO » é-zbb V = 45,00 wl ® 0.0 ws = 14.00 vSp = T.00 WSO = G0 v5YM « 0,0
Rl = Gup
RC = Llhu VE = 0.0 wi€E « 0,0 wSE = 0.0 vS0E = Q.0 wSOE = 0.0 vCoUls 0\0
RS = 1.400 .
RSCm 3.251 VES§= 0,0 wlESDs 0,0 wSESe= 0.0 VSOESm 0.0 WSQESEm 0.0
AD = Dugiy
Al = U0 VRE = 46,00 wiN] = 0.0 WIHMS = 14,00 VSPO =  1.00 WSPO = Q.0 V5YMHe 0,0
B _w 0300
4a0n 0620
BRANCHING PATIO
0:C 040 00 040 0.0 0+0 0:0 00 0+0 00 010 0+0 00 010
mg @0 0.0 0.0 0.0 0.0 0.0 0.0 040 0.0 0.0 [ 0.0 00
0.
LEVEL LENSITY PARAMULTER
EC = 0.0 A= 0.0 SGMT  0+0 EPR= 0.0 NOM= 0,0
. 0.0 0.0 0,0 0,0
PRCB, 3-1. FESG-N. E%3.0 MEV , MOLDAI £ ® THEORY » @mls NU1e% PAGE 4
®*2 FIRST EXCITED STATE (N = N )
SPIN=PARITY .eveos 2+
EXCITATION ENERGY 0.826900 (MEV)
PQTENTIAL FORM AND PARAMETER .. SAME AS BEFORE
4% S.COND EXCITED STATE ¢ N =y )
SPIN~PARITY .eesaen as -
EXCITATION ENERGY o 2.083000 C(HEV)
POTENTIAL FORM AND PARAMETER 14ess SAWE AS BEFORE
PRCB. 3=1: FEB6=N{ E®3.0 MEY , MOLDAUER THEQRY + @m=is Nu=1.3 PAGE 8
CALCULATED DATA QF COMPUUND NUCLEAR BPROCESS
MOLDAUER THEQRY USED &=FACYQR ... 1,000 DEG. OF FREEDOM 1,0 1430
GROUND STAT: (N« N )
SPINPARITY ssvavsane,, Do
COMPCUND ELASTIC SCATTERInG CROSS SECTION o as 3.2270E 02 CHILLI~BAMN)
SHABE E{ASTIC SCATTERING CROSS SECTION o cee  201983E 03 (MILLI~BARNY
TOTAL ELASTJC SCATTERING CROSS SECTION seve 2:3172€ 03 (MILLI=BARN)
ANGULAR DISTRIBUTION (DEGREEY
Trasa CENTER CF MASS ¢ . seere  LABORATORY » .
ANGLE ELASTECCS)Y ELASTICLC) ELASTIC(T) ANGLE ELASTIC(S) ELASTIC ELASTIC(T)
0.0 1,4220E U3 S.6041F O1 1.571E 03 0.0 1,473 D) 348075 O1 1453188 03
30 1.4012E D3 3.3278e 01 1:4563E 03 4.9 1,4519E 03 03
10:0 1.3403E 03 5.3082F 01 1+2933E 03 9.3 143883 03 03
20-9 1.1183%€ 03 #,3552¢ 01 1.164l€ 03 15.7 1,1568E 03 03
3040 8,1756€ 02 3.6363¢F 01 834126 02 29,3 $.4337¢ 02 02
S0+0 2,5909E 02 27,8152 01 2.8324E 02 49,2 2.6520€ 02 02
7000 1.5633€ 01 2,0135€ 01 345768 02 £9.0 1.3833¢ 01 o1
9010 2.3931€ 01 1.8997F 01 2:4926E Q1 89.0 2,3934 01 ol
12040 T(A811E D1 241338 01 946330 01 11944 T+ 3497 01 E 01
180:0 4.§614F g1 2.9017E D1, TeT631E 0L 139.3 4,729 01 ol
150+0 3,7434E 01 3,6563€ 01 T44017E 01 149,53 3.6298€ 01 01
L40+g 3,2700E 01 4,3352F 01 7:8251E 01 159.6 3.1604€ 01 ol
170.0 3.2346E (1 343082 01 4+3428E D1 169.8 3.1209 01 3]
1730 3.2652€ 01 3.3271¢€ OL 3:7T9E 01 17a.9 3,1491¢ 01 o1
180.0 3.2794€ 01 5.6081E 01 Be883¢E 01 180.0 3.,1623¢ 01 3.4040€ 01 83663 01
B ~ COEFEICIENT  ¢CHS) Land TRANSHISSION COEFFICIENT
tL BL= () BL- (C) sL ~CT) BL =CL) L Teed T¢0) =)
[’ 1.7463E 02 2.3480E 03  2-0031E 02  2,00siE 02 4 9(B546E~01 0,0 0.0
2 3c2343E 02 3eZ543E 02 3.273¥E 92
2 4,0281E 02  1,4620F 01 4-2113E 02  4,2723E 02 1 1,337E~01 0.0 1.3726g~01
? 3:3314E 02 3.5214E 02 3,66a8E 02
4 1:4468E 02 9.1401E 00  1¢3382E 02 1.7144E 02 2 723070E~01 040 8.7310g~01
3 1.8233E 01 1:8233€ 01  2,7523E 01
4 2:5150E 00  2,371¢E 0D  B:086¢E 00  9.3419E 00 3 1.1389E~01 G40 3:4132g=02
3 $4057TE=01 QS5TTE~OL  1.,4691E 00
[] Tra770E-02  2.1304E-02 60TSE~02 0E=D1 L] 143137E=02 0.0 3.0233g=02
¢ 1,2199E-02 112139E~02 19E=02
10 8:3819E~04  7,1433€-03  8.0313E-03 1 334TE-0D L] 1i6TIAE=0D  0:0 207421=04

JAERI 1224

00
00
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Fig 6

continved

(2)

PRCBe 1=1, Fc36=N, E®3.0 MEV « MOLDAUER THEORY + Q=ls NU=1.>

CALCULATED vATA OF COMPOUND NUCLEAR PRUCESS

MCLDAUER THEQRY USEU u=FACTOR .., 1,000 VEG.
FIRST EACITep STATE ¢ N = N3
EXCITATION ENERGY .2ses  0.84690D0 CHEV)
ENMLTTED ENERGY (CMSY 2.1931000 (MEY)
(ST} 2.1918942 (MEV)

srees

SPIN=PRRITY

COMPCUND NUCLEUS FORMATICN CROSS SECTION (INVERSE PROCESS)
TOIAL INELASTIC SCATTERING CROSS SEGTION TU THIS LEVEL

ANGULAR DISTRIBUTICH (DEGREF)
CENTER CF
ANGLE DIFF+CeSe
00 6+49%8E 01
3.0 6+3116E 01
10:0 6+3603E O1
20.0 6473006 01
3040 649376E 01
30.0 7.19T$€ Ot
7040 7 1398E 01
900 7.0308E OL
B ~ CCEFFICIENT  (CMSY
[N sL
v 7.0728E 0L
2 -2:1131€ 00
“ -3.5274€ 00
& =1+3802E-01
[] “gr6626E-08
1 -243683E-05

.

MASS
ANGi E
120.0

wrwn—o

DIFF:+C5e
7+1967E 01
7.1094E D1
6+9370E 0L
6,1300E OL
645603t Ol
6,53116E 01
6+4944E Ol

(LABY
BL

7.0728E 01
3.0265E 00
-2.0808E 00
~7.9057€=0%
~3.5220f 00
=2.4206E=-01

PRCB, 3=1, FESe=Ns E®3,U MEV + MOLDAUER THEORY + Quly Nus=l.5

CALCYLATED DATA OF COMPOUND NUCLEAR PROCESS

MCLDAUEX TRLORY USEV

SECOND EXCITED STATE (W = Ny

@=FACTOR ... 1,000

EXCITATICN ENEKGY ooooe  2,0830000 (MEV)
EMITTED ENERGY (CMS)} ... 0,9150000 CMEY)

(LAB) «.. 0.9312864 (MEV)
SPIN=PARITY seseetuisene &4

COMPOYND NUCLEUS FORFATICN CROSS SECTION (INVEKSE PROCESS)
TO)AL INELASTIC SCATTERING CROSS SECTION 10 THIS LEVEL

ANGULAR DISTRIBUTION (DEGREE)
eesrssess CENTER CF
ANGLE DIFF+Cabe
0.0 1401338 01
540 1.0139¢€ o1
10:0 1.023%E D1
26.0 1.0512¢ 01
3040 1.p894t D1
3040 141631€ 01
70.0 1.202at o1
90.0 1+2117€ 01
B ~ COEFFICIENT  (CMS)
w 8L
0 1.1640E 01
2 -1,1855E 00
4 =3.1382E-01
& =6+6T98E-03
8 ~4+9422E-03

INELASTIC CROSS SECTION

EXERTTTS

RUNNING TimMg 13.87 SEC,

MASS

ANGLE
120+0
140,0
150.0
160,0
17,0
175,0
180.0

PwN~O

DIFFC.S.

1.1876k 0L
1.1291e 0L
1.0894E D1
1.u512€ O1
1.0235¢ 01
1.01%9e 0L
1.0133€ 01

CLab)
BL

1.1640E (1
T Ta94E=01
=1+1718E 00
=7.9135E-02
=3.1340E=01

1.0351E 03 (MILLI=BARNY

Criiea

OF FREEWLUM ..,

ANGLE
0.0
8.9
9.8
19.6
29,4
ag,1
68,9
BB.8

1480

+ Lluba2%e 03
v H.BBTYE 0Z

seessesnar, LABCRATORY
DIFF«C+Se
6177408
6.7905€
6+8381E
T.,U023E
7:1967E
7.3985E
7.2484E
T.05%2E

o

0l
[23
ol
ot
o1
al

01

TRANSHISSIUN COEFFICIENT
L ey TCe)

veumro

LEG, OF FREELUM ..,

7.97138E~01
L1.1162€=-01
©.7%18E-01
I TO91E~G2
243257E-0)
¢ 66TBE~04

R eI es

-

ar 1.7211E 03

(MILLI-BAKN)
CMILLE=AARNY

ANGLE
1187
1349.2
145.4
15%.6
16948
174.9
13g.0

2s)

C(MILL | =BARNY

R
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AGE 6

DIFFCaSe

7.0481E 01
6.8BBl6F QL
6.6B56E 01
6.8642€
6.2885F
642387
62 2215F

01
01
01

Ti=)

1.3373g-01
6.9777g=0L
1.1000E~C2
64.T68BE=03
8,1815E~05

PAGE 1

« 1.%627c 02 (MILL1=-BARN)
Weseeevaer,  LABCRATORY
ANGLE DIFF+CsSe ANGLE
0.0 1:0805% 01
4.8 1.0831E 01
9.7 1.0904€ 01
19.4 1.1169¢ 01
29 1 1.15228 01
43.86 1.2135E 01 174,8
68.3 1.2311E 01 18¢.0
83,1 1,213t 01
TRANSHMISS IUN COEFF ICIENT
L 2% T 28y
D] 1 9. T338Ew-01
1 3 ©.8469E-02 1
2 5 2.6707Ew01 3
3 1 1.8718€E~0) 5
4 ) 2,3607E-04 7

DIFF.C.Se
141506E
1,0T41E
1.0291€
9,8798E
9.5883¢
9,5098¢
9.4830F

o
=4

o1
ot
00
00
00
00

T¢=)

9.86456-02
147690€-01
5.8229~04
1.4360E~0%
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Fig 6 (2) corntinued
PROB, 3=24 FES=N. E"2,0 MEV , MOLOAUER THEOGRY « @=1s NUs1.5 PAGE 1
TARGET INCIDERT PMESH = Z¢300E=02 (FERMI) MAXIMUM ANGULAR MOMENTUM 3
MASS  caiaygees 36, 14009600 PHESHCe 2,3500E=01 (FERMI) CLASS1CAL CUT~OFF MOMEWTUM &
MASS NO. o 0ee 36 1 CMESH = 2,099E=0l (FCRMI) WAVE NUMBER cesosnsrnasss 0307968
ATOMIC NO+  oa0 26 ] CMESHC® 040 CFERMID COULOMB PARAMETER (YETA) 0.0
CMS ENERGY ouv 24000000 (MEVY
LAB ENEREY o0 240360354 (MEVS SEPARATION ENERGY sae 0,0 CHEVD
INCIDENT PARTICLE  +ovvy NEUTRON
IMASINARY PQIENTIAL FORM NOR-LOCAL PARAMETER » 0.0 { L=S TERM >
NTEAMAL  ovo SURFACE ABSQRPTION ONLY
SUREACE +eeo GAUSS
POTENTIAL PARANETER
FORM PARAMETER WELL DEPTH PARAMETER (MEV)
FEpnl)
:ll) - s-zu V = 86,00 wl = 0.0 NS o« 14,00 V50 = 7.00 wS0 = 0.0 VSYM & 0,0
- 0eg
RC = D»p VE = 0,0 wlE e 0.0 ws€E = 0.0 VSOE = 0.0 wSOE « 0.0 vCouL= 0.0
RS = 1.400
AS0m 1243 VESE= 0.0 wi€sé= 0.0 wSEsa» 0.0 VSQES®= 0e0 ws0Esa= 0.0
AD « 0420
Al - g.q VRE = 46,00 wiMl = Q.0 WIHS = 18,00 VSPQ = 7.00 wSPO * 0.0 VSYMHe 0.0
8 = 0:300
AS0= 0:820
BRANCHING HATIOQ
0.0 00 a0 0.0 0.0 0.0 010 0.0 Q:0 Q.0 0.0 134 a0 0:0 [
g-g 0.0 . 0.0 0.0 Q.0 0.0 6.0 0.0 0.0 0.4 0.0 Q.0 0.0 Q.0
LEVEL OENSITyY PARAMETER
EC = 0,0 A 0.0 SGM® 0.0 EPA= 0.0 NOM= 0,0
0.9 0.0 0.0 0,0
NG EXPERIMENTAL DATA
PRCB, 32y FES6=N, £%2.0 MEV + MOLOAUER THEORY + @sle NUW1.5 PAGE 2
ToTAL CROSS SECTION 3.a373E G3 (NILLI=BANN}
SHAPE ELASTIC CRGSS SECTioN 1.8767E 03 (MILLI=BARN)
REACTION CkpSS SECTION .., 1,5806E 03 (MILLI-BARM)
ANGULAR DISTRIBUTION (DEGREE)
tevsesess CENTER OF MASS veterents vacess  LABORATORY asvers
ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC
0.0 1.034)E 03 50.0  2,4231F 02 150.0 9.2344E 0L 0,0 1,0510E 03 49,2 2.4803€ 02  149.5 5,9728E O1
$.0 1.001aE o3 70.0 3,1282& 71 160.0 1.018%E 02 4,5 1,03T4E Q3 69,0 3.1681E DL  159.8 3,8439F O
100 9.4403E 52 90.0 71,2344 00 170.0 1.0921E 02 9.8 9.98%6E 02 89,0 7,2399E 00  169.8 1.0537E 02
20.0 8-2608E 02 120 0 &,337TE of 175.0 1.1132E 02 19,7 B.5a34E 02  119.,1 6.2264E 01  17a.9 1,073¢E 02
3.0 643259L 02 140.0  8,3321F nl 180.0 1,1205E 02 29.% 6.5254E 02 199.3 8.1248E 02 180.0 1,0803E 02
COMPOUND FORMATION PRDBABILITY
(S LX) Teed 20y re=) 20 Tee) 24y =) Lo2vy T 20y 1=
[] 1 F.98aaE-01 2 5  &.4900E=01 3 6.ATROE=OL Y 9 A.2482E=0D T 4,8507E-03
1 3 1.07ppE-01 1 1,332sE=p1 3 1 2.87a7E-02 5 8-3326E~03 5 11 1.7749E~04 9 5.5234E-0%
8 = COEFFICIENT (CHS)
(2% aL [N L sL L BL 1% 8L L oL 18 sL
0 1.493aE 02 1 2.3225E o2 2 3.d898E 02 3 2.1874€ G2 4 7.3798E 01 5 3.91%0E 00 6 9.3832E-03
7 6.783aE-p2 8 4,69T6E=03 9 «,276DE=0a 10 2.25l08-08 12 0.0
PROB. 3-2+ FE36%Ne £72,0 MEV + MOLDAUER THEORY + @sls Nu=1.5 PAGE 3
CALCULATED DATA OF COMPOUND NYCLEAR PRUCESS
MCLDAUER THEQRY ySEP &=FACTOR ,.. 1,000 DEG, OF FREEDC Y .,. 1.5%0
GROUND STATE (N = K )
SPIN-PARITY .+ sere Qe
COMPOUND ELASTIC SCATTERING CRCSS SECTION 6¢3829E 02 CHILLI-BARN)
SHAPE ELASTIC SCATTERING CROSS SECTION o 1:8767E 33 (MILLI=-BARNY
TOTAL ELASTIC SCATTERING CROSS SECTIGN .. es 2e3133E p3  (MILLI=BARN)
ANGULAR DISTRIGUTION (OEGREE)
seesssses CENTER QF MASS avetaacer wssersagess LABORATORY seiesevaces
ANGLE ELASTICCSY ELASTICLCY ELASTIC(T) ELASTICKS) ELASTICKC) ELASTICLTY
0.0 1,01a3€ 03 L.0160E 02 1.2457E 03 1,0510E 03 1.0%29€ 02 1,1362€ 03
5.0 1.0014€ a3 1.0032E 02 1+1019€ 03 1.0376€ 03 1.04L6¢ 02 1,1a10E 03
0.0 02 9474DaE 01 1:0814E 03 02 1,0089€ 02 1.09935€ 03
2040 02 8.631aF Q2 901239 02 02 819267E 01 9.4360¢ 02
30:0 02 T.1909€ 01 T:0458E 02 az T<4262E 01 742683 02
30.p 02 01 02 A.9494E U1 2,9732¢ 02
700 01 n 01 4.0068€ OL T:2143€ 01
939 oo [ 00 3.9254€ OL 4,6494¢ C1
120.0 01 ' o1 4.1727E 01 1.039%¢ 02
14040 :33 0 [23 5:6887E V2 1.380%€ 02
13040 Qu 01 0l §e9T69E 01 145950 02
160+9 1.0185E 02 03 01 8+3421€ U1 1.8206E 02
170,0 1.0921¢ 02 01 62 943979E LI L.993%E O}
175.0 1,133 02 02 947E 01 240431 Q2
100.0 1.,1203€ 02 1.0160¢ 02 2,1385E 02 1,080%€ 02 9. T960E 01 2.0602€ 02
8 ~ COEFEICIENT <CuS? (LAS) TRANSMISSION COEFFIC, . NT
L L~ ($) - ) AL (T aL ~L) L 1¢ed T¢(O) Tl
o 1sa9505 D2 3.0917€ 01 2-0014E 02 24Q026E u [ 9.9844E=01 040 0.0
1 2:3229E 02 243229€ 02 2.36T9E 02
2 3+3¢%E 07  3.agat€ 02  37302F 02 2 1 140760E~01  0:0 14 3220¢~01
3 2+14T4E 02 2014T4E Q2 242043E 02 !
4 To3790E 01 145423€ 01 2:9281E 0L  1:0037E 02 2 6€44900E~0L 040 $.4783E-03
3 3493%0F 00 3s9190E 00  9,44489E 00
3 9:34328«01  1.2093F 00  241436E 00  2.5594€ 00 3 2,4703E%02 040 245326E-03
7 617034E<02 6o TRIAE=Q2  2.4230E-01
{ Soaq7e8e0) 401324802 26220E~02  347940EnD2 L} #22442E-03  0¢0 A5 4507E=03
* 4s2780E=04 412780604 A, 72a2€03
10 202510E-05  3.8Y0L1€=0Y 3¢ 9924E=D3  349292E-D) s 117Ta9Ew0s 010 3:3234g=0%
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Fig 6 (2) continued
PRCR. 3=<« Fi%6=N, E*2.0 MEV » MDLDAUFR THEURY « @=ly NU=L.5 PAGE &
CALCULATED ~ATA DF COMPLUND NUCLEAR PRUCESS
MOLDAUEN T'EORY ()SEv  L-FACTOR ... 1,000 CEG. QOF fREELOM ... 1.50
FIRGT EACITID STATE (N~ = N )
EXL)TRIJON ENERGY oavss 048469000 (MEV)
EMITTeL ENCRGY (CF5S) 1+1531000 (MEV)
CLABY ooy 12732764 (MEV)
SkiN=r RITY L.coissvues +
Cur PCUND NUCLEUS FURVATICN CROSS SECTION (INVEHSE PROCESS)  esees 17189t 03 (MILLI-BARNY
TOTAL INELASTIC SCATTERING CROSS SECTION TU THIS LEVEL «onieviaes  9¢4198E 02 (MILLI=BARN)
ANGUL#R DISTRIBUTION (DEGREE)
vesesense CENTER COF MASS . cenr o LABCRATORY sease .
ANGLE OIFr Cabde ANGLE DIFF.C.S. ANGLE DIFF+CsS, ANGLE DIFF«C.Ss
00 740556k 01 120.0 T+6005t @1 Q.0 T43962€ 01 1148 T14260E 01
5.0 7.0688€ 01 140,0 7.5473€ 01 4.9 7.4070E 01 139,12 7.2781F 01
1040 7.1UT6E 01 1%0.0 7.%102E 01 9.4 7+4438E 01 149.3 T41103€ 01
260 7+2638F 01 160.0 7.2433€ 01 19,5 7.5708E 01 159.% 6,9247¢ 01
3ueo 7,4102€ 01 170.0 076E 0l 29,3 T.719aE 01 169.8 6. TT794E 01
50.0 7+6130E D1 1T3.0 7.U6B3E 01 49.0 T.B508E 01 1749 6,7386E OL
70+0 75386t 0} 180.0 7.u35at 01 68,7 T.6664E 01 180.0 &.72a%¢ 01
W0 7.8%856E 01 88.6 7.4309E 01
B = CUCEFFICIENT  (CwS} {LAB) TRANSMISSIQON COEFF ICIENT
Lt ol [ nL L 2 T 25y TC)
) Tea760E OL 0 7,4960E OL [ 1 9.8874£-0L
2 =1+2763¢ 00 1 3.9696F 00 1 b} 7.90890E-02 1 1.113%e~01
“ ~3.0979t 00 2 -1.2343E 00 2 3 3,8090€=01 3 2,8191E~01
b “3+1660E=02 3 2.5223€-02 3 7 4,2067€-03 s 1¢2342£~03
3 -b.B8431 =08 . =3,0710E 00 4 9 6.2332F=04 7 4. 0600E~04
INELASTIC € DS SECTION sesseaenve  9.8198F 02  (MILLI=BARN)
RUNNING TLE a0 T+AT SFC.
FRCb, 3=31 FES6=Ne €%1.0 MEV + MOLDAUER THEURY + &=lv NUs1.d PAGE )
TARGET  INCIDENT PMESH » 2.3500L=01 (FERMI) MAXIHMUM ANGULAR HMOMENTUM 4
MASS  L.isiiair 56,00 1.009000 PMLSHCH 2.500E=01 (FERMI) CLASSICAL CUT=OFF MCMENTUM 3
MASS -1 1 CMESH » 2.883E=01 (FERMI) WAVE NUMBER srssaevasnces 04217763
ATLMIC NO»  aav 2B 0 CMESHCE 0.0 {FERMI) COULUMB PARAMETER (YETAY 0.0
Cu> ENERGY 4o 1,000000 (MEVY
LAD ENERGY v 1.018018 tMEV) SEPARATION ENERGY «ss v.0 {MEV)
INCIDET PARTILLE  4ueoo NEUTRON
IMAGINARY PQTEAT]AL FORM NUN=LOCAL PARAMETER a« 0.0 ¢ L=5 TERM )
J~TERNAL “ssessns SURFACE ABSORPTION ONLY
SUKFALE  » » GAUSS
POTENTIAL PARAMETEX
FORM PAMAMETER WELL OEPTH PARAMETER (HEV)
reRmey
m‘l: = 1.285 V = 86,00 Wl = 0.0 ws = 14.00 VS0 = T.00 wSO = 0.0 VSYM = 0.0
Rl = 0.0
RC = UiQ VE = Q.0¢ wlE = 0,0 wsE = 0.0 vS50E = 0.0 W50 = 0.0 yCoUL= 0,0
RS = 1,400
Aoum 1,265 VESum 0.0 wlEs@s  0.C wstsa= 0.0 VS0ESEs 0.0 wSOES@« 0.0
AQ = 0+620
Al = Uil VRE = 46,00 wiMp = 0,0 WiMg ~ 14,00 vSP0 = 7.00 WSPO = 0.0 VSYMMe 0.0
B e vis0u
Abue Usg2d
BRANCHIG ~ATIO
0.0 040 Q0 0.0 0.0 0,0 0:0 00 00 0.0 0+0 00 [ 00 0:0
3-8 0.¢ 0.0 0.0 -N.] 0.0 0.0 0.0 040 Q.0 0.0 0.0 De0 0.0 0.0
LEVEL DENSIlY PARAMETER
EC = 0, & 0.0 SGM* 0.0 EPR™ 0.0 Nome 0.0
b0 0.9 0.0 0.0 0,0
NO EXPLPIMINTAL DATA
PROB. 3-3¢ FESe=N. E=1.0 HEV v MOLDAUER T ORY + @els NU=1.% PAGE 2
T0TAL CROSS SECTION seswes  3423T2E 03 (MILLI-BARN)
SHARE ELASTIC CRCSS SECTINN  1.5364E 03 (miLLI=BARN)
REACTION CROSS SECTION ... 2.7209E D3 (MILL1=BARN)
ANGULAF: DISTHIBUTION  (DEGRFE)
tesvesnss CENTER OF MASS eaeensser tvescs  LABORATORY seesss
ANGLE ELASTIC ANGLE ELASTIC NGL ELASTIC ANGLE ELASTIC ANGLE ELASTIC ANGLE ELASTIC
0.0 >».0108E 02 50,0 2.033%E 02 150,0 1.2981E 02 0.0 3.1930E 02 49,2 2.0815¢ 02 149,35  1.2581E 02
5.0 &.96TBE 02 Tu.Q T.9381E 01 160,0 1.5183E 02 4,9 3,1477E o2 69,0 8.0397€E ol 139eb  1.4837E 02
10.0 &.8407E 02 #0.0 2.7264E G! 170.0 1.6630E 02 9.8 5.0141€ 02 89,0 2.7277E 01 1698 1.6043E 02
2040 4+3813FE 02  120.0 $.3461E 01 1T 147015 02 19,7 4.31085E 92 119.1 3.2521E 01  174+9 1.4410E 02
30.0  3:6364E 02 140.0 1.0393€ 02 180, 1.T146€ 02 29,5 3.7T1BE 02 139.3 1.0111€ 02 180.0 1.8333€ Q2
COMPUUND FOKMAT IUN PROBABIL iTy
Lo2%y Tee) 285 T(=> (1) T®e 28y T [ LX) TN 20y TE=)
[} 1 9,8.14E-01 2 S 3,0872€~01 3 2.12836-01 ) 9 3.6233E-08 7 2,1404E~08
1 3 T.2823Ew02 1 1.0388E~HL 3 T 2.33476-02 5 TE883E=04
B = COEFF1CIENT <(Cuy)
X8 aL L BL L 8L L n L a L bL L 8L
0 L.2226t 02 1 141923€E 02 2 2,002%E 02 34,3310 01 4 1.3714E 01 5 2.6T1eE=0L -
T 7.3491t-04 & 2.0403€-03 9 0.0 s 6 4.03P4L=02
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Fig 6 (2) continued

PRCH, 3«3, FrSe=n, E=1.0 MEY . MOLDAUER THEORY + @=L+ NU=1.5 PAGE 2
CALCULAIED «ATA OF CUMFUUND NUCLEAR PROCESS
MOLDAUER TMLGaY uSEY  «=FACTOR .., 1,000 DEG, OF FREELOM .,. 1,50
GROUND STATE ¢ N = N )
SPIN=PARITY & vaseswn,, 0«
Cu-PLy-D tLASTIC SCATTERING CRGCSS SECTION 1.2088E 03 (MILLIBAFNY
SHARE L AsTIC SCATIERING CRrosS SECTION oo o 1:¢3383E 03 (MILL1=BAKN)
TOFAL cLASTIC SCATTERING CROSS SECTION yecevevs,» 2.3432E 03  (MILLI=BARN)
ANGULAR viSTHIRUTION (DLGREF)
Ceiivaaes CENTER CF MASS atesenser teresesiise LABCRATORY vresesoncss
ANGLE ELASIIC(®) ELASTICCC) ELASTIC(T) ANGLE ELASTIC(S) ELASTICY(C) ELASTICtT)
ye0 5.01088 v2 1.6023F V2 6.6130E 02 0.0 3.1930€ 02 1.660%E 02 t.839358 02
5+0 2.9618E u2 1.5894E 02 6.5571t 02 4.9 3.1477¢ 02 164696 ©2 647947E D2
1040 4, BOVTE U2 1.5517F 02 613925 02 9.8 5.01a1g 02 1.6073€ 02 6.621a€ 02
2y+0 4.3613€ U2 1.4160€ Q2 3.7773E 02 19,7 4.310% 02 1.4643E 02 2.9750E 02
3u.0 3.650kE 02 1.2398F 02 4,6922E 02 29.5 3.7718¢ 92 1+2748E 02 5.0867€ 02
suD 2,0335§ v2 9.2576€ 01 2.9393E 02 49.2 2,0815E 32 9+4759E U1 3.0291€ Q2
700 7,9381€ U1 R.2139¢ 01 161526 02 &v.0 8.0397¢ 01 8+3190E Y1 1.6359€ 0
suro 2,T264E 01 R.2261F 01 1.0932€ 02 83,0 2,721TE 01 8+2301E U1 1.0938¢ 02
120+0 5.%0lE V) B8.4908F 01 1+383TE 02 119.1 $.2521E 0) B13817€ U1 13598 02
140+0 1.0393E v2 1.0398E 02 2.U991E 02 3999 1.0111€ 02 1.0309E w2 2.0420F 02
150+0 1.2991F 02 1,2338E 02 2+9339E 02 145,35 1.2381F 02 1419T7€ w2 244558 02
18G+0 1.3163E v2 1,8160F 02 23320k 02 139.6 1.4657€ 02 1.3686€ 02 2.8943F 02
170-0 1.6630E 02 1.5317¢ 02 3.2147E 02 169.2 1,645 D2 L.49726 U2 3.1017€ Q2
1150 1.701%g v2 1.9854F 02 3.2909E 02 1709 l.6410 02 1.8328€ 02 3.1738¢ (2
1800 1.7196g U2 1.6023F 02 343168 02 180,0 1,633 02 1.5650E V2 3.198aF 02
B - CCEFFICIENT  tCMS) (LAB) TRANSH |55 [ON_CDEFF ICIENT
Le uLe (S 8L~ (C} L -(n BL =(L) L T(e) 1¢0> TC=)
u Legp26t 02 9.619aE 01  2«1b04%E v2  2,18e3k 02 Q 9.0Ll6E=01 0.0 O.0
) 1.1923t 02 923E 02 11,2933k 02
< 2:0023t 02  4.3191F 01 2,47p0E 02 1 7.2023€=02 0.0 1.0368g%01
3 445310t 0) 5.5028E 0L
“ 1:3718L 01 2.0603€ Q1 3.6707E 04 H 3.08726~01 0.0 2.01283g~01
> 2:6716t=01 2.6716€-01  2.3732t 00
3 4+0398t=0¢ 241907€E=01 2+5947€=0l 3,3062E-01 3 2.5547E=03 0.0 T.8B83E~04
? 7+3291L=0% «3291E-Ua 297602
8 2:0A03t-0>  1.8914E-02  1:8YDAE~U2 +9390€-02 L] 3.6233€-0% 0.0 2:1404Fw08
PROB, 3=34 Fi36=n, E"1.U MEV . MOLDAUER THEORY + =1+ NU=l.3 PAGE &
CALCULATED LaTA oF COMPUUNU NUCLEAR PROCESS
MCLDAUE~ THEGRY ySEw w=FACTOR ... 1,000 DEG., OF FREEDUM .., 1.30

FIRST EACITED STATE (N = W)

EXCITATION ERERGY  oves,  0.BMG3000 (MEV)

EMITTED ENERGY (CMS) ., 0Q,1531000 (MEV) -
(LABY 0.1538585  (HEV)

SEIN=PARITY Leviqevaan, 2+

3.3827E 03 (MILL1=BARN)

CuvPCUND NLCLEWS FURPATICN CROsS SECTION (INVERSE PROCESS)?
53.1203E 02 (MILLI=BARN)

TOTAL INELASTIC SCATTERING CRUss SECTION TO THIS LEVEL

ANGUL#R CI1STn|BUTION (DEGREF)

4tasesirs CENTER CF MASS aveavesssr sscaviisses LABCRATORY seassenrnos

ANGLE pIFF«C.s. ANGLE DIFF.CeS, ANGLE DIFFC+58, ANGLE

[} 4:0343€ 01 120.0 4:07g9E 0I D0 asa362¢ 01 Fsichs

5.0 4.0%47c 01 140,0 4,0735E Ol 4.8 A:4354E 01 138.2
lu.0 4.0561t ©l 130.0 4:0673¢ 01 9.6 4,4327E ol 148.6 «1328€ 01
20-0 4.0011E D1 160.0 A.0611E 01 19,1 404217E 01 159.1 3.T187 o1
300 406756 01 170.0 4.0%61c 01 8.7 4.4016E 0L 169:3 3.6970E 01
50:0 4.0T74€ 01 173.0 4.0347E 01 A8.0 4.3300E 01 174.8 3.6914E 01
Tu.D 4.0743E 02 180.0 4.0%43E 0l 6T.6 4.2194F 01 180.0 3.6895E 01
90:.0 2.0770€ 01 87,4 4.0900E 01

b = CLEFTICIENT  £CMS) (LABY TRANSMISSION COEFFICIENT

L BL LL bL L 2y T(+) 2%y T=)

v 4.07A8E 01 [ 4.0T48E 01 0 1 1,2258E=01

< 30LE-D1 1 3.7348E 00 1 3 1.,0933E=02 1 1.7832g~02

4 ~942460E=02 2 ~246334E~02 2 5 4,8318E~03 3 2,4482¢-0)

INELASTIC CrOSS SECTICN -4y o 5.1208€ 02 (MILLI=BARN)

RUNNING TIwE o . 4432 SEC.

JAERI 1224
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Fig 6 (2) continued
PROB. 3=-%, FES6=Ns E™2,0 HEV « MOLDAUER THEQRY PAGE 1
TARGET  INCIDENT PHESH ® 2.3Q0E~D1 (FERMI) MAX1MUM ANGULAR MOMENTUM 3
MADS 4 .u « 36,00 1.008863 PHESHCa 2:300E-01 (FERMI) CLASSICAL CUT=OFF MOMENTUM L]
MASS NO.  oyeee 36 1 CHESH = 2.499E~01 (FERMI) WAVE NUMBER vesveonsneeny  0,307914
ATOMIC NOe  4sv 26 [] CHESHC™ 0.0 LFERMI) COYLOMB PARAMETER (YETA) 0.0
M5 ENERGY 40 2,000000 (MEV)
LAB ENERGY  +a 2,03602a (EV) SEPARATION ENERGY .ot 0.0 {MEV)
INCIDENT PARTICLE ...,, NEUTRON
IMAGINARY POTENTIAL FORM NON=LQCAL PARAMETER = 0.0 ¢ L=S TERM )
INTERNAL » SURFACE ABSQRPTION ONLY
SUNFACE « GAUSS
POYENT AL PARAMETER
FORM PARANETER WELL DEPTH PARAMETER (MEY)
CFERM}>
V= 46,00 wl = 0.0 ws = 1%8.00 vSg = T.00 wS0 = 0:0 VSYH = 040
VE w 0.0 wlE « 0.0 wSE = 0.0 v50E = 0.0 wS0E w G0 vCOULa 0.0
VESd= 0.0 wiEs@e 0.0 wsEsee 0.0 VS0ESye 0.0 W50ES€= 0.0
VRE » 48,00 wiMl = 0.0 wiMg = 14.00 VSEO e 7,00 wSpO = 0.0 VSYHMa 0.0
. 0.0 0.0 00 0-0 040 00 0.0 0-C Qs 0.0 0.0 00
0.0 0.0 0.0 0.0 0.0 D.0 0:0 0,0 0.0 0.v 0.0 R 0.0
LEVEL DENSIlY PARAMETER
EC e U0 A" 0.0 SGM® 0.0 EPR= 0.0 NOM= 0,0
o, @0 0.0 0,0
NO EXPERIMENTAL DATA
PROB, 3=%, 'E3&=Nu E®2.0 MEV « MOLDAUER THEORY PAGE 2
TOTAL <ROSS SECTION ,eerss 3143928 03 {MILLI=BARN)
SHARE £)ASTIC CROSS SECTION 1.8779E 03 (MILLI=BARN)
REACTIUN CROSS SECTION .u. 1.3814E 03 (MILLI=BARN)
ANGULAR DISTRISBUTION (DEGREE)
teevenses CENTER OF MASS . . ae LABIRATORY sssses
ANGLE  ELASTIC ANGLE  ELASTIC ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC
0.0 1.01a6E 03 50,0 2.4263E 02  130,0 9.2677E€ 01 0.0 1,05L3€ 03  49.2 2.4435E 02  149.5 8,9820F 03
5.0 1.0019E 03 10,0  3.1390E ol 160,0 1.0199E 02 4,9 1,0382E 02 69,0 3.1791E ol 15946 9,8576E 01
100 9.4483E g2 90.0 7.1669E g0 170.0 1,0938E p2 9.8 9,990TE 02 89.0 7.1704E 00 169+8 1.0%534E 02
20.0 B8+2657E 02 12040 6.3292E 01 175,0 1.11%0E 02 19,7 8.3883E 02 119.1 6.218CE Q1 174.9 10733 02
30.0 843304E 02 13U.0 8,333 o1 120.0 1.1223t 02 29.3 6,3302€ Q2 139.3 B.1281E 01 16040 L1.0822€ 02
COMPOUND FORMATLON PROBABIL | Ty
L 2%y T(s> 204 T¢=) Lo2sJ T 2%y (=) L 2%y T 28y T(~)
[] 1 9.98326-02 2 S 6.4963E-01 3 6.3TME=0L A 9 44262303 T 4BITIE-0)
1 3 1.0TB4E~C1 1 1:9261E-41 3 T 2.8626E-02 3 8:4931E-03 3 11 147692£-04 9 5.3103E=-D3
B = COEFFICIENT (CMS:
LL BL (13 8L L aL L BL w L LL BL [48 LIS
0 1.4984E o2 1 2.3253E 02 2 3.3928E 02 3 2.186bE 02 A T.3760F oL 5 3.922sE 00 & 9434ATE-01
T 6.76BIE-02 € 4.6803E-03 5 3.2609E-08 10 2,2825g-03 11 0.0

FROB, 3-A. FE36=Ns E"2.0 MEV + MOLDAUER THEORY

INELASTIC SCATIERING seavissesss INPUT DATA tovesrassae
TOTAL LEVELS sesvetraess 2
*a® GROUND STATE ¢ N = N )
SPIN=PARITY .. 0+
TARGET  INCIDENT PMESH = 2.300E«01 (FERM!)
MASS ressassat 36400 1008663 PHESHC= 2+300E=01 (FERM])
MASS NO, 36 1 CHMESH = 2.499E-01 (FERM[)
ATOMIC NO:«  +oo 26 o CMESHC= 0.0 CFERMI)
CMS ENERGY 4.+ 2,000000 CMEV)
LAB ENERGY +s¢  2.036024 CMEV) SEPARATION ENERGY .«
INCIOENT PARTICLE «sevs NEUTRON
NUN-LOCAL

INAGINARY POTENTIAL FORM
INTERNAL - . SURFACE ABSCRPTION ONLY
SURFACE GAUSS

POTENTIAL PARANETER

FORM PARAMETER WELL OERTH PARAMETER (MEV)
(FERND)
R? - ¥V = 46.00 wi = 0.0 w5 ™ 14.00
Rl ~
VE = 0,0 wlE = 0,0 w5t = 0.0
VES®a 0,0 wlEs@s 0,0 wsEshe 0.0
VRE = 46.00 WM = 0.0 WiHS = 18.00
BRANCHING RATIO
040 0e0 940 0.0 0.0 0:0 a0 0+0
0.0 040 0,0 0.0 0.0 0.0 0.0 0.0
0.0
LEVEL DENS1TY PARAMETER
e ¢ A® Qw0 SGM= 0.0 EPRe 010 NOH=
. 0.9 0.0 0.0

PAGE 3
MAXIMUH ANGULAR MOMENTUN 3
CLASSICAL CUTOFF MOMENTUM &
WAVE NUMBER «cveorsoseass  0.307914
COULOMB PARAMETER {YETAY 0.0

0.0 (MEV)

PARAMETER « 0.0 ¢ L=5 TERM b}
V50 = T.00 S0 = 0.0 YSYH » 040
VS0E = 0.0 ¥SOE e« 0:0 vCouLe 040
VSOESSe 0.0 wSOESe= 0.0
VSPD = 7.00 ¥SPO = 0.0 VSYMH= 0.0

0s0 8.0 040 [ 010 010
0.0 0.0 0.0 0.0 0.0 0.0

0.0

0

o
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Fig 6 (2) continued

PROB, 3-4: MES6~Ny E™2.0 MEV « MOLDAUER THEORY

#we¢ FIRST EACITED STATE ¢ N~ N )
SPIN=PARITY ,seqasunnss

0
EACITATION ENERGY .voes 0.850000 (MEV)

POTENTIAL FORM AND PARAMETER +.ss.

PRCB, 3~4, FE36-N, E™2.0 MEV + MOLDAUE!
CALCULATED UATA OF COMPOUND NUCLEAR Pl
MCLDAUER THEQRY USEL DEG. OF
GROUND STATE (N = N

SPIN-PARITY .e4 s De

COMPCUND ELASTIC SCATTER{NG CROS
SHAPE ELASTIC SCATTERING CROSS §!
TOTAL ELASTIC SCATTERING CROSS 5|
ANGULAR OISTRIBUTION (DEGREE)
etsssecss CENTER OF MASS

ANGLE ELASTIC(S) ELASTIC
0+0 1,0146€ O3 2.2056€
3.0 1.0019€ 03 2,1787E

10+0 9.6433E 02 2,100TE
2040 8.2637€ 02 1. 42526
30+0 6,33V4E 02 1,4726E
300 2.4263E 02 K296 THE
7040 3.1390€ 01 6,9329E
900 7.1669E 0p 6.8293E

1200 6,32%2E 01 Te344%E

180:0 8,353 141418€

130+5 1.4726E

160+0 1,8252€

1700 L ~0938E 02 2,1007€

175.0 1,1150E 02 2,1707F

18040 112238 02 2,209

B = CUEFTLICIENT (CN5)

[ BL= (5) BL- (C)
[} 1:494¢E 02 9.3987F 01
1 2+32%3E 02
¢ 3-3928E 02  3.2633E 01
3 2+1466E 02
4 7+3760€ 01  3.892a€ 01
s 3.9228E 00
5 943a478=01  3.0200E 00
7 6. 7681E-02
B 4:6803E-03  3.8392E-01

19 42609E-04
U}

2+2423E=0>  1.7629E~02

PRCB, =4, FE36~N. E®2,0 MEV « MOLDAUE

R THEORY
ROCESS

SAME AS BEFORE

FREEDOM ++« 1.00

S SECTION «v.e
ECTION
ECTION

({3} ELASTIC
62 102331
Q2 142157
0z Le1746E
02 1+0091E
02 #+80Y0E 0
o1 40 3230E
01 110092E
'3 7.9820E
01 1038788
02 149713
02 213994
02 2.8431E
o2 3.1946E
02 3.2937E
02 3.3279€

8L =(T}

2+4340E 72
2:3253E U2
4:2191E v2
2+1466E 112
1-1229€ (2
3.9228€ €O
3+9343E 00
6+ TH8LE-02
349060E-01
A3 2609E-04
1+ T662€-02

R THEORY

CALCULATED -DATA OF COMPUUND NUCLEAR PROCESS

MOLDAUER THEQRY YSEDL DEG. OF
FIRST EXCITED S5TATE ¢ N =N

FREEDOM ¢« L

EXCITATION ENERGY ...vy  0,8300000 (MEV)

EMITTED ENERGY (CMS)
CLAB: 1.1707
O+

SPIN=PARITY avsnssee

COMPOUND NUCLEUS FCRMATION CROSS SECTION (INVERSE PROCESS)
TOTAL INELASTIC SCATTERING CROSS SECTION TU THIS LEVEL

ANGULAR DISTHIBUTION (DEGREE)
sterieess CENTER CF WASS
AN

1.1500000 (MEV)

137 (NEV)

ses  1.206VE 03

1.2779E 03
3.083BE 03
(T ANGLE
03 0.0
03 4.9
03 9.8
03 19.7
29,5
02 49,2
0z 69,0
ol 89,0
02 119,1
02 139,83
02 149,
02 139.¢
02 169.8
02 178.%
02 180,0
CLAB)
BL -0
2.45408 02
2,3830E 02
4,2687E 02
2.3011E 02
1,2331€ 02
1.0734¢ 0}
4,4043E 00
3.6283E~01
4.0360E=01
3.6A9TE~D2
1,8977€-02

ANGLE DIRF.C.S, GLE OIFF.C.8,
0+0 $42239E 01 1200 2+#213E ol
5.0 5+23TAE 01 140,0 3.8575E 01
1o0+0 4+9638E 01 130.0 4:3530E 01
20-0 53.2685E 01 160.0 9+2685E 01
30+0 4¢3330E 01 17 3.9638t ol
30.0 2 |001E o1 173, 6+1574E O1
10+0 61E 01 180.0 6+2239E 01
90.0 2~1’JNE 01
8 = CCEFFICIENT (CNS) (LAB)
X3 BL LL BL
[ 2.9874E 01 [ 2.987aL 01
2 241613 01 1 1.2139€ 00
L] 1:0436E 0L F 2.1615€ 01
& 235T6E=01 3 8.9996E-0%
] 2.9413E-02 4 1.0488E 01

INELASTIC CNOS5 SECTION eovaninsae
RUNNING TIME voe0e 7439 SEC.

3.7581E 02 (MILLI=BARN)

vee

.

CMILLI-BARN)
CMILLL=-BAHN)
MILLI=BARN)

P
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AGE &

PAGE s

scseessysrey  LABCHATORY ssvvcvnvcay

ELASTICUS)

1.0515E 03
1.0332E 03
9.9907€ 02
8.3483F 02
6.5302¢ 02
2.4835F 02
3.1791E 01
7.1704E 00
&.2180€ 01
Be1241E 01
8

1.0822F 02

TRANSMISS[ON COEFFICIENT
L t¢e)

9:9052E-01
1.0784E~01
6e49063E~01
2.8526E~02
4,2623E~0)

w » U oN o~ o

1.7693E~04

ELASTIC(C)

2,2837€ L2
2.2376E 62
2.1760E U2
1.8878F v2
15191 02
9.1T88€ UL
T+0M19E Vi
61 82B7E vl
7.4120F O3
1.1107E w2
1.8272E 2
1.7640E b2
2.0269F L2
2.)012E ©2
2.1268E v2

1¢0)
0.0
0.0
a0
0.0
0.0
0.0

ss 1.7195E 03  (MILLI-BARN)
ss 3.TSALE 02 (MILLE=BARN)

sevsessenss  LABCRATORY covrnacnas

ANGLE DIFF+C1Se ANGLE
0.0 6+5230t 01 11g-8
8.9 &.4523€ 01 139.1
9.8 6+2462E Q1 1893

19.5 5.5068L 01 15%.5
29,3 A.53a4E 01 169.8
49.0 2:8877: 01 174.9
6a.7 2.3251E 01 180.0
8.6 2.2933E 0L
TRANSMISSIGN CUEFFICIENT
L 28 TEd 2%
0 1 9,8363£~01
1 a 1.9072E~02 1
2 S 3.7964E~01 3
3 7 “.1492E~03 s
a 9 64 2096E~0% 1

ELASTICKT)

1.2800€ ¢3
1.2639F 03
1+2167E 03
1.0436E 03
B.0493E 02
3.4013E 02
1.0221 02
T.54578 01
13630 02
1:9236¢ 02
22,3234 02
ZoT498E Q2
3.,0823¢ 02
3.1766€ 02
3.2091E 02

Tl=)
0.0
1.3261g-01
6.4T38E~01
8.4931g-03
3,8375E=-03
343105£-0%

PAGE &

.
DIFF«C.5:
2+3659¢ o1
343436 0L
4.1767F ol
$.0365€ 01
S.6882F 01
5.8695F O
5.9317F 0L

T

1,1133=C1
2,8000E=01
1,2674g=03
4.0009E=0%
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Fig 7 (1)
L S Y R TEETLIIETE L AT TRRRS JOPRY TIREL PRINY PRTR TETRLITTIL )
7 PRCH. &1 C(OAD N P A} REACTIONs £m1.836 MEV + H-F THEORY
9 & 1 2 & 12 1 2 19 1
1 12.0 0.0 1.0 10.€62%  =1.85%
b 1.00% 1.,00% 1009 1.3
11 @9 V.82 0.9
16 122.0 14.0 9.0
28 «0.1%
21 3.0 10.u 20.0 30:0 A0.0
56 50.J 60,4 70.0 30.u 90.0
61 100.0 110.0 120.0 130-u 140.0
66 150.0 160.0 179.0 180.4
H 1 7 13 o 1
1 13.0 0.0 0.5 1045338
b 1.2% 1.23 1.2> 0.0
1 0,63 063 0.6
16 a%.0 7.0 bz
» =05
3 2 [ 1
2 Va0 1.3%07
10 125
16 54.0
1 ?
3 3409 0:%
1 1
36 3:68 -1.>
1 4
36 3.8% 2.9
6 3 1 5 10 2 )
1 10.0 0.0 0.0 1l.613a
& 2,07 2.07 0.0 2.07
11 0,35 0.3 b.0
16 80.0 4.0 0.0
24 0«0
36 0,0 3.0
LEXEEL ] LEERYY PRNRA ] PLARTY AL AN TRy
Fig 7 (2)
PRCH. %+ CCLaD N P A) REACTIUNs Ewl+836 MEV « M=F THEORY PAGE 1
TAMGEY  INCIDENT PMESH = 2.300£~01 (FERMI) MAXTHUM ANGULAR MUMENTUM )
MASS .. 1¢.00 2.018097 PMESHCw 2.500E=01 C(FERMI) CLASSICAL CUT=OFF MOMENTUM o
FASS v, 12 2 CMESH = 2.499E=0L (FERM]) wAVE NUMBER 0.362128
ATUNIL NOW 4y ® 1 CMESHC 2.487L=01 (FERMI) COULUMB P£RAME 01983380

Chy ENERGY  wov 1.589237 (MEV)
LA € «@tRGY  a4v 14856000 (MEV) SERFARAT[ON ENERGY  veu 10,2625 (MEY?
INCIOENT PARTICLE  svees DEUTERON

{HAGINARY POTENTIAL FORM NON~LUCAL PARAMETEK = N.0 L=S TERM )
INVERNAL  + +»+ SURFACE ABSCHPTIUN CNLY
SUKFACE  ++ sve DIFFs wOUDS=SAXON

POTENTIAL ~ARAMETER

FORM PAR~METER vELL DEPTH PARAMETER (MEV)
CFERM])
R? = 1.00% vV =122.00 wi = 0. ws = 14.00 VSO » 9.0U wS0 = 0.0 V5YM & 0.0
Rl = Ge0
RC = 130U vE = 0.0 wlE = Q.U wSE = 0.0 VSOE = =0.150 wS50f = 0.0 vCOULe Q.0
Ay « 1.00%
RSLa 1.003 VEswe 0,0 wiks@= Q.0 wsksgs 0.0 vSoESea 0.0 wS0ETRe 0.0
AD = Us900
Al w0 VRE =122.0n wiM] = D.0O wimg = 14,00 VPO e BTG wSPO = 0.0 V5¥Mpa 0,0
B = urady
Abue 0900

BRANCHIAG n*TIV

Osv 0+Q 0.0 0.0 0.0 0.0 Qsv 0.0 23] Q.0 0«0 040 00 0.0 [:T1]
Qv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
[9Y)

LEVEL DLNSI!1Y PARAMLTER
EL = .0 A" 0.0 SGM* 0.0 EPR® 0.0 NOmM= O
v.0 a.0 0.0 0.0 L]

NO EXPLAIMENTAL DATA

PRCB. &s CCU'D v P A) REACTION. E=1:8%6 MEV « H~F THEORY PAGE 2
REACTION CADSS SECTION ... 8.99T1E 02 (MILL1-BAKN)

ANGULAR U1STRIBUTICN ¢OEGREE)

. CENTER OF MASS sri-vevee sssnss  LABOHATORY aesvsy
ANGLE ELAST! RUTHERFQORD ANGLLE ELASTIZ RUTHERFORD ANLLE ELASTIC ANGLE ELASTIC
5.0 5.1a70t 06 1.00A7€ 00 100.0 2.1681L 01  4:US20E~pL 4.3 T.O0L37E 06 2,1331€ oL
10,0 9.9939€-01 110,06  1.3947t 0% 3+3993E=~p1 .6 A,3MSE 05 1.+2915E 01
20,0 B+ T982E=01 20,0 1.¢20%E 03 3.T166E~pl 17.2 2.4045E 0 1.0632€ 01
30,0 8,0834€-01 130.0 1 30A2t 01 4.T636E~0L 23.8  4,4003E 03 1.0703€ 01
400 B.578%E-01 1a0.0 144547€ 01 6 34.9 1.4992€ 03 1.1302€ 01
sU.C 9.%210E-01 150.0 1.5821E 01 adea 6.90A6E 02 1+1T23E 01
50,0 9«8 THAE=QL 160.0 1<6500k 01 2.4 3,05232E 02 1.18%9E 01
.0 941372F=01 170.0  1.6936E 01 9.0a1BE~O0L 618 1.8021€ 02 1+1837€ 01
#.0 Te4B42E-01 180.0 1+To33E 01 9+2319E~0l 79.9  8.9110€ 01 1,1809€ 01
94,0 A.1040t 0L 5.33a5F-03 a0.5 4,27T8T7E 01
COMPOUNG ~ORMATION PROBASILITY
L Teer T T(~) L T <o Te= L T {3 T¢=)
0 T.0¥@3E-OL 2 1.713%E~01 1:+3290E=01 3.0349E«-0) & 2:14004F-UA  2,0120E~04 I<P1HAE=DS

1 a,ye9dt=gl 9,07%0k=01 §.60%6E=ql 3 2.2811€~02 7.0%08E=03 &,0753E-03
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Fig 7 (29 continued
PRCB. &y CLO*D N P A) REACTIONs Ew1.836 MEV  H=F THEQRY P3OE 3

INELASTIC SCATTERING o« s+ INPUT DATA savesvunstas

TOTAL LEVEL T eooratvanne 7
#e8 GROUND STATE (p =D

SPINSPAR\TY .sesssaanes O+

T2.GET  INCIDENT PHESH = 2.500E-01 (FERM)) HAXIMUM ANGULAR MOMENTUM “
NASS  «.. 12.00 20014097 PMESHCe 21300E-01 (FERMI> CLASSICAL CUT-OFF MOMENTUM &
MASS NO. 12 2? CHESH = 2,499E=01 (FERM1) WAVE NUMBER seasecvecssss  0.362128
ATOMIC NP, b 1 CHESHC= 2.487t~01 (FERMI) COULUMB FARAMETER (YETA) 0.984340
CHMS ENERGY 1.589237 (MEV)
LAB ENERGY 1.856000 (MEV) SEPARATIGH ENERGY ... 10,2623 (MEy)
INCTOENT PARTICLE  «vv-« DEUTERON
1MAGIWARY POTENTIAL FORM NUN=LOCAL PARAMETEK = 0.0 { L-5 TERM ]

INTERNAL  »eesevsqee SURFACE ABSORPTIUN ONLY
SUNFACE o serese DIFFs wOODS=SAXON

POTENTIAL PARAMETER

FORM PARFMETER w#ELL DEPTH PARAMETER (MEV)
CFERMI)
RO = 1:00> vV =122.00 wl = o ws = 14.00 VS0 = 9.0V wsg = 0.0 vSYM = 0.0
Rl =
RC = VE = 0.0 wif = 0. wSE = 0.0 VSOE = *D.150 W50E = 0.0 vCOuLa 0.0
RS ®
RSum VESwe G,0 wlksem p,0 wSESE=  O.u vboEstie 0.0 wSUES@= D.O
AQ =
Al = VRL =122.00 wiM] = 0.0 wiMs = 18.00 VSPO = B,TL wSPU = 0.0 VSYMM= 0.0
B =
ASV= U190V
BRANCHING RAT]O
0.0 0+0 a«c 0.0 0.0 0.0 0.u Q0 040 [ 0.0 v 040 01y 04y
€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 Uy
0.0
LEVEL DENSITY PARAMETER
EC = 0.0 A" 0.0 3GM= 0.0 EPR= 0.0 Nov= 0,0
a,0 ¢.0 0.0 0,0 0.0
PRCB. v T(OSD N P A REACTIONY E=1.856 MEV « M=F THEORY PAGE LY
s GROUND STATE (¢ p = N)
SPIN=PARITY .se4n 1/2=
EXTITATION ENERGY 0.0 (MEV)
TANGET  INCIDENT PHMESH m 2:300k=01 (FERMI) MAXTMUM ANGULAR MOMENTUM 4
NASS  eius 13.00 14008665 PMESHC= 21500£-01 (FERMI) CLASSICAL CUT=DFF MOMENTUM 3
MASS NO, 13 1 CMESH = 2,493E~0\ (FERMI) wAVE NUMBER  veane ers 00242987
ATOMIC NQ- 7 0 CHMESHC= 0.0 CFERM1) COYLUMB PARAMETER (YETA) 0.0
CMS ENERGY oor 14318157 (MEV)
LAE ENERGY «es 1.8420882 (wEV) SEPARATION ENERGY ..o 10,5336 (MEV)
v
EMITTED PARTICLE »<+ce NEUTRON
IMAGINARY POTENTIAL FORM NUN=LOCAL PARAMETEK » 0.0 ¢ L=5 TERM )
INTERNAL SURFACE ABSCRPTIUN ONLY
SUKEACE DIFF. wOO00S~SAXOM
POTENTIAL FARAMETER
FORH PARAMETER wELL DEPTH PARAMETER (HEV)
(FERMI)
V= 43,00 wl = 0.0 ws = .00 V50 = B.0U w50 = 0.0 VSYM = 0.0
VE « 0.0 wlE = 0.0 wst -+ 0.0 VSO e« =0.1%0 wSOE = 0.0 vCoULa 0.0
VESE 0.0 wlks@a 0.0 wsEse= 0.0 vS0ESes 0.0 w50Esgs 0.0
VRE = 43,00 ° WIM] = 0.0 wins = 7.00 VSPO = T.a0 WSPU = 0.0 VSYHM= 0.0
- ¥
BRANCHING RATIO
0.0 0.0 0:0 0.0 0.0 0,0 0.0 00 00 0.0 0:0 (1Y) 0+0 Q0 0.0
o.g 0-0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0w 0.0 0.0 0.0
0.
LEVEL DENSSTY PARAMETEN
EC = u,0 A= 0.9 SGM™ DO EPR® 0.V NoMs 0,0
0,0 0.0 0.0 0,0 0.0
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Fig 7 (2) continued
PROB, 4+ C{vsD N p A) REACTIONs Ew1.836 HEV + HeF THEORY PAGE 3
*es GROUND aTAIE ¢ p =P
SPINPARITY .o 172
EXCITAIION ENEXG: 0.0 (MEY)
TAHGET  (NCIDENT PHESH = 2.300E~01 (FERNI) HAXTHUN ANGULAR NOHENYUH 3
MADS  s.eeseeae 13,00 1.007277 300! {FERM}) CLASSICAL "llT—O WNENTUN 4
HASS WU, . <13 1 175-0) CFERM1) WAVE NUMBER . 0432605
ATCHIC NO«  ~en & 1 CMESHC» 2,498t-01 (FERMI) CouLome PARAHEYER (v:rl; 0.440530
CMS ENERGY  «ve¢  #.301037 (MEV)
LAB ESERGY  vus “«638315 (MEV) SEPARATION ENERGY v T+9307 <MEV)
EMITTEY PARTICLE ..... PROTON
IMAGIN4RY POTENTIAL FORM NUR=LLOCAL PARAMETER = 0.0 (¢ L~S TERM
IN)ERNAL SURFACE AascRPrluN ONLY
SUNFACE o DIFF: wOODS~SAXON
POTENTIAL FARAMETER
FORM P‘::HETER wELL DEPTH PARAMETER (MEV)
RMY
¥ = 34,0 wl = 0.0 ws = 7.00 VS0 = B.00 ¥S0 = 0.0 V5YM =
VE = 0,0 wlE = 0.0 wsE = 0.0 VSCE = =0.130 wSOE =« 0.0 VCOULa
VESW= 0,0 wiEshe 0,0 wSEge= .0 YSDESSs 0.0 wSOESes  D.O
VRE = 34.00 wiM} = 0.0 wins = 1.00 VSPO & 7,38 wSPO @ 0.0 V5YMNMe
BRANCHING HATIO
‘g 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.C 0.0 0.0 0.0
w-g 0.0 0.0 0,0 .0 0.0 6,0 [ 8.0 0.9 [N [N (213 9.0
Q¢
LEVEL DENSITY PARAMLTER
EC @ v,0 A 0.0 SGM= 0.0 EPR= 0:0 NoM= 0.0
. +0 0.0 0.0 0,0
PRCB. &« C{YsD N P A) REACTION« Ewi 836 MEV + H=F THEORY PAGE 4
wae FIRGT EXCITED STATE (D «P)
SPIN=PAR(TY o 122+
EXCJT#IJON ENER 3:090000 (MEV)
PUTENTIAL FORM AND PARAMEYER ... BSAME AS DEFORE
* SECOND EXCIIEQ STATE C O =P
SPIN=PARITY ,evqunienes 372+
ERCITAT(ON ENERGY ‘e 3:68000D C(MEV)
POTEN! 1AL FORM AND PARAMETER .+.«+s SAME A5 BEFORE
® THIRD EXC1TED STATE (0 = P )
SPIN=PARITY . .. 2
EXCITAT{CN ENENGY . 3.650000 CMEY}
FUTENTIAL FORM AND PARAMETER ...t. SAME AS BEFORE
PRCE. 41 C{O'D N P A} RLACTIONs E=l:836 MEV + H=F TMEORY PAGE T
®as GROUND STATE (0 = A D
SPIN=PARITY Levqasse 3¢
Ens)TATICN ENERGY o0 0:0 (HEV)
TAHGET  INCIDENT PHESH = 2,3Q0E~01 (FERMI) BAXIMUM ANGULAR HOMENTUM L3
HALS 1d.00 +, 002592 PHESHC» 7.500E~01 (FERMI) CLASSIEAL (UT-DFF MOMENTUM O
MASS MU, 10 [ CHMESH = 2.483E«01 (FERMIY £ NUME essarranty 04180350
ATOMIC NO« 5 2 CMESPCe 2.532E~01 CFEAMI) :ouLuna PARAKETER CYETAD 2.453748
CMS EMLRGY oo 04238357 (MEV)
LAB ENERGY ou« (4333782 (NEV) SEPARATION ENERGY .. 11,6134 CMEV)
EMITTEY PARTICLE « ALPHA=PARTICLE
1MAG[NARY PQTENTIAL FORM NONaLOCAL PARAMETER n 0.0 ( =5 TERM )
[NTERNAL = « SURFACE ABSORPTION ONLY
SURFACE ..o DIFF. wOOD5=SAXON
POTENTIAL PARAMETER
FORM PA:AME}ER WELL DEPTH PARAMETER (MEV)
CFLR
Y = 30,00 wl = 0.0 wS = %00 V&0 = 0.0 ws¢ = 0.0 - YSYM = 0,0
VE & 0,0 wlE = 0.0 wsE « 0.0 VS50E = 0.0 wsOE = 0.0 vCOULa  D.0
RSL- o~n VESén 0,0 witse= 0,0 w5Esh 0.0 v50E5ua 04D wiDEsEs 0.0
U830
Al 3 VRE = 80,00 wikt = 0.0 wins « 4,00 VSPO = 0.0 wSPO = 0,0 VSYMMa 0,0
8 = 00300
ASUe 040
BRANCHING HATIO
(24 Q<0 040 0.0 040 0.0 00 0D 00 0.0 0:0 e 0e0 D0
g'g 0.0 0.0 0.0 0.0 0.0 0.0 a0 @0 g.0 5.0 0.0 D0 00
LEVEL DENSITY PARAMETER
Cw U0 A" 0. SGM= 0.0 €PR=  Qs0 NOw= 0,0
. NG 0.0 0.0 0,0

6.0
0,0

2.0

59

90
9.0

040
00
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Fig 7

(2)

continued

PRCBe A+ C(D'D N p A) REACTIONs Ew1:1836 MEY v H~=F THEORY

CALCULATED UATA oF COMPOUND NUCLEAR PROCESS

HAUSER=FESNEACH-WOLFENSTEIN THEORY USED

GROUND STATE {(p ~ P )

EXCITAT(GN ENENGY
EMITTED ENERGY (CMS)

CLAB)Y o

SPIN=PARITY

COMPCUND NUCLEUS FORMATION CROSS SECTION (JNVEKSE PROCESS)
TOTAL AEACTION CROSS SECTION TO THIS LEVEL

ANGULAR OISTRIBUTLON

ANGLE DIFF.C.S,
340 3:4794E Q1
1040 3:4A10E 01
2040 3.2981E ol
30:0 3.0946E 01
A0+0 248883E oL
5040 246533 01
6040 247318 0)
70-0 2+3403E 01
8040 2:2999E 01
90.0 212331 01

B = CUEFRICIENT (CMS)
LL BL

2+99T8E 01
T+9935E 00
943393E~01
6+0304E~02
1+6798E=03

0.

Comoamc

-

crees

0,0 (MEV)
4,3010570  CMEV)
A.6343130  (MEV)
1/2-

(DEGREE}
« CENTER QF #MASS

ANGL E
100.0
110.0
120.0
130,0
149.0
130,0
160.0

2425998
2.3403€
244731€
2.6593€
2:8683E
3. 09A0F
3.2981E
3.4810E
3.4923¢

CLABY
BL

DIFF.C.5,

ol
ol
ol
[}
ol
a1
Q1
oL
ol

2+99T6E OL
3.3816E 00
840218€ 00
1+2330E 00
1.0101E 00
2,0782E-01

CALCULATED LATA oF COMPOUND NUCLEAR PROCESS

HAUSER=FESHBACHWCLFENSTEIN THEORY USED

FIRST EXCITLD STATE

EXCITATION ENEWGY .
EMITTEL ENERGY (CHS)
LaB)

5PIN-PARITY

COMPCUND NUCLEUS FORMATICN CROSS SECTION (INVERSE PROCESS)
TOTAL wEACTION CROSS SECTION TC THMIS LEVEL

ANGULAR DISTRISUTION

Ceertassn

ANGLE DIFF.C.S5.
5+0 5.8393E 00
10.0 3.8033E 00
20:0 346800E 00
30.0 5.30A3E 00
49.0 5.3137€ 00
30.0 $.1460E 00
60.0 5.0145E 00
7040 4,9278E 00
20.0 4:8803€ Q0
90.0 4.8633€ 00

8 ~ COEFFICIENT LCMS)
L o

a 5.1242E 00
2 610331E-01
0 1:1%04E=q1
3 2+2726€=03

tD=P)

ceevvaerrae

3.0900000 (MEVY
1.2110970  (MEV)
1,3088931  (MEV)
/2%

(DEGREE)
CENTER CF MASS

ANGLE
100:0
110.0
120,0

1%0.0

o

PRCB, 4+ CCU'D N p A) REACTION, Eal1836 MEV « H=F THEORY

DIFF+Cs5,

4+8803E
449278
5.G1A9E
941460F
543197
3v30A5E
J+6800E
5.8D33E
3.8509€

LA
L

00
00
13
00
00
L1
a0
o0
00

3.1242€ 00
1.3076E 00
6=T7832E~0L
1.6742E=02

CALCULATED DATA yF COMPOUND NUCLEAR PROCESS

HAUSER=TESHBACH-wOLFENSTEIN THFORY USED

SECOND EXCITED STATE

EXCITATION ENERGY .
EMITTED ENERGY (CMS)

to=-P)

LABY .0

SPIN=PARITY

COMPUUND NUCLEUS FORMATION CROSS SECTION C(INVERSE PROCZSS)
TOTAL REACTION CROSS SECTION TQ THIS LEVEL

ereearinana

3.6800000 (MEV)
0+6210570  (MEY)
0.4691782 (MEV)
-

ANGULAR DISTHIBUTION (DEGREE)
T CENTER GF HASS
ANGLE FFiCeSe ANGLE
S+0 34030QE 00 10040
10:0 3.0237€ 00 110,90
2040 3,0000E 00 120.0
30:0 2,9657E 00 130.0
400 2,9266E 00 120.¢
50+0 2.8308E Q0 130.0
8040 2.4583E 00 160.0
700 2,331 00 170.0
8040 B9E 00 18040
90 2+8182 DO
8 ~ COEFLIC[ENT (CHS)
L sL LL
4 2 3E 00 0
2 1+39226-01 1
a 1.44995-02 2
3 3.2T00€-09 3

3.0237E
3:0321E

(LAB)
BL

PROB. &+ CLD'D N P A) REACTIONs Ew1:036 MEV « H=F THECRY

Crattaieeteeetiaaente

wes
DIFFJC.54¢
2

2.87T83E 00
1.0803E 00
2+2360E-01
B.8140E~02

« T.8pTAE 02
« 3.26%2E 07

ANGLE OIFF.C 8.
4141 39768t 01
9,4 3.9276E ol

18.7 3.74a6E D1
28,1 3.4828E 01
3T.4 3.1895E o1
AT.1 2.9062t 01
36.7 2.6609E 01
66.4 2:46T5E 01
T6.1 2:3305F 01
86,0 2+2492E 01

TRANSMISSIUN CUEFFICIENT
20y TCed

LABCRATORY
AN

CMILLI~BARN)
CMILL E~BARNY

PAGE 10

CLIFFC,

2.2217€
202456
243180F
2.432%¢
2.5803F
2.7397¢
2.8852¢
2.9879¢
3.0251¢

T¢=)

4.8054g
A.7815¢
206768

61

S.
(138
o1
ol
0l
ol
01
ol
oL
o1

=01
=01
-02

1.6237g~03

141676

PAGE 13

DIFFC.
A1831€
4,6092F
4.4776¢
A.3936E
#4,3613F

4.42206

i~y

~04

Se
00
00
ao
00
00
0o
0¢
0o
Do

3.4641E-02
T.1261-03
1.1380E-04

PAGE 12

DIFF1CeSe

207808
2.6165€
2.48T1E
2.3362¢
202263F
2.1398¢
2.0172¢
2.0394F
2.0267F

T(=)

1)
00
o0
Qo
00
a0
00
Q0
00

54262AE~0)
34818504

2e
o 1 ¥41721E=01
1 3 ©,0860E~01 1
2 5 3.4961F=01 3
3 7 A.3087E~02 3
Y 9 L.9017E=03 1
3 11 4:2274¢-08 9
teerer AJTRTIE 02 (MILLI-BARN)
6:4393E 01  (MILL)I=BARNY
s LABCRATORY seesiaven
ANGLE O1FFeles. Gl
444 744592t 00 92.%
8.8 T+3996E 00 102.7
17,35 7.1712E 00 113.1
26,6 6.8537€ 00 123.8
35.6 6.49892¢ 00 13407
4.7 6:1240E 00 143.8
53.9 5<7880t 00 13741
63,3 3.4898E 00 168.5
12.8 5.2259E 00 180:0
82.6 4.9906E 00
TRANSHISSION COEFE ICTENT
I 20y TEe) 28y
o 1 5.8796E=01
1 3 &.3339E-02 1
2 3 1.3895-02 3
3 7 1.6382E=04 3
vesses 2.34A0E 02 CMILL[-BARN)
3.6170E 0L  (MILLI=BARN)
sessresnese LABCHATORY ssavtuacess
ANGLE DIFFsCsSe ANGLE
a2 s 69+5
8.3 9946
1T.0 11041
2545 121.0
3a.1 132.2
22,9 1a3.8
5l.8 19547
60,8 367,08
70.1 180:0
79.7 2+9538E 00
TRANSMISSTON CUEFFICIENT
L 28y TC4) 2%y
0 1 1.8424E=01
1 3 . T380E=03 1
2 5 81 143¢E=04 3
3 1 5.0821E-06 3

3.6204g=08
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Fig 7 (2)

PRCB, 4» CL{U'D N P A) REACTION: Ealslse MEV + H=F 7HEORY

continued

CALCULATED DATA OF COMPUUNO NUCLEAR PROCESS
HAUSER~FESHBACH=WOLFENSTEIN THEORY USED

THIRD EACITED STATE ¢ 0 =P )
EXCITATION ENERGY .oucs  3,8500000 (MEV)
EMITTED ENERGY (CHMSy . 0,4510570 (MEV)

(LAB) 0,4860061 (NEV?
SPIN=PARITY .. 572+

COMPCUMND NUCLEUS FORMATION CROS5 SECTION ¢ INVERSE PROCESS)

TOTAL HEACTION CROSs SECTION TO THIS LEVEL

ANGULAR DISTRIBUTION (DEGREE)
tesacsess CENTER OF MASE sietaasss
ANGLE DIFF+CeS, ANGLE OIFF.C.5,
3.0 1.9338E 0O 100,0 1.8674E 00
1040 1.9323€ 00 110,0 1:8733€ 00
2040 1.9261F g0 120,0 1.8823E 00
30:0 1.9168E 00 130,0 1.6935€ 00
Ap.0 1.9033€ o0 140,0 1.9033E 00
50:0 1.8933E 00 150,0 1+9168E 00
60-0 1.4823E 00 160.,0 1,9261E 00
70-0 1+8733E 00 170,60 1+9323€ 00
800 1.2674E 00 180.0 1.9344E Q0
90.0 1+8634E 00
& = COEFLICIENT (CHS) (LAB)
e aL w 8L
] 1.8382€ 00 0 1.68826 00
Fi 443819€~02 1 £40839E01
. 4¢D288E=04 2 12296701
€D~ P ) CHOSS SECTION tyesecsnsr  #,3071E 02  (NILLI=BARN)

PROB, &« C(DaD N P A) REACTIONs E=1.856 MEV + H=F THEORY
CALCULATED UATA OF COMPOUND NUCLEAR PROCESS
HAUSER-FESHBACH=WQLFENSTEIN THEORY USED
GROUND STATE (D = A )

0.0 C(NEV)

0.2383570 (MEV)
0.3337616 CHEVD
3+

EXCITAT{ON ENERGY .
EMITTED ENERGY (CMS)
(LABY

SPIN=PARITY

tenaes

COMPCUND NUCLEUS FORMATION CAOSS SECTION UINVERSE PROCESS)

TOTAL REACTION CROSS SECTION TO TH1S LEVEL

ANGULAR DISTRIBUTION (DEGREE)
Viesteess CENTER QF MASS aovsvaves
ANGLE DIFF.C.S, ANGLE OIFF.C.5,
5.0 8.1190F08 100,0 244282E-08
10:0 4,0720€-08 110,0 2+5729E-08
2040 3,9¢38E-08 120.0 2.7931E-08
30.0 3.6646E-08 130,0 722608 -
4040 3.3133E=08 1400 13735€-08
50.0 3.0122E-08 130,0 3.6646€-08
6049 2.7931E=q8 160,0 3.9088E~D8
70:0 2:5724E-08 170,0 4.0720E=08
8040 2:4281E-08 180.0 4.1293£-08
9040 2.3781E-08
B = COEFFICIENT <CMS) {LAB)
L bL 1Y eL
L] 294335708 [} 2.943%E-08
2 101322E-08 1 3.7517E-08
M 2+T121E-1p 2 148733E=-08
. 443909811 3 1.201%€-08
[ 2+.6233E=13 . 918193€=09
€D = A) CROSS SECTION seviacesss  3.7014E~0T  (HILLI=BARN)

RUNNING TINE 4,000

11.83 SEC.

PAGE 13

DIFF«C.S

1.8571¢ Q0
1.7261g 00
1.5990¢ 00
1.48%3 00
1.3863¢ 00
1.3051g 00
1.2847¢ 00
1,2073¢ 00
1.194% 00

Tt~}

1.66B6g=03
7.6414g=05

PAGE 14

. 1.1079E 0« (MILL[=BARN}Y
2.372TE 01 (MILLI-BARN)
wsereccuers LABCRATORY 4eo-
ANGLE DIFF<C:S. ANGLE
[ 2.8474€ 00 87.7
8.2 2:8368E 00 97,6
16,5 2,7984E 00 108.3
24,8 2.7264E 00 119.2
333 2.63%9E 00 13047
41,8 2.5272E 00 1a2.3
30.5 2,9045¢ 00 154.8
539.4 2.2723E 00 16743
66,3 2.1348E 00 180.0
7.2 1,991 00
TRANSMISSIUN COEFFICIENT
[ ey 7Co) 200
0 1 6,3303€~02
1 3 1.7612E~03 1
2 b L.6T16E~D% 3
cevree Le3038E-pb  (MILLI-B/™
3.7014€-07  (MILL1=BAKN)
evvestvaeec  LABCRATORY
ANGLE DIFF.C:5. ANGLE
3.0 1+3852€=07 6343
6.0 1:1291E-07 70.8
12,0 1:0680E-07 18,9
18.0 9:7661E-08 88.0
28,1 5.6746E-08 9846
30,3 T+5335E-08 111.3
36.3 6459319E-08 128,23
42.9 5:2070E-08 151.2
49,4 4.7383E-08 18040
%6.2 4.1434E-08
TRANSMISSION COEFF ICIENT
L 20y TEs> 280

0 3,9806E=10
1 2 3.7063E=10
2 a 1.6086E-11
3 [ 1.970%Ew12
4 8 1.9T35E~14

DIFFCaSe

316817E=08
3.2867£-08
2.8864E-08
2.8281-08
1,9014E-08
1.3%23g~08
8. 7307€-99
5.53A06F=09
N 5168E-09

T¢=)
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Fig 8 (1)
LI EEL IRERL SRTEE TESRL PRRPL PRERE LERNL PR P DEREL PR E L AEENE 4
2 PRCB. Do ASTS(NsN#) » E=1,0 MEV 1 EC=0.2U MLV
10 1 1 5 33 7 o 1 10 L
1 74,92 [[3%-] L.o
6 1.302 3.3p2 1,421 1.3v2
11 0,62 0.62 0.30 0.62
16 8640 14,0 Te0
21 -u.23 a.l2s -a,2
27 =3.0 =4
37 ~1.3
&1 0.2 8.72 =143
1 0.0 10.0 v, 60.0 90.0
36 120.0 130.0 170.0 lg0.0 1iv.0
1 2
36 04199 “Qe3
T T L T R R SR TR PRTUY T DI )
Fig 8 (2)
PRCB, 3. AST3(N«Ne) * E=1.0 MEV « £C=0.20 MEV PAGE 1
TARGET INCIDENT PMESH = 2+3500t=01 (FERMI) HMAXTHUM ANGULAR MUMENTUM 8
MASS  a.es,,e.. THL92 1.038565 PMESHC= 2.500£=01 (FERMI) CLASS {CAL CUT=QFF MCHENTUM 3
Mass NOL .. 7> 1 CMESH w 2.513E-01 (FERMI) WAVE NUMBER .oovvarisnevs 0.218216
ATOMIS NO»  oav 33 1] CMESHCn 0.0 CFERML) COULUMB FARAMETER (YETA) 0.0
CM3 ENERGY  ane 1.000000 (MEV)
LAY ENEPGY o 14013443 (MEV) SEPARATION ENERGY 10+ 0.0 {MEV)
INCIOENT PARTICLE  «eses NEUTRCN
IMAGInARY PQTE~TIAL FORM NUN={ OCAL PARAMETEK « 0.0 ¢ L=5 TERR )
INTERKAL svees WOODS=SAXON
SUNFACE o 2510 DIFFe wOOUDS~SAXON
POTENTIAL FARAMETEK
FORM PAKAMEIER wELL DFPTH PARAMETER (MEV)
(FERMD)
1.302 v = 46,00 wl « 0.0 S = 14.00 v50 = T.00 w50 = 0.0 VSYM = 0.0
1.302
0.0 VE = «0,2%0 wlE = 0,12% wSE = =0.200 vS50E = 0.0 wS0E = D.0 vCouL= 0,0
l.a21
1.302 VESws 0,0 wlESte =0,U00 wSEsa= 0.0 v50ESwe 0.0 wSOES®= 0.0
ves20
0.62u VRE = 45,73 wiH] & 0,12 wing = 13,80 vVep0 = T.0U wSPU = 0.0 VSYMMu 0,0
B = 0.300
ASUc 0620
BRANCHING RATIO
. 040 0+0 0.0 00 osy 0.0 00 0+v O.u 0.0 Deu a:0 0«0 D.v
0.u 0«0 0.0 0.0 0.0 0.0 0.0 0.0 A1) 0.0 “.0 o 0.0 0.0 (1]
0.0
LEVEL DENS!!Y PARAMETER
EC = .2y Aw 8.12 SGM™ 0.0 EPR= =1,43 NOMw  DU,0
.0 0.0 0.0 U v.0
NO EXFLRIMENTAL DATA
PRCB. 3+ ASTS(N+Ns) * E=1.0 MEV + EC®(220 MEV PAGE 2
TOTAL CROSY SECTION tavees  404269E Q3 (MILLI-BARN)
SHAPE ELASTIC CROSS SECTION 2,4232E 03 (MILLI-BAnN)
REACTIOR CROSS SECTION ... 2.0017E 03 {MILLI-BARM)
ANGULAR LISTHIBUITON (DEGRELE)
“evansvesr CENTER OF MASS vecanvsss svieee  LABORATORY .e
ANGLE ELASTIC ANGLE ELASTIC ANGLE ELASTIC ANGLE ELAST(C NGLE ELASTIC ANGLE ELASTIC
0.0 7.0%702€ 02 90,0 1.2426E 02 170,0 3,0223t 01 0.0 T7,2018€ 02 B9,2 1.2429€ 02 1699  2,9627€ CG1
10.0 &.86D3 o2 110.0 8,3507E ol 180.0 2.9562t 01 9.9 {,083%E 02 109,3 B8.2839€ Qi 180.0 2.87T2¢ Ol
30.0 5+4162E 02 120.0 6+8460E nl 29.6  2.94386E 02 119.,3 6.7553E 01
6040 2.647TE 02  150.0 3.7183E nl 593 2,7043E 02 149.6 3.6323E 0L
COMHUUND FORMATION PROBASILITY
[ 2] Tesd 20y Te=) L8 LI 200 T=> L 2ey T 2900 <=
] 1 5,1279E-v1 2 5 9.1508L-02 3 1+5717E=0L A 9 2.2308E-08 7 2.8532E=0a
1 3 6.3709E-01 1 4.8734E=01 3 7  3.0640E-02 5 1+335UE~02
B = COEFFICIENT (CMS)
LL BL (%4 w :18 Le L1N L BL LL oL L BL
0 1.929%k g2 12,6345 02 21,3333t 02 3 T.4da¢g gl 4 24578t 0 5 5.925pk=01 & 1.72688-01
T 4.3733E-03 B -1.0225E-0% 9 0,0
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Fig 8 (2) continued
PRDB. 5+ ASTO(Nwwe) » g=l.0 MEV + EC=0.20 MEV PAGE 3
INELASIIC SCATTERING ssestsaesas  INPUT DATL sesess
TCTAL LEVELS  evunuteaiass 2
8% GROUND STATE ¢ N = N3
SPIN=PARITY .eeiitanene 3/2-
TARGET INCIDEWT PMESH = 2.300E=01 {FERM]) MAXIMUM ANGULAR MOMENTUM L)
MASS . 74092 1-008665 PHESHCe 2:500E=01 (FERMI) CLASSICAL CUT=OFF MOMENTUM 3
mASS NO, .,..r 73 1 ChESH = 13E=D1 (FERM]) wAVE NUMBER .. . 0.218216
ATQHIC NO.  ,,« 33 0 CHESHC= 0.0 CFERMD) COULOMB PARAMETER (YETA) 0.0
CMS ENERGY ... 1.000000 (MEV)
LAS ENERGY +.  1.,013463 (MEV) SEPARATION ENERGY ... 0,0 (MEV?)
INCICENT PARTICLE +ee«e NEUTRON
IMAGINARY PQTCENTIAL FORM NOUNe) OCAL PARAMETER a 0.0 L=S TERM
INTERNAL ++ WOODS=SAXON
SURFACE ¢ o DIFF« wOODS=SAXON
PUTENTIAL FARAMETER
FORM PARAMETER wELL OEPTH PARAMETER (MEV)
(FERM|)
RO = 1.302 V = 46.00 wl = 0.0 wS = 14%.00 vS0 w T.00 wS0 = 0.0 VEYM -
Al = 1.30¢
RC = U.0 VE « -0,250 wlE = 0,125 ws€ = =0.200 vS0f w 0,0 wS0E = 0.0 vCOULe
RS a l.421
RSOa 1,302 VESw= 0,0 wlES@= -0,000 wSEse= G.0 VSOES&s 0,0 wSOES@= 0.0
AD = 0162V
Al = 04620 VRE ®» 4%.7% WINl = 0.12 WIHS = 13.80 VSPO = T.00 ¥sPO0 = 0.0 VSYMMe
B = ve300
ASOs Veps0
BRANCH]I G NATIO
0su 040 040 0.0 0.0 0.0 'Y 00 'Y 0.0 0.0 040 610 00
0.0 0.0 0. 2,0 @.¢ 8.0 00 0.0 0. 0.0 0.0 0.0 0,0 0.0
c.0
LEVEL UENSI}Y PARAMETEK
EC = 0,20 A= 872 SGM= 0.0 EPRe =1,43 Nom= 0,0
0.0 0.0 0.0 4.0 0,0
PRCB, 3« ASIS{NsNm) + Eml,0 MEV \ ECuQ+20 MEV PAGE &
e8d FIAST LXCITEQ DTATE ¢ N = N )
SPIN=PoRITY oo 1/72-
EXCITAIION ENERGY <sese 04199000 (MEV)
OUIENTIAL FORM AND PARAMETER 1.ee. SAHE AS EBEFORE
PRCB. 5« AS75(NsN#) » E=l.0 MEV + EC=0+20 PEV PAGE 5
CALCULATED VATA OF COMPOUND NUCLEAR PROCESS
HAUSER=FESHBACH-WOLFENSTEIN THEQRY USED
GROUND STATE (N = N )
SPIN=PARITY  Lenesssssns 3/2-
CovPCUND ELASTIC SCATTERING CROSS SECTION 9.9493E 02 (MILLI-BARN)
SHARE ELASTIC >CATYERING CROSS SECTION 2442328 03  (MILLI=BARN)
TOTAL ELASTIC SCATTERING CROSS SECTICN . 3:4202E 03  (MILLI-BARN)
ANGULAR DISTRIBUTION (OEGREE)
Siseesans CENTER OF MASS seeennsne exesscrpree LABCRATCRY seesssnseay
ANGLE ELASTIC(S) ELASTIC(C) ELASTICCTY ANGLE ELASTIC(S) ELASTIC(C) ELASTIC(T)
0.0 2.DT02E w2 1,0006€ 02 8.0707TE 02 040 T.2618€ 02 1.0277€ V2 8.2893€ 02
1040 6,8603F 02 9.8879E 01 7.8491E 02 a9 7.0433¢ D2 1.0152€ 02 8.0587¢ 02
30-0 5.4162F 02 9.1064E 01 6+3263E 02 296 543836F 02 943206E 01 6.47%E 02
€00 2,66TTE 02 T46563E 01 3.8334 Q2 39.3 2, TUA3E 02 T4T613E L1
900 142426E 02 6.,9874€ 01 89,2 1.262% 02 6:9893E 01
11v-0 U 3587E L) 7.3019E 01 169,3 4,2839E 01 7.2366E UL .
12040 648460 01 T.6563E 0L 119,3 6,353 01 T+3551€ 01 l.a311 Q2
1300 3,7183E Ul 9e1068E Q1 149.6 Ja$323F 02 N+ 89539E CL 1,2528E 02
170.0 3,0223¢ 1 9.8879E OL 1+2910€ C2 169.9 2,9427E 01 946275 01 12570 02
130+0 2,9%62E 01 1.,0006E 02 1.2962€ 02 180.0 2,8772€ 01 9+7379E V1 1.2613¢ 02
8 = CCEFrICINT  (CH5) {LAB) TRANSM[SSION COEFFICIENT
L - (5 BL- (C) BL ~¢T) 8L =L Tied 1¢0) ¢
9 1.9299E 02 T+9176E 01 24T217E 02 247217€ 02 o $.1279E=p3 0,0 0.0
1 2.5343E p2 2+643E 02 2.6982E Q2
¢ 1+5355€ 02 1.923T€ 01  1.7278€ 02  1.T902€ 02 2 6:3T09E=01 0.0 4:8T34E~01
> 7.45848 01 T+83R4E 01 749792 Ol
. 2+1878E 01 1.2073€ 00 2,2TRGE V1 2.569T€ 01 2 9.1508E-02 0,0 1:5T17€-01
> 6s9256E~p) 619236E=01  1.T468E 00
6 1.7268E~01 4:3343E-01 :0811E=05 8,686 TE-OL 3 3.D64DE=02 0.0 1.9250g=02
7 £03733E~p3 4s3733E-03  8,0643E-02
[ -1:0225E=0>  1.0446E~07 =1.0121E=05  1,0373E-03 4 2.2308E~0% 0,0 2.8532E-04

0.0
0.0

a0

Ge0
0.0
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Fig 8 (2) continued

PRCB. 54 ASTI(NeNe) + E=1.0 MEV « ECmD.20 MEV
CALCULATED vATA oF COMPOUND NUCLEAR PROCESS
HAUSER~FESHBACH=wOLFENSTEIN THEORY USED
FIRST EXCITED STATE (N = W)
EXCITATION ENEMGY s.soe 0.1990000 (MEV)
EMITYED ENERGY (E::g . 0.,8010000 €HEV)

0.8117840 (MEV)
172~

<
SPIN-PARITY 44

COMPCUND NUCLEUS FORMATION CROSS SECTION (INVERSE PROCESS?
TOTAL INELASTIC SCATTERING CROSS SECTION TU THIS LEVEL -«

ANGULAR OISTRIBUTION (DEGREE)

“tiiesise CENTER CF MASS searsives

ANGLE DIFFsCsS, ANGYLE DIFF+CSe

0.0 278329E 01 1100 24T933E 01

i0.0 2:8334E 01 120,0 2.7943€ 01

30:0 2+8273E o1 150.0 2.8273€ 0L

60.0 2+7943E 01 170.0 2.833%E 01

30.0 2.798%E 01 120.0 2+8329E ot

B - COEFFICIENT (CMS) CLABY

kL BL Lt 8L

v 248090 a1 0 24B030E 01

H 7:B20AE=Q1 1 8.4220t=01

. 11329801 2 2,8831E~01

© =1+1797E=-01 3 7+6T10E-0)

& ~2:9813E=08 N 1+152%E=01

TINELASTIC CnpS5 SECTION svesssasss  3.9248F 02 CMILLI-BARN)

PRCB. 5+ AS/S(NsNe)} + Ewl,Q MEV + EC®0,20 MEV
CALCULATED DATA oF COMPOUND NUCLEAR PROCESS
HAUSER=FESHBACH-WOLFENSTEIN THFORY USED
SECOND EXCITED STATE C N = N)

EXCITATICN ENEKGY svsee  0.2000000 (MEVD

EMITTLED ENERGY (CMS) o 0.8000000  (MEV)
eos 048107706  (MEV)

AB) 0 .
COMpCUND NycLEUS FORMATIN CROSS SECTION ¢INVERSE PROCESYS)
TOTAL INELASTIC SCATTERING CROSS SECTION TU THIS LEVEL +»»es

ANGULAR UISTRIBUTION (DEGREE}

tiees CENTER CF MASS sessesnne
A A

ANGLE DIFF+CeSe NGY E DIFF+C.S»
0.0 8:9494E Q1 119.0 8:9474E 0L
10.0 8+9494F 01 120,0 8.9494E 01
3049 2¢9%98E 01 130,0 819494E 01
6010 2.9494E 01 170,0 2.9494E 01
90+g 8:9494E 0L 180.0 8.9494t 01

8 - CCEFFICIENT (CHS) CLAB)
L oL L 8L
0 219494E 01 [ 8:949. 3 01
a0 1 246942E DO
N 0.0 2 2+0278E~D2
b 0.0 3 3.7717E=06
3 040 A =3.2168E-05

PROB. 34 AST(NNe) + E=1.0 MEV + ECR0.20 MEV
CALCULATED DATA OF COMPOUND NUCLEAR PROCESS
HAUSER-FESHREACH-wOLFENSTEIN THEQRY USED
THIRD EXCITED STATE ¢ N = N )

EXC{TATION ENEHGY oo, 03592000 (MEV)
EMITIELD ENERGY (CMS) 0.6408000  (MEV)

€LABY ».. Ga6494272 CHEV)
COMPOUDND NUCLEUS FORMAT[GN CROSS SECTION (INVEWSE PROCESS)

TOYAL INELASTIC SCATTERING CROSS SECTION TO THIS LEVEL .en.s

ANGULAR DISTRIBUTION (DEGREE}

« CENTER GF MASS .»»

ANGLE DIFFeCeS, ANGL E FsCsSe
0v0 8+7930E oL 110.9 847630t 01
10v0 $+7630E 01 120,80 8:T630E Q1
3ovo 8:.7630E 01 150,0 8. 7630 01
6010 8.7630€ 01 170.0 8. T630E 01
9o B«T630f 01 130.0 2.7630k 01
8 = COEFFICIENT (CMS) <LAB)
Xy L L st
o 8:7630E 01 [ 81 TB30E 0L
¢ 0 1 2,99T6E 00
4 0.0 2 2,4T88E~02
[ 00 3 3.8398E=06
] 0.0 4 “3.5198E-03

ANGLE
0.0
9.9

29.6
59.3
9.1

wesiveseces  LABCRATORY
DIFF+C:S.
29188k 01
29140t 01
2.¥017¢ @l
2.8372E 01
2.T998E 0l

TRANSMISSION COEFFICLENT
L ) T(e)

0
1
2
3
-

4.8566E-01
313489£=-01
6.4024€-02
l.a679£-02
®.4189E-05

DNV

. LABCRATCRY
FFeCsSe
9+2208t 01
9.2168L Q1
91850t 01
9.0865E Q1
8:9324E 01

TRANSMISSION COEFFICIENT
L 2% Tee)

o
1
2
3
.

4.a550E~01
3,4402E~0)
6.3883E~02
1.4618E=02
843736E=05

RN RV

resese  LABCRATORY

DIFFaCsSe
9,u602t O
9.USSRE 01
9:UZ11E 01
8.9138L 01
RT66TE O1

TRANSMISSION CUEFFICIENT
L ey Tee)

EXTINyeT

%+ 3691E-01
4.T042E=01
4,308BE~02
5.,9172€-03
341458E-05

RN TR

2,0600E 03 (MILLI“BARN)
« 3.5240F 0Z (MILLI~BARN)

PAGE &

ANGLE
109.2
119.2
1429.6
169.8
180.0

2%y

2,0643E g2 (MILLI=pAgN)
1.1246€ 03  {M|LLI=BARN/MEY)

ANGLE
109-2
11%.2
14346
169.8
180.0

—_— e

2%J

24121 03 (MILLI=BARN)
1.1012€ 03 (HILLI~RAKN/MLY)

~ew -

~ e

65

DIFF-C.S.

2.76%5€
2.7331€
2,583
2.T501¢
2.T483E

1=

01
o1
[:23
01
o0l

4,1269E D)
l41221€~01
7.3490E~03
1.1834E~00

PAGE ?

DIFFsCuSa

8.8602E
B.8175¢
8.7183E
8.6861F
8.6820E

Ty

01
01
0l
o1
oL

4.1228e=-01
1.1219g-01
7.3184g=03
11772604

PAGE L]

8+6658E
846190
844205
8.4752E
Be4707E

TC=)

DIFF«C.5e

ot
01
01
o1
01

3.81T7T7E=01
7.6882g-02
3:4T02e-03
4:T803g~05
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Fig 8

(2} continued

PRCB, S« ASTO(MiMe) + E=1l.0 MEV + EC®0.20 MEV

CALCULAIED vATA OF COMPUUND NUCLEAR PROCESS

HAUSER=F ESHEACH-WOLFENSTEIN THEQRY USED

4=TH EACITED STATE (N = N)

EXCITATION ENEXGY ,.¢u, 0.9184000 (MEV)

EMITTEw ENERGY (CMS)

€OrPCuch NUCLEUS FURMATION CROSS SECTION (INVERSE PROCESS)
TOTAL INELASTIC SCATTERING CROSS SECTION TO THIS LEVEL

ANGULAR

ANGLE
00
10.0
du-0
6U-0
900

0,4816000 C(MEV)

CLABY vy 0.488083% (MEV)

DISTRIBUTION (DEGREF)

*seeveese CeNTER CF
DIFtC5.
8<0591E D2
8.0591E 01
3.0591E 01
B8.0591F 01
B+G291E D1

6 = CUEFFICIENT (CMS)
L L

CL

2.0391E o1
00
0.0
g0
0.0

MASS
ANGLE

rvesnes
DIFF.CoSe
2.0591E 01
8.U391F 01
3.0391E 01
8.0391E 01
8:0391E 0}

LAB)
&L

8:059)E 01
d.1270E 00
3+0334E=02
4, 7219E-06
=3¢1635E-0%

PROB. 3¢ ASTO(N'N®) + Ew1,0 MEV 4 EC=0.20 MEV

CALCULATED DATA OF COMPULUND NUCLEAR PROCESS

HAUSER=F ESHBACH=-WOLFENSTEIN THFORY USED

S=TH EXCHIEp STATE (N = N )

EXCITATION ENERGY .
EMITTEY ENERGY (CNS) e

COMPGUND NUCLEUS FORPATICN CROSS SECTION (INVERSE PROCESS)
TOTAL INELASTIC SCATTERING CROSS SECTION TO THIS LEVEL

v 0.6776000 (MEV)
0,3224000 (MEV)

LABY seu  0,326740%  (MEV)

ANGULAR DISTKIBUTION (OEGREE)

ANGLE
0.0
10+0
30+0
60-0
90+0

“svvecis. CENTER ¢F
DHFreCeS,
6+60328E 01
66038k 01
4+6038E ol
6+6058E 01
6460388 g1

8 =~ CCEFFICIENT  (CMS)
L 8L

LY WY

6<6UV38E 01
0+0

0.0
00
0.0

MASS
ANGY E
110,0
120,0
150.0
3170,0
180.0

Puneo

evetorger
DIFF«CaSe
&+6038E 01
6.4058E O1
6-6058L 01
§:6038E 01
6+6038E 01

CLAB)
BL

645038E 01
3.1326E 00
347182E-02
1,7309E-06
=2,9813E-05

Cregene

BB.9

N MO

241830E 03 (MILLI-BARN)

aeresnriens LABORATORY tveasuasany
NG|

1,0127E 03 (MILLI-BARN/MEV)

PAGE 9

DIFFeC.Ss ANGLE DIFF.Co5e
2+I749E DI 10y.9 7+95L5E 01
8.3702€ 01 119.0 7.9070g 01
£.3334E o1 149.4 7,7313€ o1
5.2197E 01 26%.8 7.7543F 01
8.0637E 01 180.0 7.7493E 01
TRANSMISSION COEFFICIENT

L 2% Teed 2%y Te=)
1 4,1918E-01
) 3,87726-01 1 2.4051E~01
3 2.4798E=02 3 4.4033E-02
7 2,4119€-03 3 1.3132€~03
s o.0 ? 0.0

PAGE 10

ANGLE
0.0
9.8

29,23
4.8
88.6

TRANSMISSION COEFFICIENT
L Al <)

EXPIEY

2+28B3E 03 (MILLI=BARN)

secesirsie,  LABQRATORY
DIFF+C.Sy ANGL
4¢9227E 0F
4.9180E 01
48012E O
6, T6T3E M
6+6113E 01

» 8:3010E 02 (MILLE=BARN/MEY)

2%
1 3.6680E=0)
3 2,4480E~01 1
3 1.0662E=02 3
71 643656E=0% S
9 0.0 7

.
DIFFeC.S,

&§¢5040F 0%
6.4582E 0L
6+3386E 0L
6.3010 01
©.2962E 01

T¢=>

1,6894€-0)
1.9458E~02
303226E~04

0.0

JAERI 1224
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Fig 8 (2)

continued

PRCA, %y AS73(NiNs) ¢« E=l.D MEV , ECep.20 MEV

CALCULATE. LATA OF COMPOUND NUCLEAR PROCESS

HAUSER-FESHBACH=WOLFENSTEIN THEQRY USED

é=TH EACITED STATE (N = N)
EXCITATION ENERGY <seee  D.8358000 (HEV)
EMITTEV ENERGY KCMS) +us  0,1692000 (MEV)
CLABY ovs  0,165397T2 <MEVY

COMPCUND NUGLEUS FURMATICN CROS5 SECTION C(INVERSE PROCESS) +iveee
TOTAL INELASTIC SCATTERING CROSS SECTION T9 THIS LEVEL

ANGULAR VISTRIBUTION (DEGREE)

2.3702€ 03
5.2622F 02

{MILLI=BARN)
(MILL{=BARN/FEV)

67

PAGE 11

DIFF.C.Se
4.0988E Q)
4.0544F 01
3.9%11F 01

39174

a1

3,913 01

T¢=~y

T+2792g~02
4:130)E-D3
3.1546E=05
0.0

PAGE 12

DIFF.C.5.
4,1710¢ 00
3.8519€ Q0
3.0922E 00
2.8402E 00
2.8077F Qu

Tty
34330304
0.0

0.0
0.0

tvasesses CENTER GF MASS errerontt ves ++ LABCRATORY
ANGLE DIFF.Cas, ANGLE DIFF.C.S. ANGLE FeCeSa A
os¢ A=1873E o1 110:0 A+ 1875E g1 0,0 4ra713E 01 1082
10.0 4.1874E 01 120.,0 §11875E 01 9.7 A.4671E 0} 118.3
3040 421875E Q1 15%0.0 4 1875E 01 29.1 4.4345E 01 1a3.0
60:0 441873E 01 170,0 4¢2875€ 01 584 4.3333E 01 169.1
S¢-0 A4:1873€ 01 180,0 4+1873E 01 8a.1 A:1985¢8 Q1L 180.0
B - COEFFICIENT (CMS) <LAB) TRANSMISSION COEFFICIENT
LL BL LL BL 2% Ty )
v 4s1c)3E oL [ A LAT3E Q) 9 L 2.8344E~02
2 00 1 2.7911€ 00 1 3 1.0733E~01 1
4 0.0 2 4-6518E=02 2 F] 2.2672E%03 3
& 020 3 3.7762E=06 3 7 ©.1987E=0% s
B 0.0 0 =211364E=05 a 9 u.0 1
PROB, Ss AS/ICNsN®) + E=1,0 MEV o ECwpi20 MEV
CALCULATED DATA OF COMPOUND NUCLEAR PROCESS
HAUSER=FESHBACH-wOLFENSTEIN THEORY USED
T=TH EACITED STATE ¢ N = N )
EXCITATION ENENGY .. 049960000 (MEV)
EMITTED ENERGY (CMS) 0,0040000 (MEVY
LAB) 0.,004p338  (MEV)
COMPCUND NUCLEUS FORMATICN CROSS SECTION (INVERSE PROCESS) +u,4x. 8.8201E 03 (MILLI=BARN)
TOTAL IMELASTIC SCATTERING CROSS SECTION TO THIS LEVEL «eovuu,iee 5.6948€ 01  (MILLI-BARN/MEV)
ANGULAR OISTRIBUTION (DEGREE)
Pteeveess CENTER OF WASS ateeevess aveieracses LABORATORY ssivrvesnss
ANGLE DIFF.C.S, ANG) E DIFF.CeSs ANGLF DIFF.C*S NGLE
Q0 A+5313E 00 1100 4.931BE 09 0.0 6166658 00 97,8
10:0 A.5318€ Q0 120.0 4,9318E DO 8.2 6164036 00 108.3
3¢.0 4:5318E DO 1%0.0 4.5318E Q0 24,9 6.4338E 00 182.6
60.0 443318E GO 170,90 4.5318E 00 50,5 5.7804E 00 167.3
90-0 A43318E 00 130.0 A.5318E 00 18,0 4.5433E 00 180.0
8 - CUEFFICIENT  (CHS) CLAB) TRANSMISSIUN CUEFF ICIENT
L BL L 8L L PLy) Tt 20y
0 443318E Do [ 413318E 00 0 1 5+2136E-02
2 G0 1 1.9294E 00 1 3 #19206E=00 1
3 0.0 2 2,06716=-01 2 3 V.0 3
6 Q0 3 5.1286E-07 3 7 ge0 5
d 0.0 Y ~1,364TE=C3 IS 9 0.0 7
INELASTIC €~QSS SECTION soevvsnvas  645426E 02  (MILLI=BARN)

RUNNING TIME 11.41 SEC.
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Fig 9 (1)
LR EL LR RS PRI POy s Y IR R L IR LA R LR E L IR L AR Rl PR PR RL FERNL SR RN ]
3 PROB. GFES6(NN®\P) o+ E®3 2MEV + ECw2.1 MEV
L) 1 i 26 96 Q 1
1 03 T4 ETE
5 1.4 1.26
11 0.55 a.62
16 9.0 7.0
3} 8.8 31 1.3e
as
31 20,0 30.0 600 9040
56 130,0 16u.0 170.0 1e0.0
1
36 2.0
3 2 1
2 20,3644
10
38 3.0
1
36 2.0
3 1 3
2 0.0 T.646
10 0.0
3% 2,085 0
R e R T I I R LI L AT I T IETTL P L FRUIY FRTY TRREY TR
Fig 9 (2)
PRCB, 6.FESL(NNa«P) + E®3.2MEV 4 ECm2s1 MEV PAGE 1
TARGET  JNCIOENT PMESH = Zo500E=0I CFEGM[F  MAXTHUN ANGULRR SOMENTUN E]
MASS  c.iayener 38,00 1.00866% PMESHC= 2.3500E=01 (FERMI) CLASSICAL cUY-DFF MOHENTUN E]
MASS NO. 56 1 CMESH & DiA9AE~01l (FERMD) WAVE NUMBER +»s seants 0.389483
ATOMIC ND. oo+ 20 o CNESHCe 040 (FERMI) COULOMS PARAMETER (YETA> 0,0
CHS ENERGY ««+ 34200000 (MEV)
LAB ENERGY 3+257838 (MEV) SEPARATION ENERGY 14 Te6440 (HEV)
INCIOENT PARTICLE +ceeu NEUTRON -
IMAGINARY PQTENTIAL FORM HON«LOCAL PARAHETER = 0,0 ¢ L=5 TERK )
NTERNAL  *veeercecee SURFACE ABSORPTION ONLY
SUREACE «%seseeiars GAUSS
POTENTIAL PARAMETER
FORM PA?EMETER ¥ELL OEPTH PARAMETER CMEV)
¢Firmiy
Rll’ - %-zw vV = 46,00 w! = 0.0 ws = 9,00 vsp = 7,00 wS0 = 0.0 VSYN = 0,0
Rl = 0.0
RC = 0.0 VE « 0,0 wit « 0.0 wSE = 0,0 vsof = 0.0 WSOE = 0.0 vCOUL= 0,0
RS « liagu
RSO= é-zgn VES®s 9,0 wlEs@m 0.0 wSESE= 0.0 v5QESes 0.0 WSOESE= 0.0
AQ = 0-420
AL = 0«p VRE = 46.0p wiM] = 0.0 wins = 9.00 vSpo = T.00 wsPO = 0.0 VSYMH 0,0
8 = 0.550
A50= 0-620
BRANCHING RATIO
0.0 0+0 0.0 0.0 0.0 Q0 0.0 0,0 0¢0 08¢0 0:0 00 00 g 0.0
g.g 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 N 0.0 0.0 0.0 0.0 a.0
LEVEL DENSITV PAm\uETEn
= 2.10 = .80 SGMe 310 EPRw  1.54 NOMs  0,D
. a.0 a.0 a.¢ 8,8
NO EXPERIMENTAL 0ATA
PROD, &vFESGININB,P)  Eu3¢2MEV , ECm2e1 MEV PAGE 2
TOTAL CROSS SECTION «ceaye  3,7299E 03 (MILLI=BARN)
SHAPE ELAST|C CROSS SECTION 2.4468E 03 (MILLi<BARN)
REACTION CROSS SECTION .., 2.2033E 03 (MILLI-BARN)
ANGULAR DlSTRIBUTION (DEGIEE)
susvisenr CENTER OF MASS sevascrss seeass LABORATORY sceces
ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC
1000 1.5230E 03 90,0 4,705TE 01  170.0 4.2943E 01 8,8 1.8776E 03 89.0 4.7D30F 01  169:8 &.1A33E 01
2040 1.2399E 03  120.0 8.4731E 01 180.0 4:6316E ol 19,7 21,3030E 03 119,31 #.3243E 01  180:0 4.4642E 01
30,0 9.0572E 02  130.u  3.40%E pl 29,9 9.3430E D2 149.5 3.2947E 01
40-0 3.T133E 01  160.0 3.4221E D1 39.1 8,8742€ 01 139, J.5008E OL
COMPOUND _FORMAT ION PROBABILITY
L 28 Teed 28y TC=) L 289 T(e) 2#J T(=) L 2ay T 28y Tl=y
0 1 %.1i5sE-ul 2 3 7.1802E~01 3 P 77T4E=D) 4 # 1,23018=02 T AcA129E=02
13 L2MygE=0l 1 1.lap¢E-il 3 7 1.l3936m01 3 3.4713E-02 3 11 2.23138-03 9 5.,2622E-0e
" 8 = COEFFICIENT (CMS)
18 BL w w sL L BL LL aL L 8L w BL
€ 1.9%8E 02 1 3.3592€ p2 2 4.3711¢ 02 3 a,0099F 02 4 1.9874E 02 3 2.0670E 01 & 6.T740E 00
T 1.46026 00 4 8.3338E-n2 9 3.0619E-02 10 1.9794gw03 11 0.0
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Fig 9 (2) continued
PRCB. 6FESLINWNOIP) « EmIL2MEV o+ ECm2+1 MEV PAGE 3
INELASTIC SCATTERING  o» ev JNPUT DATA cosssrcanas
TOTAL LEVELY «iusetovsee )
es GROUND STAIE (N = N )
SPIN=PRRITY (svannnsone Qe
TARGET INCTOENT PHESH = 2,500t=01 (FERHI]) MAXIMUM ANGULAR MOMENTUM 5
MADS  vaes ¢ 56400 1000663 PMESHCe 24300E=0) (FERMI) CLASSICAL CUT-OFF MOMEWTUM 3
MASS “C. 36 1 CMESM = 2,a94E-01 (FERMI) WAVE NUMBER sestaceecnsss  0.38948)
ATOMIC NO. 26 0 CHMESHC= 0.0 CFERMI) COULUMB PARAMETER (YETA) 0.0
CHS EMERGY 3.200000 <PEV)
LAp ENRRGY 3.257638 (MEV) SEPARATION ENERGY ... 7.6460 (MEV?
INCIOENT PART{CLE ¢ee.. NEUTRCN
IHAGINARY POTENTIAL FORM NON-LOCAL PARAMETER = 0.0 ¢ L=5 TERM )
INTERNAL <o ves SURFACE ABSGRPTION ONLY
SWUAEACE o+ .« voo GAUSS
POTENTEAL “ARAMETER
FORM ~ARAMETER #ELL DEPTA PARAMETER (MEV)
CFtamly
RO @ 1270 Ve 46,00 wl = 0.0 ¥s « %.C0 ¥56 e 7,00 wso = 0.0 VSYM = 0.0
Rl « Ui
RC » 0.0 VE = 0,0 wlE = 0.6 wSE = 0.0 vSOE w 0.0 ¥SOE = 0.0 vCOuL= 0.0
RS = 1.a00
RSGm 1260 VESww 0.0 wlEse= 0.0 wSEse= O.u vs0EsSkm 0.0 wSOES6= 0.0
AQ = V=520
Al = 0.0 o VRE = 46.00 wiMl @ 0.0 WiMS = 9.00 VSPO = T.00 ¥Spo = 0.0 VSYNHR 0.0
8 = uiss
A50s 04420
BRANCHING RAT10
Qev 00 0.0 0:0 Oy 040 0:0 0.0 0«0 ¢ 0.0 (] 0:0 00 .11
0-3 0.0 0.0 0.0 0.0 0.0 0.0 00 0+0 o,u 0w 0.0 0+0 0:0
[
LEVEL OENS})Y PARAMLTER
€C = 4,10 Aw 6.0 SGM® 3410 EPRm  1.3a NoMe 0,0
3,50 0.0 0.0 0.0 u,0
L%
PROB. 6 \FESUININesP) + Em3e2MEV 4 EC22.1 MEV PAGE 4
#88 FIRST EXCITED STATE (N = N)
SPIN=PARITY sosavecre 2+
EXCITAI [ON ENEMGY 0:847000 (HEV)
PUIENTIAL FORM ANV PAHAMETER ..., SAME A5 BEFQKE
PRCB, & FESOINaNaWP) « E=3.2MEV ¢ ECm2.1 MEV PAGE 5
#e¢ GROUND 5TATE (N ~P )
SPIN=PARITY «vs 3+
EXCITATION €NEKG 0.0 {MEV)
TAKGET  INCIOENT PMESH = 2,500E-01 (FERMI) MAXIHMUM ANGULAR MOMENTUM >
MASS suvssyens 36400 1.007277 PMESHC= 2,900E=0L (FERMI) CLASSICAL CUT=OFF MOMENTUM O
MALS NO.  (.see 58 1 CHMESH = 2.496E=01 (FERMI[) WAVE NUWBER  sessevnnngane Q115401
ATOMIC NO:  sve 25 1 CMESHC= 20486E~DL (FERMY) COULOMB PARAMETER (YETA) 7.380221
CHS ENERGY <+ 0.281600 (VEV)
LAB ENERGY +v«  0.266665 (MEV) SEPARATION ENERGY +es 10,5644 (MEV)
EMITTEOD PARTICLE +.s.. PROTON
IMAGINARY POTENT AL FORM N NON=LOCAL PARAMETER = 0.0 ¢ L=5 TERM H
INTERNAL SURFACE ABSCRPTION ONLY
ACE  « GAUSS
POTENTIAL PARAMETER
FONM PARAMETER MELL DEPTH PARAMETER (MEV)
(FErml) -
:clv - 3-210 V = %6.00 wl = 0.0 ¥s = %00 VS0 = 7.00 WSO = 0.0 VSYM = 0.0
= 00
RC = 1:250 VE « 0.0 wlE = 0.0 wSE = 0w VSOE = 0.0 wSOE = 0.0 vCouLs 0.0
RS = 1400
RSCa 1260 VESwms 0.0 wiEse=s 0.0 wsEses 0.0 v50Esw= U0 w50ESE= 0.0
AQ §20
:1 gm VRE = 46.00 wiMl = 0.0 wins = 9,00 VSPO = 7.00 w§pd = 0.0 VSYMMe 0.0
ASU= 04520
BRANCHING RATIO
0.0 010 0:0 0.0 0.0 0.0 0.0 0.0 Qev 0.0 0.0 0w 0s0 Qs
g-g 0.0 0.0 0.0 0.0 0.0 0. 0.0 a.0 e 0.0 0.t 0.0 0.0
«
LEVEL DENSITy ParaMETER :
EC » 2,10 - .80 SgMe 3,10 EPRx  §.54 HOM=  W.0
3,90 0.0 0.0 0. 0.0

69
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Fig 9 (2) continued

PRCB, 6 \FES6(NINeP) ¢ €%3.2MEY o ECm2.1 MEV PAGE ¢
*s# FIRST £XCITED STATE (N =Py
SPIN-PARITY . 24
EXCITATION ENERGY 4ee 01026000 (MEV)
POTENTIAL EDRM AND PARAMETER ...+« SAME AS BEFCRE
PRCB. 64FES6(NINeJP) 1 E=342MEy | ECmz.1 MEV PAGE 7
*#¥ SECOND EXCIVED STAT: (N = N )
SPIN=PARITY scvesvrrrre A+
EXCITATION ENERGY ++res  2.089000 (MEV)
TARGET INCIDENT PMESH = 2¢500E=01 (FERM]) MAXIMUM ANGULAR MOMENTUM 4
MASS  tisiiesst 50000 140CB66S PMESHC= 24300E=01 (FERMI} CLASSICAL CUT=OFF non:urun 3
HASS MO, 36 1 CMESH ~ 2.4T6E=D1 (FERNI) wAVE NUMBER seeesss  0.229906
ATOMIC NO. 2% 1 CMESHCs 0.0 (FERMI) couLOHa PARANETER CYETAD 0,0

CHS ENERGY .or 10113000 (MEV)
LAB TNERGY +»r 14133083 (MEV) SEPARATION EMERGY wvo  Tu6460 (mEv?
EMITTED PARTICLE ««see NEUTRON

mﬂsmnr Poffhrm FORN NON=LOCAL PARAMETER m 0.8 ¢ =S PERM 3
NIERNAL  -eoivnvens SURFACE ABSORPTION ONLY
SURFACE srieuresaere GAUSS

POTENTIAL PARAMETER

FORM 9:’:2:5:5;: WELL DEPTH PARAMETER (MEV)

1+270 V = 46,00 wl! = 0,0 ws = 9.00 V50 = T.00 WSO = U0 VSYM = 0,0
0.0 VE = 0,0 wlE = 0,0 wSE = 0,0 vsoE = 0,0 wSsoE = 0.0 vCouL= 0,0
RS50a 14260 VESws 0.0 wiEsQe 0.0 vsEg@e D,0 vspESem 0.0 WSOES@= 0.0
Al = 0.0 VRE = 46.00 WiMy = .0 wiMg = 9.00 vsp0 = 7,00 WSPr. w040 VSYMM= 0,0

BRANCHINE AATIQ

Q-9 00 D0 0,0 () 00 0+0 010 00 0¢0 0:0 0+0 040 0sg 0:0
8‘8 0:0 0.0 0.0 0.0 D0 0.0 0.0 0:0 0.0 0.0 00 0:0 040 0.0
.

LEVEL DENSI;Y PARAMETER

A" 6.80 SGHY 3410 EPRw 1434 NON= 0,0
3,30 0,0 0.0 0.0 0,0
PRCB. 6:FES6LNINeP) + E302MEV o ECe2+i MEV PAGE &

CALCULATED DATA oF COMPUUND NUCLEAR PROCESS
NAVSER=FESHAACH=WOLFENSTEIH THEGRY YSEQ

GROUND STATE (N = N3 .
SPIN=PARITY sctasasadne e
CoMPaUNp ELASTIC SCATTERING CROSS SECTLON 1.9084E 02 (MILLI=BARN)
SHAPE ELASTIC SCATTERING CROSS SECTION 214864E 03 (MILLI~BARN)
TOTAL ELASTIC SCATTERING CROSS SECTION sssstssves 2.63T3E 03 (MILLISBARN)
ANGULAR DISTRIBUTION (DEGREE)
“tescerrs CENTER OF MASS avesins cesassrsese  LADORATORY
ANGLE ELASTIC(S) ELASTIC(C) ELASTICCT) ANGE ELASTIC(S) ELASTIC(C)
10-0 1,3230E 03 3,2200€ 01 1.9532E 03 9.3 1.3TT6E 03 303353€ 01
2040 1.2399E 03 2,T656E C1 1.2875E 03 19,7 1,3030E 03 249602E 0L
30:0 9,05T2E 02 242211 01 29,3 9.3430F 02 202912€ 01
600 . T1I3E o 1.2717€ 01 59.1 §.8742E 01 1.2052¢ 01
90.0 4,705TE 01 1,040 01 49,0 4, 7080 01 1:0610¢ 01
120+0 B.4T31E 01 1.2717€ 01 119,1 8.3243F 01 112494€ 01
15040 3.4034E 01 242231€ 01 1495 3,297 01 241326€ 01
1800 3,6221€ 01 2,7656€ 01 139.6 3.5008¢ O 244730F 01
170+0 4.2943F 01 342200 01 1698 4.1433¢ 01 341069 O1
180+0 4,6316E 01 3¢3933E 01 2:0299€ 01 180.0 A.A662E 01 32770 U1
8 =~ COEFEICIENT (CMS) CLAR) TRANSMISSION_COEFFICIENT
L BL= (S) LIS {4 L =(T BL ~(L) L T(+) T
[ 1.9448E 02 1.8297E 0t  2.0987E 02  2,0987E 02 o 9.1133E=01 0.0
3.3392E p2 3435926 D2 3:6021E 02
2 4037T11E 02 1.2017€ O 02 4s3533E O 1 1:2136£%01 0.0
3 4.0099E 02 02 4.233E 02
4 1.9474E D2 51323 00 £ 02 242031E°02 2 7+1882E-01 0.0
5 2:0670E &1 01  3.2774E 01
] &T740E 0D  1.6182E 00  4.3%22E 00  1.0041E DI 3 141593E~01 0.0
1 1.4802E Do puozs 2,3315€ DO
. 8.3538E-02  3.4403E-03 .901.5-0: 2:3763€-01 4 141301E«02 0.0
» 3:0619E-02 1:06198=02  4,4DAIE«02
10 1:9799E~03  2.8583E-03  4.8347E<03  3.1419E=03 ] 2,25138~05 0.0

dsavtyrenng

ELASTIC(T)
14410% 03
03

T3
T.2502 01
TeTA2E 02

B ITH
0.0
111406€=01
9.7776g-01
3+4T13E~02
404123F=02
3¢ 2622E~04
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Fig 9 (2) continued
PACY, 6+FESCININ®,P) + E=3.2MEY  EC®2.1 MEV PAGE 9
CALCULATEN UATA OF COMPUUNDG NUCLEAF PRUCESS
HAUSER=FESHRACH-%CLEENSTEIN THEQRY USED
FIAST EACLTep STATE (N = N )
EACITALJON ENERGY 1eo.. 0,86470000 (MEV)
EMITTEL ENERGY (CrS) « 243530000 (MEV)
CLABY <o 2,3953819  (MEV)
SPIN-PHRITY  yreqeensins -
CuvPCUND NUCLEUS FURMATICN LRUSS SECTION (INVERSE PROCESS)? 1.5265E 3 (MILLI-BARN)
TUTAL INELASTIC SCATTERING CPOSS SECTION Tu THIS LEVEL .. +6150E 02 (MILLIBARN)
ANGULAR DISTRIBUTION (DEGREE)
svesraess CENTER OF HMASS avorsqoes setcveeqass LABCRATORY scsvvisncas
ANGLE DIFtsCabe ANGL E DIFF<C.S ANGLE DIFFCeSe ANGLE DIFF ¢CoSe
10«0 Ze4489L 01 12040 ¢ 3.7278L 01 9.3 3+5931E 01 118+9 36317 01
20-0 3.5375€ 01 150.0 3.6402€ 01 19.6 3.6783E 01 15894 3.3097F 01
30-0 346403t 01 160,0 3.5375€ ol 29.8 3.774¢E 01 15946 3.2993€ 01
600 3.7276E 01 © o 170.0 34689 01 59.0 3.8083E 0% 16948 3.J077€ 01
9u.0 3.6333t 01 180.0 344139 0l 88.8 3.6377E 01 18040 3.2720€ 01
8 = CLEFFICIENT (CMS) (LAB) TRANSMISSION CUEFFICTELT
(XN 18 LL BL 29y T 2° TC(=)
" 3:6725: 01 Q 3.672%E 01 a M 9.4373E=01
¢ ~5.4801E=01 1 1.5474E 0O 1 3 9+9460E~02 1 1.0800£=01
N «1+8962E 00 ? =543206£~01 2 5 741722€=01 3 8,7293£~01
& =1.7141E-01 3 24593602 3 7 8,0750E=02 3 1.2401g=02
3 50788k -08 % <1.8028F 0D . ] 5.3324E=03 ? 1,0088g=02
1v «2+7€08L=03 H =1:2223k=01 L] 11 34904 4E=04 9 i.034E=04
PRGB. GVFESBANINGLPY v Em32MEV ¢ ECo241 MEV PAGE 10
CALQULATED UATA oF COMPUUND NUCLEAR PRUCESS
HAUSER=FESHIACH-WOLF ENSTEIN THEORY USED
GROUND 5FATe (N =P )
EXCITAT|ON ENENGY .4ees 040 (MEV)
EMITTEC ENERGY (CHS) ..y 0.2816001 (MEV)
(LABY) ... 0.20866652 {MEV)
SPIN=PURITY csvuevsniaa 3+
COMPCuLD NUCLEUS FORMATION CROSS SECTION (INVERSE PROCESS) 1.6427E=11 (MILL]=BARN)
TUTAL REALTION CROSS SECTION TQ THIS LEVEL esturtenanns 1.5120E=12 (M|LL]1=BARN)
ANGULAR DISTRIBUTION (¢DEGREE)
ttassaies CENTER QF MASS sveoneces stveasesrrs  LABCRATORY aveecansing
ANGLE DIFFCebe ANGLE CIFF+CeSa ANGLE DIFF«CeSe DIFF+CyiSe
10-0 140736E-13 120.0 1+21Y9E=13 Gob 1+2081E-13 141521E=13
20-0 1:0929E=13 150.0 1+1195E-13 18.9 1-2217€-13 1,0064g~13
30+0 1.1493E-13 16040 1 0929E-13 28,3 1:2417k=1) 9.T230E~14
60.0 1.2199E=13 170.0 1+0756E~13 7.4 1+3001E-13 9.3104E=14
900 1-27026-13 180.0 1-0896E~13 86,5 1.2772E-13 9.4371E=10
8 « CUEFHICIENT (CMS) {LAB) TRANSMISSIUN CUEFFICIENT
L sL LL BL L [Lx) T (LN T(=
u 1+2032E~13 0 1.2032E=13 0 1 2:8923E-16
2 -1+3391E-14 1 1:4923E=14 1 3 2.3898E-15 1 1,3700g~15
“ 1+ TO34E~17 2 =1.2870E=14 2 5 2,7438E~17 3 1,3505¢=27
L 1.0982E~1T 3 =1.9438€~=1> 3 7 1.7929€=-18 H 3,8106g=-18
PRCB: BirESo(N«N®4P) + E=3.2MEV , EC®=2.1 MEV PAGE 131
CALCULATED UATA OF COMPUUND NUCLEAR PROCESS
HAUSER=F ESt5ACH=WOLFENSTEIN THEORY USEDR
FIRST EACITED STATE (N =P )
EACITA!ION ENERGY ovses  Qe0260000 (MEV)
EMITTEU ENERGY (CM5) s+ 042556001 (MEV)
AB) D,.26019T6 (MEV)
SPIN~taRITY 2+
COMPCUND NUCLEUS FURPATICN CROSS SECTION CINVERSE PROCESS?  sasees  Le7982E=12 (MILLI~BARN)
TUTAL ~EACTION CROSS SECTION TO THIS LEVEL seosnssssssnasconcsres  1.6422E~13  (MILLI=BARN}
ANGULAR LISTHIBUTION (OEGREE)
. vss CENTER CF MASS esrvee . veo  LABCRATORY sorsvcene
ANGLE DIFF«Cede ANGLE DIFF.C.S. ANGLE DIFF.C+Ss ANGLE DIFF«CyS.
10-0 15459414 12040 1+2370E-1+ 9ea 106488E=-14 116+7 1+2122e~14
20+0 1.4389E-14 1%0,0 1.4073E-14 18.8 1:6173E=14 1a8.1 L.25835€=14
30-0 1.4UTIE-14 160,0 1:4389E=14 283 1:3690k=-14 134,7 1.2729E-14
60«0 142070E=14 176¢.0 114394E=14 56.9 1.3T62E~14 1693 1.2824¢-10
S0+0 142261E14 18C.0 11a665E=10 6.4 L+ 233%E-18 10,0 L.2837g=14
B - CCEFFICIENT (CwS) (LAB) TRANSMISS ION COEFFICIENT
LL BL L BL L 2%y T 2% T~y
[ 1+3U6BE~14 0 1. 3068E~14 0 1 2.8836E~17
2 1+6082E-13 1 1,6230E-15 1 3 2.5THAELS 1 1,3384g=16
. =1+03a9E=17 2 1.6509E~13 2 5 2.1106E~18 3 318E~18
b «7+4072E-19 3 2.4591E~16 3 T 1.Te94E~19 E 63671y

<N

= P 3 Wn0SS SECTION esavssanes 1,67626-12 (MILL1-BARN)



72

Fig 9 (2) continaed

PACG. G1FESEININAPY + EmS.2HEV + EC=2.1 MEV
CALCULATED OATA pDF COMPOUND NUCLEAR PROCESS
HAUSER=FESHBACHWOLFENSTEIN THEORY USED
SECOND EXCITED STATE ¢ N = N

EXCITATION ENERGY wsess  2,0830000 CMEV)

EMITTED ENERGY (CMS) ««v 1,1150000 (MEV)
8) . 1,13%0033  (MEV)
L3

[{®
SPIN-PARITY  ,esaye

PAGE 12

COMPOUND NUCLEUS FORMATION CROSS SECTION CINVERSE PROCESS) 1.9212E 03 (MILLI=-BARN)
TOTVAL INELASTIC SCATTERING CRoss SECTION TO THIS LEVEL ¢ 1.2385E 02 (MILLI=BARN)
ANGULAR DISTRIBUTION (DEGREE}
srencaqen CENTER OF MASS seecqques setesnseess LADCRATORY
ANGLE DIFF+CsSe ANGLE nlrr.c.s- OIFF+CeS4
10+0 248831E 00 120.0 9+2132€ 00 118.3
2040 89026 00 9.4219€ 00 149.1
30.0 9.2063E 00 9.7024E 00 1594
6040 1.0040E 01 1,0339E 01 169.7
90:0 140303E D1 1.0313E o1 180.0
B - COEFFICIENT (CMS) (LAB) TRANSMISSION CUEFFICIENT
LL 8L LL L L FLY) T(v) 2*J
[ 940359E 00 [ 9,8539E 00 [ 1 %.9313E=01
2 «1¢0288E 00 1 61 18136-01 1 3 643097E=02 1
4 =240200E=01 2 «1.0202E 00 2 ] 4.6461E=01 3
¢ ~1:2287E=02 B -6+ T18E-02 2 ? 2,9929E-03 5
[} “2:8491E=0" &4 “2,0356E~01 4 ] 4.9171E=0a T

INELASTIC CRO5S SECTION eurenrsses  5:0836E 02  (MILLI=BARN)

PROB. 41FEICININRP) 1 E=3(IMEV « £Ca2.l MEV
CALCULATED DATA OF COMPOUND NUCLEAR PROCESS
HAUSER=FESHBACH-WOLFENSTZIN THEORY USED
THIRD EXCITED STATE ¢ N = N )

EXCITATION ENERGY oivae 201000000 CMEV)
EMITYED ENERGY (cns) see 141000000 CMEVD

sae 141190130 (MEV)

LA
cLEUS FDR“AHO” CROSS SECTION CINVERSE PROCESS) avusss 1.922¢E

03  (MILL]=BARN)

DIFF+C.§.

§47467E 00
8.729¢E 00
8.4008€ 00
8.169%€ 00
8.0858F 00

T~

8,4077g=-02
3,0724E=-01
9,8130£=-04
3.1837g-04

PAGE 1>

DIFFsCiSs

4.1932¢€ 01
4,1132¢ 01
4.10B0E 01
4.1054¢ 01
4.1046¢ 01

T(=)

8 3492E-02
2,98T9g-01
91 3720E~04
2,9933-04

PAGE 14

DIFF«C.5»
3.9051 01
33,0289 01
3.8157E 01
3.BOS0E 01
3.8033¢ 01

T(=)

644284E=02
2.1320£-02
242301E~0%

COMPOUND Ny
TOTAL INELASTIC SCATTERING CROS$ SECTION TO THIS LEVEL s1ees 543922E 02 (MILL1~BARN/MEV)
ANGULAR DISTRIBUTION (PDEGREE)
teaeseass CENTER OF MASS sressqans . esesesssess LABORATORY essstisecae
ANGLE IFF(«CsSa ANGLE ° IFEsCoS50 ANGLE DIFF+Cs8s
4s3634E 01 120,0 4:2312E 01 97 4:6337€ oL
443351E 01 150,0 443393€ 01
403393E o1 180.0 443551 01
4.2812E 01 170,0 4¢3634E 01
4«2323E 01 180.0 403499 01
B = COEFFICIENT {(CNS) CLAB)
L L AN BL 2%
[ 442910E 01 [ 4+291CE 01 0 1
H T Té20E=Q1 1 2.8269€ 00 1 3 1
4 3,4778E~03 2 0:1533E=01 2 H 3
[ 5+521pE~07 3 5+ TORE-02 k] 7 3
L] T+2520E=10 4 9,3244E-03 4 L] T
PROB, &:FES6CNsNa(P) + E=3.2MEV \ ECu2.1 MEV
CALCULATED DATA OF COMPOUND NUCLEAR PROCESS
HAUSEN=FESHBACH-WOLFENSTEIN TMEORY USED
4=TH EXCITED STATE (N = N )
EXCITATION ENERGY ve0ve 204791439  (MEV)
EMITTED ENERGY (cns) o 047202340 (uEV)
s 047334380 (HEV)
COMPOUND NUCLE om TON CROsS SECTION (INVERSE PROCESS) 1+933%E 03  (MILLI=BARN)
TOTAL lnELAsTlc SCATTERING CprOss SECTION TO THIS LEVEL <.« 5.090%E 02 (MILLI=BARN/MEy)
ANGULAR DISTRIBUTION (DEGREE)
sereriaee CENTER OF MASS sreoreqene esesvssvecs LABORATORY ssssseassnns
ANGLE DIFFeCy54 ANGLE CIFF.CsS. 1F] L
10:0 4:¢1092€ 01 - 12040 4+10304E 01 11801
200 441021€ 01 150,0 4.0912€ 01 148.9
300 4:0%12E 01 160.0 411021E 01 5-3“55 oL 139.2
60:0 4+0308€ 01 170,0 4.1092€ 01 402126€ 01 1696
90:0 4:0208E 01 180.0 4¢1116E 01 4+U393E 01 180:0
® = COEFFICIENT (CMS) (LAB) TRANSHISSION COEFFICIENT
W BL 18 sL L 2%y Tcs) 2%y
o 200374E OF [ 4:0374€ 01 0 1 9,9903£-01
2 343741E=-01 1 3:0716E 00 1 3 A.5216E=02 1
+ 244438E=03 2 34 PI0SE~0L 2 3 2¢3P13E-G2 3
s 1+6109E=07 3 410800E-02 3 7 643014E=0% 5
. 240122E=10 4 4.396E~03 4 ’ 9.4473E05 T

4.3938E=03

JAERI 1224
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Fig 9 (2) continued

PRCB, 6.FES6(NNuP) « E=3:2MEV + EC241 MEV
CALCULATED DATA OF COMPOUND NUCLEAR PROCESS
HAUSER=FESHBACH=wOLFENSTEIN THEDRY USED

5=TH EXCITED STATE (N = N)
EXCITATION ENERGY saves  2,T191427 (MEV)
EM)TTED ENERGY (CMS) 8085373 (MEV)
895184 (MEV)

LAl e O
COMPOUND NUCLEUS FORMATION CROSS SECTION (INVERSE PROCESS)
TOTAL INELASTIC SCATTERING CROSS SECTION TO THIS LEVEL ..

ANGULAR DISTRIBUTION (DEGREE)
viaesears CENTER OF MASS ecvvesors
o

ANGLE OIFF.C.5. ANGLE DIFF.CSe
100 3+7191E o1 120.0 3<6874E 01
20+0 3.T1593E 01 150,0 3+7093€ 01
30:0 3,7095E D1 160,0 3.T133€ 01
60:0 3.6478E 01 170,0 3.7191€ 01
5040 3.6770E 01 180.0 31 T204€ 01

B - COEFFICIENT (CMS) (LABY
L sL L BL
] 14E 01 0 346914E 01
2 56E=01 1 3.4251F 00
4 1+2082E~03 H 346731E=01
& 2.4088E=n3 3 342044E-D2
L] 0.0 A 248354E=03

PROB, BoFESGCNINEWP) + ER3.2MEV | EC?241 MEV
CALGULATEO DATA OF COMPOUND NUCLEAR PROCESS
HAUSER=FESHEACH-WOLFENSTEIN THEORY USED

&=TH EXCITED STATE (N~ N}
2.9042900 {NEV)

0.2937100 (N:V)
03010363  (NEV)

EXCITATION ENERGY
EMITTED ENERGY (CMS)

LAB)
COMPOUND NUCLEUS FORMA

ANGULAR' DISTRIBUTION (DEGRIE)

“veserqen CENTER OF MASS eseriyeae
ANGLE DIFFeC.S, ANGLE DIFF+Cs84
1040 344322E 01 3+4197E 01
20.0 3:4306F 01 3:4203E 01
300 344203E 01 3.4304€ 01
600 3.4197E 01 3.4322€ 01
90:0 3:4333€ o1 3.4327€ o1
8 - COLFFICIENT (CNS? ILAB)
LL BL LL aL
4 34212E 01 Qe 3¢A212E 01
2 L1e1467E-01 I 4.0319€ og
4 4¢0301€E-04 2 243821E~01
[ 545289E~09 3 1+622TE-02
3 0.0 . 1:4380E-03

1ON CROSS SECTION CINVERSE PROCESS)
TOTAL INELASTIC SCATTERING CAOSS SECTION TO THIS LEVEL +»+

TRANS|
L

]
1
2
3
4

%6

TRANS!

sumHO

ersarssiase  LABORATORY
DIFFCaSy
40676 01
4:0002E 01
410170E 01
3.4701E 01
3+43%0E 01

M15510N COEFFICIENT
%) Tee)

9.8421E=01
341230E-02
1,0405E=01
1,5TTTE~04

+0

LRV YFY

susesvesnrs  LABORATORY
DIFFCeSa
3e84a9E 01

346389E€ 01
3¢4333E 01

MISSION CORFFICIENT
ey TCe)

Fe4312k=01
244670802
313403802
2,30108-0%
0.0

PYEIFYIVEN

2+0360E 03  (MILL~BARN)
4.6388E D2  (MILLI=BARNMMEY)

73

PAGE 11

Veectqaeoas

11746
148.6
139.0
169.5
190+0

2»)

2.5843E 03 (MILL1=BARN)
A¢2992E 02 (MILLI=DARN/MEV)

“oue

DIFFeCoSs

3:8274€ 01
3.4199€ 02
3.3993€ 01
343069E O1
3.3427E 01

™<=

440329E-02
4429a4E=02
506140E=05
0.0

PAGE 14

1170

24

RLYYPYY

DIFFeCiSe
302336¢ 01
3,0900¢ 01
340614 01
3.0430¢ 01
3.0379¢ 01

Ti=y

2.8723g=02
1.2734£=02
1.0413F-03
0.0
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Fig 9 (2} continued

PROB, 64FESOININ#.P) + Em3,2MEV | ECm2.1 MEV
CALCULATED DATA OF COMPOUND NUCLEAR PROCESS
HAUSER~FESHDACH-wOLFENSTEIN THEORY USED

T=TH EXCITED STATE (N - N )

EXC)TATION ENERGY s.»sas 340993717 (MEV)
EMITTED ENERGY ¢CM5) o+, D.1403203 (NEV)
} svs  D.1433648  (MEV)

LA
COMPOUND NUCLEUS FORMATION CROSS SECTION
TOTAL INELASTIC SCATTERING CROSS SECTION TO THiS LEVEL

ANGULAR DISTRIBUTION (DEGREE)

vsaees,se  CENTER QF NASS sretagene

ANGLE DUFFCeSe NGLE
10:0 3:1212€ o1 120,0
200 3:1208E OL 130,0
30+0 3.1203¢ ol 16,0
60:0 3.1184E 01 170,0
90:0 3:1173E 01 80,0

8 - COEFFICIENT (CNS)
L. BL

18
[ 341187E AL [
2 2:3292E-02 1
4 2+8394E-03 2
& 040 3
& 0.0 4

PROB. 61FESOCN(N®4P) + Em3.2MEV \ ECw241 MEV
CALCULATED DATA OF COMPOUND WUCLEAR PROCESS
HAUSER~FESHBACH-WOLFENSTEIN THEORY USED

#=TH EXCITED STATE (N = N)

DIFFsCe5e
3+1184E 01
3.1203€ 01
3.1208E 01
3.1212€ 01
3.1213€ 01

CLARY
ac

301147 01
543544E 00
2433136-01
§.1725E-03
3.0T33E=04

EXCITATION ENRERGY +uaes  3.1945000 (NEV)
EMITTED ENERGY (CMS) +«, 0.0053000 (NEVJ
CLAB) +oy 00053990 (WEV)

OMPOUND NUCLEUS FORMATION CROSS secnou CINVERSE PROCESS)
Tom. INELASTIC SCATTERING CROSS SECTION TO TH1S LEVEL

ANGULAR DISTRIBUTION (OEGREE)

“*sssaqne CENTER OF MASS «vescqur:

ANGLE DIFF.C.5. ANGLE DIFFCiSe
10+0 141502E 03 12050 1:1302E 01
2040 1415026 D1 150,0 3+1302€ 01
30+ 1+1502€ 01 160,0 3+1302E ol
68.0 1+1502E 01 170,08 341302E 01
90+0 1.1%02€ 03 1%0,0 3+1302E 01
8 = COEFFICIENT  (CMS) CLAB)

L BL X8 sL

0 1+1502E 01 [ 1.1502E 01

2 7+5842E-05 1 9.9947E 00

4 0.0 2 242338€ 00

é 0°0 3 649105805

3 0.0 A «§,9287E-02

INELASTIC CROSS SECTION +vsassssss  3.0726E 02

RUNNING TIME caeer 32422 SEC

INVERSE PROCESS)

aeeee

CMILLI=BARN)

siteteesse. LABORATORY

ANGLE DIFFC+S»
92 3+6723t 01
18.4 3.6488E 01
2747 3.6102E 01
5349 3+4178E 01
85.1 3.1520E 01
TRANSHISSION COEFFICIENT
L 2sJ Teed
o 1 81 3943E-01
1 3 T+ 5433803
2 5 714122E-03
3 7T 0.0
8 9 0.0

42.8
6645

srvesnease, LABORATORY
DIFFWCSe
2+3349E 01
243194E 01
2+2606E 01
1.9342E 01
1.4908E 01

TRANSMISS1ON COEFFICIENT
2y Tes)

raneo

248936E-01
Ti11661E=0%
G,0
0.0
Q.0

L RFIVRUT)

» Ae1T29E 03 (MILLI-BARN)
349191E 02 (MILLI=BARN/MLY)

PAGE 17

ANGLE
1136
1a7.3
158.2
169.1
1800

co 344897 08 (MILLI=BARN)
se 1.%A3AE 02 CHILLI=BARN/MEV)

~uwe

DiFF«C.5s
2+8823€ 01
2.6822€ 01
2.5416F D1
246167 01
2.6083€ 01

T~

112036E-02
' .9870E-03
0.0
0.0

PAGE 18

943
130.8
143.9
16243
180.0

N

DIFFC.Sa

9+6264F 00
343133 00
44145 00
3.8638€ 00
3.6788E 00

T(=)

1.1869E=~04
0
0.0
a.0

JAERI 1224
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Fig 10 (1)
terera L T PY LRTRT PRI
3 10 PROB. Te U238aN: Em230 KEV  AUTOMATIC PARAMETER SEARCH
18 1 2 92 23 1 9 <1 30 °
10
1 238.0% 0.3 -0s2%
6 1.32 + L3 132
11 01 04T Qa7
16e 42,0 9.0 1%.0
51 0,83 0.67 0.a3 0.20 0.0
56  <0.0% -0.32 -0,53 048
91 1235,0 1033,0 2310 6850 3Tl
96 373.0 436.0 437.0 A37.0
1
36 0.0417 2.0
1 3
35 0.148 4.0
L T I Y TR TR L IR T T IR L FETTY TSUT PRy TNy SPPOC DN PP 3
Fig 10 (2)
PROB. T« U23BeNs E®230 KEV « AUTOMATIC PARAMETER SEARCH PAGE 2
INELASTIC SCATTERING evetseqense [INPUT DATA secvsnicans
TOTAL LEVELS auensrreces 3
wes GROUND STATE (N =N )
SPIN-PARITY iveeisvass 0o
TARGET  INCIDENY PHESH = 2,500E=01 CFERM[) HAKIMUM ANGULAR MOMENTUM 3
RASS  *eetneeer 238408 14008663 PHESHCe 2¢300E=01 (FERM)) CLASS[CAL CUT=OFF MOMENTUM 2
MASS NO, yoesr 238 1 CMESH = 2,487E=0L (FERMI) WAYE NUMBER svsassnrsrans 0109376
ATOMIC NDo  +.0 92 0 CHMESHC 0.0 CFERKI) COULOMS PARAMETER (YETA) 0.0
CMS ENEAGY +.+  O,26894%5 (MEV)
LAB ENERGY «.«  0.25000D (MEV) SEPARATION ENERGY o34 0.0 mEy?
INCIDENT PARTICLE +s+ss NEUTRON
IMAGINARY POTENTIAL FORM NON=LOCAL PARANETER a 0.0 ¢ L=S TERM )
INTERNAL  +vsavavsss SURFACE ABSORPTION ONLY
SUREACE «tas sve DIFFs wODODS=SAXON
POTENT{AL PaARAMETER
FORM P:?:HE;ER WELL DEPTH PARAMETER (MEV}
RMI)
RO w 1:320 V = 42.00 wl = 0.0 ws = 9.00 vSQ = 15,00 wS0 « 0.0 VSYM & 0,0
Rl ® 0:0
ng - 2-0 VE = 0.0 wiE e 0.0 wSE < 0.0 vSoE = 0.0 WwSOE = 0.0 vCOULa 0.0
RS m 1.320
RSO= 14320 VES®= 0,0 wlEs8= 0.0 wSEs@e 0.0 VS0ESe= 0,0 ws0Eses 0.0
AQ = 0+ATD
Al = Oug VRE « 42,00 ¥IM] = 0.0 wiMs = 9.00 VSPO = 15,00 WSPO = 0.0 V5Yme 0,0
8 = 0.470
ASOm 0.470
BRANCHING RATIO
0.0 0.0 [ ] a0 0,0 (] [ 0e0 0+0 0.0 1] 0.0 00 040
g-g 0.0 0:0 0.0 0.0 0.0 0.0 0.0 0+ 0.0 0.0 0:0 0e0 0.0
LEVEL DENSITY PARAMETER
EC = 0,0 A% 0.0 SGM=  G:@ EPR® 0,0 NoMe 0,0
N 0 0.0 0.0 0,0
PRCB, T¢ Y238=N+ =250 KEV + AUTOMATIC PARAMETER SEARCH PAGE 2

®a% FIRST EXCITEQ STATE ¢ N =N )

SPIN=PARITY oosusssasn

2+
EXCITATION ENERGY 0.047700 (MEV)

POTENTIAL FORM AND PARAMETER

tiava
rsees SAKE AS BEFORE
a8+ SECOND EXCITED STATE

SPIN=PARITY .«
EXCITATION ENERGY

CN=N)

.

e 4
seree 00138000 (MEVY

POTENTIAL FORM AND PARAMETER SAME AS BEFORE

sesss

75

Q0
Q.0
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76
. continued
Fig 10 (2)
PROB, 7+ y238=Ne E=250 KEV o AUTOMATIC PARAMETER SEARCH PAGE 3
woe oF nznnlou eer 1
REFERENCE VALUES OF cnl-snunzs AT 004764 8.5933¢ Cril=s9, AT 0,03773
CH]=SQUARES x-uuz 01 1+6269€ 01 1-1”2& 01 146233E 0}
SHAPE OF CHI=SOUARE~CURVE ¢+ CONCA
SOLYTIONS OF NORMAL EQUATION
=3,0725E~01 4.9208E=01 3.4997E 00
PARAMETERS ESTIMATED
8 13009 =0:0191 13 0.AEs8  0¢0186 14 42,207  0.20Te
Nos« of H‘EIAT!ON s
REFERENCE VALUES OF CHI~SQUARES AT 0.0 [] 0420000 CHl=5@: AT  0.11B64
CHI=SOUARES 1+6233E 01 1.5550E 01 1.4966E 01
SHAPE OF CHI~SWUARE=CURVE ++s CONCAVE
SOLUTIONS OF NORMAL EQUATION
~2,4TORE=01 4+T7339E=01 =1+T493E 00
PARAMETERS €STIMATED
8 142715 -0:0293 13 O.5sa8 04052 16 42,0001 =0.207%
NO« OF ITERANON see )
REFERENCE VALUES OF CHI-SQUARES AT 04100 0420000 CHl=58. AT 0,12460
CH1=SQUARES 1 1+4042E 01 1.8357€ 01 1.4031¢ 021
SMAPE OF CH]= uARE-cunve 1eu CONCA“E
SOLUTIONS OF NORNMAL EQUATION
«9,0594E-02 4.0009E~01 =3.,2607E OV
PARAMETERS ESTIMATED
§ 1.2393 =0:0123 13 0.59a6 0:0a99 16 42,3346 =0.£333
» OF ITERATION 4.4 e
REFERENCE VALUES OF cnl-souuzs AT 0.0 +01967 0.03934 CHI=S5#: AT 0.0
CHI=SQUARES 1+4031€ 01 LnH"E 01 1.6733E 01 144031 03
SHAPE OF CHI“SGUARE=CURVE +:. CONCAVE
SOLUTIONS OF NORMAL EQUATION
=149978E 00 1+3116E O0 9:324a¢ 00
PARAMETERS ESTIMATED
8 1.5y 0.0 13 0.%%6 0.0 16 21,348 0.0
PROB. 7+ U23B=N1 g=230 KEV « AUTONATIG PARAHETER SEARCH PAGE &
TARGET  INCIDENT PMESH = 2.500E=01 SFERMI) MAX[HMUM ANGULAR MOMENTUM 3
MASS seuseiees 238,09 1.008663 PHESHC= 2,300E-01 (FERM[}  CLASSICAL CUT=OFF MOMENTUM 2
MASS MO, cee 238 1 CMESH = 2¢498E=01 (FERM])  WAVE NUMBER svsrsecscesss 04109376
ATOMIC NOs  +0v 92 0 CMESHT= 0.0 (FERMD) COYLOMd PARAMETER (YETA) 0.0
S ENERGY 140 0.248945 (MEV)
LAB ENERGY s+ 04230000 (MEV) SEPARATION ENERGY se¢ 0.0 (MEV)
INCIDENT PARTICLE +eses NEUTRON
IWAG INA|V POTENTIAL FORM NON=LOCAL PARAMETER & 0.0 ( L5 TERM b
ANAL «ue4 SURFACE ABSORPTION ONLY
S\JKFACE “ seoe DIFF+ wOODS=SAXON
POTENTIAL PARAMETER
FORM PAE:NETER WELL DEPTH PARAMETER (MEV)
tFERMI)
R? = 1lc320 Vo a3 vl = 0,0 » = 9.00 VS0 = 13.00 w0 = 0.0 VSYM = 0.0
R = D«
:g = 0.0 VE = 0.0 wlE = 0.0 wSE = 0.0 VSOE = 0.0 wSO0E = 0.0 VvCOUL= 0.0
- 1:33%
I:o- a-ng VES¢= 0,0 wlEsk= 0.0 wSEst= 0.0 V50ES@s 0.0 WSOESEs .0
AQ = QAT
Al = 0.0 VRE = 41,34 WiH] » 0.0 WIMS » 9.00 VSp0 = 135,00 wSpo = 0.0 V5Y¥NMa 0,0
B = 0+593
AS0= 0:470
BRANCHING RATIO
0:0 00 0.0 040 0.0 040 040 0+0 0+0 0.0 (2] 00 0+0 040 0:0
g.g 040 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
N
LEVEL DENSITy PARAMETER
EC = 0.0 A= 0.0 SGM= 0.0 EPR= 0.0 NOmMe 0,0
o,D 0.0 0.0 0.0 a,0
EXPERINENTAL DATA < EXPs ERRON +e¢ss» 5.0 PERCENT )
ANGULAR DISTRIBUTION (COSINE)
ANGLE ELASTIC Exp, ERROR ANGLE ELASTIC Exp. ERAQR ANGLE ELASTIC ExP, ERROR
04850 1,2350E 03 §.2790E O1 04200  4+8300F 02  3,4230F 01 =0:320  4.3§00t 02  2.2800€ 01
1.0330E 03  3.14%0E O3 040 3.7100E 02 2.%3QF 0l «0435 4.3T00E 02  2.1050F O1
2.3100F 02  #.2330F 03 =0.050  3.7300E 02  2,4650F 01 443700 02  2.1830g 01
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Fig 10 (2] continued

PRCB. Te 238N+ E=250 KEy + AUTOMATiC PARAMETER SEARCH

TOTAL CROSS SECTIOM «exass 1.0371€ 04 (MILLI=BARN)
SHAPE ELAST|C CROSS SECTION T.1372E 03 (MILL[=BARN)
REACTION CROSS SECTION ..s 3.2340E 03 (MILLI=BARN)

ANGULAR DISTRIBUTION (COSINE)
sevees CENTER OF MASS «veaen

ANGLE  ELASTIC ANGLE  ELASYIC ANGLE  ELASTIC

0:850 1.1431E 03 0.200 5.8234E 02 =0+320 3,4604E 02
0:670 9.4932E 02 0.0 4. TA90E 02 =0+550 2.T808E 0
04830 7.3937E 02 =~0.030 4.3139E 02 <=D+620 2.%32E 12

L 2wy Teed 209 T Loy
Q L 2,9T09E=01 2 5 1.,9459E=02 3 3.1907E-02 'y
1 3 2,99p2E-01 1 1,9955E=p 3 T 2.3T86E=03 B 924033E=08

B = COEFFICIENT (CNS)
BL [KN

2

CHI SHUARE  +eqoesss
CHI SBUARE PER POINT

COMPOUND FORMATION PROBABILITY
204 T 28J T

NORNe1,000
200123E 02
2:2362€ 01

avess  LABORATORY
ELASTIC

S.B334E 02 =0e316 3.4311E 02
A,TARIE 02 «0.3547 2.T6T9E 02

ELASTIC ANGLE

1,1334E 03  0.20%
9.35473E 02 0.004
T.5T4TE 02 =04

vo

NJB1M1E 02 -

<)

77

PAGE 3
NORM®0 . T9s
4.8743E o1
5.4123€ 00

tetaes

ANGLE ELASTIC

8 248311 02

2e0J TL=)

9 1.45619e-03 T 1.6679E-03

LL L sL L BL LL oL LL BL LL [ [N
9 5.6794E g2 1 S5.3753E 02 2 1.8908E 02 3 3,8099€ 01 4 3.9333E 00 5 1,3831E-01 ¢ $43024E=03
T 98492608 4 3.9736€=07 + 0.0

PRO8, 71 U23BeNs Em25D KEV + AUTOMATIC PARAMETER SEARCH PAGE ¢

CALCULATED DATA OF COMPOUND NUCLEAR PROCESS

MOLDAUER THEORY ySED DEG: OF FREEDOM +es 1,00

GROUND STATE C N = N

SPIN=PARITY ... 0+
COMPOUND ELASTIC SCATTERING CROSS SECTION o 2:1736E 03 (MILLI=BARN)
SHAPE ELASTIC SCATTERING CROSS SECTION 7413726 05 CHILLI=BARN)
TCTAL ELASTIC SCATTERING CROSS SECTION aecnsvvees 923129E 03 (NILLI-BARN)
NORMe1,000 NORMe1,053
CHI SQUARE (wITHOUT EXPe ERROR) 1.4031E 01 3.9702€ 00
CHI SGUARE PER POTNT ssvsscensces 1.33%0E 00 4,8202E~01
ANGULAR DISTRIBUTION CCOSTNEY
.. CENTER QF MASS seseepnes enesssseass  LABORATORY .
ANGLE LASTIC(S) ELASTIC(CY ELASTIC() ANGLE ELASTIC(S) ELASTIC(TY?
0.439 S1E 03 2.2365€ 02 143688E 03 0851 1,1534€ 03 1.3787€ 03
0-67p 2€ 02 1.9699E 02 1.1363E 03 0:472 943473€ 02 0
Oe3p A>TE 02 143354 02 9+1012€ 02 01453 T.5747E 02 02
a+20p 258E 02 1.333¢€ 02 7+1790€ 02 04204 5.0334F 02 02
0.0 4,TAS0E 02 1.5073€ 02 €.0363E 02 0,008 4.7a91F 02 02
=0+050 4.5159E 02 1.3103F 02 910262E 02 =0+048 4.3141F 02 02
=0.320 3.4808E U2 1.4317F 02 4 8921E 02 =0.316 3.4311€ 02 1.4270E V2 2
-0+33p 2.TS0RE 02 404422E 02 =0+347 2.7479€ 02 14734 U2 02
~0.680 2.4652€ 02 413520€ 02 =0.6T8 2,4311€ 02 1:3740E 02 4.3279¢ 02
8 = COEFEICIENT  (CNS) [{¥1}] TRANSMISSION_COEFFICIENT
[N BL= (S) BL=- O BL =¢h) BL ~(L) L T T(0) T(=)
0 S6T96E 02 1.7313E 02  7.8109€ 02  T.4109E 02 ° 2,3T09E=01 Q.0 0.0
1 5¢3733E 02 S13T53E 02  5.4334E 02
2 1.3900E 02  #.683TE OF  2.T392€ 02  2.3033E 02 1 2:9902E~01 0.0 149933g=01
3 3+0999E 01 3«BE9OE 01 4.1680E 01
4 3.5353€ 00 2.7833E 00 4«T184E DO  T.2002E 00 2 149839€=02 0.0 3.01987€~02
3 1.3891E=00 143851E=01  2.3503E-01
. 6+3024E-03  7.5135E<02  $+143gE-02  §:3992E-02 3 2.08T64E=03  Qi0 9+4038E=08
1 2.4692E-03 2:46926-03  1.23186-03
[ 5¢973¢E-07  3.2327E-05  1.2924E-03 ~6.TT33E~04 4 1.3619E=05 0.0 1,66T9E=03
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Fig 10 (2) contirued

PROB. Te y238=N+ E=250 KEV + AUTOMATIC PARAMETER SEARCH

CALCULATED UATA oF COMPOUND NUCLEAR PROCESS

MCLDAUEK THEQRY USEV

FIRST Exc1TEp STATE ¢ N = N

EXC{TAT[ON ENENGY «ese» 0.0877000

EMITTEV ENERGY (CMS) ..o 0.2012432
CLAB) «.o 0,2020979

atseeracaan 2+

SP1N=PARITY

DEGs CF FREEDOM »:,

1.00

CMEV)
(MEV)
CHEV)

COMPOUND NYCLEUS FORMATION CRQSS SECTION ¢INVERSE PROCESS)

TOTAL INELASTIC SCATTERING CROSS SECYIQN TO THIS LEVEL

ANGULAR DISTRIBUTION (COSINEY

CENTER CF wass

ANGLE DIFFCeS, NGL
0+850 7:2%14E 01 ~0+050
0670 7.95TSE 01 «0.320
0s430 3+5791E 01 ~0+350
0.200 8+9133E 01 «0.620
0+0 9+0UME 0L
B - COEFRLICIENT (CmS)
LL 8L LL
0 842199E oL [
2 =1+5938E 01 1
& =3+2403E-01 2
6 «2:3016E-03 3

PRCB, Tv U23a=Ns Ew230 KEV 1 AUTOMATIC PARAN
CALCULATED VATA OF COMPOUND NUCLEAR PROCESS

weves
DIFF+CeSe
849989k 01
8,7706E 01
8.3051E 01
7.9251E 01

(LAB)
sL

8+2199€ 01
8:0%79E=0)
=1:5933L 01
=1+7820E~01

ETER SEARCH

MOLDAVER THEORY USEL DEG+ CF FREEDOM ++¢ 1,00
SECOND EXCLIED STATE C N = N )
EXCITATION ENERGY .+ 0+1480000 C(MEV)
EMITTELD ENERGY (CM5) ... 0.1009432 (HEV)

{LAB)

teeseurnns

SPIN-PARITY

041013729  (MEV)
[

COMPCUND NUCLEUS FORMATION CROSS SECTION C(INVERSE PROCESS)

TOTAL INELASTIC SCATTERING CROSS SECTION TO TH'S LEVEL

ANGULAR DISTRIBUTION (COSINE)
CENTER OF

“vans e ﬂASﬁ wsen (X}
ANGLE DIFF.C.S, ANG|E DIFF:C.S.
0¢850 1+8128E 00 =0+050 211896 00
0+670 1:9639E 0O =D.320 2.1837€ 00
04430 2.0%538E 00 =0+350 2:0458E 00
01200 241726E 00 =0.680 149616E 00
0.0 2,1907E€ 00
B = COEFEICIENT (CHS) (LAB)
L LN 18 BL
v 240206E 00 Q 240206E 00
2 »343833E=01 1 2. Ta44E=02
. =2 44635E=02 2 =3,5422E=-01
6 -4+1503E704 3 »515052E=03
INELASTIC CROSS SECTION evsseceves  1,0383F Q3  (MILLI=BARNY

PROB, 7. U238Ns E=230 KEV 4 AUTOMATIC PARAMETER SEARCH

NO.  CHI~SQUARE -
D 1.581E 01 B 1:3200 0,0 13
1 1:623E 01 8 1.3009 =0,0191 13
2 1E 01 8 142715 «0.0293 13
3 1,403 01 8 1.2993 <0.3123 13
A4 144035 01 & 1.2593 0.0 13
RUNNING TIME cceee  95:T1 SECe

16
16
14
0.049% 16
0.0 16

PAGE T
aeassr 3.2633E 03 (MILLI=BARNY
Videsessss 1.0329E 03  (MILLI=BARN)
«esavsserss LABORATORY osvrienees
ANGLE DIFF.C.§. ANGLE DIFF«CeSe
0va51 7+3500E 01 ~0+045 8.9930F 01
0,673 8.00T9E 01 ~0e316 2,7848F O
0+454 8.5756E o1 ~0.347 8.2623E 01
04208 8.9306E 01 ~0.677 7.8748g o1
0.003 9+0043E 01
TRANSMISSION COEFFICIENT
L FLN] T 2%y T~y
[ 1 2,7382E~01
1 3 2,4257E-01 1 1.6044E=01
2 s 1,2369E-02 3 2,0931g-02
3 7 1,3932E-03 3 410789E-04
PAGE 8
. « 3.35T9E 03 (NILLI=BARN)
raas ss  2435391E 01 (MILLI=BARN)
wessritesve LABORATORY «isveesasens
ANGLE DIFFsC25, DIFF(CoSe
01852 148334E 90 211882E 00
06TH 119864 00 2,1347¢ 00
0,435 2.1084E 00 2.0309€ 0D
0,206 2:1785E 00 “D.876 1.9439 00
0.007 241900E 00
TRANSMISSION COEFFICTENT
L FLY] T(e) 2%y T
[ 1 2,0846£-01
1 3 1,1123£=01 1 742392E~02
2 5 2,58T7€-03 3 4.3455E=03
3 7 1.2933E-04 3 4.30%4E=D3
42,0000 0.0
42,2076 0+207
42,0001 =0.2073
41,3886 =0e6333
41.38% 0.0

JAERI 1224
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Fig 11 (1)
TR N I T L IETRT TRTTY PRI POy R IRERE TRTRS P O )
PRCB, B8+NON=LOCAL POTENTIALs FESEuNs Ex7.0 HEV
108 1 1 26 36 1 19 1
1 56.0 043 1.0
6 1.2% 1.29 1425
11 0463 0.6% 0ot Q.8
16 0.0 1.0 10.0
sl 0.0 10,0 20.0 30.0 40.0
36 30.0 60.0 T0.0 80.0 900
61 100.0 110.0 12040 130.0 140.0
66 1%0.0 160,0 1T0.0 180.0
®qaar (R ZEYNY FETRE FERES TENTE 41 IXELIRERS IFETL CEREL ERRRL SRR ] LR DTS
Fig 11 (2)
PRCB. B4NON-LOCAL POTENTIALs FES&wNs Ew7.0 MEV PAGE 1
TARGET INCOENT PMESH = 2.500t£=01 (FERM]) MAXIMUM ANGULAR MUMENTUM 6
MASS  tqyu, . 56,00 1.008663 PMESHC= 2,300E-01 (FERMI) CLASS]CAL CUT=OFF MOMENTUM 7
MASS NO, 56 1 CMESH = 2.493E=01 (FERMI) WAVE NUMBER  sceetiiassass 0.576053
ATOMIC NOs  oo. 24 L] CMESHC= 0.0 (FERMI) COULUMB FARAMEYER (YETA) 0.0
CMS ENERGY  «o» 7.000000 (FEV)
LAB ENERGY «.. 7,126083 (MEV) SEPARAT[ON ENERGY .4 a,0 CMEV)

INCJDENT PARTICLE

IMAGINARY PQTENTIAL FORM
NTERNAL ++ SURFACE ABSORPTION ONLY
v GAUSS

SURFACE

POTENTIAL PARAMETEK

veees NEUTRON

NUNaLOCAL PARAMETER » 0.800¢GAUSSIAN L=5 TERM EXCLUDED)

FORM PA:lEluETm WELL DEPTH PARAMETER (MEV) .
CFERMI)
RO = 1,230 vV = 70,00 wl = 0.0 ws = T.wo VSO = lu.0V wsg = 0.0 VSYM = 0.0
Rl = 00
RC = Ue0 VE = 0,0 wiE o 0.0 wiE = D.0 v50E = 0.0 NSQE e 0.0 vCoute 0.0
RS = 1.250
RbUs 10250 VESus 0,0 wiEs@n 0.0 w5ES@= 0.0 vsoESum 0.0 WSUESE= 0.0
A = 2:¢30
;; « 900 VRE = TU.00 WMl = 0.0 wiMs = 7,00 VSPO = 14,4V ¥SPO = 0.0 VSYMHa 0.0
= 0:430
ASUm Usg30
BRANCHING RATIO
0. 0+0 0.0 0.0 9.0 0.0 0.4 0-0 0ev 0.0 0.0 B.v 0:0 0.0 0.0
u.g 0.0 0.0 0.0 0.0 0.0 0. 0.0 0w o.u 0.0 0.0 0.0 9.0 0.0
a.
LEVEL DENSI)y PARAMETER
EC = u,0 A" 0.0 SGM® 0.0 EPR® 0.0 NOM= 0,0
v,0 0.0 0.0 0.9 N
NO EXPERIMENTAL DATA
PRCB. 8.NON-LOCAL PGTENTIALs FES6=Nv E=7.0 MEV PAGE 2
TOTAL CROSS SECTION sruees  4¢136TE 03 CMILLI-BARN)
SHAPE E) ASTIC CROSS SEZTION 3.3369E 03 (MiLLl-BARN)
REACTION CROSS SECTION .« 7.9983E 02 (MILLI-BARNY
ANGULAR D1STRIBUTION {(DEGREE)
*vsseanee CENTER OF MAGS sosaiayecs esrase  LABORATORY essese
ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC ANGLE  ELASTIC ANGLE ~ ELASTIC ANGLE  ELASTIC
0,0 3.5993E p3 70,0 9,3000E 01 140.0 5.2286E 01 0.0 3,7307€ 03 690 9,4190f D1  139.3 5,0864E 01
10,0 3.1973E o3 0.0 150,0 94213% O1 9.5 3.3116E 03 79,0 1,0576E 02  149.5 4.9294E Ol
20,0 2.2235E 03 90.0 160.0 1¢3399E 02 19,7 2.2993E 03 9.0 8534E 01  159.6 1.2930E 02
30,0 1.1802E 03  100.0 170.0 1«3240F 02 29.3 1,2178E 03 99.0 6.T643E 01 169.8 1.4704€ 02
40,0 4:3633E 02 110.0 180,70  1.5437E 02 39,3 4,4¥12E 02 109.0 5.753SE Ol  180.0 1.4904E 02
30,0 1.3222E g2 120.0 49,2 1.3534E 02 119.1 #.8958E 01
6040 8.8820E 01  130.0 4.D972E ol $9.1 7.0U90E 01  129.2 4.0040E O1
COMPQUHD FORMATION PROBABILITY .
Loy Te+) 204 T(=) L2 Teed FLN) T(=) Lo2ey T FLN} T¢=)
[ 1 %.8103E=01 3 T 3.9074E-01 5 9.,8827E~02 6 13 2.76AlE=03 11 3.83B9E-0s
1 3 l.a71aE=01 1 1,ea776=h 4 9 5,7831E-02 7 3.755%E-01
H 5 3.86b4E=Ul 3 5.670%¢-01 s 1l 2,5232E-01 9 1.633BE-02
B ~ COEFFICIENT (CHS)
AR BL L L BL L BL L BL AR oL L BL
G 2.e334E g2 1 5.1936€ p2 2 T7.1243E 02 3 6.8864€ 02 4 6.2785E 02 5 4.1734€ 02 6 2,2049E G2
T 8,066t 01 § 1.3398€ 01 9 1.6313t 01 10 =7.2672e-01 11 9.4400€-02 12 3.0788E-02 13 0.0
8 = COEFF)CIENT (LAB)
L 1% w LL aL L 6L L 8L L bL w 8L
0 2.4554E o2 1 3,237T€ 02 2 T.2081E 02 3 7.03a3¢ 02 4 §.7932€ 02 5 4.472%F 02 6 2,538 02
T 9.8223E 01 8 2.0003E 01 9 1.80%3€ O1 10 1,030 00 11 9.u3A3E-02 12 4.0074E~02 13 4,5200E-03
RUNNING TIHE svses 10294 SEC.



