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1 Introduction

Coupled channels optical model code was installed at JAERI Nuclear Data Center two years ago.

A manual describing algorithms, possible options, input and output examples was issued in 1998[1].

The code was intensively used for interpretation of experimental data for 12C[2, 3], 58Ni[4] and 238U[5].

Such investigation led to a necessity for a development of new code options, taking account of some

fundamental physical laws, such as nuclear mass conservation in nuclear shapes oscillations[6], effects of

the relativistic kinematics, complex spin-orbit potential, and isospin dependence (Lane term) of optical

potential. These additional options will make this code more applicable to solve a wider scope of existing

problems.

This report is aimed at a description of the changes in the code input made after Ref. [1] is published

to allow usage of the new code options.

2 New options of the code

2.1 Account of nuclear volume (mass) conservation

Deformed nuclear optical potential arises from deformed radius, representing the instant nuclear

shape,

Riff,if!) = Ro\l + £ / M V ( « V ) 1 , (1)

with A > 2, presented with evident dependences on the nuclear collective variables (deformations).

Recently we demonstrated [3] that account of nuclear charge conservation leads to a correct behavior

in the multipole expansion of the Coulomb potential, spherical multipole term of which must be equal to

ZZ'e2/r. This solves the well-known problem of matching numerical CC-internal solutions for charged

particles with the (outer) Coulomb functions[7] used to get the scattering matrix.

As in soft-rotator nuclear model we consider /3AM to be dynamical. Thus nuclear shape described

in Eq. (1) will describe nuclei with non-conserving mass (number of particles). To conserve nuclear

mass for uniform nuclear density case one must add a dynamic negative deformation /3oo to the radial

expansion given in Eq. (1)

where A = \/2A + 1. This is required as the condition to conserve the nuclear volume[8] which is

equivalent to mass and nuclear charge conservation for uniform nuclear and nuclear charge density case

adopted in Ref. [8]. So the radius describing shape of nuclei with constant volume becomes

R(ff,<p') = Roll + Aŵ oo + £PxAie1 ,<p') \ (3)

Additional /3oo deformation leads to additional zero nuclear potential multipole that couples levels with

equal spin and parity I*.

- 1 -
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In case of nuclear density with diffuseness one must use another additional zero multipole deformation

(3'00 to conserve nuclear mass[6].

*• = -£*•[ / d2f(r,R,a) r2dr\ (4)
dx2

Here f(r,R,a) = f(x) denotes the nuclear density form factor, x = z=^, and XQ = r~~a
Rg, Integrals in

Eq.(4) are just constants, so we can write as

(5)

In our code we use nuclear real potential form factor fair, R, a) instead of nuclear density form factor.

As Cg appears to be close to unity, we take substitution of nuclear density form factor by real potential

one as an acceptable approximation. Such an approximation leads to simultaneous conservation of

nuclear volume and real potential volume integral in nuclear shape oscillations, so there is an additional

reason to use it.

As usually we obtain multipoles of deformed nuclear potential, which determine coupling, by inserting

deformed nuclear radius R(8',<p') = RQ(\ + fi'00Yoo + 2 ^ 0AM1V(#',(£')) in potential form factors and

expanding them in Taylor series, assuming (0'ooYOo + y^/^v^/x) t o

V(R) = ViMRo) + _ (6)
R=Ro

One can see that account of nuclear volume conservation leads to additional zero multipole term starting

with the first nuclear potential derivative, which will additionally couple states with equal spins and

parity /"'and themselves. This term /JQÔ OO 1S proportional to (/?AM)2 and must be taken into account,

as account of terms up to (#\M)4 *S necessary to get calculated values accurate enough to describe

experimental data consistently [9].

2.2 Relativistic generalization of the non-relativistic Schrodinger formalism

As nucleon mass is ~1000 MeV, one must understand that for nucleon incident energies above 50

MeV accuracy of non-relativistic kinematics involved in non-relativistic Schrodinger formalism is worse

than ~5%

Due to requests arising from nuclear data needs for transmutation and other applications it was

decided to extend possible upper energy of incident particles at least up to 200MeV. So we included

account of relativistic kinematics in the code.

It was done following relativistic generalization suggested by Elton[10], allowing relativistic corrections

be easily incorporated in the usual non-relativistic formalism. This requested the following adding in

the code:

1. Nucleon wave number k is calculated in the relativistic form:

(ftfc)2 = [E2 - (Mpc
2)2] / c 2 (7)

9 —
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where E denotes the total energy of projectile, Mp the projectile mass, and c the light velocity.

2. To allow non-relativistic motion of the target nucleus with mass Mr, incident particle mass Mp

is changed by relativistic projectile energy E in reduced mass formulae, so that the quantity k2 and

optical potential values U(r) must be both multiplied by coefficient:

(8)
l+E/(MTc2)' K0)

3. Optical potentials depth values, excluding spin-orbit potential depth Vso, are multiplied by ratio

E/(Mpc
2). Of course optical potential parameters can be in any case fitted to the experimental data,

so that potential relativistic corrections can be included while fitting. However we agree with Elton[10]

that "it is advantageous to separate out the known relativistic factor E/{Mpc
2) in the central part

of optical potential". This may allow successful extrapolation of optical potential from low incident

projectile energy region to higher and vice versa.

One can see that for low energies all this factors have non-relativistic kinematic limit.

2.3 Account of imaginary spin-orbit optical potential

Account of imaginary spin-orbit optical potential was included for the same reasons, as we intend to

extend applicable incident particle energies, while it is known that imaginary spin-orbit part of optical

potential increases with incident projectile energy. In the present code, the optical potential has the

form:

V(r) = -VRfR(r) + ihwDaD-^fD(r)-Wv fv(r)\

a-L + VCoui(r), (9)) (Vso + iWso)

with linear dependence of imaginary spin-orbit potential strength from incident energy of nucleon:

Wso = W%o + WX
SOEP (10)

where W^o and WgO are constant and linear terms of imaginary spin-orbit optical potential.

2.4 Account of isospin terms in optical potentials

Our experience showed that the most reliable results can be got if optical potential is adjusted on

scattering experimental data base including neutron and proton data simultaneously, so this is the reason

to include isospin terms (-l)z'+lCviso{A - 2Z)/A and (-1)Z'+1CWISO(A - 2Z)/A in optical potentials,

which in current version are:

WV = W^+W^rEp. (11)

-J
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The symbols Z', Z and A are charges of incident particle, nucleus and nucleus mass number, respec-

tively, and potential slopes Wp and Wy may change at Ep = EChange • The last term in the right-hand

side of VR denotes the Coulomb correction term.

3 Changes in code input due to new options

Below we describe changes in input. For details of the card number, see Ref. [1]

Card 2 - FORMAT(20I2)

MEJOB, MEPOT, MEHAM, MECHA, MEPRI, MESOL, MECHA, MESHO, MEHAO, MEAPP,

MEVOL, MEREL

Switches describing the options of the model are described in[l]. New switches MEVOL allows different

options of nuclear mass (volume) conservation[6], MEREL - allows relativistic generalization of the non-

relativistic Schrodinger formalism.

- MEVOL = 0 - without account of conservation, =1 - account of volume conservation in uniform

nuclear density approximation[8], =2 - common case[6], presenting nuclear density distribution by real

potential form factor.

- MEREL = 0 - Calculations using noh-relativistic Schrodinger formalism, =1- account of relativistic

kinematics.

Account of relativistic kinematics follows suggestions from Ref. [10]

Cards l l a , l i b , l i e , l id , l i e , llf, l l g -FORMAT(6el2.7)

Optical potential parameters

Card llf-additional variables as comparing with the last version:

WDA1, WCA1,CCOUL, AZ, CISO,WCISO

AZ - diffuseness of nuclear charge distribution,

CISO - constant for real potential isospin term, CViSO

CWISO - constant for complex potential isospin term, Cwi8O.

Card l l g -new card in input

WSO, WS1

WSO - constant imaginary spin-orbit term WgO,

WS1 - linear imaginary spin-orbit term WgO

Card 13 - FORMAT(50I2) - a new input card format allowing adjustment of the new additional optical

potential parameters

New flags allowing adjustment of additional optical parameters as comparing with previous code

version:

- NPJ(36) - flag for nucleus charge density diffuseness az adjustment AZ;

- NPJ(37) - flag for real optical potential isospin term Cviso adjustment CISO;

- NPJ(38) - flag for imaginary optical potential isospin term Cwu0 adjustment WCISO;

- NPJ(39) - flag for real optical potential square term V£ adjustment VR2;

- 4 -
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- NPJ(40) - flag for imaginary spin-orbit optical potential constant term WgO adjustment WSO;

- NPJ(41) - flag for imaginary spin-orbit optical potential linear term WgO adjustment WS1;

- NPJ(42) - flag for adjustment of axial rigid-deformation /36O BET(6).

4 Other minor useful changes

4.1 Input

Card 6 : NST - possible number of energy points for which optical model calculations will be carried

out (MEJOB=1), or number of experimental data energy points that will be used for optical potential

parameter adjustment (MEJOB=2) is increased up to 30 (was 20 in previous code version ).

Card 14 : NGN(I) and NGD(I) - number of groups of excited levels and groups of angular distri-

butions with excitation of a group of levels must now be no more than 5 (it was 4 in previous code

version).

Cards 6, 18 : MTET and MTD(I,K) - number of angles in which angular distributions are calculated

(MEJOB=1) or adjusted (MEJOB=2) now can be up to 50 (it was 40 in previous code version).

4.2 Output

Now volume integrals of optical potential form factors and their first three derivatives are calculated

in the code. They are printed for each soft-rotator case (MEPOT > 2) CC calculation.

5 Examples

5.1 Input

Below we are giving an input including the described changes. In preparing input, one must follow

detailed instructions given in Ref.[l] and this supplement.

U-238 SOFT-ROTATOR EXAMPLE INPUT
010205010001040202000201

.9881145+00 .2134703-00 .2882296+00 .1437403-00 .2290000-00 .4400000-01

.2587913-01 .7455641-01 .7029708-00 .2144000-00 .3200000-02 .5608000-00

.3500000-00 .2000000-02 .0000000-00 .1488000+02
060204041023456001

.3400000+01 .6500000+02
0001

.1000000-03 .5000000+01 .1000000+02 .1500000+02 .2500000+02 .3500000+02

.5000000+02 .7000000+02 .1000000+03 .1800000+03

.0000000-0000+101000000

.4490000-0104+101000000

.1490000-0008+101000000

.6630000+0002-101000001

.9930000+0000+101010000

.1060300+0104+102000000

.4840000+02-.3070000-00 .0004000+00 1.27040000 .6600000-00 .1700000-02

- 5 -
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.4360000+01 .4670000-00 1.24180000 .4240000-00 .1560000-01 .0000000+01

.0000000-00 1.236800000 .4800000+00 .0000000-02 .1000000+01 .1000000+01

.0000000-00 .3920000+01 1.120000000 .4600000-00 .1000000-02 .1000000+01

.2380000+031.00866520 1.004900000 .9200000+02 .5000000-00 .1000000+02

.095 .1420 .560 .440000 .1600000+02 .8000000+01

.20 -.01

5.2 Output

We are giving here the code output for the input shown above. So code user can check if the code

is running correctly by making calculations with the suggested input and comparing with the one

supplemented here.

The other reason for including example of output is to show volume integrals of optical potential form

factors, that now are calculated for soft-rotator case and are included in output.

U-238 SOFT-ROTATOR EXAMPLE INPUT

INTERACTION OF PARTICLE HAVING CHARGE = 1 AND SPIN

WITH NUCLEI A* 238.0000000

COUPLED CHANNELS METHOD

WITH AC. NONAXIAL HEXADECAPOLE DEFORMATIONS

.50

HAHILTONN-A 5PA0 POTENTIAL EXPANDDED BY BETO

WITH AC. NONAXIAL OCTUPOLE SOFT DEFORMATIONS

NUMBER OF COUPLED LEVELS 6 NPD = 4

NUMBER OF TERMS IN POTENTIAL EXPANSION 4

1
2
3
4
5
6

ENERGY

.0000000E+00

.4490000E-01

. 1490000E+00

. 663OOOOE+OO

.9930000E+00

.1060300E+01

LEVEL'S SPIN*2

0
4
8
2
0
4

NTU

1
1
1
1
1
2

NNB

0
0
0
0
1
0

NNG

0
0
0
0
0
0

NN0

0
0
0
1
0
0

1
1
1
-1
1
1

NPO

PARAMETERS OF HAMILTONIAN

HW= .98811 AMBO= .21347 AMGO- .28823 GAHO= .14374 BET0= .22900

BET4>= .04400 BB42= .02588 GAMG= .07456 DELG= .70297

BET3= .21440 ETO- .00320 AMUO= .56080 HW0= .35000

GSHAPE= .00000

101-

101=

101=

101=

101-

101=

JU1=

JU1=

JU1-

JU1-

JU1=

JU1=

JU1=

JU1=

JU1=

JU1=

JU1=

JU1=

JU1=

JU1=

JU1=

JU1=

JU1=

JU1-

JU1=

JU1=

JU1=

102=

102=

102=

102-

2 102=

2 102=

JU2* 1

JU2» 1

JU2= 1

JU2= 1

JU2= 2

JU2= 2

JU2= 2

JU2= 2

1 JU2=

1 JU2= 3
JU2= 3

JU2= 3

JU2= 4

JU2= 4

JU2» 4

JU2- 4

JU2= 5

JU2= 5

JU2= 5

JU2» 5

JU2- 6

1 NNT=

1 NNT-

2 NNT=

2 NNT=

2 NNT=

2 NNT=

NNT= 1

HHT= 2

NNT= 3

NNT* 4

NNT= 1

NNT- 2

NNT- 3

NNT- 4

NNT= 1

NNT= 2

NNT= 3

NNT= 4

NNT- 1

NNT= 2

NNT= 3

NNT= 4

NNT= 1

NNT= 2

mrr= 3
NNT- 4

NNT- 1

FOLAR-

FOLAR=

FOLAR=

FOLAR=

FOLAR-

2 FOLAR=

FOV(JU1,JU2,

FOV(JU1,JU2.

FOV(JU1,JU2,

FOV(JU1.JU2,

FOV(JU1,JU2,

FOV(JU1,JU2,

FOV(JU1,JU2,

FOV(JU1,JU2,

FOV(JU1,JU2,

FOV(JU1,JU2,

FOV(JU1,JU2,

FOV(JU1,JU2,

FOV(JU1,JU2,

FOV(JU1,JU2,

FOV(JU1,JU2,

FOV(JU1,JU2,

FOVUU1,JU2,

FOV(JU1,JU2.

FOV(JU1,JU2,

FOV(JU1,JU2,

.0000000D+00 ANU1

.3957345D+O1 ANU1>

.1986251D+01 ANU1<

.00000000+00 ANU1'

.OOO0O00D+00 ANU1

.1077478D+02 ANU1*

NNT)-

NHT) =

NNT) =

NNT) =

NNT) =

NNT) =

NNT) =

NNT) =

NNT) =

NNT) =

NNT) =

NNT) =

NNT) =

NNT) =

NNT)-

NNT) =

NNT) =

NNT) =

NNT) =

NNT)-

NNT) =

.6242140D+00

.6242140D+00

.6242140D+00

.6242140D+00

.2412730D+01

.2412730D+01

.1000000D+01 ANU1=

.1022786D+01 ANU1=

.10683640+01 ANU1=

.1138266D+01 ANU1=

.1001868D+01 ANU1=

.1026542D+01 ANU1=

.1074070D+01 ANU1=

.1146134D+01 ANU1=

.1006467D+01 ANU1=

.1034436D+01 ANU1=

.1086431D+01 ANU1-

.1163419D+01 ANU1=

.1010760D+01 ANU1=

.1060584D+01 ANU1-

.1134611D+01 ANU1=

.1236197D+01 ANU1= .

.1509463D+00 ANU1=

.3018926D+00 ANU1=

.4631567D+00 ANU1=

.6450566D+00 ANU1=

.1003245D+01 ANU1=

BB32= .00200 GAMDE* .00000 DPAR-14.88000

ANU2= .6242140D+00

ANU2= .6242140D+00

ANU2= .2412730D+01

ANU2= .2412730D+01

ANU2- .2412730D+01

ANU2= .2412730D+01

6773400D-09

6773400D-09

6773400D-09

6773400D-09

6773400D-09

6773400D-09

6773400D-09
67734O0D-09

677340OD-09

6773400D-09

6773400D-09

6773400D-09

6773400D-09

6773400D-09

6773400D-09

6773400D-09

6773400D-09

6773400D-09

6773400D-09

6773400D-09

6773400D-09

ANU2=

ANU2=

ANU2=

ANU2=

ANU2-

ANU2'

ANU2=

ANU2=

ANU2-

ANU2-

ANU2-

ANU2-

ANU2<

ANU2=

ANU2=

ANU2=

ANU2=

ANU2=

ANU2-

ANU2=

ANU2=

.6773400D-09

.6773400D-09

.6773400D-09

.6773400D-09

.4878343D-09

.48783430-09

.4878343D-09

.4878343D-09

.2233772D-09

.2233772D-09

.2233772D-09

.2233772D-09

.1210580D-10

.1210580D-10

.1210580D-10

.1210580D-10

. 1000000D+01

.1000000D+01

. 1000000D+01

. 1000000D+01

.1403811D-11

6
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JU1= 1
JU1» 1
JU1= 1
JU1= 2
JU1= 2
JU1= 2
JU1= 2
JU1= 2
JU1= 2
JU1- 2
JU1= 2
JU1= 2
JU1= 2
JU1= 2
JU1= 2
JU1= 2
JU1= 2
JU1= 2
JU1= 2
JIU= 2
JU1= 2
JU1= 2
JM= 2
JU1= 3
JU1= 3
JU1= 3
JU1= 3
JU1= 3
JU1= 3
JU1- 3
JU1= 3
JU1= 3
JU1= 3
JU1- 3
JU1= 3
JU1= 3
JU1= 3
JU1= 3
JU1= 3
JU1= 4
JU1= 4
JU1= 4
JU1= 4
JU1= 4
JU1= 4
JU1= 4
JU1= 4
JU1= 4
JU1= 4
JU1= 4
JU1= 4
JU1= 5
JU1= 5
JU1= 5
JU1= 5
JU1= 5
JU1- 5
JU1- 5
JU1= S
JU1= 6
JU1= 6
JU1= 6
JU1= 6

J02= 6
JU2= 6
JU2= 6
JU2= 2
JU2= 2
JU2- 2
JU2- 2
JU2= 3
JU2= 3
JU2= 3
JU2= 3
JU2= 4
JU2= 4
JU2= 4
JU2= 4
JU2= 5
JU2= 5
JU2= 5
JU2= 5
JU2= 6
JU2= 6
JU2= 6
JU2= 6
JU2= 3
JU2- 3
JU2= 3
JU2= 3
JU2= 4
JU2= 4
JU2= 4
JU2= 4
JU2= 5
JU2= 5
JU2= 5
JU2- 5
JU2= 6
JU2= 6
JU2= 6
JU2= 6
JU2- 4
JU2- 4
JU2- 4
JU2- 4
JU2= 5
JU2= 5
JU2= 5
JU2= 5
JU2= 6
JU2= 6
JU2= 6
JU2= 6
JU2= 5
JU2- 5
JU2= 5
JU2= 5
JU2= 6
JU2= 6
JU2= 6
JU2= 6
JU2= 6
JU2= 6
JU2- 6
JU2= 6

mrr= 2
NNT= 3
NNT= 4
mn= l
NNT= 2
NNT= 3
NNT= 4
NNT= 1
NNT= 2
mrr= 3
NNT= 4
NNT= 1
NNT= 2
NNT- 3
NUT- 4
NNT= 1
NNT= 2
NNT- 3
NNT= 4
KWT= 1
NNT= 2
NNT= 3
MST= 4
NNT= 1
NNT= 2
mrr= 3
NNT= 4
NNT= 1
NNT= 2
mrr= 3
NNT= 4
NNT= 1
NNT- 2
NNT= 3
NNT= 4
NNT= 1
NNT= 2
KNT= 3
NNT= 4
NNT= 1
NNT= 2
JfNT= 3
HNT= 4
NNT= 1
mn= 2
NNT= 3
NNT= 4
NNT= 1
NNT= 2
NNT= 3
NNT= 4
NNT= 1
NNT= 2
NNT= 3
NNT= 4
NNT= 1
NNT= 2
NNT= 3
NNT= 4
mrr= l
NBT= 2
NNT= 3
HNT= 4

FOVUU1,JU2,
FOV(JU1,JU2,
FOV(JU1,JU2,
F0V(J01,JU2,
F0VCJU1.JU2,
FOV(JU1,JU2,
F0VCJU1.JU2,
FOV(JU1,JU2,
F0VCJU1.JU2,
FOV(JU1,JU2,
FDV(JU1,JU2,
FOV(JU1,JU2,
FOV(JU1,JU2,
FOV(JU1,JU2,
FOV(JU1,JU2,
FDV(JU1,JU2,
F0VCJU1.JU2.
F0V(JUl,Jn2,
F0VCJU1.JU2,
F0V(Jlfl,J(J2,
FOV(JU1,JU2,
FOV(JU1,JU2,
FOV(JU1,JU2,
F0VCJU1.JU2,
F0VUU1.JU2,
FDV(JU1,JU2,
FOV(JU1,JU2,
F0VCJU1.JU2,
FOV(JU1,JU2,
F0VCJU1.JU2,
F0VCJU1.JU2,
FDV(JU1,JU2,
FOV(J01,JU2,
FOV(JU1,JU2,
FQV(JU1,JU2,
FOV(JU1,JU2,
FOV(JU1,J02,
FQV(JU1,JU2,
FQVCJU1.JU2,
FQVCJU1.JU2,
FDV(JU1,JU2,
FOV(JU1,JU2,
FQV(JU1,JU2,
FQV(JU1,JU2,
F0V(JUl,JU2,
FOV(JU1,JU2,
F0V(jni,JU2,
FOV(JU1,JU2,
FOV(JU1,JU2,
FOV(JU1,JU2,
F0VCJU1.JU2,
F0VCJU1.JU2,
F0VCJU1.JU2,
FOV(JU1,JU2,
F0VCJU1.JU2,
FOV(JU1,JU2,
FDV(JU1,JU2,
FOV(JU1,J02,
FOV(JU1,JU2,
FOV(JU1,JU2,
FOV(JU1,JU2,
FOV(JU1.JU2,
FOV(JU1,JU2,

»irr)=
NNT) =
NNT) =
NNT) =
NNT) =
NNT) =
NNT)*
NNT) =
NNT) =
NNT) =
NNT) =
NNT) =
NNT) =
NNT) =
NNT) =
NNT) =
MNT) =
NNT) =
NNT) =
«f»T) =
NNT) =
NNT) =
»NT)=
NNT) =
NNT) =
NNT) =
NNT) =
NHT) =
NNT) =
NNT) =
NNT) =
MJT) =
NNT) =
NNT) =
NNT) =
NNT) =
NNT) =
NNT)-
NIIT) =
NNT) =
NNT) =
WJTT) =
NNT) =
NNT) =

tnm=
NNT) =
NNT) =
NNT) =
NNT) =
NNT) =
KNT) =
NNT) =
NNT) =
NNT) =
»NT) =
NNT) =
NNT)-
NNT) =
NNT) =
NNT) =

mrr)=
NNT) =
NNT) =

.1066716D+01

.1155472D+01

.1273822D+01

.1003896D+01

.1030461D+01

.1079959D+01

.1154196D+01

.1007858D+01

.1038720D+01

.1092712D+01

.1171924D+01

.1014875D+01

.1066637D+01

.1142816D+01

.1246899D+01

.1634637D+00

.3148677D+00

.4774146D+00

.6614654D+00

. 1008456D+01

.1073917D+01

.1164952D+01

.1286006D+01
-1012641D+01
.1047811D+01
.1106361D+01
.1190664D+01
.1023592D+01
.1079776D+01
.1160880D+01
. 1270690D+01
.1919110D+00
. 3444648D+00
. 51OO36OD+OO
.6991041D+00
.1019696D+01
.1089709D+01
.1185966D+01
.1313233D+01
.1053915D+01
.1131951D+01
.1237697D+01
.1376470D+01
-3300813D+00
.4904199D+00
.6729964D+00
.8892670D+00
.1062916D+01
.1155604D+01
.1278179D+01
.1437067D+01
.1000000D+01
. 1068354D+01
.1205063D+01
.1417913D+01
.4204871D+00
.5879991D+00
.7840570D+00
.1021136D+01
.1080936D+01
.1189012D+01
.1329758D+01
.1510826D+01

AITO1=
ANU1=
ANU1=
A1TO1=
ANU1=
ANU1=
*NU1=
AN01=
ANU1=
ANU1 =
ANU1=
ANU1=
ANU1=
ANU1-
ANU1=
ANU1=
AN01=
ANU1=
ANU1=
AMU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANT71=
ANU1=
ANU1=
A»U1 =
ANU1=
ANU1=
ANU1*
ANU1=
A(JU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1=
ANU1 =
ANU1=
ANU1=
ANU1=
AITOI=

AN01=
ANU1=

.6773400D-09

.6773400D-09

.6773400D-09

.4878343D-09

.4878343D-09

.4878343D-09

.4878343D-09

.4878343D-09

.4878343D-09

.4878343D-09

.4878343D-09

.4878343D-09

.4878343D-09

.4878343D-09

.4878343D-09

.4878343D-09

.4878343D-09

.4878343D-09

.4878343D-09

. 4878343D-09

.4878343D-09

.4878343D-09

.4878343D-09

.2233772D-09

.2233772D-09

.2233772D-09

.2233772D-09

.2233772D-09

.2233772D-09

.2233772D-09

.2233772D-09

.2233772D-09

. 2233772D-09

.2233772D-09

.2233772D-09

.2233772D-09

.2233772D-O9

.2233772D-09

.2233772D-09

.1210S80D-10

.1210580D-10

.1210580D-10

.1210580D-10

.1210580D-10

.1210580D-10

.1210580D-10

.1210580D-10

.1210580D-10

.12105800-10

.1210580D-10

.1210580D-10

.1000000D+01

.1000000D+01

.1000000D+01

.1000000D+01

.1000000D+01

.1000000D+01

.1000000D+01

.1000000D+01

.1403811D-11

.1403811D-11

.1403811D-11

.1403811D-11

A»02=
ANU2=
ANU2=
AWU2=
ANU2=
ANU2=
ANU2=
ANU2-
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2-
ANU2<
ANU2=
AHU2=
ANU2-
ANU2»
AOTJ2=
ANU2=
ANU2=
AWU2=
AHU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2-
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
AN02=
ANU2=
ANU2=
A«TO2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
ANU2=
AND2=
ANU2=
ANU2=
ANU2=
ANU2-
ANU2=
ANU2=
ANU2=
ANU2=
AND2=
AND2=
ANU2=
ANU2=
ANU2=

.1403811D-11

.1403811D-11

.1403811D-11

.4878343D-09

.4878343D-09

.4878343D-09

.4878343D-09

.2233772D-09

.2233772D-09

.2233772D-09

.2233772D-09

.1210580D-10

.1210580D-10

.1210580D-10

.1210580D-10

.1000000D+01

.1000000D+01

.1000000D+01

.1000000D+01

.1403811D-11

.1403811D-11

.1403811D-11

.1403811D-11

.2233772D-09

.2233772D-O9

. 2233772D-09

.2233772D-09

.1210580D-10

.1210580D-10

.1210580D-10

.1210580D-10

.1000000D+01

. 1000000D+01

.1000000D+01

.1000000D+01

.14038110-11

.1403811D-11

.1403811D-11

.1403811D-11

.1210580D-10

.1210580D-10

.1210580D-10

.1210580D-10

. 1000000D+01

.lOOOOOOD+01

.1000000D+01

.1000000D+01

.1403811D-11

.1403811D-11

.1403811D-11

.1403811D-11

. 1000000D+01

. 1000000D+01

. 1000000D+01

.1000000D+01

.1403811D-11

.1403811D-11

.1403811D-11

.1403811D-11

.1403811D-11

.14038110-11

.1403811D-11

.1403811D-11

POTENTIAL PARAMETERS VCR)

VR0=48.4000
WDO= 4.3600
WC0= .0000

VS0= 3.9200
ALF= 1.0000
BNDC=10.0000
WCIS0= 8.0000

VR1=
WD1=
WC1=

ANEU=
WDA1
WSO

-.3070
.4670
.0000

1.0087
= -.0950
= .2000

VR2=

WCA1 =
WS1=

.0004

= .1420
-.0100

RR=
RD=
RC=
RU=
RS=
RZ=

1.2704
1.2418
1.2368
1.0000
1.1200
1.0049

CCOUL= . 5600

ARO=
ADO=
ACO=
AWO= 1
ASO=

AZ=

.6600

.4240

.4800

.0000

.4600

.4400

AR1=
AD1=
AC1=
AW1=
AS1=

CISO=

.0017

.0156

.0000

.0000

.0010

16.0000

NUCLEUS CHARGE 92.0000

SPHERICAL
VIRO= 174
SPHERICAL
WICO= 155
SPHERICAL
WIDO= 114.
SPHERICAL
WIWO=

VOLUHE INTEGRALS OF
139 VIR1= 499.457
VOLUME INTEGRALS OF
901 WIC1= 456.082
VOLUME INTEGRALS OF
435 WID1= 226.013
VOLUME INTEGRALS OF
000 WIW1= .000

REAL POTENTIAL F-FACTORS AND DERIVATIVES:
VIR2= 487.976 VIR3= 162.657 CBETO= .977
IMAGINARY (WC) F-FACTORS AND DERIVATIVES:
WIC2= 450.273 WIC3= 150.087 CBETC= .987
IMAGINARY (WD) F-FACTORS AND DERIVATIVES:
WID2= 113.003 WID3= -.003 CBETD= .500
IMAGINARY ( W ) F-FACTORS AND DERIVATIVES:
WIW2= .000 WIW3= .000 CBETW= .000

T



JAERI-Data/Code 99 - 028

ORB. MOMENT

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14

.100E-03

.500E+01

.100E+02

.150E+02

.250E+02

.350E+02

.500E+02

.700E+02

.100E+03

.180E+03

TRANSITIONS

.4959137056

.6025985753

.4786961777

.7838745707

.3005656548

.1811893615

.0183023525

.0009590599

.0000717553

.0000000000

.0000000000

. 0000000000

.0000000000

.0000000000

.0000000000

SR

.3121624435

-.0368566337
-.4121870954

.0239134350

.7812800248

.8898209683

.9892912687

.9995126944

.4705446495

.0000000000

.0000000000

.0000000000

.0000000000

.0000000000

.0000000000

SI

-.4455220537

-.1706307317
-.4230030615
-.1597656533

-.0527857984

-.0278486519

.0093458795

.0007473581

.0000550462

.0000000000

.0000000000

. 0000000000

.0000000000

.0000000000

.0000000000

ANGULAR DISTRIBUTIONS OF SCATTERED PARTICLES

.713E+01 .991E-01

-687E+01 .974E-01

.612E+01 .926E-01

.502E+01 .856E-01

.257E+01 .693E-01

.802E+00 .559E-01

.491E-02 .456E-01

.136E+00 .456E-01

.244E-01 .304E-01

.410E-01 .665E-03

.207E-01 .106E-02

.206E-01 .125E-02

.203E-01 .178E-02

.197E-01 .251E-02

.181E-01 .373E-02

.165E-01 .363E-02

.160E-01 .205E-02

.164E-01 .405E-02

.110E-01 .200E-02

.975E-03 .430E-02

.699E-03 .296E-01

.694E-03 .294E-01

.682E-03 .290E-01

.663E-03 .282E-01

-626E-03 .255E-01
.622E-03 .207E-01

.708E-03 .113E-01

.730E-03 .139E-01

.774E-03 .155E-01

.645E-02 .126E-01

LEGEMDR. COEFFICIENTS FOR SCATTERED NEUTRONS

ANGULAR DISTRIBUTIONS

.3426140E+00 .2826832E+O0 .229O396E+00 .1806856E+00

.8419573E-02 .2065208E-02 .6211086E-03 .6411992E-04

. 1414908E+00

.9169704E-05

.9692688E-01

.9504160E-06

.5169905E-01

.9464211E-07

.2179081E-01

.4540610E-08

LEGENDR. COEFFICIENTS FOR SCATTERED NEUTRONS

ANGULAR DISTRIBUTIONS

.387349SE-01 .7634065E-02 .1505103E-02 .9329252E-03 .5338102E-03 .2034686E-02 -.6909065E-03 .7123604E-04

.3428197E-03 -.1695966E-03 .8823892E-04 -.1514246E-04 .5534009E-05 -.2679490E-05 .1618558E-06 .5456252E-07

LEGENDR. COEFFICIENTS FOR SCATTERED NEUTRONS

ANGULAR DISTRIBUTIONS

.1205462E-01 .2631972E-02 -.4312401E-03 .1043029E-03 -.1416124E-04 .1591504E-03 .1329032E-03 -.2884473E-04

-.4638237E-04 -.1608627E-05 .6733203E-05 -.1214317E-06 .3377868E-06 -.1019368E-07 .2660714E-08 .7651176E-10

LEGENDR. COEFFICIENTS FOR SCATTERED NEUTRONS

ANGULAR DISTRIBUTIONS

.3310489E-02 -.1491621E-03 .1137081E-03 -.2094073E-03 .6809293E-04 .2200943E-03 -.1864236E-03 -.1406685E-03

.3089410E-04 -.1224599E-05 .4175169E-05 .1663386E-06 .1980592E-07 .1682135E-08 -.6532862E-09 -.3428964E-10

LEGENDR. COEFFICIENTS FOR SCATTERED NEUTRONS

ANGULAR DISTRIBUTIONS

.8646159E-03 -.1350608E-03 .7684075E-04 -.6550397E-04 .7440539E-04 -.9817197E-04 .9793947E-04 -.5366767E-O4

.2113752E-04 -.6640882E-05 .1107709E-05 -.7051691E-07 .3617209E-07 .1102467E-08 .1519264E-09 .1946095E-11

LEGENDR. COEFFICIENTS FOR SCATTERED NEUTRONS

ANGULAR DISTRIBUTIONS

.1499458E-01 .1338726E-02 .5397430E-03 .2110343E-03 .1157856E-02 .4958847E-03 -.7963465E-03 -.1504840E-03

.1883873E-03 -.9361813E-05 .5778758E-05 -.2341649E-06 .1352410E-07 -.1351330E-09 .9312544E-10 .3355397E-11

NEUTRON ENERGY = 3.400000

TOTAL CR-SECT.= 8.102070

REACTION CR-SECT. = 2.917521

NMAX
1
2
3
4
6

CR-SECT. OF LEVEL EXCITATION

4.305415

.486758

.151483

.041601

.010865

.188427

SFO= .4280423E-04

STRENGTH FUNCTIONS
SF1= .6651124E-04 SF2= . 5482083E-04

SPHERICAL

VIRO= 178

SPHERICAL

WICO= 155

SPHERICAL

WIDO= 139.

SPHERICAL

WIWO=

VOLUME INTEGRALS OF

035 VIR1- 503.352

VOLUME INTEGRALS OF

901 VIC1= 456.082

VOLUME INTEGRALS OF

964 WID1= 274.793

VOLUME INTEGRALS OF

000 WIW1= .000

REAL POTENTIAL F-FACTORS AND DERIVATIVES:

VIR2= 487.978 VIR3= 162.653 CBETO= .969

IMAGINARY (WO F-FACTORS AND DERIVATIVES:

WIC2= 450.273 WIC3= 150.087 CBETC= .987

IMAGINARY (WD) F-FACTORS AND DERIVATIVES:

WID2* 137.396 WID3= .001 CBETD= .500

IMAGINARY (WW) F-FACTORS AND DERIVATIVES:

WIW2= .000 WIW3= .000 CBETW= .000

- 8 -



JAERI-Data/Code 99-028

ORB. MOMENT

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

.100E-03

.500E+01

.100E+02

.150E+02

.250E+02

.350E+02

.500E+02

.700E+02

.100E+03

.180E+03

TRANSITIONS

.9766733374

.9751059139

.9759394040

.9738970166

.9734582507

.9719222493

.9691534237

.9681545446

.9652993848

.9635116732

.9591434038

.9477544205

.9422931763

.9274169649

.7766473875

.4609750987

.2046374842

.0841025090

.0320915201

.0118897929

.0044321652

.0016775581

.0006323612

SR

-.1312721762

.1039109031

. 1062574364
-.0307777044
-.1285873529

-.1456580934
-.0935152051

.0006881496

.0946421954

.1522555085

.1524530929

.1078713389

.0542808437

.0527181463

.2384984801

.5831547296

.8309976673

.9367296220

.9784166789

.9926835000

.9973383995

.9988696468

.9995227308

SI

.0389157899

.0973538518
-.0891084049
-.1430466996
-.0688801521

.0429100309

.1271617803

.1587532048

.1346474585

.0525329950
-.0611538664

-.1399971810

-.1235927249

.0348822367

.2782643953

.3615728753

.2607951577

.1512121782

.0796701434

.0387967533

.0175904938

.0069746821

.0016029479
ANGULAR DISTRIBUTIONS OF SCATTERED PARTICLES

.418E+22 .256E+00

.613E+03 .128E+00

.315E+02 .115E+00

.150E+01 .899E-01

.790E-01 .633E-01

.872E-01 .203E-01

.804E-02 .769E-02

.186E-02 .106E-02

.220E-03 .196E-03

.859E-05 .134E-04

.151E-02 .614E-02

.119E-02 .721E-02

.201E-02 .491E-02

.439E-02 .131E-02

.868E-03 .321E-03

.167E-02 .135E-03

.610E-03 .125E-03

.294E-03 .140E-03

.591E-04 .191E-04

.111E-04 .479E-03

.691E-02 .419E-01

.225E-02 .232E-01

.138E-03 .113E-01

.507E-03 .962E-02

.408E-03 .609E-02

.213E-03 .137E-02

.120E-03 .770E-03

.106E-04 .263E-03

.205E-05 .425E-04

.117E-04 .110E-04

LEGENDR. COEFFICIENTS FOR SCATTERED NEUTRONS
ANGULAR DISTRIBUTIONS

. 1678275E+00

.9677572E-02

.3296190E-02

.1830986E-01

.1628970E-02

. 2069597E-05

.1460223E+00

.7369771E-02

.2338646E-02

.1714481E-01

.9222123E-03

. 5032004E-06

.1177352E+00

.6575938E-02

.2693695E-02

.1485732E-01

.4901925E-03

.3834587E-07

.8864568E-01

.6318213E-02

.4947865E-02

.1198175E-01

. 2423630E-03
-.5085922E-07

.6228184E-01

.6112433E-02

.8607683E-02

.9039134E-02

.1102506E-03

.3429344E-07

.4079265E-01

.5737476E-02

.1262693E-01

-6410240E-02

.4597364E-04

.9638750E-08

LEGENDR. COEFFICIENTS FOR SCATTERED NEUTRONS

ANGULAR DISTRIBUTIONS

.2507310E-01

.5152826E-02

.1597560E-01

.4290438E-02

.1787236E-04

.3519865E-08

.1503544E-01

.4383996E-02

.1795896E-01

.2717173E-02

.6498385E-05

5899556E-02

5570876E-03
4632929E-04

1764918E-03

2384626E-03

4372543E-05

.5023932E-02

.4563546E-03

-4301914E-05

-.8831531E-04

.1424507E-03

.1455444E-06

.3836600E-02

.3851574E-03

-.3467375E-04

.6717220E-04

.6188307E-04

.1943404E-05

.2752341E-02

.3213348E-03

-.7063933E-04

. 2402040E-03

.4994583E-05

.2287731E-05

.1924487E-02

.2609132E-03

-.1061047E-03

.3707810E-03
-.2667797E-04

.1879981E-05

. 1347048E-02

.2011112E-03

-.1391562E-03

.4258670E-03

-.3541823E-04

.1138126E-05

.9640510E-03

.1443058E-03
-.1699857E-03

.4060321E-03

-.2625332E-04

.5718993E-06

.7154470E-03

.9260688E-04

-.1919522E-03

.3343602E-03

-.1282165E-04

LEGENDR. COEFFICIENTS FOR SCATTERED NEUTRONS

ANGULAR DISTRIBUTIONS

4297804E-03
1121095E-04

1304654E-04

1775011E-04

1267886E-05

1818679E-06

.3099517E-03
-. 1633845E-04

-.8279261E-05

.1272363E-04

.1389876E-05

.6363897E-O7

.1826961E-03
-.2019340E-04

-. 2907083E-05

.3751478E-05

.2656173E-05

.1849435E-07

.9329984E-04
-.2221078E-04

.2427975E-05

-.5375115E-05

.2866582E-05

.2838236E-08

.4410908E-04
-.2304241E-04

. 7982820E-05

-.1113500E-04

.2469736E-05

.4497327E-09

.1919626E-04
-.2218182E-04

.1253518E-04

-.1214869E-04

.1763149E-05

-.2457490E-10

.5243118E-05

-.2031814E-04

.1587259E-04

-.9476560E-05

.9992857E-06

.5160593E-10

-.4167034E-05

-.1706994E-04

. 1803052E-04

-.5231017E-05

.4576584E-06

LEGENDR. COEFFICIENTS FDR SCATTERED NEUTRONS

ANGULAR DISTRIBUTIONS

2215854E-03
3295817E-04

7274300E-05

1506578E-05

6120027E-05

2911317E-07

.1668565E-03

.2823283E-04

.4244092E-05

.7640080E-06

-.2998172E-05

-.8630834E-06

.1300985E-03

.2537190E-04

.2639103E-05

.8546049E-06

.4599078E-06

-.7757298E-06

.9135077E-04

. 2104075E-04

.7548687E-06

-.2465302E-05

.2646180E-05

-.7999760E-06

.7175638E-04

. 1869349E-04

-.7360084E-06

-.6610709E-05

.4134777E-05

-.3039771E-06

.5461927E-04

.1476572E-04

-.1710707E-05

-.1037644E-04

.3863362E-05

-.4096483E-06

.4642810E-04

-1256392E-04

-.2177499E-05

-. 1048414E-04

.3273128E-05

.OOOOOOOE+00

.3560462E-04

.8654051E-06

-.3080567E-05

-.9194095E-05

.1228218E-05

LEGENDR. COEFFICIENTS FOR SCATTERED NEUTRONS

ANGULAR DISTRIBUTIONS

.5131597E-04

.8528115E-05

.6328896E-05

.3665541E-05

.3902121E-05

.4753320E-07

.3843131E-04

.8131119E-05

.6121972E-0S

.2915786E-0S

.2858931E-05

.1980519E-07

.2620716E-04

.7895962E-05

.5819552E-05

.3234529E-05

.1967261E-05

.8014815E-08

.1763655E-04

. 7607028E-05

.5540297E-05

.4383171E-05

.1276952E-05

.3079856E-08

LEGENDR. COEFFICIENTS FOR

ANGULAR DISTRIBUTIONS

SCATTERED NEUTRONS

.1298225E-04

.7373688E-05

.5367803E-05

.6535659E-05

.7817872E-06

. 1098949E-08

. 1063330E-04

.7117099E-05

.4900492E-05

. 6010092E-05

.4454079E-06

.3211100E-09

.9563951E-05

.6860153E-05

.4747189E-05

.576221SE-05

.2336711E-06

.8404114E-10

.8871493E-05

.6626209E-05

.4504904E-05

.4948866E-05

.1089419E-06
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.6810649E-03

.10110O8E-03

.2629209E-04

.1242238E-05

.1175013E-04

.1061566E-06

.5685514E-03

.8750899E-04

.2142573E-04

.1350063E-04

.5157152E-06

.4881347E-07

NEUTRON ENERGY = 65.000000

TOTAL CR-SECT.= 4.504600

REACTION CR-SECT. - 2.304093

.4267672E-03

.7615618E-04

.1733812E-04

.2903013E-04

.7175307E-06

.9791397E-07

.3101934E-03

. 6S73441E-04

.1371606E-04

.4012465E-04

-.1744648E-05

. 9978109E-07

NHAX
1
2
3
4
6
6

0= .1928025E-04

CR-SECT. OF LEVEL EICITATION
2.108982

.074136

.006401

.002785

.000645

.008559

STRENGTH FUNCTIONS

SF1= .1933368E-04

.2301653E-03

.5610648E-04

.9969905E-05

.4297068E-04

-.2582269E-05

.7761308E-07

.1780301E-03 .1435943E-03 .1190611E-03

.4713685E-04 .3905039E-04 .3208085E-04

• 5893483E-05 .1071480E-05 -.2305723E-05

.3840787E-04 .2982949E-04 .202S572E-04

.2311413E-05 -.1406202E-05 -.5162915E-06

.4648255E-07 .2242581E-07

SF2- .1952242E-04

In any case those who are interested in calculations using code OPTMAN are welcome

to address for help to the authors if necessary.

6 Concluding remarks

The coupled-channels optical model code OPTMAN was extended to have new options which were

added after the first version was published [1]. The main changes are inclusion of the (1) volume con-

servation option, (2) relativistic kinematics, (3) imaginary spin-orbit term, and (4) isospin dependence

(Lane term) of the potential depth parameters. We hope the current code can be used for nuclear data

evaluation and analyses of nucleon-induced reaction mechanisms up to projectile energy of 200 MeV.
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