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Abstract

The DISCA code has been originated to obtain reaction cross-sections, energy and
angular particle distributions in nuclear reactions induced by incident nucleons and
alpha-particles at intermediate energies.

The code implements the advanced intranuclear cascade evaporation model
considering the nucleon-cluster interactions. The nuclear model is based on the
realistic approximation of the Woods-Saxon nucleon density distribution. The
modeling of intranuclear interactions takes into account along with the Pauli principle
the number of essential features of nucleon-nucleon and nucleon-cluster interactions
resulting from the quantum mechanical consideration of these effects. The model
discussed can be applied to the calculation of excitation functions and total and
differential nuclear reaction cross-sections over the entire energy range of
precompound exciton models application and at the higher energies of incident

particles.



DISCA - Code System zur Berechnung von Partikelverteilungen und
Wirkungsquerschnitten fur Kernreaktionen bei mittleren Energien basierend
auf einem fortgeschrittenen intranuklearen Kaskaden Verdampfungsmodell mit

vorgeformten Clustern

Zusammenfassung

Der DISCA Code ist entwickelt worden fir die Berechnung von
Wirkungsquerschnitten und Energie- und Winkelverteilungen von Kernreaktionen mit
Nukleonen und Alpha-Teilchen mittlerer Energie.

Der Code implementiert das weiterentwickelte intranukleare Kaskaden
Verdampfungsmodell, das die Nukleon-Cluster Wechselwirkung berticksichtigt. Das
Kernmodell basiert auf der realistischen Annaherung der Woods-Saxon Nukleonen
Dichteverteilung. Die Modellierung der intranuklearen Wechselwirkungen
beriicksichtigt neben dem Pauli Prinzip eine Reihe wesentlicher Eigenschaften der
Nukleon-Nukleon und Nukleon-Cluster ~Wechselwirkungen, die aus der
quantenmechanischen Betrachtung resultieren.

Das diskutierte Modell kann angewendet werden fir die Berechnung von
Anregungsfunktionen und totalen und differentiellen Wirkungsquerschnitten (ber den
gesamten Energiebereich, fir den das Precompound Excitonen Modell gultig ist und

fir einfallende Teilchen mit héheren Energien.
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The DISCA code has been elaborated to study nucleon and a-particle interactions
with nuclel at intermediate energies.

The code calculates energy and angular distributions of particles emitted in
nuclear reactions, residual nuclel yields, recoil spectra, total nonelastic cross-section
for nuclear reactions induced by nucleons and a-particles. The code implements the
advanced intranuclear cascade evaporation model with consideration of the nucleon-

cluster interactions.

1. History of the code development

The creation of the DISCA code was initiated in 1987. The brief history of the codeis
described below.

DISCA: creation of genera algorithm of the code refers to the works[1,2]. The
code has been used for gas production and displacement cross-section calculations for
stainless steel components irradiated with neutrons and protons at the energy up to
150 MeV [3] and for the creation of the BISERM-1 data library [4-7]

DISCA-2 or DISCA-S: the code agorithm, the routines for n-n interactions and
particle evaporation simulation have been improved. The code has been used for the
calculations of radioactive nuclide production cross-sections [8,9] and the cross-
section evaluation for the BISERM-2 library [10,11].

DISCA-3: the code algorithm has been completely rewritten, the smulation of
the a-particle knock-out and pick-up processes was included in the code [12]

DISCA-3D: the code was extended to describe the deuteron interactions with
nuclel [13], the interactions with light nuclei and to perform simple calculations for
thick targets.

DISCA-C/05 is the current version of the code realized in April, 2005. The
parameters of the model were optimized. The code was used for helium production

cross-section calculation for tungsten and tantalum isotopes [14].
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2. Description of the model

2.1 Mode of the nucleus

In the calculations the nucleus is broken up into concentric regions (zones) with
uniform density. The number of zones is defined by the code parameter KZONESC
(Sect.7). The position of nuclear zones is defined according to the Woods-Saxon

expression

r(r)= "o
1+ exp[(r- c)/a,]’

D

where c=1.07 AY® fm, a,=0.545 fm, r ;= 0.17 fm™.
The momentum distribution for nucleons for each zone is defined according to
the Fermi gas model. Fermi momentum and energy are
k=300, )" @
TE = (pEi )2 /2m (3)
whereindex “n” relates to nucleon, and r; is the nucleon density in i-th zone.

It is supposed that besides of nucleons the nucleus consists of preformed clusters:
tritons, ®*He nuclei and a-particles. The maximum kinetic energy of the clusters (Fermi
energy) and their potentials are defined by

TaFi = 4Trﬁ, TtiF = ThFi = 3T§, 4

U, =T.+B,, U,=T;+B, U,=T;+B,, (5)
where T.,T;,T. ae Fermi energy for a-particles, tritons and °He,
correspondingly, By is the separation energy calculated using table of experimental
nuclide masses, U,; isthe potential for considered type of the particles.

The vaue of U, in Eq(4),(5) is in agreement with the real part of optical
potential obtained in Refs.[15,16] from data for a-particle elastic scattering on nuclei.



According to Ref.[17] the momentum distributions for tritons, *He and a-
particles are taken as
N.(p,)dp, 1 p°dpaWw, (6)
N.(P,)dp, =N, (p,)dp, n p°dpdwW (7)

2.2 Definition of the point of intranuclear interaction and partner characteristics

The method proposed to define the point of the interaction and partner characteristics
Is discussed in Refs.[12,13]. Let us consider a particle moving with kinetic energy T

inside the nucleus. Probability of interaction per unit length is equal to

Q) =4r, s (M, (8

where the summing is performed over all particles inside the nucleus, r , is the density
of particles of type “x”, s is the effective cross-section for interaction of the
considered particle and a particle of the x-type.

The cross-section s ¢ is defined as follows

sy (T) =(@/V) V,g S, (P, PN, (P,)dp, (9)
where v is the absolute value of the velocity and p is the momentum of the considered
particle corresponding to the energy T, v,4 IS the relative velocity for two particlesin
the coordinate system with the motionless x-particle, s, (p,p,) is the interaction

cross-section, which depends on the absolute value and direction of momentums of
colliding particles.
The numerical calculation of Q value, Eq.(8) is noticeable simplified taking into

account that the effective cross-section value s &' calculated using Eq.(9) at different

T values is close to the vaue of the cross-section for interaction of the considered

particle with a motionless partner (particle of x-type) s&(T) @s, (T) =s, (p,p, =0).



Fig.1 shows the ratio s§ (T) =(1/V) (V,q S, (PP, ) N, (p,)dp, /s, (T) calculated for

nucleon-nucleon and nucleon-a interactions at different nucleon kinetic energy T.
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Fig.l The ratio of the effective cross-section for nucleon-nucleon and nucleon-a
interactions inside a nucleus and the cross-section corresponding to the
motionless partner.



Data shown in Fig.1 correspond to the central nuclear zone with the biggest value
of T",, where the difference between s&(T) and s (T) ismaximal. One can see that

the ratio of cross-sections is close to unity. Therefore, the probability of interaction of
the considered particle with the particles of the nucleus can be calculated using the

following approximation

Qr)=ar,()s,(T (10)

The particle range (L) in nuclear matter is defined by
L
R(r)dl =-Inx (11)
0

where x is the random number from the interval [0,1].
For a nucleus with constant density zones Eq.(11) iswritten as
a Q(r) D, =- Inx, (12)
where Q, is the probability of particle interaction with nuclear matter in the i-th zone,
Dl; isthe length of the trgjectory part in the i-th zone.

The point of the interaction is defined using Eq.(12) asfollows.

The random number x is sampled in theinterval [0,1]. For the considered particle
with momentum p, located in the point with the radius-vector r, the distance for the
nearest zone boundary DI is calculated according to the momentum direction. The
value of the sum, EQ.(12) is increased by the Q(r) DI value. If the resulting value
é Q,(r;)Dl, is much larger then -1Inx, than the particle is shifted by a distance
corresponding to the rigorous equality of EQ.(12). In this case, the particle coordinates
correspond to the point of interaction with an intranuclear cluster or nucleon. If

a Q,(r;)Dl; < - Inx, the particle crosses the zone boundary. According to its new

momentum direction, a new distance for the zone boundary is calculated, the sum,
Eq.(12) is increased by the new Q(r) DI value again etc, until an equality Eq.(12) is
fulfilled.



After the definition of the point of interaction, the type of partner and its
momentum are obtained by the Monte Carlo method. Note that the partner
characteristics are defined only once, in contrast with the repeated random choice of
the partner type and momentum, as used in Refs.[5,6].

The partner type is defined according to the relation between the items in Eq.(10)
for the calculation of the probability Q. The interaction of the considered particle with
nucleons, a-, t- and *He-clusters is taken into account. The partner momentum is
defined according to the distribution (V,4/V)s x(P,Px) Nx(Px)dpx.

The efficiency of the agorithm for momentum definition is based on the
following property of the distribution

C(Vig IV)s, (p,p, )N, (p,)dW, @s, (p,p, =0) CN,(p,)dW, , (13)

According to Eq.(13) the result of integration does not depend from the absolute
value of p, and the value p, can be independently chosen at random based on the
Ny (px) distribution. To obtain the momentum direction the following expression is
used

(Vg /V)s, (p,p,) AW, =xs,(T), (14)
where x is the random number, T is the kinetic energy of primary (considered) particle

corresponding to the momentum p, and the absolute value py is defined according to
the Ny(px) distribution.

2.3 Probability of intranuclear interaction

For a proton moving inside the nucleus with kinetic energy T, the probability of
interaction with nuclear matter is

Q =r [ S™(T)+j ,$™(T)+j ™ (T)+sE,(T)], (15)
where r; is the nucleon density for the i-th zone, s™ and s™ are cross-sections for

interactions with intranuclear neutron and proton, correspondingly, s™ is the cross-
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section for interaction with a “preformed” a-cluster, s”, is the cross-section for the

b
“pick-up” processes combining the proton and a “preformed” triton to form of the a-
particle, j », | p, ] a e relative numbers of neutrons, protons and a-clusters in the
nucleus, correspondingly.

Typica values of j , obtained from the analysis of experimental a-particle
spectra are from 0.05 to 0.1. Values of j , and j , depend from the total number of
nucleonsin nuclei and | , value.

A similar equation describes the neutron moving inside the nucleus.

For excited a-particle, the elastic scattering and break-up processes at the
interactions with intranuclear nucleons are considered. For calculating the nucleon-

nucleon interaction cross-sections, the following approximation formulas from
Ref.[18] are used

|- 5057.4/T>+9069.2/T+6.9466, T £ 40 MeV

|
sP"(T) ={239380.0/ T2 +1802.0/ T +27.147,  40<T £ 400 MeV (16)
}34.5, 400< T £800 MeV

1-1174.8/T? +3088.5/T +5.3107, T £40 MeV

|
s™(T) ={93074.0/T? - 11.148/ T +22.429, 40<T £ 310 MeV (17)
%887.37/T +0.05337T +3.5475, 310<T £ 800 MeV

where the cross-sections are given in millibarns.

For calculating nucleon-a interaction cross-sections, the approximation
formulas obtained in Ref.[12] are used. These were obtained on the basis of
experimental and evaluated data from Refs.[19,20] at energies above 14 MeV and the
BROND-2 data for low energies. The total and elastic scattering cross-sections for
nucleon-a interaction are calculated as follows



i 6754.8T° - 1608.5T +778.94, T £ 1.125 MeV

. 7467.2/ T _ 51 109T +1773.7, 1.125<T £ 20 MeV

s™(T) = 0.43473 (18)
i 5230 o/T +1.2270T - 658.81, 20<T £190 MeV

I 1 3425.3/ T +0.073484T + 74.410, 190< T £1000 MeV

| 6754 8T2- 1608.5T +778.94, T £ 1.125 MeV
o5 (T) = . 7466.4/ T*% . 53.030T +1815.2. 1.125<T £ 20 MeV
110182.0/ TO70™6 +0.68190T - 28256 20<T £190 MeV (19)

I | 4833.8/ T +0.036414T - 2.9546 190< T £1000 MeV

where s™ is the total cross-section and s is the éastic scattering cross-section in
millibarns.

The energy dependence of the pick-up cross-section s?.,(T) is defined according

to the form-factor F,3 calculated in Ref.[21] corresponding to formation of the a-
particle from three nucleons with energy below the Fermi energy and one nucleon

with energy above the Fermi energy. The cross-section is

s® (T)=V|- 1011" 10°€® +1748" 10*€? - 1128" 10'2e+0,275742/(Rr ), (20)

wheree =T - T' (e < 67 MeV), R = 1.25 A™®, 7 is the fitting parameter, which
typicd valueisequal to 14.
To obtain the momentum of the particles after interactions, the angular
distribution for nucleon-nucleon scattering is parameterized as
s(q) =A(T)+B(T)cos" q, (21)
where the coefficients A(T) and B(T) and the “n” values are defined in Ref.[22].

The angular distributions for elastic nucleon-a scattering are calculated
according to Ref.[23] as

s(d) = C(aexpl- k(T). (22)
where ¢ is the angle in CM system and C(qg) and k(q) are parameters, which do not

depend on the primary nucleon energy.



The values of C(g) and k(g) tabulated in Ref.[32] are approximated by
polynomials
C(q) =1.4447° 10°°q® +1.0774" 10" *q* - 8.87098" 10"*q +6.7415 (23)
and
k(q) =4.0"10°%q, if q<30°
k(g) =- 1.4519" 10 °g° +6.6868" 10 °q” - 1.0539" 10"°¢® +

+6.1054" 10 *g’ - 3.8739° 10°3q- 7.7636" 10°2, if 30° £ q£165°
k() =0.36889,  if q>165°

(24)

where angle g is given in degrees.

2.4 Pauli principle and limitation on orbital particle momenta

In the simulation of intranuclear interactions, the Pauli principle is taken into account
as well for nucleon-nucleon as for nucleon-a collisions. The check provides that the
Kinetic energy of interacting particles is never below the Fermi energy. Also, the
restriction on the orbital momenta of nucleons discussed in Ref.[24] is considered.

Finite nuclear sizes impose restrictions on the orbital momenta of the interacting
nucleons. According to Ref.[25], the orbital momental of nucleons colliding within a
square potential well should not exceed the product of asymptotic nucleon momentum
and nucleus radius. | £ p,R, where p, is the linear momentum the nucleon would have
outside the nucleus and R is the nucleus radius. This restriction on | results from the
fact that the nucleus has no states below the centrifugal barrier [25]. For a nuclear
model with the multi-region density, the restriction on the orbital momenta of
nucleons colliding in the i-th zone has the following form [24,25]

| £ piaR;, (25)

where | is the angular momentum of the nucleon with momentum p; in the i-th zone,

pi+1 IS the momentum the nucleon would have in the i+1-th zone (the regions are



numbered beginning from the nucleus center), and R; is the radius of the i-th zone in
which the two nucleons collide. The relationship between p; and p;.; is derived from
the following relation between corresponding values of the nucleon kinetic energy T;
and Ti.

T,=T-T +T.,, (26)
where T isthe Fermi energy in the i-th zone. If the i-zone has the maximum radius,

then T, = - By, where B, is the binding energy of the nucleon or a-particle in the
nucleus.

Restriction, EQ.(25) on orbital momenta leads to a reduced total number of
intranuclear interactions and to an increased emission of high energy particles from
the nucleus. The calculations show [24] that use of EQ.(25) along with the Pauli
principle results in a much better reproduction of the experimental data for low and
intermediate primary particle energies.

Fig.2 illustrates how the restriction on orbital momenta used in modeling
nucleon-nucleon interactions affects the accuracy of the calculation of double-
differential cross-sections. The calculated spectrum for 19 MeV neutrons produced by
irradiation of **Nb with 26 MeV neutrons is shown in Fig.2. The caculations were
performed with and without checking of Eq.(25) for intranuclear interactions. In both
calculations the effects of the refraction and reflection of the nucleon momentum at
the boundary of nuclear regions were taken into account. The total reaction cross-
section was normalized to the same value of the cross-section, obtained by the optical
model. Fig.2 shows that a more accurate description of intranuclear processes leads to

a better agreement between the cal culations and experimenta data[26].
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2.5 Distortion of particle trajectory inside the nucleus

When the nucleon moves in a non-uniform nuclear potential well its path is distorted

and the distortion is simulated by describing the refraction and reflection of the

nucleon momentum at the boundary of nuclear regions.

. *Nb(n,n")

E =25.7 MeV
E =19 MeV

S
Q 0
% 10"
v
Re)
E
w” T 1=
S ] N !
; 10 ] D 1 |
E ] L=
& ® Marcinkowski (83)
© orbital momenta restriction
- — —no restriction
10° T T T T T T T T T T
0 30 60 90 120 150 180

Q, (deg)

Fig.2 Double-differential cross-section for 19 MeV neutrons emitted in the reaction
*Nb(n,n’) induced by 25.7 MeV neutrons. Calculations are carried with the
checking of EQ.(25) for nucleon-nucleon interactions (solid line) and without
the checking (dashed line). The refraction and reflection of the nucleon
momentum at the nuclear zone boundaries are taken into account.

Experimental data are taken from Ref.[26].

The problem of describing refraction and reflection processes has been discussed
long before [22,27]. In Ref.[27] it was shown that these effects when included in the
model agorithm deteriorate the level of agreement between calculated and
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experimental data. The neglecting of refraction and reflection is the default
(recommended) option for calculations using the Bertini and ISABEL codes from
MCNPX package [28]. However, it was proved [22] that the classical interpretation of
refraction and reflection effects was quite justified and cannot be used as a basis for
disregarding these effects.

A solution of the problem was given in Ref.[25] where it was pointed out that the
calculations in Ref.[27] did not take into account the effect associated with the
restriction on orbital momenta of interacting nucleons, Eq.(25). As shown in Ref.[25]
and confirmed by the DISCA caculations, taking into account refraction and
reflection and meeting condition Eq.(25) the agreement between calculations and
experimental datain the intermediate energy range is noticeably improved.

The effects of refraction and reflection of particle momentum on the boundary of

two nuclear zonesis considered in all DISCA ssimulations.

2.6 Cut-off energy

The cutoff energy T IS a parameter of the intranuclear cascade model and presents
the minimal energy of the fast particle emitted from the nucleus [22]. When the
kinetic energy T of aparticleresiding in the potential well meets the condition

T <T<T +B+ Ty, (27)

where B is a binding energy, it is generally accepted, that the particle is absorbed by
the nucleus and its further movement is not observed.

From the calculations performed [24] it follows that the best results are obtained
if the cut-off energy for neutrons and protons is assumed to be equa to zero, and
penetration through the Coulomb barrier for protonsis simulated.

In modeling the cascade process for protons approaching the nucleus with
energies less than the Coulomb potential, the tunnel effect is considered in the

12



following way. The probability of penetrating through the Coulomb barrier is as
follows [24]

& R 0
D=exp¢ 2——|(V./e)Y?arccos(e/V )% - (1- e/V V2|
R D(Vp)[(p ) s(e/V,)"2 - (1- elV,) ]5’ (28)

where e is the energy of proton outside the nucleus, V, is the Coulomb potential,

D(V,) isthe de Broglie wave length of the proton at the energy V,, equal to 4.5%, v2

fm.

By generating a random number and using Eq.(28) for the proton with the energy
0 < e <V, one can find whether the proton is absorbed or emitted from the nucleus. If
the under-barrier effect is taken into consideration the smooth dependence of the
proton nonequilibrium spectrum on the energy of the outgoing particle is described
(Fig.3). In the pre-equilibrium exciton model similar energy dependence for the
calculated spectrum is observed when calculating the inverse reaction cross-section
for protons via the optical model describing the proton absorption and scattering in a
realistic potential well.

2.7 Particle evaporation

The description of the particle evaporation by the intranuclear cascade evaporation
mode is linked to the problem of developing an efficient algorithm to simulate this
process by the Monte Carlo method. The efficiency of the algorithm ensuring the
speed of the computer code often implies that the particle evaporation widths are
calculated through analytical formulas rather than by means of numerical integration.
Old versions of the DISCA code preceding DISCA-3 used the analytical expression
for calculating of the particle emission probability. New versions starting from
DISCA-3 implement the method described in Ref.[29] (“ single width integration™).

13
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Fig.3 Proton energy distribution for the *®Ni(n,x)p reaction induced by 14.8 MeV
neutrons calculated using the intranuclear cascade evaporation model by the
DISCA code (histogram) and using the geometry dependent hybrid exciton
and evaporation model [28,29] by the ALICE (dashed line). Upper figure
shows the sum of the non-equilibrium and evaporation spectrum, bottom
figure shows the calculated non-equilibrium spectrum. Experimental data

(circle) are taken from Ref.[30].
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The probability of evaporation of the x-type particle from the excited nucleus is
obtained by the Weisskopf formula

Wx p‘ C\(ZSX +1)|'T1(ex S inv (ex)r (U)dex ’ (29)

where S, m, e ae the particle spin, reduced mass and Kkinetic energy,
correspondingly, Sin IS the inverse reaction cross-section, r (U) is the level density for
the residua nucleus with the excitation energy U.

Instead of the crude approximation for r(U) used in severa codes [31]

r(u)= Cexp(2@) , Where C is a constant, and “&’ is the level density parameter,
the nuclear level density is calculated according to the Fermi gas model

r(U) = (1/12)p”2a ¥*U %* exp(2+/aV) (30)
at the high excitation energy U and by the “ constant temperature” model at low energy
of excitation. The inverse reaction cross-sections are calculated using

phenomenological formulas from Ref.[32], which approximate the results of optical

model calculations. Evaporation is considered for neutrons, protons, deuterons,

tritons, *He nuclei and a-particles.
2.8 Binding energies

The particle binding energies are calculated using the experimental masses of nuclei.
If experimental data are absent, the formula of Myers, Swiatecki, Lysekil [29] is used
to obtain the particle separation energy for residua nuclel (Z,N) withZ - Zc £ 9 and
N - N¢c £ 22, where Zc and N¢ are numbers of protons and neutrons in initid
compound nucleus. The algorithm of the calculation is taken from Ref.[29]. The
binding energies for other nuclei are calculated using the Cameron formula [22]. The
calculations for tritons and *He are away's performed according to Cameron [22].

15



2.9 Total nondastic interaction cross-section

The cross-section of nonelastic interaction of the primary particle with a nucleus (S on)
is calculated internally by the code or estimated using the data for nucleons from
Ref.[33] and for a-particles from Ref.[19] or calculated by approximating formulas
[32].

The input variable INFSO (Sect.7) defines what type of the nonélastic cross-
section is used for the total normalization of the calculated residual nuclei yields and
particle distributions.

Thetotal cross-section of the interaction of an incident nucleon with anucleusis
calculated by the code as St = p(Rmax + D )2 , Where R IS the radius of the outmost
nuclear zone, D is the wavelength of the incident nucleon. The nonelastic reaction
Cross-section Spon IS defined as Spon = Stot(N/Nior), Where N is the number of events
resulting to nucleus excitation and Ny is the total number of events.

Fig.4 shows the s, cross-section caculated using the DISCA code and
obtained by the optica model with different set of the optical potentials. As can be
seen from Fig.4 the calculations by the DISCA code are in agreement with the s pon
values obtained using the optical model.

2.10 Simulation of atomic displacementsin materials

The DISCA code calculates the displacement cross-section for nonelastic interactions

of incident particles with nuclei. The cross-section is calculated by the formula

" ds(E,,Z.,A;,Z,A)
S(E)=ad O

I Ey i

n(T, Z:, A, Z;,A,)dT, . (31)
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Fig4 Tota nonelastic interaction cross-section for /Al and **’Au irradiated with
neutrons, calculated by the DISCA code (histogram) and using the optical
model [34] with potentials: Wilmore-Hodgson (dark circle), Becchetti-
Greenlees (triangle), Bersllon-Cindro (open circle), Rapaport (cross),
Engelbrecht-Fiedeldey (plus).
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where E; isthe incident proton energy, do/dT; isthe cross-section of energy transfer to
recoil atom, Z; and A; are the atomic number and the mass number of the recoil atom,
correspondingly, Zr and A+ are the same for the target material, v(T;) is the number of

Frenkel pairs produced by PKA with the kinetic energy T;, T™ isthe maximal energy

of the PKA spectrum, E, is effective threshold displacement energy, the summing is
for al recoil atoms produced in the irradiation.

The number of defects produced by the PKA in materia v(T) is calculated
according to the NRT approach [35] with the value of “k” parameter defined

according to Robinson [36]

0.8

n(M)=h —T,,,(T

( ) 2Ed dam( ), (32)

T

T T) = , ‘

i (T) 1+k (3.4008e1’ 6 +0.40244 %4 + e)’ (33)

/2

_32am, 0 (A +A,)2Z237Y?

k—3—p M ; A3/2(22/3+Zz/3)3/4 , (34)
T i i T

e= [ATT (A, +AT)]la/(ZiZTez)J , -
a=a,(op*/128)°(27° + Z3°) (36)

where 7 is the defect production efficiency [37], me is the mass of an electron, Mt is
the mass of the target atom, &, is the Bohr radius, “€" is the electron charge; the
kinetic energy T of the recoil atom istakenin keV.

In the DISCA calculations the n value is taken equa to unity. Subroutine
DEFINE_ED contains the data for the effective threshold displacement energy Eg

used for the s 4 computation.
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3. Enerqy range of the model applicability

3.1 Low energy limit

As follows from the comparison of the DISCA calculations and experimental data the
discussed intranuclear cascade evaporation model can be used for the calculation of
total and differential cross-sections of nuclear reactions over the entire energy range in
which pre-equilibrium exciton models are applicable, i.e. a energies above severa
mega electron-volts [24]. The applicability of the model at relatively low energies is
due to the fact that the model algorithm takes into account the factors discussed above
in Sect. 2.3 and 2.4.

The agreement between cross-sections calculated using the intranuclear cascade
model discussed and those obtained by the hybrid exciton model [28,29] testifies to
similarity of both approaches as noted in Ref.[38]. Both models are semi-classica and
regard the dynamics of the non-equilibrium process as a series of quasi-free nucleon-
nucleon interactions. The comparison of results of calculations with experimental data
proves that the approximation of the intranuclear cascade model in which nucleons are
assumed to follow quasi-classical paths is “not less reasonable’ as the assumption of
the hybrid exciton model concerning equal probabilities of configurations with a
certain number of excitons and atransition from “n” to “n+2” exciton state as a result
of interaction of the “leading” particle with the nucleons. The roughness of both
approaches appears to be quite comparable.

The formal applicability criterion of the model applicability is the smallness of
the incident particle wavelength compared to its free path length L within the nucleus
[24]

D W&+Vo
—=— = <1
L ES E 5 : (37)

where V and W are, respectively, the real and imaginary parts of the optical potential
regarded as a square well, and E is the primary particle energy.
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Taking into account the typical relation between the values of W and V values
[24], condition Eq.(37) isactually met at energies above several mega electron-volts.

3.2 High energy limit

At present time, the model discussed does not suppose the nonelastic nucleon-nucleon
interactions. For this reason the current version of the DISCA code is used for the
simulations at the projectile energy up to 600-800 MeV .

4. Peculiarities of ssimulation of the non-equilibrium a-particle emission from

nuclel

The calculations show that the knock-out of preformed a-particle resulting from
elastic nucleon-a interaction plays the secondary role in the forming of the non-
equilibrium a-particle emission distribution at medium energies of the a-spectrum.
The energy distribution of a-particles calculated using the knock-out model (z=0 in
Eq.(15),(20)) has a“hole” at the medium part of the spectrum, which is characteristic
aso of the calculations using the pre-equilibrium exciton model. Fig.5 shows the
difference between experimental data [39] and the a-particle spectrum calculated by
the pre-equilibrium exciton model [40] and intranuclear cascade model taking into
account the knock-out of a-particles by the fast nucleons and neglecting the pick-up
process.

In spite of the secondary role of the knock-out process in the non-equilibrium a-
particle emission, the elastic nucleon interaction with preformed a-clusters has a
noticeable effect on the nucleon emission at large emission angles. Fig.6 shows the
double differential cross-section for protons emitted from the *°Zr(p,p’) reaction
induced by 80 MeV protons. The calculations are performed with and without

consideration of the a-particle knock-out in nuclear reaction. The pick up of the *He
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or triton cluster forming a-particle was not considered in both cases (z=0). It can be
seen from Fig.6 that the agreement with experimental data [41] is substantialy
improved with the consideration of the processes of the interaction of nucleons with

a-clusters of the nucleus.

1 120
10" 3 Sn(p,a)x E =61.9 MeV
Knock-out + evaporation
_10°3 3
> Ce, o
3 [ “k *c.
= - - _ )
E10"{ | _l_\_|\‘~‘§\.oo
O ] T~_ o
% I . ~e° .
© I \
10”4 ‘
® Bertrand (73) \
= INC model
— — GDH model
T T T T T T T T T T T
10 20 30 40 50 60 70

a-particle energy (MeV)

Fig.5 Contribution of the knock-out process and the evaporation in the energy
distribution of a-particles emitted from the *°Sn(p,a)x reaction induced by
61.9 MeV protons. Caculations are performed using the DISCA code
(histogram) and the modified ALICE code [40] (dashed line). Experimental
data are from Ref.[39].
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Fig.6 Double differentiadl cross-section for protons emitted from the *Zr(p,p’)x
reaction induced by 80 MeV protons. Calculations are performed using the
DISCA code with (solid histogram) and without (dashed histogram)
consideration of the elastic nucleon-a interactions. Experimental data (dashed

line) are from Ref.[41].

The experimental a-particle spectra from nucleon induced reaction at energies

up to hundreds MeV are correctly described considering three basic mechanisms of

the a-particle emission in nuclear reactions. the knock-out,

pick-up and evaporation.

Fig.7 shows the contribution of the different processes in the **Bi(p,a)x reaction

induced by 90 MeV protons.
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Next figure (Fig.8) shows the role of the nuclear regions with low density on the
forming of the non-equilibrium a-particle spectrum. The caculations are performed
assuming that the a-particles are formed only in the nuclear region with the density
lower than 0.1 o, where r g is the density of nucleons in the center of nucleus, and
considering the a-particle formation in total nuclear volume. Fig.8 show that the
calculated a-particle spectrum is formed mainly from intranuclear interactions in

nuclear region with low density r £ 0.1x .
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s
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a-particle energy (MeV)

Fig.7 Contribution of the different processes in the of a-particle emission from the
?%Bj(p,a)x reaction induced by 90 MeV protons. Calculations are performed
using the DISCA code (histograms). Experimental data are from Ref.[42].
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Fig.8 The a-particle emission spectrum calculated taking into account nucleon and
preformed clusters (t, °He, a) interactions in all nuclear volume (solid
hissogram) and in the region with low density (dashed histogram).
Experimental data are from Refs.[39,42].
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Fig.9 shows an influence of the cluster momentum distribution on the cal cul ated
value of the a-particle emission spectrum for medium nuclei. Calculations were
performed using EQ.(4)-(7) and simple approximations for the cluster momentum
distributions and Fermi energies

N, (p,)dp, U p*dpdw, (37)
and

Th=T, =T, =TF, (38)
where symbol “x” refersto the a-particle, triton, *He and nucleon.

It is seen from Fig.9 that the use of the approximation equations Eq.(37),(38)
instead of Eq.(4)-(7) results at the proton energy 62 MeV to the ssimple redefinition of
the z value, Eq.(20). For 500 MeV protons the simulation of the cluster momentum
distribution according to Eq.(37),(38) distorts high energy part of the calculated a-

spectrum.

5. Examples of DISCA calculations

The applicability of the model for calculations at low projectile energiesis illustrated
by the data in Fig.10-12. The examples of calculated energy and angular a-particle
distributions are shown in Fig.13-16.

Fig.17,18 demonstrate an importance of the consideration of the non-equilibrium
a-particle emission to describe excitation functions of (p,xnypza) reactions. Fig.19
shows the non-equilibrium component of the a-particle production cross-section for
YA u. For the comparison the results obtained by the ALICE/ASH code is a'so shown.
It is seen that despite of the difference of the models the knock-out contribution and
the total non-equilibrium a-production cross-sections are close.

Many other examples of the DISCA code application can be found in Refs.[1-14,
24, 31, 38, 45-48].
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Fig9 The a-particle emission spectrum calculated using EQ.(4)-(7) (solid
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Fig.10 Neutron induced reaction cross-section for *°Fe calculated using the DISCA
code (histogram) at primary energies below 20 MeV. Experimenta data are
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calculated by the intranuclear cascade evaporation model using the DISCA code
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Fig.12 Neutron emission spectrum for the ®Ta(n,n’)x reaction induced by 6.47 MeV neutrons
calculated using the DISCA code (histogram) and the ALICE code [29] (dashed line).
Experimental data are from EXFOR.
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with (solid line) and without (dashed line) consideration of nucleon-cluster interactions.

Experimental data are from Ref.[44].
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6. Computer compatibility

The DISCA code iswritten in FORTRAN. The code uses a random number generator,
which can be different for different FORTRAN compilers. The current version of the
code uses the GNU FORTRAN built-in random number generator RAND. To
substitute it by the other one it is necessary to check the FUNCTION RANDOM in
the code.

7. Input datafile

The structure of the input data reflects historical stages in the DISCA code
development. New features were introduced in the code keeping the possibility to use
the same input structure for old and new versions of the code. In particular, it
simplifies the comparison of the calculations performed using the DISCA-C code and
DISCA-S code, which implement different models for intranuclear interactions. The
description of theinput is given below.

Card 1. Name of output filesNAMRD: “NAMRD.XXX". Format is (A8).
Card 2. Thetitle of the task described in 72 charactersincluding blank spaces.

Card 3. Parameters INFBIG, INFSO, INFSCR, INFDOS,| NFDEN, INFSEP
Parameter INFBIG defines the size of printed information about details of the
calculation. The valueisfrom O to 3. Recommended: INFBIG=0or 1.
INFSO defines the type of the cross-section for nonelastic interactions (Snon)
used for overal normalization of the results obtained. INFSO = 1: the s, Value is
calculated using the Barashenkov data Ref.[33]; INFSO = 2. the nonelastic cross-
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section is calculated internally by the DISCA code; INFSO = 3: the s o, Value is taken
from the input file (Card 10); INFSO = 4: the nonelastic cross-section is evaluated by
the analytical expressions from Ref.[49] obtained using the results of optical model
calculations. INFSO=4 is valid for nucleon incident energy up to 50 MeV. For incident
a-particles INFSO is set to 1. Recommended: INFSO = 1.

INFSCR is the screen printing option for each Monte Carlo event proceeded.
INFSCR = 1: yes, = 0: no.

INFDOS s not used in the present version of the code.

INFDEN defines the calculation of the non-equilibrium component of the triton
and *He production cross-section according to the “nuclear bond breakdown” model
from Ref.[50]. INFDEN=10: the calculations performed; INFDEN=0: no.
Recommended: INFDOS = 10.

INFSEP is the option for the separate printing of the cross-sections calculated
for anumber of reactions (in addition to NAMRD.LIB file). INFSEP = 0 : no printing;
INFSEP = 1: print cross-sections for reactions identified by the number of neutrons,
protons and a-particles escaped. In this case the next lines of the input file must
contain the number of particles. For example, for reactions (n,2n), (n,np2a), (n,4n2p)
three lines must be supplied: 200; 112; -4 20, and the minus sign for thelast line
means the end of the reaction list. INFSEP = 2 is as =1, but reactions are identified by
Z and A for residua nucleus. For example, for reactions producing *Fe and >*Mn
nuclel two lines must be added: 26. 55.; - 25. 54. No more than cross-sections for
100 reactions are printed separately. Full information about the cross-sections
obtained is written in the NAMRD.LIB file (Sect.8). If the INFSEP parameter is
increased by 10, the file NAMRD.ALP will be created (see below). Recommended
value of INFSEPis10, 11 or 12.
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Cards group 4 (exact number depends from the number of reactions introduced
according to the INFSEP parameter). Cards contain angles and energies of secondary
particles for printing double differentia cross-sections.

Nine emission anglesin degrees are read for each secondary particle by Format
(1X,9F6.1) for the calculation of the double differential cross-section d’sdw 'de’*
(mbMeV ber'!), which depends from the particle emission energy. Five energy
intervals (MeV) are read by Format (1X, 5(F6.1,1X,F5.1)) for the double differential
cross-section (mbMeV ber'!) calculation, which depends from the particle emission
angle. Thefirst symbol ineachline (“N”, “P” or “A”) identifies the outgoing particle.

Data are presented for various outgoing particles in arbitrary order. Some
particle types can be omitted. Note, that angles and energies introduced relate to the
laboratory coordinate system. The double differential cross-sections are calculated for
selected angles £ DCEN, where the value of DCEN is defined in subroutine INIDAT.

Card 5. Parameters FIALPH, XPARDE, FICAP, MZONA, KZONESC

FIALPH is the relative number of a-clusters in the nucleus. It is the j ,
parameter from Eq.(15). The typical FIALPH value isfrom 0.05 to 0.1.

XPARDE definesthe value of the level density parameter for equilibrium states:
a = A/XPARDE, where A is the atomic mass number. The typical XPARDE vaue is
from 7 to 10.

FICAP defines the probability of the triton and *He cluster pick-up, which
results to the a-particle formation. It is the z parameter from EQq.(20). The typical
valueis about 14.

MZONA defines the number of the nuclear zone, beginning with which the
nucleon-clusters interactions are considered. The nuclear zones are counted from the
center of the nucleus. The MZONA value depends from the value of the KZONESC
parameter. The typical value is from 1 to 5 for the divison of nucleus on ten
concentric regions (KZONESC=0).
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KZONESC defines the number of nuclear zones with constant density in the
nucleus approximating Wood-Saxon density distribution. KZONESC = 0 or 1. the
nucleus is subdivided on 10 zones. The division of the Wood-Saxon density
distribution is defined by the A1(i) array values in the subroutine INIDAT. The most
remote zone corresponds to the nuclear density 0.01 of the density at the center of the
nucleus. KZONESC = 2: the nucleus is subdivided on 33 zones. The division is
defined by the A2(i) array in the subroutine INIDAT. The most remote zone
corresponds to the nuclear density 10°° of the density at the center. Recommended:
KZONESC=0.

Card 6. The number of Monte Carlo events, KHIST. The KHIST value corresponds

to eastic and nonelagtic interactions of the incident particle with the nucleus.

Card7. VauesMPARIN, Z, AN
MPARIN defines the type of the projectile. MPARIN = 1: incident particle is
neutron; = 2: proton; = 3: a-particle.

Z and AN are atomic number and atomic mass number of the target nucleus.
Card 8. Thekinetic energy of projectile, TOin MeV

Card 9. The use of this and next cards relates to old input structure of the code. New
energy on this Card will continue the calculations. If no rea value is found on the
Card, the input value isinterpreted as IDOPCS value from the old input of the DISCA
code. IDOPCS defines the reading of the nonelastic cross-section used for overal

normalization of the results of calculations (see below).

Card 10. The card is used in the case if no incident particle energy is found on the
Card 9.
The Card dlows to read the nonelastic reaction cross-section CSABS (barn)

used for overall normalization of the results.
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Card 11. Parameter ICONT. The card is used in the case if no incident particle energy
isfound on the Card 9.

ICONT defines if the calculations continue for new incident energy and new
IDOPCS value. Recommended: omit Card 10 and Card 11.

Example of the INPUT file

Table 1 shows an example of the DISCA code input. The task consists in the
simulation of the p+*’Al interaction at two proton incident energies equal to 62 and 90
MeV.

The nucleus is subdivided on ten concentric nuclear zones. The relative number
of a-clusters, j 5 is equa to 0.05, the pick-up coefficient z is equal to 14. The
simulation of the nucleon-cluster interactions is performed starting from fifth nuclear
zone. The production cross-section for ?Na, **Na and %Al is printed separately. Total
number of Monte Carlo events for each incident energy is equal 200,000. The output
filename isDISCAL27.

The energy and angular distribution will be printed for secondary neutrons,
protons and a-particles. The double differentia cross-section for neutrons escaped is
calculated at 30°, 60°, 120° etc angles and for the outgoing energy intervals; from 17.5
to 22.5 MeV, from 37.5t0 42.5 MeV, from 57.5 to 62.5 MeV etc.

Table1
DI SCAI 27
Proton induced reaction for Al -27
0O 1 1 0 10 12
11 22
11 24
13 26
N 30.0 60.0 120.0 150.0 145.0 155.0 160.0 170.0 175.0
17.5- 22.5 37.5- 42.5 57.5- 62.5 77.5- 82.5 95.0-105.0
P 20.0 30.0 45.0 60.0 75.0 90.0 105.0 120.0 140.0
17.5- 22.5 37.5- 42.5 57.5- 62.5 77.5- 82.5 95.0-105.0
A 20.0 30.0 45.0 60.0 75.0 90.0 105.0 120.0 140.0
55.0- 65.0 80.0- 90.0 100.0-120.0 110.0-140.0 200.0-300.0
0.05 9.0 14.0 5 1
200000
2 13. 27
62
90
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8. Output data files

The results of calculations are written in severa output files. The name of files is
defined by the character input variable NAMRD (Sect. 7). The brief description of
output filesis given below.

NAMRD.FUL
Printed: -

NAMRD.SHO

NAMRD.LIB

contains detail information about ca cul ations performed.

calculation options;

cross-sections for reactions selected by the input parameter INFSEP;
cross-sections for nonelastic interactions (barn) used for the particle
production and displacement cross-section normalization;
displacement cross-section (barn);

neutron, proton, a-particle, deuteron, triton and *He production
cross-sections (barn);

energy and angular distributions of emitted particlesin tables and in
graphs. Units are mb/MeV for particle spectra and mb/MeV/sr for
double differential cross-sections. Data are in the l|aboratory
coordinate system.

recoil spectrum (mb/MeV)

contains information about the nonelastic cross-section,
displacement cross-section and the particle production cross-

sections.

contains calculated cross-sections for al open reaction channels.

Printed: Z and A of the target nucleus, the energy of the projectile, the type of the

projectile, the cross-section of nonelastic interactions (mb) used for the

normalization of cross-sections printed, the origin of the nonelastic cross-
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section (single character), number of chemical elements in the file (in
brackets), the name of the code, number of Monte Carlo events
corresponding to the nondastic interactions, Z of the residual nucleus,
number of isotopes (in brackets), A of the residuals, the production cross-

sections (mb).

NAMRD.MLT contains information about particles emitted on the cascade and

Printed:

evaporation stages of the reaction.
details of the a-particle, triton and *He production, average energy of the
excitation of residua nuclel formed after the cascade stage (MeV),
multiplicity of neutrons, protons and a-particles emitted during the cascade

and equilibrium stage of the reaction (dimensionless).

NAMRD.NNN, NAMRD.PPP and NAMRD.AAA contain neutron, proton and a-

Printed:

particle energy and angular distributions, respectively. The energy of

giectile is given in MeV. Spectra are given in mb/MeV and double-

differential cross-sectionsare in mb/MeV/sr.
First column: the outgoing particle energy; second column: the non-
equilibrium spectrum; third column: the evaporation spectrum; fourth: the
total spectrum; columns 5-13: double differential cross-sections depending
from the outgoing particle energy given in the first column; column 14 the
angle of the particle emitted (degrees); columns 15-19: double differential
cross-sections depending from the emission angle of the outgoing particle
printed in 14 column. Energies and angles are given in the laboratory

coordinate system.

NAMRD.ALP includes caculated non-equilibrium and total production cross-

sections for a-particles (mb). Cross-sections are normalized on the
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nonelastic  cross-section printed in  NAMRD.FUL and
NAMRD.SHO files.

. Publicationsrelating to the DISCA code

The DISCA code has been used for
- theresidual nuclei yields calculation in Refs.[9,12,24,31,46,47]

- the calculation of the energy and angular distribution of secondary particles in
nuclear reactions in Refs.[12,24,38]

- simulation of deuteron interaction with nuclei in Ref.[13]
- the damage cross-section calculation in Refs[1-5,7,10-12,45,48]
- the helium and tritium production calculation in Refs.[3,4,6-8,10-12,14,45].
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The text of the DI SCA code

* % % % * *x *x * % * * *x *x * * * * *x *x * * * * *x *x * * * * *x *x * * * *x

Ver si on: 2005

DI SCA- C/ 05

I ntranucl ear cascade evaporation nodel with clusters

Lo S S R R

* % * * * *x *x *x * * * *x *x * * * * *x *x * * * * *x *x * * * *x *x *x * * * *

CHARACTER NAMRD*8, | DPA*1, NAMPAR(3)*1, C80*80
REAL*8 | NFGEN
COVMON/ DATI NI/ RA, TO, WO / NPROL/ NPROL/ KHI ST/ KHI ST
COVMON/ CSABS/ CSABS, FI ALP2 /I NFGEN/ | NFGEN(9) /I WRI /| WRI
COVWON EQUT/ SPE( 19, 5, 3), PI (19), EQUT1(5, 3), EQUT2(5, 3) , MSPE
COMMON SPEFUL/ ANGLI M 9, 2, 3) , ANGSUM 21, 9, 3), ANGCEN( 9, 3) , DCEN, MVANG
COMMON TEMP2/ BONNE / XPARAM XPARAM FI ALPH / NREJ/ REFR, NREJ
COWWON/ | NI @BQ Z, CKA, CKB, RPA, RPB, RALA, RALB
COWWON EVA/ PARALP, PARPRO /| NFDI S/ | NFDI S, | NFOUP( 3)
COWDON MAI I PR/ 1 PR / ANV AN /I NF/ | NFBI G | NFSO
COVMON | DOPCS/ | DOPCS / MPARI N MPARI N / MAX/ MAXNEU, MAXPRO
COVMON | NFOO1/ | NFKAL /1 NFO02/ | NFDOS
COVMON | NFOO3/ | NFDEN / | NFOO4/ KHI STO /1 NFBON/ | BOND
COVMON | NFOO5/ | NFDM / | NFSEP/ KSEP( 100, 4), | NFSEP, JSEPM
COWVMON LI B91/ W NLI B( 100, 250), | NFLI B
COWMON K1996/ K1996 / FI CAP/ FI CAP, MZONA
DATA NAMPAR/ 1HN, 1HP, 1HA/

C

C Input data file

C
Open(5,file="disca.dat')

C INPUT CARD 1

Ck*************

- = = = — - m s Do oo m m o h m o C s m m o Ch o o m mmmCm e Cmmm e D e m e e e s s m i meme—c—-----
C
C NAMRD: Nane of output files Nanrd. XXX
0
Read(5, 111) Nanrd
111 For mat (a8)
C
CALL OPEN_QUTPUT_FI LES( NAMRD)
C
C
C Define general options for calcul ations
C

46

LR R S R T R T T A R



CALL OPTI ONS(| PR, BONNE, | VIRl , | NFKAL)

C

C INPUT CARD 2

Ck*************

C

C INFGEN(): Text from72 synbols will be printed in output file

READ( 5, 1900) (I NFGEN(1), =1, 9)

C

C

C | NPUT CARD 3

Ck*************

2
I NFBI G : defines the bulk of the printed results of
cal cul ation
=0 : nost appropriate information will printed; the

arrays of COVMON Bl ock MASOUT are not used in
counting of events

=1 : additional information about options and paraneters
of cal cul ation

=2 = printing of the lunped cross-sections and displ a-
cenent cross-sections for reactions (1988)

=3 : the sane as =2, but detail information for

reactions (1988)
Recommended: | NFBI G=0

I NFSO : defines the type of nonelastic cross-section
used for normalization of the cross-sections
and particle spectra obtained

= 1 : data taken from Barashenkov, JINR, R2-89-770
1989 (Subr BARASH)

=2 nonel astic cross-section is calculated by the code
usi ng the I NC node

=3 : data taken frominput file (unit=5) is used

=4 : nonelastic cross-section is cal cul ated according

to Chatterjee A et al, IAEA INDC(IND)- 27/ &, 1980
Valid only for incident particle energies bel ow
50 MeV. For prinmary al pha-particles INFSO is turned
to 1.

Recomended: | NFS0=1

I NFSCR : screen printing option for each Monte Carlo event
proceeded, = 1 yes, = 0 no.
Recomended: | NSCR=1

I NFDOS : defines the Coul onb potential calculations for inve-
rse reaction cross-sections (not used since 1996)

0 : Coulonb potential is taken according to M Bl ann

1 : Coulonb potential is calculated according to
V. M Bychkov et al, 1982

Recomended: | NFDOS=0

| NFDEN : level density paraneter cal cul ation
= 0 : a=A/ XPARDE, ( XPARDE defined bel ow )
= 1-4: not used since 1996
If INFDEN i ncreased by 10, the non-equilibrium conponent of the triton,
and He-3 production cross-section is cal culated according to the

O00000000000000000000000000000000000000000000
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C "nucl ear bond breakdown" nodel of F.P.Denisov, V.N Mekhedov,
C "Nucl ear Reactions at Hi gh Energies", Atom zdat, Mscow 1972, p.112
C Recommended: | NFDOS=10

| NFSEP . option for printing of cross-sections for separate
reactions
=0 no printing
=1 print cross-sections for reactions identified by

t he nunber of neutrons, protons and al phas escaped.
For example for reactions (n, 6np2a), (n,2n10p) one
should insert two lines with
6 12
-2100
(mnus neans the end of reaction list ( < 100 )
re than 100)
=2 : as =1, but reactionis identified by Z and A for
resi dual nucl eus. For exanple, for reactions
resulting to nuclides 26. 55. and 25. 54. one shoul d
i nsert
26. b55.
-25. 54.
If INFSEP increased by 10, the al pha particle production cross-section
and its non-equilibriumconponent will printed in file NAMRD. ALP
Recomended: | NFSEP=10, 11 or 12

00000000003 00000000000

G = m & st o n oo llllol_lo_
READ( 5, *) | NFBI G, | NFSO, | NFSCR, | NFDGS, | NFDEN, | NFSEP
Cc
I NFLI B=0
| F(1 NFSEP. GE. 10) | NFLI B=1
| F(1 NFSEP. GE. 10) | NFSEP=I NFSEP- 10
| F(1 NFSEP. EQ 1) CALL | NSEP
I F(1 NFSEP. EQ 2) CALL | NSEP2
I NFDM=0
I F(1 NFDEN. GE. 10) | NFDMVF1
I F(1 NFDEN. GE. 10) | NFDEN=I NFDEN- 10
C

C I NPUT CARD GROUP 4 (or depends from nunber of reactions by | NFSEP)

Ck******************

Read angl es and energies to store characteristics of secondary particles

The doubl e differential cross-sections are calcul ated for selected
angl es +/- DCEN (DCEN defined in Subr | N DAT) and sel ected energy ranges.
The first synbol in each line identifies an outgoing particle. Use

N, P and/or A only.
Ni ne angles (degrees) are read for each secondary particle by format
(1X,9F6.1) for the double differential cross-section d*"2S/dQE cal cul a-
tion depending fromparticle em ssion energy (nmb/MeV/sr) and five energy
intervals (MeV) by format (1X, 5(F6.1,1X F5.1)) for the double differen-
tial cross-section calcul ati on depending from em ssion angle (nb/ MeV/sr)
C Exanpl e
5.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0

40.0- 50.0 80.0- 90.0 100.0-120.0 110.0-140.0 200.0-300.0
5.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0

40.0- 50.0 80.0- 90.0 100.0-120.0 110.0-140.0 200.0-300.0

O000000000O00

302

C
C
C Note. Angles and energies relate to LCS system Data can be introduced
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C for different particles in arbitrary order. Any particle types can be
C onmitted.
- = = = — - o s D o s o mm o m C oL o C mmC Do m m e m D m o m o m e m o m et e et mmmm o ---o------
C
INFDIS =0
I NFOUP( 1) =0
| NFOUP( 2) =0
| NFOUP( 3) =0
MANG=9
MSPE=5
2900 READ( 5, 3001) | DPA
3001 FORNMAT( A1)
DO 3100 MP=1, 3
| F(1 DPA. EQ NAMPAR(MP) ) GOTO 3300
3100  CONTI NUE
GOTO 4500
3300 BACKSPACE 5
| NFOUP( MP) =1
READ( 5, 5000) ( ANGCEN( | CEN, MP) , | CEN=1, 9)
5000 FORMAT( 1X, 9F6. 1)
READ( 5, 5001) (EQUT1(LL, MP), EQUT2(LL, MP), LL=1, 5)
5001 FORMAT(1X, 5(F6.1,1X F5.1) )
GOTO 2900
4500 BACKSPACE 5
| F(1 NFOUP(1).EQ 1. OR I NFOUP(2) . EQ 1. OR | NFOUP(3) . EQ 1) I NFDI S=1
| F(1 NFDI S. EQ 0) PRI NT 3200
C
C
C I NPUT CARD 5

Ck************

Fl ALPH : the relative nunber of al pha-clusters in nucleus.
Typi cal FlI ALPH values are fromO0.05 to 0.1

XPARDE : defines level density parameter for equilibrium
states, a = A/ XPARDE. ( XPARDE =8...10)

FI CAP : defines the pick-up probability for t ar He-3
cluster resulting to al pha-particle fornmation.
FI CAP i s about 14.

MZONA . nunber of nuclear zone, beginning with which the
non-equilibriumeffects with al pha clusters are
consi dered. The zones are counted from center of
t he nucl eus. (MZONA depends from KZONESC val ue)
Typical value is 1...5 for ten nuclear zones

( KZONESC=0)

KZONESC . defines nunmber of zones with constant density in
t he nucl eus approxi mati ng Wod- Saxon density distri-
bution

= 0 or 1: 10 zones. The division of the density distribution
is defined by AL( ) array in Subr | N DAT. The nost
renote zone corresponds to the nuclear density 0.01
of the density at the center.

=2 : 33 zones. The division is defined by A2( ) array
in Subr I NI DAT. The nbst renpote zone corresponds to
the nuclear density 1.E-05 of the density at the

O000000000000000000000000000
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C center.
C Recommended: KZONESC=0
C

(0
READ( 5, *) FI ALPH, XPARDE, FI CAP, MZONA, KZONESC
C
XPARAMEL. / XPARDE
FI =FI ALPH
C
C
C | BOND defines the method of the particle binding energy cal cul ation
C = 3 : the separation energy for neutrons, protons, deuterons
C and al pha-particles is cal cul ated using the table of
C experimental masses and MSL-formula (M Bl ann, Report
C LLL(USA), UCI D19614(1982)) for nuclei with
C Z - Z(conmpound) < 9 and N - N(COWOUND) < 22. For ot her
C cases the Caneron formula is used.
C = 2 : use the Caneron fornula
C = 1 : not used since 1993
CIlf IBOND <0 : test printing for selected ABS(IBOND) option
C
| BOND=3
| BONDS=I ABS( | BOND)
C
C PARALP and PARPRO are nornalization coefficients for "ol d"
C Dostrovsky et al fornulas for inverse cross-sections
C (See al so Barashenkov, Toneev, "Interaction...", 1972, p.413)
PARALP=1.
PARPRO=1.

(ON@)

C INPUT CARD 6

Ck************

C ________________________________________________________________________
C

C KHI ST : the nunber of Mnte Carlo events

C

READ( 5, *) KHI ST
C
KHI STO=KHI ST
C
C

C I NPUT CARD 7

Ck************

C

C MPARI N defines projectile

C =1 : incident particle is neutron

C =2 : proton

C =3 . al pha-particle

C

C Z and AN are atom c nunber and atom ¢ mass nunber for target

C nucl eus

C

- = = = — - mm Do s o mm o m m o o m mm m h o m m e mC e m e m m e e e mmm et e et mmmm -
READ( 5, *) MPARI N, Z, AN

C

| F(MPARI N. eq. 3) | NFSO=1
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| F(1 NFSEP. EQ 2) CALL | NSEP3( MPARI N, Z, AN)

1811 | FCAN. GT. 219. . AND. | NFDEN. EQ 2) STOP
C

FI ALPH=FI
Cc
C

C INPUT CARD 8

Ck************

C

C TO is the energy of projectile (MV)

C

- = = = — - mm Do s o mm o m m o o m mm m h o m m e mC e m e m m e e e mmm et e et mmmm -
READ( 5, *) TO

C

C

C I NPUT CARD 9

Ck************
2
C

C The use of this and following cards relates as to old input of the

C code, as to new one.

C

C Sinply, put new energy on this CARD in real format to continue

C calculations or put nothing to stop calculations after the finish
C of simulations with TO energy.
C
CIf noreal value is found on this CARD, the variable is interpreted
C as I DOPCS value fromold input (1987-1995) of the DI SCA code.
C | DOPCS defines the reading of the nonelastic cross-section used
C for normalization frominput file (unit=5)
C =1 . yes
C =0 : no
C
- = = = — - mm Do s o mm o m m o o m mm m h o m m e mC e m e m m e e e mmm et e et mmmm -
C Try to find new energy
| DOPCS=0
| CONT=0
READ( 5, ' (a80) ', END=1819) C80
DO | C80=1, 80
| F(C80(1C80:1C80).eq.'.")THEN
BACKSPACE 5
READ( 5, *) TMP
| F(TMP. ne. 0. 0) | CONT=1
BACKSPACE 5
GOrO 1819
ENDI F
ENDDO
BACKSPACE 5

READ( 5, *) | DOPCS

| F(1 DOPCS. NE. 1) GOTO 1818

oo O

C INPUT CARD 9A (A d DI SCA format. Read conment to CARD 9)

Ck*************
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C CSABS is the nonel astic reaction cross-section (barn)

C (only for |DOPCS=1)

(et
READ( 5, *) CSABS

C

1818 conti nue

C

C

C

C INPUT CARD 9B (O d DI SCA fornat. Read conment to CARD 9)

Ck*************

C

C | CONT defines the continuation of the calculations for new i nci dent

C energy and new | DOPCS val ue

C

C =1 : new energy

C =0 : end of cal cul ations

C

C ________________________________________________________________________
READ( 5, *) | CONT

C

1819 | F(INFLIB.EQ 1) CALL ZERLIB
PRI NT 1987, TO, BONNE, KHI ST, XPARAM
| F(1 BONDS. LT. 1. OR | BONDS. GT. 3) GOTO 97
I F(1 NFBI G GT. 1. AND. | NFSO. EQ 0) | NFS0=1
I F(1 NFSO. EQ 3. AND. | DOPCS. EQ 0) | NFS0=1
I F(1 NFKAL. NE. 1. OR TO0. LE. 60. ) GOTO 100
| F(1 VARl . NE. 0) WRI TE(| W\WRI , 1830) TO
WRI TE( | PR, 1830) TO
PRI NT 1830, TO
STOP
97 I F(1 WRI . NE. 0) WRI TE( | WRI , 1840) | BOND
VWRI TE( | PR, 1840) | BOND
PRI NT 1840, | BOND
STOP
100 GOrQ101, 102, 103), | BONDS
101 MAXNEU=13
MAXPRO=9
STOP
102 CALL PRECAM
GOTO 104
103 CALL PRECAM
CALL PRELYM
104  CONTI NUE
CALL ZEROL
CALL | NI DAT( KZONESC)
CALL MASDAT
CALL DENS
I111=-1
KHI ST=KHI STO
DO 10 | =1, KH ST
| STOR=I
I F(1 NFSCR. NE. 1) GOTO 6
| CCC=1 /500
I F(1 CCC. NE. I I I ') PRI NT 2000, |
IF(ICCC.NE. IlII)IllI=lICCC
C
C Label 10 is for normal end of MC history, Label 8 neans too many reflec-
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Ctions (nore than REFR), Label 40 nmeans the dinmension of arrays in not
C sufficient to proceed KH ST events
C
6 CALL MODEL( | XX)
GOTQq 8, 10, 40), | XX
8 NREJ=NREJ+1
10 CONTI NUE
20 CALL QuTtprUT
* PRI NT *,'K1996 = ', K1996
| F(1 CONT. EQ 1) GOTO 1811
STOP
40 KH ST=I STOR
GOTO 20
C
1830 FORMAT(1X,'d d Kal bach, Mann paranetrization is not valid for '
+ TO =',Gl2.5)

1840 FORMAT(1X,'lIncorrect |BOND nunber ',I6)
1987 FORMAT(1X,' TO=',F7.1," BONNE=',6F5.3,' KHI ST=',16/1X,' XPARAM-',
+F7. 3)

1900 FORMAT( 9A8)
2000 FORNAT(1X, ' ******x EVENT ', | 6)
3200 FORMAT(1X, 60("' *")/1x, 10x, "' Characteritics of secondary particl',
+'es are not stored'/1x,60('*"))
END

R R I I R R R I S I R R R R I R I S R R O

* SUBROUTI NE A1B1B2 *
EE R R S b S b I I b I b R R b I b I S I I S I S b I S b I I I I b R b b I S I I I I I S
SUBROUTI NE A1B1B2
COWON FI GA1B/ T1( 16), BAL( 16), BB1( 16), BB2(9) , BB3( 8)
COWMON/ ACTA1B/ TREST / ALBNPDY S(4) , PARL / AUXI L/ | COUL, | COU2
| COUL=I COUL+1
|
10 |
I F(1. LE. 16) GOTO 12
| =16
| COUR=I COUR+1
GOTO 20
12 | F(TREST- T1(1)) 20, 20, 10
20 1 F(1-9)40, 40, 30
30 BBB=BB3(! - 8)
AAA=BB3( | - 9)
PARL=0. 14285714
GOTO 50
40 BBB=BB2(1)
AAA=BB2( | - 1)
PARL=0. 2
50 D2=T1(l)
DL=T1(I-1)
DT=D2- D1
AL=TREST* ( BAL(1) - BAL(|- 1))/ DT+(D2* BAL( |- 1)- D1*BAL(1))/ DT
B1=TREST* (BB1(1)-BB1(I-1))/DT+(D2*BBL(I-1)-DL*BB1(1))/ DT
BB=TREST* ( BBB- AAA) / DT+( D2* AAA- D1* BBB) / DT
SUME2. * A1+0. 25* B1+PARL* BB
S(1) =A1l/ SUM
S(2) =S( 1) +0. 25* B1/ SUM
S(3) =S(2) +S( 1)
S(4) =S( 3) +PARL* BB/ SUM
RETURN
END
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*

SUBRCOUTI NE ACTI N *

R R R R R R RS R R R R R R SRR R R SRR E R R R EEEEEEREEREEREEEEEEEREEEEEEEEES

10

20

30

*

SUBROUTI NE ACTI N( | KS)

COWON FI GA1B/ T1( 16), BAL(16), BB1( 16), BB2(9) , BB3( 8)
COWON K/ K / JACT/ JACT

COWON PARTI C/ WP, PX, PY, PZ, P, T, E, X, Y, Z, R JIN, M
COWVON NDI M NPAR  / PARTNR/ PPX, PPY, PPZ, PP, MX
COWON TYPACT/ L, L7 / ACTALB/ TREST

COMVON/ ACTSCI / PI NX1, PI NY1, PI NZ1, WPX, RK3, RK4, GAMVA, SK2, VC2, VCX,
VCY, VCZ, MPX

COMVON URANDL/ | YG

I F(L. NE. 6) GOTO 1

CALL Pl CKUP( 1 KS)

RETURN

MPX=MX

WPX=WM MX)

WPX2=PX* WPX

EP=SQRT( PP* PP+\\PX2)

E1=E+EP

VCX=( PX+PPX) / E1

VCY=( PY+PPY) / E1

VCZ=( PZ+PPZ) | E1

SK1=PX* VCX+PY* VCY+PZ* VCZ

VC2=VCX* VCX+VCY* VCY+VCZ* VCZ

GAMVA=1. / SQRT( 1. - VC2)

EE=( ( GAMVA- 1. ) * SK1/ VC2) - E* GAMVA

Pl NX=PX+EE* VCX

Pl NY=PY+EE* VCY

Pl NZ=PZ+EE* VCZ

El N=GAMVA* ( E- SK1)

TREST=( E* EP- PX* PPX- PY* PPY- PZ* PPZ) / WPX- WP
CALL ANGLE(GSI N, QCOS, FI SI N, FI COS)

| F(ABS( Pl Nz) - 1. E- 06) 10, 20, 20

BX=0.

BY=0.

BZ=400.

GOTO 30

BX=400.

BY=400.

BZ=- 400. * ( P| NX+PI NY) / PI NZ

B=SQRT( BX* BX+BY* BY+BZ* BZ)

PCR=PI NX* PI NX+PI NY* PI NY+PI NZ* P| NZ

EPI N=SQRT( PO2+WPX2)

RKO=CSI N/ B

RK1=RKO* FI COS* SQRT( PCR)

RK2=RKO* FI SI N

Pl NX1=RK1* BX+RK2* ( P| NY* BZ- P NZ* BY) +QCOS* P| NX
Pl NY1=RK1* BY+RK2* ( P| NZ* BX- Pl NX* BZ) +QCOS* P| NY
Pl NZ1=RK1* BZ+RK2* ( P| NX* BY- Pl NY* BX) +QCOS* Pl NZ
SK2=PI NX1* VCX+PI NY1* VCY+Pl NZ1* VCZ

RK3=GAMVA* EI N

RKA=GAMVA* EPI N

TB1=RK3+GAMVA* SK2- WP

TP1=RK4- GAMVA* SK2- WPX

CALL PAULI (TB1, TP1, | KS)

RETURN

END

R R R R R R R R R R R R E R R R R R R R R R SRR EE R EEEEEEREEREEEREEEEEREREEEEEEREEEEEEE]
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* FUNCTI ON ANGKAL *
EE R I I I I I R I I I I I I R I I I I I I IR R R I I R R S I I I R I R R I I I R R I R I I
FUNCTI ON  ANGKAL ( QCCs, E1)
C QCOs is cos required
DI MENSI ON P( 30)
C P(1) value corresp to polynom al P(0)
LMAX=9
CALL LEGEN( QCCs, P)
C MF1 --- BKAL(O,E1)=1 ,P(1) -polynomal of (0) =1
S=1.
DO 10 M=2, LMAX
10 S=S+BKAL((M 1), E1) *P(M
ANCGKAL=S
RETURN
END

R R I I I I R R I S O R R R R R I R R R

* SUBROUTI NE ANGLE *
ER I I I I SR I I I I R I R R I I R I I I I I I R I I I I I I I I R I I R I R R I S I I I I I R b I S
SUBROUTI NE ANGLE( QSI N, QCGCs, FI SI N, FI COS)
COWDN FI GA1B/ T1(16), BA1(16), BB1(16), BB2(9), BB3( 8)
COVMON TYPACT/ L, L7
COMWON/ ACTA1B/ TREST
COMMON/ URAND1/ | YG
GorqQ( 10, 20, 30, 40, 40), L
10 CALL NPDRAW QCCS, FI)
@S| N=SQRT( ABS( 1. - QCOS* QCOS) )
FI SI N=SI N( FI )
FI COS=COS( FI )
RETURN
20 CALL PPDRAW QCCS, FI)
@S| N=SQRT( ABS( 1. - QCOs* QCOs) )
FI SI N=SI N( FI)
FI COS=COS( Fl)
RETURN
* NNA interaction
30 T = TREST
CALL NADRAW T, QCCS, FI)
@S| N=SQRT( ABS( 1. - QCOs* QCOs) )
FI SI N=SI N(FI)
FI COS=COS( Fl)
RETURN
* A-N interaction
40 T = TREST/ 4.
CALL NADRAW T, QCCS, FI)
@S| N=SQRT( ABS( 1. - QCOs* QCOs) )
FI SI N=SI N( FI )
FI COS=COS( Fl )
RETURN
END

R R R R R R R R R R R R R E R RS R R R R R R R SRR R EEEEREREEREEEREEEEEREREEEEEEREEEEEREE]

* SUBROUTI NE AUXANG *
EE R I I I I I R I I S I I I I I I R I I I I I I I R I I R I R R I I R I I R R I A
SUBROUTI NE AUXANG
C Angul ar distributions acording to Kal bach, Mann phenonenol ogy
COWDON/ | NTTRL/ PWK, PWY, PWZ, TW NPREN, NPREP, NPREA
COWON MAI I PR/ 1 PR / URAND1/ | YG
R=1.
EKAL=TW
RMAX=ANGKAL ( R, EKAL)
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DO 100 I=1,100
Argument QCOS=2. *X-1.

Cl=2. * RANDOM 0) - 1.
Functi on

C2=RVAX* RANDOM 0)

RF=ANGKAL ( C1, EKAL)

| F(RF. GE. C2) GOTO 200

100 CONTI NUE

WRI TE( | PR, 150) RVAX, RF, C1, C2

150 FORMAT(1X, ' Error: COS can not be obtained in Subr AUXANG /

* 1X " RVAX=', Gl2.5,' RF=',Gl2.5/' Cl=',Gl2.5' C2=',Gl2.5)
STOP

200 QCos=C1

QSI N=SQRT( 1. - QCOS* QCOS)
FI =6. 283* RANDOMV 0)
P=SQRT( TW ( TW-938. 92635) )
PWZ=P* QCOS
PWK=P* QS| N* COS( FI )
PWy=P* QSI N* SI N( FI )
RETURN
END

IR R R R R R R R R R R R SR R RS R R R R SRR R R EREEEEREREEREEREREREEREEEEREREEEEE R

*

SUBROUTI NE BARASH *

R R R R R R R R R R R R E R R R R R R R R RS R EEEEEEEEEREREEREEEREEEEEREREEEEEEREEEEEEE]

L T

SUBROUTI NE BARASH( TEST, MPAR9, A9, T9, CSNON)

Eval uat ed nonel astic cross-sections (mb)

Dat a taken from Barashenkov, JINR, R2-89-770, 1989
MPAR=1 : neutron incident; = 2 : proton

IF TEST .ne. 0 : test printingece

A : Atonm c nmass nunber of target nucl eus

CSP( ENERGY, ATOM C MASS) : proton cross-sections
CSN( ENERGY, ATOM C MASS) : neutron cross-sections

DI MENSI ON CSP( 46, 12) , CSN( 46, 12) , ENERGY( 46)
DI MENSI ON CSPAL( 46) , CSPSI (46) , CSPCA( 46) , CSPFE( 46) , CSPCU( 46) ,

1 CSPMO( 46) , CSPCDY( 46) , CSPSN( 46) , CSPW 46) , CSPPB( 46) |,
2 CSPU( 46) , CSPNA( 46)

DI MENSI ON CSNAL(46) , CSNSI (46) , CSNCA( 46) , CSNFE( 46) , CSNCU( 46) ,
3 CSNMO( 46) , CSNCD( 46) , CSNSN( 46) , CSNW( 46) , CSNPB( 46) ,
4 CSNU( 46) , CSNNA( 46)

DI MENSI ON RI DENT( 12)

DI MENSI ON AELEM 12)

DI MENSI ON PPN( 6) , PPP( 6)

EQUI VALENCE ( CSP( 1), CSPNA( 1)

+), (CSP(47), CSPAL(1)), (CSP(93), CSPSI (1)), (CSP(139), CSPCA( 1)
+), (CSP(185), CSPFE(1)), (CSP(231), CSPCU( 1)), ( CSP(277), CSPMX 1)
+, (CSP(323), CSPCD(1) ), ( CSP(369), CSPSN( 1) ), ( CSP( 415) , CSPW( 1)
+), (CSP(461), CSPPB(1)), (CSP(507), CSPU(1))

EQUI VALENCE ( CSN( 1), CSNNA( 1)
+), (CSN(47), CSNAL( 1)), (CSN(93), CSNSI (1)), ( CSN( 139) , CSNCA( 1)
+, (CSN( 185) , CSNFE(1) ), (CSN(231), CSNCU( 1)), ( CSN( 277) , CSNMX( 1)
+, (CSN(323), CSNCD( 1) ), ( CSN( 369) , CSNSN( 1) ), ( CSN( 415) , CSNW( 1)
+, (CSN(461), CSNPB(1) ), (CSN(507), CSNU( 1))

C PROTON | NDUCED REACTI ON

DATA AELEM 23., 27., 28., 40., 55.9, 63.6, 96., 112.6, 118.8,

# 183.9, 207.3, 238./
DATA ENERGY/ 14., 15., 16., 17., 18., 19., 20., 22.,
$ 25., 27., 30., 33., 35, 37., 40., 45.,
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DATA

DATA

DATA

DATA

DATA

DATA

DATA

& AAPPAP P R e A A R e e R R R A e APA AP PP AP PR P R R A e

50.,
140.,
500.,
5000. ,

RI DENT/ ' NA

"CD,"'SN,
CSPNA/ 600.
680.
650.
450.
350.
384.
420.
CSNNA/ 960.
790.
686.
497.
360.
384.
420.
CSPAL/ 650.
750.
720.
470.
408.
402.
456.

CSNAL/ 1000.

905.
762.
495.
432.
402.
456.
CSPSI / 670.
780.
735.
490.
475.
425.
460.
472.

CSNSI / 1060.

935.
790.
520.
504.
432.
460.
472.
CSPCA/ 770.
900.
859.
605.
555.
550.

620

55.,
150.,
600. ,

7000. ,

60., 65., 70., 80., 90., 100., 120.,
160., 180., 200., 250., 300., 350., 400.,
700., 800., 900.,1000., 1500., 2000., 3000.,
10000. /

VAL, 'S "CA T FE QU MO

w,'PB," U/
617., 638.5, 660., 665., 670., 675., 680.,
670.,
605., 575., 565., 550., 525., 490., 470.,
435., 420., 385., 367., 360., 350., 350.,
345., 347v., 350., 350., 350., 356., 364.,
392., 400., 408., 410., 420., 408., 412.,
411., 409., 407./
930., 910., 890., 867.3, 844.67, 822.,
750., 725.,
646.4, 620., 612., 600., 575., 540., 518.5,
473.5, 450., 414., 390., 380., 372., 364.,
355., 354., 350., 350., 350., 356., 364.,
392., 400., 408., 410., 420., 408., 412.,
411., 409., 407./
682., 690., 715., 726.67, 738.33
762., 750., 740.,
681., 655., 640., 617., ©575., 540., 505.,
462.5, 455., 432., 420.,

400., 403., 403., 408., 406., 404., 400.,
404., 408., 424., 438., 448., 450., 454.,
472., 480., 466., 456., 452., 448./
990., 975., 950., 935., 920.
875., 825., 800.,
718.8, 690., 674.8, 652., 610., 570., 5832.5,
487.5, 480., 456., 444.,
420., 420., 420., 420., 410., 410., 400.,
404., 408., 424., 438., 448., 450., 454.,
472., 480., 466., 456., 452., 448./
700., 725., 750., 760., 770.,
780., 770., 757.,
708., 690., 668., 635., 585., 570., 530.,
482. 5,
460., 446., 431., 423., 425., 425,
425., 422., 422., 412., 416., 422., 440.,
472., 476., 479., 480., 492., 496., 488.,
472., 464./
1035., 1015., 990., 971.67, 953. 33,
900., 860., 830.,
751., 725., 701., 665., 630., 600., 560.,
512.,
486., 470., 456., 444., 432., 432.,
418., 418., 415., 412., 416., 422., 440.,
472., 476., 479., 480., 492., 496., 488.,
472., 464./

800., 823., 850., 866.67, 883.3,

925., 935., 920., 895.,

835., 821., 800., 750., 715., 678., 640., 622.5,
590., 588., 573.,

543., 540., 540., 540., 535., 530., 530., 540.,
570., 595., 610., 615., 620., 622., 629., 630.,
612., 607. 592./

CSBKIV1246.,1225.,1200.,1180.,1161.67, 1143. 3,
1125.,1090., 1045., 1020., 980.,
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DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

H B PP HH PP R R R R e e e A T R R e e AAP AP P R R A e HHHHH P HBH PP P

947.

640.

580.

550.

620.
CSPFE/ 900.
1090.
1045.

765.

740.

688.

795.
CSNFE/ 1440
1325.
1140.

835.

800.

700.

795.
CSPCU/ 935.
1190.
1150.

820.

800.

745.

848.
CSNCU/ 1540
1445.
1285.

860.

835.

758.

848.
CSPMY 1025
1380

1350.

1310
1095
1040
1005
1150
CSNMOY 1790
1680

1460.

1440
1155
1110
1020
1150

CSPCDY 1020.

1575
1300
1118
1275
CSNCDY 1920
1720
1340
1165

/

~

680., 660.
530., 540.
629., 630.
790., 777.
695., 690.
775., 780.
885., 860. ,
710., 700.
775., 780.
870., 845.
735., 735.
830., 840.
920., 890.
760., 760.
830., 840.

., 1112. 5,

., 1012., 1005.

., 1120., 1127.

., 1177.5,

., 1020., 1015.

., 1120.,1127.

1412., 1400., 1365., 1340.

3*1120. ,

1250., 1260., 1265., 1270.

1850., 1840., 1800., 1760. ,
1520., 1465. , 1420., 1390. ,
1225.,1200., 3*1170.

925., 907., 880., 825., 770., 725.

620., 615., 600.,

565., 560., 560., 560., 550., 535.

570., 595., 610., 615., 620., 622.

612., 607., 592./

960., 1015., 1070., 1076. 67, 1083. 3,
1115.,1120., 1115., 1080.,
1025.,1000., 960., 900., 885., 865.

720., 700., 697., 697., 697., 697

690., 712., 705., 735., 750., 765.

810., 813., 810., 784., 757., 743.
, 1433.,1411. 5, 1390., 1368. 3, 1346. 67,
1280., 1260., 1215., 1180.,
1110.,1080., 1040., 990., 955., 920.

780., 765., 750., 725., 720., 720.

700., 712., 705., 735., 750., 765.

810., 813., 810., 784., 757., 743.
1000., 1030., 1060., 1103. 3, 1146. 67,

,1220.,1250., 1240., 1210.,
1130., 1115.,1050., 985., 950., 890.
785., 780., 770., 750., 745., 740.
760., 762., 770., 795., 810., 825.
870., 870., 868., 840., 825., 810.
, 1535.,1517. 5, 1500., 1481. 67, 1463. 3,
1407.,1380., 1330., 1300.,
1270., 1240., 1190., 1090., 1010., 940.
820., 810., 800., 780., 775., 770.
765., 765., 770., 795., 810., 825.
870., 870., 868., 840., 825., 810.
., 1080.,1135., 1190., 1253. 3, 1316. 67,
., 1440., 1495., 1475. , 1420.
., 1300.,1290., 1250., 1200., 1170., 1130
., 1060.,
.,1022.,1020., 1016., 1016., 1016., 1016
., 1005.,1010., 1060., 1085., 1100., 1110
., 1160., 1140., 1100., 1085., 1080./
., 1775.,1757. 5, 1740., 1720., 1700. ,
., 1640., 1580., 1550., 1510.
., 1418.,1380., 1330., 1280., 1240., 1200
., 1140.,
., 1110., 1080., 1065., 1050., 1050., 1025
., 1022.,1026., 1060., 1085., 1100., 1110
., 1160., 1140., 1100., 1085., 1080./

, 1100., 1162.5,1225.,1290., 1365., 1440., 1520.,
., 1560., 1518., 1460., 1420.
., 1280.,1260.,1200.,1190., 1160., 6*1125.,
.,1146.,1180., 1220., 1240.
., 1250.,2*1222.,1220./
., 1910., 1895., 1880., 1860.
., 1675.,1630., 1600., 1568.
., 1310.,1280.,1275., 1235.
., 1145.,1140., 1140., 1135., 1160., 1180.,

1220., 1240., 1250., 1260., 1265., 1270.,
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DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

TO

1275.,
CSPSN 1020. ,
1610.,
1300.,
1165.,
1170. ,
1300.,
CSNSN 1945. ,
, 1755, ,
1370.,
1320.,

2*1200., 2*1190.
1300., 1310., 1320.,

CsPwW/ 950.,
1830.,
1715.,
1585.,
1780.,

, 2400. , 2385. , 2370.

, 2150., 2100., 2070

1820.,

1650.

CSNW / 2440.
2195.

1780.,
CSPPB/ 900. ,
1800. ,
1840. ,
1740.,
1835.,

1830.
CSNPB/ 2580.
, 2355.

CSPU / 800.
1800.
2030.

2040.
CSNU /2820.

2550.
2200.

2040.

=T9

MPARI N=MPAR9

I
I
P
IS
A=

F(A.
F(A.
RINT

3000
1
ELEI\/( 1)

/

, 2550., 2527. 5, 2505. , 2483. 5, 2462. , 2460. , 2435. , 2380.

1250.,2*1222.,1220./

1080. ,
1550.,
1285.,
1165.,
1165.,
1300.,
1940. ,
1717.,
1340.,
1290.,

1175.,
1535.,
1260. ,

1270.
1500.
1230.

1165.,
1310.,
1922.
1680. ,

1183.
1320.

1285.,
1200.,

1020.,
1850.,
1680. ,
1595.,
1780.,

1130.,
1855.,
1670.,
1615.,
1750.,

1240.
1870.
1650.
1640.
1740.

1780.,
1650.,

1760. ,
1640. ,

1730.
1640.

1780.,
1060. ,
1915.,
1810.,

1750., 1740.
1130., 1200.
1984., 2030.
1780., 1770.

1730.,1720.,1700.,

1860., 1890., 1895.

, 2280., 2220., 2180
1980. ,
1780.,
1785.,
1895.,

1960. ,
1760.,
1815.,
1920.,
900. ,

1940. ,
1760. ,
1835.,
1920.,
1000. ,

1900.
1740.
1860.
1890.
1100.

, 2000., 2120., 2200.
, 2030., 2030., 2000.
1905.,
, 2070., 2080. , 2090.
,2770.,2735., 2700.
, 2515., 2476. , 2450.
,2170., 2140., 2080.
1960. ,

1890., 1860. , 1880.

1930., 1920., 1890.

, 2070. , 2080. , 2090.
DATA PPN, PPP/ 6* 1HN, 6* 1HP/
| F(TEST. NE. 0.) GOTO 5000

A=A9

I SMALL = O

GT. AELEM 12) . OR A LE. 0.)
GE. AELEM(1) ) GOTO 44

5, 1905. ,

, 1335.
, 1476.
, 1215.

, 1195.
, 1320.

1260., 1240., 1235.,
1240.,1270., 1285.,
, 3%1240. /

1560. ,
1800. ,
, 6*1600. , 1595.
1730.,

1210.,
1320.,
, 1400.
, 1858.
, 1620.
, 1700.
, 1735.
, 2350.
, 2046.
, 1720.
, 1612.
1700.
, 1735.
, 1310.
, 2002.
, 1760.
1710.,
, 1920.

, 2176.
, 1870.
, 1730.
, 1890. ,
, 1850.
, 1200.
, 2152.
, 3*1960. ,
, 1910.,
, 2095.
, 2680.
, 2426.
, 2060.
, 1905.

, 2095.
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, 1400. ,
, 1440. ,
,1200., 1180. ,

, 1240. ,
, 1290., 3*1240./
1890., 1875., 1860., 1830.,
1645., 1615., 1570.,

, 1480. ,
, 1840. ,
, 1610.
,1720. ,
, 1710./
, 2330., 2310.
, 2010. ,
, 1680. ,
, 1615, ,
, 1720.,
, 1710./
, 1420. ,
, 1960. ,
, 1740. ,

, 1920.,

, 2170.
, 1840. ,
, 1725, ,

, 1835.,
, 1300. ,
, 2080.

1290.

1720.,

1940. ,
1930.,

, 2080. , 2063.

1465. ,
1407. ,

1270.,

1500. ,

1212.,

1945.
1680. ,
1625. ,
1730.,

1515.,
1940.,
1720.,
1730.
1890.,

1830./
1410.,
, 2060., 2025., 2100.
1925., 1920.

1985.
, 2060.
, 2620.
2260.
1980. ,
1970.,
1985.
, 2060.

1945,
, 2080. , 2063.
, 2660. , 2645.
, 2390., 2320.,
, 2040. , 2000. ,

, 1920., 1945,

1505.,
1370.,
1170. ,

1285.,

1455.,

1200.,

1670.,
1770.,

1740.,

, 2270.
, 1900.
1660. ,
1640. ,
1740.,

1620. ,
1910.,
1725.,
, 1740.
1850.,

1800. ,

1510.,

GOro 10000

1610.,
1340.,
1170.,

1780.

1410. ,

1300.,

1760.
1740.

1750.

, 2220.
, 1850.
1660.

1750.

1750.
1860.
1740.
, 1815.
1835.

1800.

1680.

, 2010.
, 2050.
, 2580.
, 2225.
1965.

, 2010.
, 2050.

, 2130., 2080., 2035.,
1800. ,
1740.,



ASM = A9

44 | F(TO. LT. ENERGY(1) ) GOTO 20000
| F(TO. GT. ENERGY(46)) PRI NT 4000, ENERGY( 46)
| F(TO. GT. ENERGY(46)) TO = ENERGY( 46)

C
DO 50 I=1,12
| F(A. LE. AELEM |)) GOTO 100
50 CONTI NUE
GOTO 10000
C
100 | Al=] -1
IF(1.EQ 1)1 Al=1
| A2=I
C
DO 150 |=1, 46
| F(TO. LE. ENERGY(1)) GOTO 200
150 CONTI NUE
GOTO 20000
C
200 | El=l-1
IF(1.EQ 1)1 E1=1
| E2=I
| F(MPARI N. EQ 2) GOTO 201
CS11=CSN(| E1, | A1)
CS12=CSN( | E1, | A2)
CS21=CSN( | E2, | A1)
CS22=CSN( | E2, | A2)
GOTO 202
201 CS11=CSP(| E1, | A1)
CS12=CSP(| E1, | A2)
CS21=CSP(1 E2, | A1)
CS22=CSP(1 E2, | A2)
C
202 | F(1 E1. EQ | E2) CSM N=CS11
| F(1 E1. EQ | E2) CSMAX=CS12
| F(1 E1. EQ | E2) GOTO 400
C
E1=ENERGY( | E1)
E2=ENERGY( | E2)
CS1=CS11
CS2=Cs21
RR=E2- E1
AAA=( CS2- CS1) / RR
BBB=( CS1* E2- E1*CS2) / RR
CSM N = AAA * TO + BBB
C
CS1=CS12
CS2=CS22
RR=E2- E1
AAA=( CS2- CS1) / RR
BBB=( CS1* E2- E1*CS2) / RR
CSMAX = AAA * TO + BBB
C
400 | F(1 AL. EQ | A2) CSNON=CSM N

| F(1 AL. EQ | A2) GOTO 555
A1=AELEM | A1)
A2=AELEM | A2)

RR=A2- Al
AAA=( CSMAX- CSM N) / RR
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BBB=( CSM N A2- A1* CSMAX) / RR
CSNON = AAA * A + BBB

555 | F(1 SMALL. EQ 0) RETURN
CSNON = CSNON * ( (ASM A) **0. 66666666 )
RETURN
C
C TEST PRI NTI NG
5000 PRI NT 5010, (RI DENT(1), 1 =1, 6)
5010 FORMAT(/ 1X," E MEV ', 4X, 6(8X, A2, 7X))
PRI NT 5011, (AELEM 1), | =1, 6)
5011 FORMAT(1X,  8X, 4X, 6(6X, F6. 2, 5X))
PRI NT 5014, (PPN(11), PPP(11),11=1, 6)
5014 FORMAT(1X,  8X, 4X, 6(3X, AL, 3X, 3X, Al, 3X, 3X))
PRI NT 5012
5012 FORMAT(120(" -'))
DO 8000 |1=1, 46
8000 PRI NT 5020, ENERGY(11), (CSN(I 1, 3J), CSP(11,J3J), JJ=1, 6)
5020 FORMAT( 1X, F8. 1, 4X, 6(2F7.1,3H | ))
PRI NT 5015
5015 FORMAT(120(' ='))

PRI NT 5010, (RI DENT(1), 1=7, 12)
PRI NT 5011, (AELEM 1), | =7, 12)
PRI NT 5014, (PPN(11), PPP(11),11=1,6)
PRI NT 5012
DO 9000 |1=1, 46
9000 PRI NT 5020, ENERGY(11), (CSN(I 1, 3J), CSP(11,JJ), JJ=7, 12)
STOP

10000 PRI NT 1000, A
1000 FORVMAT( 1X, ' SUBROUTI NE BARASH: NO | NFORVATI ON ABOUT A =', Gl2.5)
STOP
20000 PRI NT 2000, TO
WRI TE( 1, 2000) TO
VWRI TE( 8, 2000) TO
CSNON=0.
RETURN
2000 FORMAT( 1X, ' SUBROUTI NE BARASH: NO | NFORMATI ON FOR ENERGY = ',
$ Gl2.5/ 1X,' CSNON =0.")
3000 FORMAT(1X, ' Attention !'/1X,' For |ow atom c nunmbers ',
$ ' SUBR BARASH gets approxi mated cross-sections'//)
4000 FORMAT(//1X,' Attention !'/1X,' BARASH Cross-section is taken ',
$ ' at the energy =',Gl4.7//)
END

R R I I I I R R S I I R R R I R R R R

* SUBRQUTI NE BI NDEN *
EE R R S b S b R I b S b R I R b I b I S I S O I I I I b b I I R b R b I I I I I
SUBROUTI NE BI NDEN( ZEE, AMASS, NZ, NA, AP, AT, ZP, ZT, QVAL, M3, MP)
* taken from Bl ann code ALI CE
COVMON/ LYML/ BE( 11, 24, 4), SYMB( 11, 24), PAI R( 11, 24), SYMBP( 11, 24)
DI MENSI ON EXCES(4), RES(4), ERR(4)
DATA TAB/ 4H TAB/
| ZEE=ZEE+. 1
| MASS=ANMASS+. 1
| AP=AP+. 1
| AT=AT+. 1
| ZP=7P+. 1
| ZT=Z2T+. 1
| NP=| AP- 1| ZP
| NT=I AT-1ZT
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ccce
4

ccce

ccce

5

10

ccce
6

cccce

7

cccce
8

55
60

65

| RET=0

N=l MASS- | ZEE

CALL MASS(IZP, | NP, EXCES(1), ERR(1), | RET)

CALL MASS(I ZT, | NT, EXCES(2) , ERR(2), | RET)

CALL MASS(I ZEE, N, EXCES(3) , ERR(3), | RET)

| F(1 RET. GT.0) GO TO 10

| F(QVAL. NE. 0.) GO TO 10

QVAL=- EXCES( 3) +EXCES( 2) +EXCES( 1)

WRI TE( 6, 4)

meT(// , 20)(, LI S kI b b I I I S I R I I I S R I S b R I b I I b I b b b O O //)

WRI TE( 6, 5) QVAL

VR TE( 6, 4)

FORMAT( 20X, ' QVAL USED ( CALCULATED FROM MASS TABLE) = ', F5. 1)

| RET=0

CALL MASS(0, 1, EXCES( 1), ERR(1), | RET)

CALL MASS(1, 0, EXCES(2), ERR(2), | RET)

CALL MASS(2, 2, EXCES(3), ERR(3), | RET)

CALL MASS(1, 1, EXCES(4), ERR(4), | RET)

| F(1 RET. GT. 0) RETURN

VRl TE( 6, 6)

FORMAT( 30X, ' BI NDI NG ENERG ES CALCULATED FROM MASS TABLE',
' WHERE POSS| BLE. ')

| F(MP. EQ 0) VR TE(6, 7)

FORMAT( 35X, ' PAI RI NG REMOVED FROM MASSES | N TABLE' )

IF (MP. EQ 0. AND. MC. EQ 1) WRI TE(6, 8)

FORMAT (35X, ' SHELL CORRECTI ON REMOVED FROM MASSES | N TABLE')

DO 65 |Z7=1, NZ

DO 65 | A=1, NA

| ZZ=1 ZEE- | Z+1

| NN=I MASS- | ZEE- | A+1

| zz1=1 7Z- 1

| NNL=1 NN 1

| NN2=1 NN- 2

| Z22=1 7Z- 2

| RET=0

CALL MASS(IZZ, | NN, XMASS, ERR( 1), | RET)

CALL MASS(1ZZ, | NNL, RES( 1), ERR( 1), | RET)

| F(MB. GE. 2) CALL MASS(12ZZ1, | NN, RES(2), ERR(2), | RET)
| F(MB. GE. 3) CALL MASS( | ZZ2, | NN2, RES(3) , ERR(3) , | RET)
| F(MB. EQ 4) CALL MASS(12ZZ1, | NN1, RES(4), ERR(4), | RET)
| F(1 RET. GT.0) GO TO 65

| F(MP. NE. 0) GO TO 55

XMASS=XMASS+PAI R(1 Z, | A)

RES( 1) =RES( 1) +PAI R(1 Z, | A+1)

RES( 2) =RES( 2) +PAI R(1 Z+1, | A)

RES( 3) =RES( 3) +PAI R(1 Z+2, | A+2)

RES(4) =RES( 4) +PAI R(1 Z+1, | A+1)

DO 60 |=1, VB

BE(12Z, | A 1)=- XMASS+EXCES( 1) +RES( 1)

SYMB(1 Z, | A) =TAB

CONTI NUE

RETURN

END

R R R R R R R R R R R R R E R RS R R R R R R R SRR R R EEEEEEREEREEEREEEEEREREEEE R EREEEEEREE]

*

FUNCTI ON BKAL(M E1) *

IR R R R R R R R R R R R R RS R R R R R R E R EE R EREEREERERREEEEEREREREEREEEEREREEEE]

FUNCTI ON BKAL( M E1)
RMEFLOAT( M ( M+1))
AL=0. 036+0. 0039* RM
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BL=92. - 90. / SQRT( RM

BKAL=FLOAT( 2* M+1) / (1. +EXP( AL* (BL- E1)))
RETURN

END

EE R I R I S I R I R I I R R I R R R I

*

BLOCK DATA *

EE R R I I I R R S S O R R R R R I R I I I R R R

OO0

BLOCK DATA

COVMON/ DATEVA/ GP, GD, GT, GHE, GAL, GAMP, GANVD, GAMT, GAVHE, GAMAL, CP, CD,
*CT, CHE, CAL, VP, VD, VT, VHE, VAL, QN, QP, QD, QT, QHE, QAL

COWMON/ FI GA1B/ T1( 16) , BAL(16), BBL( 16), BB2(9), BB3( 8)

COVMON/ DATCAM CAMN( 130) , CAMP( 130) , MAXN, MAXP

COVMON/ DOSTRQ' RKPD( 6) , RKAD( 6) , CPD( 6) , CAD( 6) , ZDX 6)

COVMON/ DATREN/ RLON, RL1N, RVMDN, RMLN, RNON, RNLN, RN2N

COWON DATREP/ POP, P1P, P2P, RLOP, RL1P, RVDP, RMLP, RNOP, RNLP, RN2P

COVMON/ SHEL 2/ DWA( 220)

COWNON/ DATREA/ POA, P1A, P2A, RLOA, RL1A, RVMDA, RMLA, RNOA, RN1A, R\2A

DATA GAMP, GAMD, GAMI, GAMHE, GAMVAL/ 2*1., 2*3., 2./
DATA T1/ 0., 40., 80., 120., 160., 200., 240.,

*280., 300., 320., 360., 400., 440., 480., 520., 560./
DATA BA1/1592., 12., 5.2, 3.3, , 2., 1.9, 1.8, 1.75,

* 1.7, 1.5, 1.4, 1.3, 1.2, 1.1
DATA BB1/ 0., 7., 8.
DATA BB2/0., 7., 8
DATA BB3/ 8. 1299995,

, 11*3.6/
, 7.7, 6.5, 6.2, 6., 5.8071425/
8, 7.4 7., 6.7, 6.4, 6.1, 5.8/

CAMN CAMP : corrections for nuclei wth neutrons/protons nunber
equal to array nunber

DATA CAMV -8.4, -12.9, -8.0, -11.9, -9.2, -12.5, -10.8, -13.6,

* -11.2, -12.2,

* -12.81, -15.40, -13.07, -15.80, -13.81, -14.98,

* -12.63, -13.76, -11.37, ~-12.38, -9.23, -9.65, -7.64, -9.17,
* -8.05 -9.72, -8.87, -10.76, -8.64, -8.89, ~-6.60, ~-7.13,

* -4.77, -5.33, -3.06, -3.79, ~-1.72, -2.79, -0.93, -2.19,

* -0.52, -1.90, -0.45, -2.20, ~-1.22, -3.07, -2.42, -4.37,

* -3.94, -6.08, -4.49, -4.5, -3.14, -2.93, -1.04, -1.36, 0.69,

* 0.21, 2.11, 1.33,

* 3.29, 2.46, 4.30, 3.32, 4.79, 3 4
* 4 .07, 4.06, 2.49, 3.30, 1.46, 2

*-1 .54,-3.97,-5.26,-4.18,-3.71,-2.10,-1.70,-0.08,-0.18
* 0.94, 0.27, 1.13, 0.08, 0.91, 0.31, 0.49,-0.78, 0.08,-1.15,
*-0.23,-1.41,-0.42,-1.55,-0.55,-1.66,-0.66,-1.73,-0.75,-1. 74,
*
o
*-3

.62, 4.97, 3.64,

. 63, .06, 0.51, 0.74,-1.18,

. 26, -

QWWMNN

.78,-1.69,-0.78,-1.60,-0.75,-1.46,-0.67,-1.26,-0.51, -1. 04,
.53,-1.84,-2.42,-4.52,-4.76,-6.33,-6.76,-7.81,-5.80,-5.37,
-3.63,-3.35/
DATA CAMP/ 20.8, 15.8, 21.0, 16.8, 19.8, 16.5, 18.8, 16.5
18.5, 17.2,
18.26, 15.05, 16.01, 12.04, 13.27, 11.09,
12.17, 10.26, 11.04, 8.41, 9.79, 7.36, 8.15, 5.63, 5.88§,
3.17, 3.32, 0.82, 1.83, 0.97, 2.33, 1.27, 2.92, 1.61,
2.91, 1.35,  2.40, 0.89, 1.74, 0.36, 0.95 -0.65 -0.04,
-1.73, -0.96, -2.87, -2.05, -4.05, -3.40, -5.72, -3.75, -4.13,

-2.42, -2.85, -1.01, -1.33, 0.54, -0.02, 1.74, 0.75,

2.24, 1.00, 1.98, 0.79, 1.54, 0.39, 1.08, 0.00, 0.78,-0.35, 0.58,
-0.55, 0.59,-0.61, 0.59,-0.35, 0.32,-0.96,-0.52,-2.08, -2. 46, -3. 64,
-1.55,-0.96, 0.97, 0.88, 2.37, 1.75, 2.72, 1.90, 2.55, 1.46, 1.93,

0.86, 1.17, 0.08,-0.39,-0.76,-0.39,-1.51,-1.17,-2.36,-1.95,-3.06,
-2.62,-3.55,-2.95,-3.75,-3.07,-3.79,-3.06,-3.77,-3.05,-3.78,-3. 12,

¥k ¥k k¥ Xk X X F Ok
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*-3.90,-3.35,-4.24,-3.86,-4.92,-5.06,-6.77,-7.41, 9.18,-10. 16,
*-11.12,-9.76,-9.23,-7.96,-7. 65/
C 1000. is sinply "big" nunber
DATA zO¥ 10., 20., 30., 50., 70., 1000./
DATA RKPD/ 0.42, 0.58, 0.68, 0.77, 0.8, 0.8/
DATA CPDY 0.5, 0.28, 0.2, 0.15, 0.1, 0.1/
DATA RKAD/ 0.68, 0.82, 0.91, 0.97, 0.98, 0.98/
DATA CAD/ 3*0.1, 0.08, 0.06, 0.06/
C CHATTERJEE COWVPI LATI ON
C NEUTRONS W LMORE
DATA RLON, RL1N, RVMON, RMLN, RNON, RNLN, R\N2N/
*31. 05, -25.91,342. 4,21.89,0.223,0.673, 617. 4/
C PROTONS BECCHETTI
DATA POP, P1P, P2P, RLOP, RL1P, RMDP, RMLP, RNOP, RN1P, RN2P/
*15.72,9. 65, -449. 0, 0. 00437, - 16. 58, 244.7,0.503, 273.1,-182.4,-1. 872/
C ALPHA- PARTI CLES HUI ZENGA
DATA POA, P1A, P2A, RLOA, RL1A, RVMDA, RMLA, RNOA, RN1LA, RN2A/
*10. 95, -85.2,1146., 0. 0643, -13. 96, 781.2,0. 29, -304.7,-470.,-8.58/
DATA DWN 22*0. 0,

* .0.6, -0.7, -0.8, -0.9, -1.8, -2.0, -2.9, -2.4, -2.3, -1.6, -1.3,
* .10, -0.8 -0.4, -0.3, 0.1, 0.5 0.8 1.4, 2.0, 1.8 1.5
* 1.4, 1.3, 0.8 0.3, -0.0, -0.8, -1.5 -1.6, -1.7, -1.8, -1.8,
*-1.8 -2.4, -2.0, -1.7, -1.6, -1.6, -1.3, -0.7, -0.6, -0.2, 0.0,
* 0.9, 0.8 1.2, 1.5 1.8 2.0, 24, 1.8 24, 20, 1.7,
* 2.4, 2.4, 1.8, 1.2, 0.4, -0.1, -0.3, 0.5 -0.9, -2.0, -1.7,
* .2.4, -2.4, -2.0, -1.6, -1.1, -0.7, -0.2, -0.2, -0.2, -0.1, 0.7,
* 1.2, 1.8 0.1, 0.8 1.1, 1.5, 1.6, 0.5 0.7, 1.1, 1.2
* 1.2, -0.0, 0.3, 0.2, 0.4, 0.3, 0.3, -0.7, -0.0, -1.1, -0.86,
*.0.7, -1.0, -1.6, -2.0, -1.7, -1.5, -2.2, -2.3, -3.1, -2.6, -3.2,
* -2.6, -3.3, -4.2, -2.4, -4.1, -3.8, -4.1, -3.7, -3.2, -2.9, -2.2,
* -2.4, -1.8, -0.6, -0.4, 0.1, 0.2, 0.3, -0.1, -0.5, -0.7, -1.1,
* -1.4, -1.7, -2.0, -2.1, -2.1, -2.3, -2.5, -2.2, -2.5, -2.7, -3.0,
* .32, -3.4, -3.1, -3.2, -3.4, -3.5, -3.3, -3.7, -3.1, -3.4, -3.5,
* -3.4, -3.2, -3.5, -3.2, -3.5, -3.7, -3.4, -3.4, -3.4, -3.2, -3.0,
* .2.9, -2.5, -2.8, -3.0, -3.3, -3.7, -4.3, -4.8, -5.4, -6.0, -6.8,
* .7.1, -8.1, -8.7, -9.2, -9.6,-10.5,-11.3,-12.2,-12.0,-12.7,-12. 1,
*-11.2,-10.6,-10.0, -9.4, -8.8, -8.2, -7.6, -7.0, -6.4, -5.8, -5.2/

c RETURN

END
R I bk Sk R R S O O S kR R O I O S R R S kR R O O
* BLOCK DATA C *

R I I I R R R S I O I R R R R R R R R O

BLOCK DATA C

C Witten by Barashenkov, Pol anski

C NUCLEUS- NUCLEUS CROSS- SECTI ON PARAMETERS
COVMON/ CX/ CX( 38)
DATA CX/ 2.07,560., 0. 8, 0. 426,

* 100.,-2.05,1.9,

* 200., 0. 07, 0. 87,

* 20.,-1.55,2.1,

* 700.,-1.01, 1. 08,

* 400.,-0.59, 0. 94,

* 2.45,225.,-2.25,2.,

* 100., -4. 61, 3. 18,

* 185.,-3.,2. 4,

* 185.,-3., 2.4,

* 185.,-4.77, 3. 18,

* 185.,-4.77,3.18/
END



R R R R R R R R R R R R E R RS R R R R R R R RS R EEEEEEEEEEEEEREEEREEEEEEEREEEEEEREEEEEREE]

* FUNCTI ON CAMERO *
EE R I R I R I I I I I I R R I I I I S I I R I R R I I I R I I I R I I I R I A R R I S

FUNCTI ON CAMERQ( RN, Z)
* Defect mass cal cul ati on. Barashenkov, Toneev "Interaction of particles
* and nuclei”, 1972, Atom zdat (error on p.419 corrected)

A=RN+Z

A13=A**0. 333333333

A23=A13*A13

A43=A23* A23

Z43=Z**(4.13.)

AZ=((A-2.*2) | A)**2

RMOB=A* (8. 367+31. 4506* AZ) - (0. 783*Z+17. 0354* A)

RMPOWEA23* ( 25. 8357- 44. 2355* AZ) *( (1. - 0. 62025/ A23) **2)

RWK=0. 779*(Z*(Z-1.)/ A13) *(1.-1. 5849/ A23+1. 2273/ A+1. 5772/ A43)

RVEX=- 0. 4328*(Z243/ A13) *(1.-0.57811/ A13- 0. 14518/ A23+0. 49597/ A)

CAMERO=RMOB+RMPOM-RMK+RMVEX

RETURN

END
IR R R R R R RS SR R R R SR R RS EEE R R R R SR EEEEREEREEREREERE R EREREEEEEREEEEESEEEEE]
* SUBRCOUTI NE CFUN *

R R R R R R R R R R R R E R R R R R R R R R SRR EEEEEEEREEREEREEEREEEEEREREEEEEEREEEEEREE]

SUBROUTI NE CFUN
COVMON/ CFUMAS/ CF / TR2CFU/ REC / EDEFF/ Ed
COVVON QBOCFU/ NSUMN, NSUMP / AN/ AN / MPARI N MPARI N
COWWON | Nl QBQY Z, CKA, CKB, RPA, RPB, RALA, RALB
AP=1.
| F(MPARI N. eq. 3) AP=4.
Z2=7- FLOAT( NSUVP) +1. +( MPARI N- 1)
A2=AN- FLOAT( NSUMN+NSUMP) +2. +AP

Z1=7
Al1=AN
CALL NRT_COEFF(Z1, Z2, Al, A2, ANRT, BNRT, GNRT)
EDkeV=Ed
* NRT
TT=REC* 1000.
If(TT.It. EDkeV) then
CF=0.0
Ret urn
Endi f

If(TT.1t.2. *EDkeV) TT=2.*EDkeV
CF=(0. 8/ (2. *EDkeV) ) *TT/
+ (1. +ANRT* TT+BNRT* (TT**0. 75) +GNRT* ( TT** 0. 16666666666) )

RETURN

END
R I I I R R R I S S R R R R I R R R I R R R
* SUBROUTI NE CHECK1 *

R R R R R R R R R R R R SR R R R R R R R R R SRR EEEEEEEEEEEREEEREEEEEREEREEEE R EREEREEEREE]

SUBROQUTI NE CHECK1( G, T1, W, | GEN, ML)
* limtation on orbital nonmenta accordi ng to Bunakov
COWMON PARTI T WP, PX, PY, PZ, P, T,E, X, Y, Z, R JIN, M
COWWON/ ACTSCI / PI N1, PI N2, PI N3, WPX, RK3, RK4, GAMVA, SK2, VC2, VCX,
*\/CY, VCZ, MPX
COWDN sCl MEM WeM PXM PYM PZM PM TM EM XM YM ZM RM JI NM MM
COVMON | MOM | MOM
I F(1 MOM EQ 0) RETURN

IF(Q1,1,2
1 RK=RK4- (GAMMVA- 1. ) * SK2/ VC2
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GOTO 3
2 RK=RK3+( GAMVA- 1. ) * SK2/ VC2
3 CONTI NUE
4 PX5=G* Pl NL+RK* VCX
PY5=G* Pl N2+RK* VCY
PZ5=G* Pl N3+RK* VCZ
P5=SQRT( PX5* PX5+PY5* PY5+PZ5* PZ5)
T5=T1
RORMEORBI T( PX5, PY5, PZ5, X, Y, 2)
CALL QUES(RORM T5, WL, JI N, ML, | GEN)

RETURN
C
END
EIR R IR IR IR Sk I b S S R I b R I I R S I I R S
* SUBROUTI NE CHESEP *
EIR R I R R R I b R I I I I I R I R S I b R
SUBROUTI NE CHESEP
COWDON | NTTRL/ PWK, PWY, PVWZ, TW NPREN, NPREP, NPREA
COVWODN/ EVAMAS/ NEVAN, NEVAP, NEVAD, NEVAT, NEVAHE, NEVAAL
COWWON/ | NFSEP/ KSEP( 100, 4), | NFSEP, JSEPM
DO 100 J=1, JSEPM
| F(KSEP(J, 1) . NE.
+  ( NPREN+NEVAN+NEVAD+2* NEVAT+NEVAHE+2* ( NEVAAL+NPREA) ) ) GOTO 100
| F(KSEP(J, 2) . NE.
+  ( NPREP+NEVAP+NEVAD+NEVAT+2* NEVAHE+2* ( NEVAAL+NPREA) ) ) GOTO 100
KSEP(J, 4) =KSEP( J, 4) +1
100 CONTI NUE
RETURN
END
EIR R IR IR R Sk b S S R I b I I R I S S I I R S I I
* SUBROUTI NE CHOPAR *
EIR R I IR R Sk I b R I S I I I R I R b R
SUBROUTI NE CHOPAR(JZ, SXX)
COVMON DAI NT/ PF( 33, 4) , ROL(33), RZON(33), FI G
COWDN PARTI C/ WP, PX, PY, PZ, P, T, E, X, Y, Z, R, JIN, M
COWDN/ PARTNR/ PPX, PPY, PPZ, PP, MX
COWDN TYPACT/ L, L7 / QPARX/ QPROT, QNEUT, QPROT2, QNEUT?2
COVVON/ BOND1/ QBON( 200, 200, 6) / TFERM / TF( 34, 4)
COVMON/ RNUCL/ RNUCL  / XPARAM XPARAM FI ALPH
COWDON FI CAP/ FI CAP, MZONA
COVMON URANDL/ | YG
C
C Types of inetractions: L =1 NP or P-N
C L=2 NN or P-P
C L =3 Elastic scatteri ng NUCELON- ALPHA
C L =4 Elastic scattering ALPHA- NUCLEON
C L =5 Decay of ALPHA-PARTICLE in N-A interaction
C L =6 NUCLEON-T or NUCLEON HE-3
C L = 7 Decay of ALPHA-PARTICLE in A-N interaction
C
MX =0
L =0
L7 =0
QNEUT X=OQNEUT
QPROTX=QPROT

I F(JZ. GE. MEONA) QNEUTX=QNEUT2
| F(JZ. GE. MZONA) QPROTX=QPROT2

| F(M EQ 3) GOTO 300
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CALL CSPPPN( T, SPP, SPN)
CALL CSPANA(T, SPA, 1)
"+(BON' because FLM coefficients are shifted on Q

TT =T - QBON(1,1,6) - TR(JIZ, M + QBON(1,1,6)
IF(TT.LT.0.0) TT = 0.0

CSCAPT = 0.1 *

# (-1.011E-06*(TT**3) + 0.0001748*TT*TT - 0.01128*TT+0. 275742)

CSCAPT = CSCAPT/( RNUCL * ROL(JZ) )

| F(CSCAPT. LT. 0. 0) CSCAPT =0.0

CSCAPT = CSCAPT* FI CAP

Gorqg(4,5), M
NEUTRON
4 QPARL=QNEUTX
QPAR2=QPROTX
GOTO 6
PROTON
5 QPAR1=QPROTX
QPAR2=QNEUTX
6 SPP=SPP* QPARL
SPN=SPN* QPAR2
+ CSCAPT due to introduction of D, HE3 in cal cul stions
STOT=SPN+SPP
| F(JZ. GE. MEONA) STOT=SPN+SPP+SPA+CSCAPT
SXX = STOT
YY=STCOT * RANDOM 0)
| F(YY- SPP) 10, 10, 20
| NTERACTI ON W TH THE SAMVE TYPE
10 MX=M
L=2
RETURN
20 | F(YY-(SPN+SPP)) 100, 100, 200
100 L=1
| F(M 1) 30, 30, 40
| NTERACTI ON NEUTRON- - - - - PROTON
30 MX=Mr1
RETURN
| NTERACTI ON PROTON- - - - - NEUTRON
40 MX=M1
RETURN
200 | F( YY- ( SPN+SPP+SPA)) 110, 110, 210
| NTERACTI ON NUCLEON- - - - - ALPHA
110 WX = 3
DEFI NE TYPE OF | NTERACTI ON ( ELASTI C- NONELASTI C)
CALL CSPANA(T, SEL, 2)
If(SPA. It.SEL) SPA = SEL
YY=SPA * RANDOM 0)
| F(YY- SEL) 103, 103, 105
ELASTI C | NTERACTI ON N- A
103 L=3
RETURN
DECAY OF ALPHA
NO DECAY DUE TO PAULI
105 L=3
RETURN
| NTERACTI ON NUCLEON- - - - - T, HE3
210 WX = 4
L =6
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RETURN
C
C PRQJECTI LE |'S ALPHA- PARTI CLE
300 T4 = T/ 4.
FI = FI ALPH
FIALPH = 1.
CALL CSPANA( T4, STOT, 1)
CALL CSPANA( T4, SEL, 2)
I'f(STOT.1t.SEL) STOT = SEL
FIALPH = FI
SXX = STOT
YY=STOT * RANDOM 0)
| F( YY- SEL) 1004, 1004, 1005
C ELASTI C | NTERACTI ON A- N
1004 L=4
GOTO 1007
C DECAY OF ALPHA- PARTI CLE
1005 L=7
L7 =1
C
C DEFI NE PARTNER
1007 YY = (QPROTX+QNEUTX) * RANDOM 0)
| F( YY- QPROTX) 1000, 1000, 2000

1000 MX=2
C | NTERACTI ON ALPHA- - - - - PROTON
RETURN
2000 MX=1
C | NTERACTI ON ALPHA- - - - - NEUTRON
RETURN
END
R I bk S R R R S O S S O S S O O S R R I S O S O S Rk I O kS O O
* SUBROUTI NE COULCH *

R R R R R R R R R R R R E R R R R R R R R R SRR R R EEEEEEEEREEEREEEEEREREEEEEEEEEEEEE]

SUBROUTI NE COULCH( VP, VA, | PAR, AEFF, ZEFF,
+ P11P, RL11P, RML1P, RN11P, ECOP, P11A, RL11A, RML1A, RN11A, ECQA)
C Cal cul ate Coul onb potential for protons and neutrons for inverse
C reaction cross-sections according to Chatterjee (see Bl ock data al so)
| PAR=0
ECO2=ECOP* ECOP
B=- 2. *P11P* ECOP+RL11P- RN11P/ ECC2
C=P11P* ECO2+RML1P+2. * RN11P/ ECOP
C Discrinminant of square equation
D=B*B- 4. *P11P*C
| F(D.LT.0.) GOTO 80
SQ@=SQRT( D)
ES1=0. 5* (- B+SQD) / P11P
ES2=0. 5* (- B- SQD) / P11P
| F(P11P) 10, 20, 30

10 VP=AM N1( ES1, ES2)
GOTO 40
20 WRI TE( 8, 21) P11P
21 FORVAT( 1X, ' ERROR. SUBROUTI NE COULCH P11P=',6 E12.5)
STOP
30 VP=AMAX1( ES1, ES2)
C the sane for al pha-particles
40 ECO2=ECOA* ECCA

=- 2. *P11A* ECOA+RL11A- RN11A/ ECO2
C=P11A* ECO2+RML1A+2. * RN11A/ ECOA
C Di scrimnant of square equation
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50

60
61

70
75

D=B*B- 4. *P11A*C
| F(D. LT.0.) GOTO 80
SQD=SQRT( D)
ES1=0. 5* (- B+SQD) / P11A
ES2=0. 5* (- B- SQD) / P11A
| F(P11A) 50, 60, 70
VA=AM N1( ES1, ES2)
GOTO 75
WRI TE( 8, 61) P11A
FORMAT(1X,' ERROR.  SUBROUTI NE COULCH P11A=', E12.5)
STOP
VA=AVAX1( ES1, ES2)
RETURN

80 VRl TE( 8, 1080) ZEFF, AEFF

1080 FORVAT( 1X, ' FOR ZEFF=',F6.1,' AEFF=',F6.1,' BLANN SHARP CUT',

+ 'OFF CR SECT IS TAKEN )
| PAR=1
RETURN
END

R R R R R R R R R R R R SR R R R R R R R R SRR R R EEEEEEREEREEEREEEEEEEREEEEEEREEREEEE]

*

SUBROUTI NE CROZON *

R R R R R R R R R R R R E R R R R R R R R RS R R R EEEEEEREEREEEEEEEEEEREEEEREREEREEEE]

SUBROUTI NE CROZON(J1, J2, WV P1, T, M
COVMON/ TFERM / TF( 34, 4)

T=T+TF(J2, M - TF(J1, M

P1=SQRT( T*( T+2. *W) )

RETURN

END

R R I I I R R S O I R R R R I R I R R O

*

FUNCTI ON CSCHAT *

R R I I I I R R R S R I R R R R I I I R R R

FUNCTI ON CSCHAT( TO, MPARI N)

C Inverse cross-sections according to Chatterjee A, Murthy K H N.,
C Gupta S. K. Optical reaction cross sections for |ight projectiles
C Report | AEA, I NDC(I ND)- 27/ GJ, 1980.

C

COWON | Nl QBQY Z, CKA, CKB, RPA, RPB, RALA, RALB
COVMON/ AN/ AN
COVMON/ DATREN/ RLON, RL1N, RVDN, RVMLN, RNON, RNLN, RN2N
COWON DATREP/ POP, P1P, P2P, RLOP, RL1P, RVDP, RMLP, RNOP, RNLP, RN2P
GOTq( 1, 2, 3), MPARI N
NEUTRONS
AN13=AN**0. 333333333
AN23=AN13* AN13
RL11N=RLON/ ANL3+RL1N
RML1N=RVDN* ANL3+RMLN* AN23
RNL1N=RNON* AN23* AN23+RNL N AN23+RN2N
CSCHAT=0. 001* ( RL11N* TO+RML1N+RNL1N TO)
RETURN
PROTONS
AP=AN
ECOP=1. 44* 7/ (1. 5* (AP**0. 3333333333))
EC2=ECOP* ECOP
AVEAP* * RMLP
P11P=P0OP+P1P/ ECOP+P2P/ EC2
RL11P=RLOP* AP+RL1P
RML1P=RVDP* AM
RN11P=AM: ( RNOP+RN1P* ECOP+RN2P* EC2)
EKSI =AMAX1( TO, ECOP)  CE%-AC TO BCEf,A > ECOP
EKSI =T0
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CS=P11P*((TO- EKSI) **2) +RL11P* TO+RML1P+RN11P* ( 2. - TO/ EKSI ) / EKSI
CSCHAT=0. 001*CS

RETURN
C NO CALCULATI ONS FOR ALPHA | NCI DENT
3 CSCHAT=0.0
RETURN
END
R R I I I R R S I S I S I R R R R R R R R R
* SUBROUTI NE CSPANA *

EE I R I R I S O R I R R I O I R

SUBROUTI NE CSPANA( T, SPA, | TYPE)
* Nucl eon-al pha interaction cross-sections (fnt*2)
* Data are correct only for T <1 GV
CITYPE=1 total, =2 elastic

COVWON/ XPARAM XPARAM FI

GOorq( 1, 2), | TYPE

C Tota

1 I F(T-1.125) 30, 30, 10
10 I F(T-20.) 40,40, 20
20 I F(T-190.)50, 50, 60

C

30 SPA=6754.8*(T**2) -1608.5*T + 778.94
SPA=0. 1*FI * SPA

RETURN
C
40 SPA=7467.2/ (T**1.6089) -51.109*T + 1773.7
SPA=0. 1*FI * SPA
RETURN
C
50 SPA=5230.0/(T**0.43473) + 1.2270*T -658.81
SPA=0. 1*FI * SPA
RETURN
C
60 SPA= 3425.3/T + 0.073484* T + 74.410
SPA=0. 1* FI * SPA
RETURN
C
C Elastic
2 I F(T-1.125) 300, 300, 100
100 I F(T-20.) 400, 400, 200
200 1 F(T-190.)500, 500, 600
C

300 SPA=6754.8*(T**2) -1608.5*T + 778.94
SPA=0. 1*FI * SPA
RETURN

400 SPA=7466.4/(T**1.6338) -53.939*T + 1815.2
SPA=0. 1* FI * SPA
RETURN

500 SPA=10182.0/(T**0.76746) + 0.68190*T -282.56
SPA=0. 1* FI * SPA
RETURN

600 SPA= 4833.8/T + 0.036414* T -2.9546
SPA=0. 1* FI * SPA
RETURN
END

R R R R R R R R R R R R R E R R R R R R R R R RS EEEEEEEEEEREREEREEEREEEEEREREEEEEEREEEE SRR
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* SUBROUTI NE CSPPPN *
kkhkkhkkkkkhkkhhhkkkhkhhhkkhkkhhhkkkhkhhhkkhkkhhhkkkhkhhhkkhkkhhhkkdddhhkkkhhhkkxdk d hkx*kk d h,*x*x** k,*x*k***k*x%
SUBROUTI NE CSPPPN( T, SPP, SPN)
* Nucl eon- nucl eon interaction cross-sections (fnk*2)
| F(T-40.) 30, 30, 10
10 |1 F(T-310.)40, 40, 20
20 | F(T-400.)50, 50, 60

30 SPN=-505. 74/ T**2+906. 92/ T+0. 69466
SPP=-117. 42/ T**2+308. 85/ T+0. 53107
RETURN

40 SPN=23938./T**2+180. 2/ T+2. 7147
SPP=9307. 4/ T**2-1. 1148/ T+2. 2429
RETURN

50 SPN=23938./T**2+180. 2/ T+2. 7147
SPP=88. 737/ T+. 005337* T+. 35475
RETURN

60 SPN=3. 45
SPP=88. 737/ T+. 005337* T+. 35475
RETURN
END

R R I I R R R I S I R R R R I R I S R R O

* SUBROUTI NE DEFI NE_ED *
EIR R I I IR Sk I b R I I I I S I I R R I I I I R I b I R
SUBRQUTI NE DEFI NE_ED
C Effective threshol d danmage energy Ed (eV)
C Data are from NJOY, except global value (NJOY: 25 eV)
COVMON/ | NI @BQ Z, CKA, CKB, RPA, RPB, RALA, RALB / EDEFF/ Ed
Ed=40.
| Z=I fix(Z+0.0001)
If(l1Z eq. 4) Ed=31.
If(l1Z eq. 6) Ed=31.
Z.eq.12) Ed=25.
Z.eq.13) Ed=27.
Z.eq. 14) Ed=25.
Z. eq. 20) Ed=40.
Z.ge.22.and. | Z. 1 e.29) Ed=40.
Z. eq. 40) Ed=40.
Z.eq. 41) Ed=40.
Z.eq. 42) Ed=60.
Z.eq.47) Ed=60.
Z.eq. 73) Ed=90.
Z.eq. 74) Ed=90.
Z.eq. 79) Ed=30.
Z.eq. 82) Ed=25.
C --> keV
Ed=Ed/ 1000.
Ret urn
End

R R R R R R R R R R R R E R R R R R R R R R R SRR R EEEEEEREEREEEREEEEEREEREEEEEEREEREEEE]

* SUBROUTI NE DENS *
kkhkhkkkkhkkhhhkkkhkkhhhkkkhkhhhkkhkkhhhkkkhkhhhkkhkkhhhkkkhdhhkkhkhhhkkkhd hhkxk,k hkkk k khkkx*x*k k k*k*** *x*x**%
SUBROUTI NE DENS
* Level density calculation (idea of M Bl ann)
DOUBLE PRECI SI ON POW SQ11, EE, PT, UCLA
COVMON LAB10/ PON( 6, 10000) / LAB3/ Sl ¢( 6, 2000)
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COVMON/ LAB4/ UCLA( 6, 2000) /| NCR/ ED
COWNON/ DATI NI / RA, TO, W
COWMON/ | NI QBQY Z, CKA, CKB, RPA, RPB, RALA, RALB
COVMON/ AN/ AN / BOND1/ QBON( 200, 200, 6)
COMVON MPARI N/ MVM / JMAX1/ TENED, JMAX
COVVON XPARAM XPARAM FI ALPH
DI MENSI ON RDY( 6)

I F(MW | e.2) MPARI N=MVM

| F(MW eq. 3) MPARI N=6
ED=0.5

1-N, 2-P, 3-D, 4-T, 5-HE3, 6-A

OO0

DO 6 | =1, 2000
DO 6 K=1,6
6 UCLA(K, |')=0.
ZEFF=Z
AEFF=AN
XMAX= TO+QBON( 1, 1, MPARI N)
I f(QBON(1,1,6).1t.0.0) XMAX= TO+QBON(1, 1, MPARI N) - QBON( 1, 1, 6)
I MAX=1 NT( XMAX/ ED+1. )
I F(1 MAX. GT. 2000) Pri nt 30000
I F(1 MAX. GT. 2000) | MAX=2000
PLD=1. / XPARAM
MB = 6
C Inverse reaction cross-sections
CALL S| d CH( ZEFF, AEFF)
AMASS=AEFF
C This value corresponds to 150 MeV energy for total equilibriumspectra
QIMAX=FLQAT( 150) / ED
JMAX=I NT( QI MAX)
I F(JMAX. GT. 2000) JMAX=2000
TENED=10. *ED
RR=AMASS/ PLD
SOR=SQRT( RR*100.)
C
C Level density paraneters for particles channels PONI)
RD(1) =(AMASS-1.)/PLD
RD(2) =( AMASS-1.)/ PLD
RD( 3) =( AMASS-2.)/ PLD
RD(4) =( AMASS- 3.)/ PLD
RD( 5) =( AMASS-3.)/ PLD
RD( 6) =( AMASS-4.)/ PLD

DO 7050 L=1, MB
DO 7050 | B=1, 10000
BJ=DFLOAT(I B)/ 10.-.05
S@2. * SQRT(RD( L) *BJ) - SOR
SQL1=SQ
7050 PONL, IB)y=(1./ (1. +BJ**1. 25))* DEXP( SQL1)
C Energy to join Ferm gas and constant tenperature
EX=2.
TEN=10. * EX+0. 05
| T=1 NT( TEN)
IF=IT-1
DO 7047 L=1, M3
TEMP=SQRT(EX/ RD( L))
D=EXP( ( EX) / TEMP)
CQL=PONL, I T)/D
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DO 7048 IB=1,1F
EE=0. 10* DFLOAT( | B) - 0. 05
PON L, | B) =CQL* DEXP( ( EE) / TEMP)
7048 CONTI NUE
7047 CONTI NUE
Print *,'Level density calcul ated...
DO 4000 KJ=1, M3
PRI NT *, KJ
DO 1000 I=1,1 MAX
EMAX=FLQOAT(I - 1) *ED
M=l NT( EMAX/ ED+1. 0001)
I F( M IMAX) 415, 415, 410
410 MEIMAX
415 1 F(M 1) 430, 420, 420
430 Print *,'"M< 1’
Got o 1000
420 PT=0.0
Bl =10. * EMAX+0. 05
| B=I NT(BI)
If(1B.gt.10000) 1B = 10000
| F(1 B.LE. 0) GO TO 1000
DO 435 L=1, M
I F(1B.LT.1)G0 TO 435
PT=PT+PON KJ, | B) *SI G( KJ, L)
Bl =Bl - TENED
| B=BI
435 CONTI NUE
UCLA(KJ, ) = PT
1000 Conti nue
4000 Conti nue
Ret urn
30000 Format (//1x,60(' A')/1x, 5x,"' ATTENTI ON!' | MAX i s REDEFI NED
# /1x,60(' A))
End

R R R R R R R R R R R R R E R R R R R R R RS R R EEEEEEEEREEEREEEEEREREEEEEEEEEEEREE]

* SUBROUTI NE DI STPA *
EIR IR I I S I I R I R I R R I R I I R I I I R I R I I b b S I I R I I I I S R I S I I b kI b I

SUBROUTI NE DI STPA(JZ)

COMMON/ DAl NT/ PF( 33, 4), ROL(33) , RZON(33) , FI G

COMMON/ PARTI T/ WP, PX, PY, PZ, P, T, E, X, Y, Z, R, JI N, M

COMMON PARTNR/ PPX, PPY, PPZ, PP, X

COMMON/ DATCHO' RVP

COMMON/ TYPACT/ L, L7

COMMON/ URANDL/ | YG

COMMON k1996/ k1996

COMMON/ XPARAM XPARAM FI ALPH

N-P or P-N

N-N or P-P

El asti ¢ NUCLEON- ALPHA

El asti c ALPHA- NUCLEON

Decay of ALPHA in N-A interaction
NUCLEON- T OR NUCLEON- HE- 3

Decay of ALPHA in A-N interaction

Types of interactions:

L
L
L
L
L
L
L

~NOoO O WNPE

Tenporarily: no averaging, L=5is considered by SEL:

For L=6 cross-sectios are taken the sane for all T or HE-3
Gorq(1, 2, 3,4,5,106,7), L
CALL CSPPPN(T, SPP, SYY)

O0000000000

=
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GOTO 8
2 CALL CSPPPN(T, SYY, SPN)
GOTO 8
3 CALL CSPANA(T, SYY, 2)
GOTO 8
4 T4 = T/ 4.
FI = FI ALPH
FIALPH = 1.
CALL CSPANA( T4, SYY, 2)
FIALPH = FI
GOTO 8
5 CALL CSPANA(T, STOT, 1)
CALL CSPANA(T, SEL, 2)
SYY = STOT- SEL
If(SYY.1t.0.0) SYY = 0.0
GOTO 8
7 T4 = T/ 4.
FI = FIALPH
FIALPH = 1.
CALL CSPANA( T4, STOT, 1)
CALL CSPANA( T4, SEL, 2)
SYY = STOT- SEL

If(SYY.1t.0.0) SYY = 0.0
FIALPH = FI
C
8 UU=RANDOM 0)
| F(UU. ge. 1. 0) UU=0. 99999
RKSI = SYY * INT( 10.*WU + 1.0 )
106 PFMEPF(JZ, MX)
C
VX = PX/ WP
VY = PY/ WP
VZ = PZ/ WP
V =P /W
VWPP=WM MX)
CALL WERQ( PFM PP, VX)
C
KSS =0
9 SUM = 0.
DO 900 |1=1, 15
C
QCOS=1. - 2. * RANDOM 0)
FI =6. 283185* RANDOM 0)
QS| N=SQRT( ABS( 1. - QCOS* *2) )
CC=PP* QS| N
PPX=CC* COS( FI )
PPY=CC* SI N( FI )
PPZ=PP* QCCS
EP=SQRT( PP* PP+\W\PP* \\PP)
TRE=( ( E* SQRT( PP* PP+WPP* WPP) - PX* PPX- PY* PPY- PZ* PPZ) / WPP) - WP
VXP = PPX/ WPP
VYP = PPY/ WPP
VZP = PPZ/ WPP
W = SQRT((VXP-VX)**2 +(VYP- VYY) **2 +(VZP-VZ)**2 )/V
C
C DEFI NE CROSS- SECTI ON
C
GOT(( 10, 20, 30, 40, 50, 60, 70), L
10 CALL CSPPPN( TRE, SPP, S72)
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GOTO 800

20 CALL CSPPPN( TRE, SZZ, SPN)
GOTO 800

30 CALL CSPANA( TRE, SZZ, 2)
GOTO 800

40 T4 = TRE 4.
FI = FIALPH
FIALPH = 1.
CALL CSPANA(T4, S7Z, 2)
FIALPH = FI
GOTO 800

50 CALL CSPANA( TRE, STOT, 1)
CALL CSPANA( TRE, SEL, 2)

SzzZ = STOT- SEL

1f(SZZ.1t.0.0) SZZ = 0.0
GOTO 800
60 RETURN
70 T4 = TRE 4.
FI = FI ALPH
FIALPH = 1.
CALL CSPANA( T4, STOT, 1)
CALL CSPANA(T4, SEL, 2)
Szz = STOT- SEL
1f(SZZ.1t.0.0) SZZ = 0.0
FIALPH = FI
C
800  SUM = SUM + SZZ * W
C 1 2 3 4 5 6 7

I f (SUM ge. RKSI) GOTQ(99, 99, 99, 99, 905, 99, 907), L
900 Cont i nue

950 k1996 = k1996+1
GOrQ( 99, 99, 99, 99, 905, 99, 907) , L

Crmmmm e =5 - e e e e e
C REDEFI NI TI ON OF PARTNER TYPE FOR ALPHA- DECAY (L=5)
905  PP=PP 4.
PPX=PPX/ 4.
PPY=PPY/ 4.
PPZ=PPZ/ 4.
TP = (PP**2)/ (2. *W( 1))
CALL CSPPPN( TP, SPP, SPN)
YY=( SPN+SPP) * RANDOM 0)
| F(YY- SPP) 11, 11, 22
C | NTERACTI ON W TH THE SAME TYPE
11 MX=M
L=2
RETURN
22 L=1
| F(M 1) 33, 33, 44
C | NTERACTI ON NEUTRON- - - - PROTON

33 MX=Mr1
RETURN
C | NTERACTI ON PROTON- - - - - NEUTRON
44 MX=M 1
RETURN
G mmmmm e S

C REDEFI NI TION OF TYPE OF | NCI DENT PARTI CLE FOR ALPHA- DECAY (L=7)
907  CALL MEMDEC(1)
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WP = WP/ 4.
PX = PX/ 4.
PY = PY/ 4.
PZ = PZ/ 4.
P =P /4
T =T/4.
E =E/4

CALL CSPPPN(T, SPP, SPN)
YY=( SPN+SPP) * RANDOM 0)
| F(YY- SPP) 111, 111, 222
C | NTERACTI ON W TH THE SAME TYPE
111 MWK
L=2
RETURN
222 L=1
| F(MX- 1) 333, 333, 444
C | NTERACTI ON NEUTRON- - - - PROTON
333 MeEMX+1
RETURN
C | NTERACTI ON PROTON- - - - NEUTRON
444  MEMX- 1
RETURN
END

R R R R R R R R R R R R E R R R R R RS R R R R SRR R EEEEEEEEREEEREEEEEREREEEEREREEREEEE]

* SUBROUTI NE EVAPAR *
EIR IR I I SR I I I IR I R I I R I R I I I I I I S I S I I I I S I S I I R I I I R I R I R I R I S I I b I S I
SUBROUTI NE EVAPAR
COVMON/ DATEVA/ GP, GD, GT, GHE, GAL, GAVP, GANVD, GAMT, GAMVHE, GAMAL, CP, CD,
*CT, CHE, CAL, VP, VD, VT, VHE, VAL, QN, QP, QD, QT, QHE, QAL
COWON/ EVATR2/ ViEI G, VX, WY, VZ
COVMON/ EVAMAS/ NEVAN, NEVAP, NEVAD, NEVAT, NEVAHE, NEVAAL
COVMON/ TRLEVA/ EXCI T, WAl / URANDL/ | YG
COVMON/ | NTTR1/ PWK, PWY, PWZ, TW NPREN, NPREP, NPREA
COMVON/ SUMPO/ ER90, KER9O
COVMON/ | NFDI S/ | NFDI'S, | NFOUP( 3)
DI MENSI ON W DTH( 6) , TAUX( 6)
VEI G=WHAI
EROO=ER9O+EXCI T
KEROO=KER90+1
1 CALL QBOND( EXCI T, W DTH, TAUX, KEY)
| F(KEY. EQ 0) RETURN
CC=RANDOM 0)
DO2 KX = 1,6
| F(CC. LE. WDTH(KX)) GOTO 3
2 CONTI NUE
PRI NT 1000, W DTH, CC
STOP
3 GOTQ(11, 22, 33, 44, 55, 66) , KX
CN
11 NEVAN=NEVAN+1
CALL FLIQ1, TAUX(1), E)
WPAR=WH 1)
VEI G = WEI G - WPAR
EXCIT = TAUX(1) - E
| F(1 NFOUP( 1) . EQ 1) CALL MEMEQU(E, 1)
GOTO 200
CP
22 NEVAP=NEVAP+1
CALL FLI G 2, TAUX(2), E)
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WPAR=WH 2)

VEI G = WEI G - WPAR

EXCIT = TAUX(2) - E

| F(1 NFOUP(2) . EQ 1) CALL MEMEQU(E, 2)
GOTO 200

33 NEVAD=NEVAD+1
CALL FLI (3, TAUX(3), E)
WPAR=VM 5)
WEI G = VEI G - WPAR
EXCIT = TAUX(3) - E
GOTO 200
CT
44 NEVAT=NEVAT+1
CALL FLI G4, TAUX(4), E)
WPAR=VWM 4)
WEI G = WEI G - WPAR
EXCIT = TAUX(4) - E
GOTO 200
C HE3
55 NEVAHE=NEVAHE+1
CALL FLI G5, TAUX(5), E)
WPAR=VIM 4)
WEI G = WEI G - WPAR
EXCIT = TAUX(5) - E
GOTO 200
CA
66 NEVAAL=NEVAAL+1
CALL FLI (6, TAUX(6), E)
WPAR=WM 3)
WEIG = VEI G - WPAR
EXCIT = TAUX(6) - E
| F(1 NFOUP(3) . EQ 1) CALL MEMEQU(E, 3)
200 V=VELOC( WPAR, VEEI G, E)
CC=RANDOM 0)
QCOS=1. - 2. *CC
QS| N=SQRT( ABS( 1. - QCOS* QCOS) )
CC=RANDOM 0)
FI =6. 2831852* CC
VX=VX+V* Q81 N+ COS( FI )
VY=VY+V* QI N*SIN(FI )
VZ=VZ+V* QCOS

GOTO 1
C
1000 FORMAT(1X, ' CONTROL SUBR EVAPAR: '/ 1X, 6GL2. 5/ 1X, GL2. 5)
END
R I I b O S R R R R S O I Ok O O S R R I S R Sk I S R R R Ok S S R R
* FUNCTI ON FC *

R I I I I I R S S O R R O R R I R I R R R

FUNCTI ON FC( T, B)
C Witten by Barashenkov, Pol anski
COWDN / FH AMP, AMT, AP, AT, BO, RO
C CM5 ENERGY
TC=T* AMI/ ( AMP+AM)
X=(TC-B)/1.2
IF(X.GI.5) GO TO 1
D=1. +EXP( X)
FC=ALOG D)/ TC
RETURN
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1 FC=X/TC
RETURN
END

LR R R R R R RS R R R R SR R R SRR RS R R R RS R SRR R R R EEEEREREREEREEEEREEEEEEEEEEEEEEES

* FUNCTI ON FHS *
EE R I I R I R I I I I I I R I I I I S I R I IR R I I I I R I I I R I I A R R R I R S
FUNCTI ON FHS(1 S, E, ©)
C Witten by Barashenkov, Pol anski
C CALCULATI ON OF HI GH ENERGY TOTAL (1S=2) AND
C | NELASTI C (I S=1) CROSS- SECTI ONS
C E - LAB. KINETIC ENERGY OF PRQIECTI LE( MEV)
CoOWON FH AM P, AMT, AP, AT, BO, RO
C SQUARED PRQIECTI LE CMS MOVENTUM
PPC=AMI* AMT* E* ( E+2. * AMP) / ( ( AMP+AMI) ** 2+2. * AMI* E)
C DE BROGLE WAVE LANGTH
AL=1. 41*140. / SQRT( PPC)
EC=SQRT( PPC+AMP* AMP) - AMP
C COULOVB BARRI ER
B=B0/ RO/ ( AP+AT+AL)
FHS=31. 416*1. 21* (1. - B/ EC) * (AP+AT+1. 85* AP* AT/ ( AP+AT)
*+AL-C)**2*| S
RETURN
END

IR R R R R R R R R R R R R R RS RS R R E SRR R R EREEEEREEREEEEE R EREEEEREEESEEEEEEE]

* SUBROUTI NE FLI G *
ER I I I I SR I I I I I I R I I R I I I I I R I I I I I I I I I I I I I R S I I S I I I I I I b o
SUBROUTI NE FLI G KJ, TAUX, E)
DOUBLE PRECI SI ON UCLA, WIOT, PT, POW
COVVON/ URANDL/ | YG  / MAI | PR/ | PR
COVMON/ LAB10/ PO( 6, 10000)
COVMON/ LAB3/ SI G( 6, 2000)
COVMON/ LAB4/ UCLA( 6, 2000)
COVMON/ | NCR/ ED
COVMON/ J MAX1/ TENED, JMAX
E=0.
Mel NT( TAUX/ ED+1. )
EMAX=FLOAT( M 1) * ED
CC=RANDOM 0)
WIOT = CC*UCLA(KJ, M
| F(M JMAX) 415, 415, 410
410 MEJMAX
415 | F(M 1) 430, 420, 420
430 RETURN
C
420  PT=0.0
Bl =10. * EMAX+0. 05
| B=I NT(BI)
I'f(1B.gt.10000) |IB = 10000
I F(1 B. LE. 0) RETURN

DO 435 L=1, M

I F(1B. LT. 1) GO TO 435

PT=PT+POW KJ, | B) *SI G(KJ, L)

| F(PT. GE. WrOT) GOTO 500

Bl =Bl - TENED

| B=BI
435 CONTI NUE

PRINT *,'BAD I NTEGRAL: ', PT,' < ', KWOT,' CC=',CC
500 E=FLOAT(L)*ED - ED 2.
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RETURN
END

R R R R R R R R R R R R R E R R R R R R R R R R RS R EEEEEEEEEREREEREEEREEEEEREREEEEEEREEREEREE]

*

SUBROUTI NE GRAPH *

R I I I I R R R S O R R I R R I R S S R R S R R R

* 1AL

41

70

60

300

199

200

210

220
230

240

62

250

260

270

63

SUBROUTI NE GRAPH( Y, F, N3, | ALOG)
OG ne.0 : logarithmc scale for function (Y)

COVWON MAI | PR/ | PR1

DI MENSI ON Y(N3), F(N3), F1(150)

| NTEGER A1(40), B1, C1, D1, D2, D3, D4, D5, D6

DATA B1, C1, D1, D2, D5, D6/ 1H*, 1H , 1H', 1H-, 1HI, 1H./

| F(N3. GT. 150) STOP

N1=1

WEF( 1)

DO 1 L=1, N3

| F(CABS(W . GT. ABS(F(L)))@GOro 1

WEF(L)

CONTI NUE

| F(W NE. 0. ) GOTO 70

VWRI TE( | PR1, 41)

FORVAT(1X," SUBR GRAPH: MAXI MAL FUNCTI ON VALUE | S EQUAL TO ZERO )

RETURN

| F(1 ALOG. NE. 0) GOTO 199

WRI TE( | PR1, 60)

FORVMAT(/ 3X, ' Agr unent Functi on LAX A "))

T=40./ ABS(W

DO 300 | =1, N3

F1(1)=F(l)

GOTO 7

WM N=1. E+10

DO 200 | =1, N3

IF(F(1).NE. O..AND. F(1).LT. WM N) WM N=F(1)

CONTI NUE

| MAX=- 8

I F(WLE. 10. **| MAX) GOTO 220

I MAX=1 MAX+1

GOTO 210

I M N=I MAX

I F(WM N. GE. 10. **1 M N) GOTO 240

IMN=IM N-1

GOTO 230

R10=10.**I M N

I F(1 M N. EQ | MAX) GOTO 250

WM =FLOAT(I M N)

WAEFLOAT( | MAX-1 M N)

R20=10. ** | MAX

WRI TE( | PR1, 62) R10, R20

FORVAT( 1X, 5X, ' LOGARI THM CAL SCALE FOR FUNCTI ON
1/ 3X, 23X, E8. 2, 32X, E8. 2)

GOTO 260

WA =ALOGLO( VWM N)

WAEALOGLO( WWAX) - ALOGLO( WM N)

DO 270 1=1, N3

FF=F(1)

| F(FF. EQ 0. ) FF=R10

F1(1)=ALOGLO( FF) - WA

WRI TE( | PR1, 63)

FORMAT(/ 3X, ' Agr unent Functi on LAX A "))

T=40. / WV
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7 CONTI NUE
DO 3 =1, N3
X=F1(1)
N=l NT( X*T)
| F(1. EQ N3) GOTO 105
| F(1. EQ N1*10) GOTO 107
D4=Cl
GOTO 108
105 D4=D6
GOTO 108
107 D4=D2
NL=N1+1
108 N2=1
DO 4 J1=1, 40
| F(J1. EQ 20) GOTO 110
I F(J1. EQ 1. OR J1. EQ 40) GOTO 24
D3=D4
GOTO 25
24 D3=D5
25 CONTI NUE
GOTO 111
110 D3=D1
N2=N2+1
111 CONTI NUE
I F(J1. EQ N) GOTO 101
A1(J1) =D3
GOTO 102
101 A1(J1)=B1
102 CONTI NUE
4 CONTI NUE
WRI TE( | PRL, 61) Y(1), F(1), Al
61 FORMAT(GL2.5, 1X, 1PE12. 5, 5X, 40A1)
3 CONTI NUE
RETURN
END

R R R R R R R R R R R R R E R R R R R R R R R SRR R EEEEEEREREEEREEEEEREREEEEREREEREEEEE]

* SUBROUTI NE | NI DAT *
EE R I S b I S b I S b S b R I b R b R b I b I I S I S I O S S I S b I b I b I b R b I b b I I S
SUBROUTI NE | NI DAT( KZONESC)
COVMON/ DATI NI / RA, TO, W/ DAI NT/ PF( 33, 4) , ROL(33), RZON(33) , FI G
COVMON/ DATCHO' RVP / TFERM / TF( 34, 4)
COVMON/ DATEVA/ GP, GD, GT, GHE, GAL, GAMP, GANVD, GAMT, GAVHE, GAMAL, CP, CD,
*CT, CHE, CAL, VP, VD, VT, VHE, VAL, QN, QP, QD, QT, QHE, QAL
COVMON/ K/ K/ DATOUT/ SGEOM FOUT
COVMON/ DATTRL/ QNN, QPP / URANDL/ | YG  / DATPAU BONCUT( 3)
COVMON/ EMEM EMEMD( 21) , EMEM 21) , RVEM 21, 3) , RVEMD( 21, 3) , HVEM
COVMON/ RNUCL/ RNUCL/ CSABS/ CSABS, FI ALP2
COMMON EQUT/ SPE( 19, 5, 3), PI (19), EQUT1(5, 3), EQUT2( 5, 3) , MSPE
COVMON/ TEMP2/ BONNE/ NREJ/ REFR, NREJ/ MM RMASS
COVMON/ QPARX/ QPROT, QNEUT, QPROT2, QNEUT2 / BONDL/ QBON( 200, 200, 6)
COVMON/ | NI QBQY Z, CKA, CKB, RPA, RPB, RALA, RALB
COVMON/ ALI BLI / ALI NPK( 6) , BLI NPK( 6) , ALI NPC(6) , BLI NPC( 6) ,
* ALI NAK( 6) , BLI NAK( 6) , ALI NAC(6) , BLI NAC( 6)
COVMON/ DOSTRQ RKPD( 6) , RKAD( 6) , CPD( 6) , CAD( 6) , ZDX 6)
COVMMON QNN QNNN / MAT I PR/ 1 PR / AN/ AN/ | NF/ | NFBI G, | NFSO
COVMON/ EVEMD1/ EVEMT( 21) , RVEMI( 21) , HVEMT
COMMON/ SPEFUL/ ANGLI M 9, 2, 3), ANGSUM 21, 9, 3) , ANGCEN( 9, 3) , DCEN, MANG
COVMON/ XPARAM XPARAM FI ALPH / MPARI N/ MPARI N
DI MENSI ON A1( 10), A2(33), A(33)
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O 00000

O00000

Nunmber of zones (K)

Val ues to approxi mate Wods- Saxon distribution
1.0 corresponds to the center of the nucl eus

10 zones

DATA A1/ 0.9, 0.8, 0.5, 0.3, 0.2, 0.1, 0.075, 0.05, 0.025, 0.01/

0.60, 0.50, 0.40,

33 zones
DATA A2/
* 0.98, 0.95, 0.90, 0.85, 0.80, 0.75, 0.70,
* 0.30, 0.20, 0.10, 0.08, 0.06, 0.04, 0.02, 0.01, 0.008, 0.006,
* 0.004, 0.002, 0.001, 8.e-4, 6.e-4, 4.e-4, 2.e-4, 1l.e-4, 8.e-5,
*

6.e-5, 4.e-5, 2.e-5, 1l.e-5/

| f (KZONESC. eq. 0) KZONESC=1
I f(KZONESC. I t. 1. or. KZONESC. gt . 2) goto 2000

KZONESC =1 : 10 zones; = 2 : 33 zones
| f (KZONESC. eq. 1) then
K=10
Do i=1, K
A1) =AL(i)

Enddo

el se
K=33
Do i=1, K
A(i ) =A2(i)
Enddo

endi f
AMEAN

QPROT2, ONEUT2 are for zones with al pha-particles

QPROT=Z/ AN
QNEUT=( AN- Z) / AN
QPROT2=( Z- 2. *FI ALPH* AN) / ( AN- 3. * FI ALPH* AN)

QNEUT2=( AN- Z- 2. *FI ALPH* AN) / ( AN- 3. * FI ALPH* AN)

Recal cul ati on FI ALPH
FI ALP2=FI ALPH
FI ALPH=FI ALPH* AN/ ( AN- 3. * Fl ALPH* AN)
ONE=QPROT2+QNEUT2+FI ALPH
print *, ' ONE=', ONE
RMASS=1./ (1. +AM

Ef fecti ve nucl eus radi us
RNUCL=1. 25* (AMF* 0. 3333333333)

Nucl ear density
DATA AA/ 0. 545/, RO 0. 17/
R=1. 07* (AN**0. 333333333)
X1=(3.*(3.1415926**2))**0. 333333333
PARTFM=0. 5* (20. 7214+20. 74998) * ( X1** 2)
PARPFM=197. 3285* X1

RVP=0. 5* (938. 2796+939. 5731)
PRI NT 69
| F(1 NFBI G. GT. 0) WRI TE(| PR, 69)

M, TR, M:
1 neutron
2 pr ot on
3 al pha-particle
4 He-3, triton
DO 1 1=1,K
ROL(1)=A(1)*RO

]

mnmnmnnun—-

F

=LKL
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*

C TF and

ROPRO=ROL( | ) * QPROT
RONEU=ROL( | ) * QNEUT
RZON( | ) =R+AA* ALOG( (1. - A(1))/A(1))
PF(1, 2) =PARPFM: ( ROPRO* * 0. 333333333)
TF(1, 2) =PARTFM ( ROPRO* * 0. 666666666)
PF(1, 1) =PARPFM: ( RONEU* * 0. 333333333)
TF(1, 1) =PARTFM ( RONEU* * 0. 666666666)
TFEFF=QPROT* TF( | , 2) +QNEUT* TF(1 , 1)
PFEFF=SQRT( 2. * RVP* TFEFF)

TF(1,3) = 4.* TFEFF

PF(1,3) = SQRT(2.*WM 3)*TF(I, 3))
TF(1,4) = 3.* TFEFF
PF(1,4) = SQRT(2.*WM 4)*TF(I, 4))
PRINT 70,1, RZON(1), ROL(1),

PF(1,2), PF(1, 1), PF(I,3), TF(1,2), TF(I, 1), TF(1, 3), PFef f, TFef f
| F(1 NFBI G. GT. 0) WRI TE(1 PR, 70) |, RZON(1) , ROL(1),
PF(1,2), PF(1, 1), PF(1,3), TF(1,2), TF(1, 1), TF(1, 3), PFeff, TFef

PF for neutrons and protons
PF(1, 1) =PFEFF
TF(I, 1) =TFEFF
PF( 1, 2) =PFEFF
TF(I, 2) =TFEFF

1 CONTI NUE
69 FORMVAT(1X,'ZONE RADIUS DENS ',

** PF(P) PF(N)

70 FORMAT(1X, 1x,12,1x, F7.2, F7.4, 2F6.1,
C Nunber of division for free particle path (not used)
Fl G=3.
FOUT=FI G
C Wbods- Saxon nucl eus radi us
RA=RZON( K)

C Mass of

I
I
C

i ncident particle
W=939. 5731
F( MPARI N. EQ 2) W=938. 2796
F(MPARI N. EQ 3) W=4. 0026033*931. 4812

PF(A) TF(P) TR(N) TF(A) PF(Eff) TF(Eff)')

F7.1, 3F6.1, 2F8.2)

C For Dostrovsky inverse cross-section ( Barashenkov, Toneev Book, 1972 p. 413)
C Dostrovsky coeff = ALINAK * Z + BLI NAK

555
C See al
C

DO 555 1=2, 6
77=7D(1)-ZD(1 - 1)

ALI NPK( 1) =( RKPD( 1) - RKPD( | - 1)) / ZZ

BLI NPK( 1) =- ALI NPK(1)*ZD(1 - 1) +RKPD( | - 1)
ALI NPC(1)=(CPD(1)-CPD(1-1))/ZZ
BLI NPC( 1) =- ALI NPC( 1) *ZD( 1 - 1) +CPD( | - 1)

ALI NAK( 1) =( RKAD( 1) - RKAD( | - 1))/ ZZ

BLI NAK( 1) =- ALI NAK( I ) *ZD(1 - 1) +RKAD( | - 1)

ALI NAC( 1) =( CAD(1) - CAX( | -1))/ZZ

BLI NAC( 1) =- ALI NAC( 1) *ZD( | - 1) +CAD( | - 1)

so BLOCK DATA

C Ceonetrical cross-section
SGEOVE( 3. 1415926E- 02) * ( ( RA+4. 552/ SQRT(T0) ) **2)
Q\=QBON( 1, 1, 1)
QP=QBON( 1, 1, 2)
TF(K+1, 1) =- QN
TF(K+1, 2) =- QP
TF(K+1, 3) =-QBON(1, 1, 6)
TF(K+1,4)=-0.5*( QBON(1,1,4)+@BON(1,1,5) )

C Redefinition of this value for
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TF(K+1, 1) =QNEUT* TF( K+1, 1) +QPROT* TF( K+1, 2)
TF(K+1, 2) =TF(K+1, 1)

C
QNN=QN
PP=QP
QNNN=QN
| F( MPARI N. EQ 2) ONNN=QP
| F( MPARI N. EQ 3) ONNN=QBON( 1, 1, 6)
C
C Coul onb potential for protons and al phas
C VP=0. 1*Z+0. 8
C VP=1. 44* Z] RNUCL

C best val ue
VP=1. 0 *Z/ RNUCL
CC Zr (N,P) reaction
cC VP=( Z-FLOAT(MPARIN-2) )*1.15/( 1.6 + 1.21*( AN**.3333+1.))
CcC VP=0. 1*Z-0. 2
VAL=0. 21*Z+2. 5
PRI NT 600, VP, VAL
Cc
C Cut-of f parameter BONCUT(1)-neutrons, (2)-protons, (3)-alpha
BONCUT( 1) =- TF( K+1, 1) +BONNE
BONCUT( 2) =- TF( K+1, 2) +VP+BONNE
BONCUT( 3) =- TF( K+1, 3) +VAL+BONNE
PRI NT 1999, QN, QP, BONCUT( 1), BONCUT( 2) , BONCUT( 3), TF( K+1, 1) , BONNE, VP
| F(QN. GT. - TF( K+1, 1) ) BONCUT( 1) =Q\+BONNE
| F(QP. GT. - TF( K+1, 2) ) BONCUT( 2) =QP+VP+BONNE
PRI NT 1999, QN, QP, BONCUT( 1), BONCUT( 2) , BONCUT( 3), TF( K+1, 1) , BONNE, VP
1999 FORMAT(1X,' QN=',F6.2,' QP=',F6.2," BONCUT(1)=',F6.2," (2)=,
*F6.2," (3)=',F6.2," TF(max)=",F6.2,' BONNE=', F6.2,' VP=', F6.2)

C Arrays and auxilarily for calculation energy spectra
C EMEM evaporation spectrum EMEM): non-equilibrium spectrum
C EMEM-EMEMD. EMEMI: recoil spectrum

EMEMD( 1) =0.

RVEMD( 1, 1) =0.

RVEMD( 1, 2) =0.

RVEMD( 1, 3) =0.

BM N = @BO\(1, 1, MPARIN)
| F(MPARI N. eq. 3) QBM N =QBON( 1, 1, 6)

1f(QBM N. gt. QBON(1,1,1)) QBMN = QBON(1, 1, 1)
[f(QBM N. gt. QBON(1,1,2)) @BMN = QBON(1, 1, 2)
[f(QBM N. gt. QBON(1,1,6)) QBMN = QBON(1, 1, 6)

HVEME( TO+QBON( 1, 1, MPARI N) - QBM N )/ 20.

| F(MPARI N. eq. 3) HVEME( TO+QBON(1, 1, 6) - QGBM N )/ 20.

EMEM 1) =0.

RVEM 1, 1) =0.

RVEM 1, 2) =0.

RVEM 1, 3) =0.

HVEMT=( 9. *TO/ AN) +0. 2
| F(MPARI N. eq. 3) HVEMI=0.3*TO ! rather arbitrary
HVEMI=HVEMT/ 20.
EMVEMT( 1) =0.
RVEMT( 1) =0.
DO 567 NU=2, 21
EMEMD( NU) =EMEMD( NU- 1) +HVEM
EMEM NU) =EMEM NU- 1) +HVEM
EVEMT ( NU) =EMEMT ( NU- 1) +HVEMT
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RVEMD(NU, 1) =0.
RVEMD((NU, 2) =0.
RVEMD( NU, 3) =0.
RVEM NU, 1) =0.
RVEM NU, 2) =0.
RVEM NU, 3) =0.
567 RVEMT ( NU) =0.
EMEMT(21) =( 9. *TO/ AN) +3. 0
C
C Arrays for calcualtion total angular distribution
QPl =3. 1415926/ 18.
QAN=0.
Pl (1) =1.
DO 597 | QAN =1, 19
DO 597 | QAN2=1, 5
DO 597 | QAN3=1, 3
597 SPE(1 QAN, | QAN2, | QAN3) =0.
DO 598 | QAN=2, 19
QAN=QAN+CPI
598 Pl (1 QAN) =COS( QAN)
C
C Arrays for calcualtion of inclusive particle spectra
C ANGCEN is array for angles (9)
C DCEN is the angular bin for angles ANGCEN +/- DCEN
DCEN = 4.
QPl =3. 1415926/ 180.
DO 1014 MP = 1,3
DO 1012 I CEN=1,9
QAN1= ANGCEN( I CEN, MP) - DCEN
QAN2= ANGCEN( | CEN, MP) + DCEN
| F(QANL. LT. 0. 0) QAN1 =0.0
| F(QAN2. GT. 180. 0) QAN2 =180.0
ANGLI M | CEN, 1, MP) COS( QANL* QPI )
ANGLI M | CEN, 2, MP) COS( QAN2* QPI )
DO 1011 NuU=1, 21
1011 ANGSUMNU, I CEN,MP) = 0.0
1012 CONTI NUE
1014 CONTI NUE

600 FORMAT(1X, 10X,'VP=',F6.1,' VAL=',6F6.1)
C REFR i s the maxi mal nunber of reflections for current MC history
REFR=100.
PRI NT 731, TF(K+1, 1)
I F(I NFBI G GT. 0) WRI TE( | PR, 731) TF( K+1, 1)
731 FORVAT(1X,' Average binding energy ', E12.5)
C
C Define effective threshol d danage energy
CALL DEFI NE_ED( 2)
C
RETURN
2000 Print 2001, KZONESC
Wite(l PR 2001) KZONESC

2001 Format (' Paraneter KZONESC =',i5,' is not valid')

STOP

END
EE R I I R I R I I I I I I R R I I I S I R I IR R I I R I I I R I I R I b A R R I I S
* SUBROUTI NE | NI PAR *

R R R I I R I I R S I R S I S O R I R R I O I R

SUBROUTI NE | NI PAR



COWON PARTI C/ WP, PX, PY, PZ, P, T, E, X, Y, Z, R, JI N, M
COVMON/ K/ K / DATI NI/ RA, TO, W) / MAI | PR/ | PR / MPARI N/ MPARI N
COVMON/ URANDL/ | YG
WP=\\D
CC=RANDOM 0)

RK=RA* SQRT( CC)
Z=- RA* SQRT( 1. - CO)
UU=6. 2831852* RANDOM 0)
X=RK* COS( UU)
Y=RK* SI N( UU)
R=RA
T=TO
JI NeK
PX=0.
PY=0.
P=SQRT(T**2+2. *\WP* T)
PZ=P
MEMPARI N
CALL TRANS(K+1, K, | TR9)
| F(1 TR9. NE. 0) GOTO 10
E=T+WP
RETURN
10 WRI TE(1 PR, 20)
20 FORMAT(1X,' ERROR I N | NI PAR ( REFLECTI ON AT THE ENTRANCE ',
1' I N NUCLEUS) ')
STOP
END

R R I I I R R R S I R R R R I I R R R R O

* SUBRQUTI NE | NSEP *
R I S bk S R S S I R S O Rk R Rk b R R S S e
SUBRQUTI NE | NSEP
COVMON | NFSEP/ KSEP( 100, 4) , | NFSEP, JSEPM
COMON MAI I PR/ TPR /1T VWRI/ 1 VR
C JSEPM i s maxi mal nunber of reactions required
C If INFSEP=1 and input contains 0 O O, no cal cul ati ons
| =0
77 I =I+1
I F(I. GT.100) GOTO 3000
READ *,IN, I P, I A
KSEP( I, 1) =1 ABS(I N)
KSEP( 1, 2) =I ABS( | P)
KSEP( I, 3) =1 ABS( | A)
JSEPM-I
I F((I ABS(I N) +1 ABS( 1 P) +I ABS(| A)). EQ 0) | NFSEP=0
| F(I NFSEP. EQ 0) RETURN
IF(IN.LT.0.OR I P.LT.0. OR | A LT.0) RETURN
GOTO 77
3000 WRI TE(I PR, 4000)
I F(I WRI . NE. 0) \RI TE( | WRI , 4000)
4000 FORMAT(1X,' SUBR I NSEP. NUMBER OF REACTI ONS REQUI RED > 100')
STOP
END

R R R R R R R R R R R R R E R R R R R R R R R R SRR R EEEEEEREEREEEREEEEEREEREEEEEEEEEEEEE]

* SUBROUTI NE | NSEP2 *
ER I I I I I SR I I I I R I I R R I R I I I I I I I I I I I I I I R I I I R I I I I S I I S I I Ik S I
SUBROUTI NE | NSEP2
COMMON | NFSEP/ KSEP( 100, 4) , | NFSEP, JSEPM
COMMON/ SEPSEP/ RSEP2( 100, 2) , JSEPM2
COVMON MAI | PR/ | PR
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COVMMON/ | VWRI / | VR
C JSEPM i s maxi mal nunber of reactions required
C If INFSEP=2 and input contains 0 O 0, no cal cul ations
| =0
77 I =I+1
| F(I. GT.100) GOTO 3000
READ *, ZZZ, AAA
RSEP2( |, 1) =ABS( 2ZZ)
RSEP2( |, 2) =ABS( AAA)
JSEPM2=I
| F( (ABS(ZZZ) +ABS( AAA) ) . EQ 0.) | NFSEP=0
| F(I NFSEP. EQ 0) RETURN
| F(ZZZ. LT.0..OR AAA LT.0.) RETURN
GOTO 77
3000 WRI TE(| PR, 4000)
I F(I WRI . NE. 0) WRI TE( | WRI , 4000)
4000 FORMAT(1X,' SUBR | NSEP2. NUMBER OF REACTI ONS REQUI RED > 100')
STOP
END

IR R R R R RS EEE EEEEE R E R EE R R R R E R EEEEREEEEREEEEEREEREREEEEEREREEEERESEEEE]

* SUBROUTI NE | NSEP3 *
ER R I I I SR I I I I R I R R I I R I I I I R I I I I I I I I I I I I I R I I S I I I R kI S
SUBROUTI NE | NSEP3( MM ZZ, AA)
COVMON/ | NFSEP/ KSEP( 100, 4) , | NFSEP, JSEPM
COVMON/ SEPSEP/ RSEP2( 100, 2) , JSEPMR
COVMON/ MAI | PR/ | PR /1 VRl / | WRI
MPARI N=MM
7=77
ANEAA
ZCOVP=Z+FLOAT( MPARI N) - 1.
ACOVP=ANH+1.
| F(MPARI N. eq. 3) ZCOWP=Z+2.
| F(MPARI N. eq. 3)  ACOVP=AN+4.
DO 10 | =1, JSEPMR
TOT=ACOMP- RSEP2( 1 , 2)
ZI =ZCOMP- RSEP2( 1 , 1)
RNI =TOT- ZI
| N=RNI +0. 01
| P=2I +0. 01
| A=0
KSEP(1, 1) =I N
KSEP(I, 2) =I P
10 KSEP(1, 3) =I A
JSEPM=J SEPMR
RETURN
END

R R I I I R R I S I R I I R R S I R R R I R R S O

* SUBROUTI NE | NTPOP *
EE R R S b I S b R S b I b R I b R b I I b R b I S I b I S b S S b R b I b R b I S I S S R b I O

SUBROUTI NE | NTPCP( | KS, | NT9)

COMMON/ DAl NT/ PF( 33, 4), ROL( 33) , RZON(33) , FI G

COMMON K/ K / NDI M NPAR

COMMON | NTTRL/ PWK, PWY, PWZ, TW NPREN, NPREP, NPREA

COMMON/ PARTI C/ WP, PX, PY, PZ, P, T, E, X, Y, Z, R, JIN, M

COMMON/ PARTNR/ PPX, PPY, PPZ, PP, X

COMMON/ TYPACT/ L, L7 / QSUM QSUM / BONDL/ QBON( 200, 200, 6)

COVMON/ URANDL/ | YG /| NFDI S/ | NFDI S, | NFOUP( 3)

COMMON/ JACT/ JACT / MAI | PR/ | PR

| NT9=0
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10

12
14
16

20

30

40
50

52
53

60

70
80

90

95

101

102

J1=JIN
CC=RANDOM 0)

X1=ALOG CC)
CONTI NUE
J3=J1-1
I F(J3)12,12, 14
RzJ0=0.
GOTO 16
RZJ0=RZON(J3)
CONTI NUE
RZONX=RZON( J1)
CALL ZONWAY( RZONX, RzJ0, J1,J3,J2, SLI NE)
CONTI NUE
| F(J1. GT. K) GOTO 1985
CALL CHOPAR(J1, SXX)
|F(MX.eq.0 .or. L.eq.0) GOTO 1995
PATH=1. / (ROL(J1) * SXX)
DSL=PATH FI G
DSL=PATH
| F( SLI NE- DSL) 30, 30, 40
D1=SLI NE
GOTO 50
D1=DSL
X1=X1+D1/ PATH
HH=D1/ P
X=X+HH* PX
Y=Y+HH* PY
Z=Z+HH*PZ
R=SQRT( X* X+Y* Y+Z* Z)
SLI NE=SLI NE- D1
| F( X1) 60, 52, 150
I F( SLI NE) 200, 53, 150
DELTA=0. 001
GOTO 200
CONTI NUE
| F( ABS( SLI NE) - 0. 0001) 70, 70, 20
I F(J1-J2) 80, 80, 140
J2=J1+1
| F(J2- K) 140, 140, 90
CONTI NUE
CALL TRANS(J1, J2, 1 TR9)
| F(I TR9. NE. 0) @GOTO 250
I F(J1-K) 10, 10, 95
PWK=PWK+PX
PWY=PWY+PY
PWZ=PWZ+PZ
TWETWT
I F(M NE. 3) QSUM=QBON( NPREN+2* NPREA+1, NPREP+2* NPREA+1, M) +QSUM
I F(MEQ 3) QSUM=QBON( NPREN+2* NPREA+1, NPREP+2* NPREA+1, 6) +QSUM

I F(1 NFDI S. EQ 1. AND. JACT. NE. 0) CALL MEMPRE( M PX, PY, PZ, T)

| F(M 2) 101, 102, 103
NPREN=NPREN+1
GOoTO 111
NPREP=NPREP+1
GOoTO 111

87



103 NPREA=NPREA+1

111 CONTI NUE
| F(NPAR) 112, 112, 114
112 1 KS=-1
RETURN
114 | KS=0
RETURN
140 CONTI NUE
CALL TRANS(J1,J2, | TR9)
| F(1 TR9. NE. 0) GOTO 250
145 E=T+WP
GOTO 10
150 DELTA=PATH* X1
200 HH=DELTA/ P

X=X- HH PX
Y=Y- HH PY
Z=7- HH PZ
R=SQRT( X * 2+Y* * 247% % 2)
| KS=1
JINEJL
CALL DI STPA(J1)
RETURN
250 | NT9=1
RETURN
C
C

*

*

*

*

*

*

1985 PRI NT 1986, J1, K
WRI TE(| PR, 1986) J1, K
1986 FORMAT(1X,' INTPOP FALSE J1=',14,' K=',14)
STOP
1995 PRI NT 1996, M MX, L
WRI TE( | PR, 1996) M MX, L
1996 FORMAT(1X,' ERROR IN CHOPAR M ,15,' MX=',15,' L=',I5)
STOP
END

LR R R R R R RS R R R R R SRR R R R R R R R SRR R R EEEEREEREEREREEREEREEREEEEREREREESEXES

SUBROUTI NE LEGEN *
EIE R I S I e I I I I I I I I R R I I I I I e I I S I S I S R I I I I I I I R R I I R I R I I I I R I S I I b
SUBROUTI NE LEGEN( X, P)
DI MENSI ON P( 30)
P(1)=1.
P(2) =X
DO 1 M1, 7
RVEFLOAT( M
1 P(MF2)=((2. *RWMHL. ) *X*P(M1) - RVFP(M) ) / (RVIFL. )
RETURN
END

ERE R R R I R I R R S R I R S R R S R R R S R

SUBROUTI NE LI BGEN *
R R R b S I I R I I R I I S I R I R R I I S I S
SUBROUTI NE LI BGEN
COVMON/ MPARI N/ MPARI N / QBOCFU/ NSUWN, NSUMP / AN/ AN
COVMON/ | NI QBQY Z, CKA, CKB, RPA, RPB, RALA, RALB
COVMON/ LI B91/ W NLI B( 100, 250) , | NFLI B
Al=1. +AN- FLOAT( NSUMN+NSUMP) +2.
Z1=FLOAT( MPARI N- 1) +Z- FLOAT( NSUVP) +1.
| F(MPARIN. eq. 3)  Al=4. +AN- FLOAT( NSUMN+NSUMP) +2.
| F(MPARIN. eq. 3)  Z1=2. +Z- FLOAT( NSUMP) +1.
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| AA=A1+0. 01
| ZZ=71+0. 01
| E(1 AA. GT. 250. OR. | ZZ. GT. 100) GOTO 1000
W NLI B(1ZZ, | AA) =W NLI B(1 ZZ, | AA) +1
RETURN

1000 WRI TE(12, 2000) | AA , |Z2Z
WRI TE(1, 2000) | AA | | ZZ
PRI NT 2000, | AA , 122

2000 FORVAT(1X,' SUBR LIBGEN : |AA=',16,' 1ZZ=',16,' EXCEED LIMT')
STOP
END

R R I I R R R I I S R R R R I R R R R O

* SUBROUTI NE LI BOUT *
EE R I S b I S b R S b I b R I b R b I b I S I S I b S b R b I R R b I S I S I I I O o
SUBROUTI NE LI BOUT( CSNON, RRR)
REAL*8 | TYP(3), | CS( 4)
COVMON/ MAI | PR/ I PR /1 WRI /1 WRI / MPARI N MPARI N
COVMON/ DATI NI / RA, TO, W0 / AN/ AN
COVMON/ | NI QBQY Z, CKA, CKB, RPA, RPB, RALA, RALB
COVMON/ KHI ST/ KHI ST / LI B91/ W NLI B( 100, 250) , | NFLI B
COVMON/ | NF/ | NFBI G, | NFSO
DI MENSI ON CSNON( 4) , LA( 8) , CC( 8)
C B=BARASH, G=GEOVETRY, O=CPT| CAL, C=CHATTERJEE
DATA ICS/'B ,'G,'O,'C/

DATA I TYP/' NEUTRON ,' PROTON ,' ALPHA' /
C Qutput unit
M=12
| TZ=7+0. 01
| TA=AN+0. 01
| PZ=MPARI N- 1
| PA=1
| F(MPARI N. eq. 3) | PZ=2
| F(MPARI N. eq. 3) | PA=4
C
REASUMERRR
C Define nonel astic cross-section
| CSN=I NFS0
CRSNON=1000. * CSNON( | CSN)
CRSTMP=CRSNON/ REASUM
C

C Formfile
VWRI TE( M 1000)
1000 FORMAT(' 1',79('*"))
KHI STN=REASUM+0. 001
| ZSUP=I TZ+| PZ
| ASUP=I| TA+I PA
| SUVAL=0
DO 50 LLLZ=1, | ZSUP
| SUMZ=0
DO 20 MVVA=1, | ASUP
I F(W NLI B(LLLZ, MWWR) . GE. 1. E- 04) | SUMZ=1
I F(1 SUMZ. EQ 1) GOTO 25

20 CONTI NUE
25 I F(1 SUMZ. EQ 1) | SUMAL=I] SUMAL+1
50 CONTI NUE
C Header
WRI TE(M 1001) I TZ, I TA, TO, | TYP( MPARI N) , CRSNON, | CS( | CSN),
% | SUVAL, KHI STN
1001 FORMAT(13,14,F8.1," MEV' ,A8,F9.1, A1’ (", 12,"2)",
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200

1500

2000

2001

299

300

500

C

7000
7001

% 3X, " DI SCA' , | 7)
DO 500 | =1, | ZSUP
| Z=1 ZSUP- | +1
| SUMZ=0
DO 200 JJ=1, | ASUP
| F(W NLI B(1 Z, JJ) . GE. 1. E- 04) | SUMZ=I SUMZ+1
CONTI NUE
| F(1 SUMZ. EQ 0) GOTO 500
WRI TE(M 1500) | Z, | SUMZ
FORMAT( 1 3, " (" 13,"A")
JJJ=0
DO 300 JA=1, | ASUP
JMEl ASUP- JA+1
WAEW NLIB(1Z,JM  *  CRSTWP
| F(WW LT. 1. E- 04) GOTO 300
JJJI=3JI+1
| F(JJJ. GT. 8) GOTO 7000
LA(JJJ) =IM
CC(JJIJ) =WV
| F(JJJ. NE. 8) GOTO 300
WRI TE( M 2000) (LA(J11),J11=1, 8)
WRI TE(M 2001) (CC(J11), J11=1, 8)
FORMAT(4X, 13, 7(7X, 1 3))
FORVAT( 8E10. 3)
DO 299 LL=1,8
LA(LL) =-10
CC( LL) =- 10.
JJJ=0
CONTI NUE
| F(JJJ. NE. 0) WRI TE(M 2000) (LA(J11),J11=1, JJJ)
| F(JJJ. NE. 0) WRI TE(M 2001) (CC(J11),J11=1, JJJ)
CONTI NUE

RETURN
WRI TE(M 7001)
FORMAT(1X,' ERROR IN SUBR LI BOUT ')
STOP

END

IR R R R R E R SRR R R R R R RS RS R R R R SRR R R EEEEREREREEREEREREEEEREEEEEREEEEEE]

*

SUBROUTI NE LYNMASS *

R R R R R R R R R R R R R E R R R R R R R R SRR R EEEEEEEEREEEREEEEEREREEEE R EREEREEEE]

SUBROUTI NE LYMASS( ZEE, AMASS, NZ, NA, MC, MP, AP, AT, ZP, ZT, QVAL)

* taken from Bl ann code ALICE

DI MENSI ON EM 10) , XK(10), Y(2), F(2), XMB( 24, 11), EMP(10)
DI MENSI ON X 30)

COWON LYML/ BE( 11, 24, 4) , SYMB( 11, 24) , PAI R(11, 24) , SYMBP( 11, 24)
COWON SF/ MB, KPLT

DATA BLANK, FOR RINP/ 4H  , 4H MBL, 4H | NP/

DO 1 1=1,11

DO 1 K=1, 24

SYMBP( |, K) =BLANK

SYMB( |, K) =BLANK

PAI R(1, K) =0.

DO 1 L=1, 4

BE(I, K, L) =0.

CONTI NUE

DEL=0.

| F(MP. EQ 0. ) DEL=2.

| F(MP. EQ 3. ) DEL=1.
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C
C ABOVE STATEMENTS DEFI NE PAI RI NG TREATMENT
| Bl ND=0
I F(MC. LT.10) GO TO 6
IBIND = 1
MC=MC- 10
6 EM1)=0.0
EM 2)=2.0
EM 3)=8.0
EM 4)=14.0
EM 5) =28. 0
EM 6) =50. 0
EM 7)=82.0
EM 8) =126. 0
EM 9)=184.0
EM 10) =258. 0
CAY1=1. 15303
CAY3=200.0
CAY4=11.0
CAY5=8. 07144
CAY6=7. 28899
GAMVA=1. 7826
Al1=15. 4941
A2=17. 9439
A3=0. 7053
D=0. 444
C=5.8
SMALC=0. 325
PVAL=0.
DO 15 | =1, 10
EMP(1)=EMI)**(5.0/3.0)
15 CONTI NUE
DO 20 1=1,9
XK(1)=0.6*(EMP(I +1) -EMP(1))/ (EMI+1)-EM))
20 CONTI NUE
Rz=. 863987/ A3
L=0
Z=1.0
25 KzZ=ZEE
KA=ANMASS
| F(QVAL. EQ 0. . AND. PVAL. EQ 0.) GO TO 30
G0 TO 35
30 NNzZ=3
NNA=1
GO TO 90
35 NNZ=Nz+2
NNA=NA+2
cccce VWRI TE (6, 36)
36 FORMAT (1H1, 53X, ' MASS OPTIONS' /)
I F (MC. EQ 1. AND. MP. NE. 0) MC=0
cccce | F(1 BI ND. EQ 1) WRI TE( 6, 86)
86 FORMAT(20X,"' EXPERI MENTAL MASSES ARE USED WHERE TABUL'
1," ATED; LI QUI D DROP VALUES OTHERW SE. ')

cccce | F(MC. EQ 0) WRI TE( 6, 70)

cccce | F(MC. EQ 1) WRI TE( 6, 65)

cccce IF (MC.EQ2) WRITE (6, 70)
50 Conti nue

ccce | F( MP. EQ 0) WRI TE( 6, 75)
cccce | F(MP. EQ 1) WRI TE( 6, 80)

91



cccce | F(MP. EQ 3) WRI TE( 6, 81)
81 FORMAT(' NORMAL PAI RING SHI FT W TH ODD- EVEN REFERENCE PO NT' )
65 FORMAT(40X, ' LI QUI D DROP W THOUT SHELL CORRECTI ON TERM )
70 FORMAT(41X,' LI QUI D DROP WTH SHELL CORRECTI ON TERM )
75 FORMAT(21X,' WTHOUT PAIRING |.E LEVEL DENSITY PAIRI NG ',
1 ' SH FT ABSORBED | N Bl NDI NG ENERA ES' )
80 FORMAT(10X,' W TH PAI RING, LEVEL DENSITY PAI RI NG SH FT',
1 ' CALC. FROM MSL FORMULA AND APPLI ED I N BACKSH FTED ,
2 ' CONVENTI ON')
ccce IF (MP. EQ 2) WRI TE(6, 85)
85 FORMAT (20X,' MSL SHELL CORRECTI ON TERM | NCLUDED I N LEVEL ',
1 ' DENSI TY GROUND STATE SHI FT')
90 DO 215 JZ=1, NNz
DO 215 JA=1, NNA
| F(QVAL. EQ 0. . AND. PVAL. EQ 0.) GO TO 95
GO TO 115
95 | F(Jz-2) 100, 105, 110
100 Z=ZEE
A=ANASS
| A=A
| Z=2Z
N=lLA- | Z
UN=AMASS- ZEE
GO TO 125
105 z=ZT
A=AT
| A=A
| Z=2
NElA- 1 Z
UN=AT- ZT
GO TO 125
110 z=ZP
A=AP
| Z=2Z
| A=A
N=lLA-| Z
UN=AP- ZP
GO TO 125
115 | A=KA+2- JA-JZ
| Z=KZ+1-JZ
N=lLA-| Z
120 z=1Z
UN=N
A=l A
125 A3RT=A**(1.0/3.0)
A2RT=SQRT( A)
A3RT2=A3RT**2.0
7SQ=7**2.0
SYME((UN-2)/ A)**2
ACOR=1. 0- GAMVA* SYM
PARMAS=CAY5* UN+CAY6* Z
VOLNUC=- 1. 0* A1* ACOR* A
SUFNUC=A2* ACOR* A3RT2
COULMB=A3*ZSQ A3RT
FUZSUR=- 1. 0* CAY1*ZSQ A
ODDEV=-1.0*(1.0+2. 0* (N 2) - UN#2. * (1 2/ 2) - Z) | SQRT( A) * CAY4
PAI R(JZ, JA) =- ODDEV
SYMBP(JZ, JA) =FOR
| F( MP. EQ 0) ODDEV=0.
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| F(MP. EQ 0) GO TO 11
10 PAI R(JZ, JA) =(2. 0* (N 2) - UN#2. 0% (1 Z/ 2) - Z+DEL) / SQRT( A) * CAY4
SYMBP(JZ, JA) = FOR
11 CONTI NUE
| F(SYM GT. 0. 4) WIERMEO.
130 WIERM:O.
WOTNUC=PARMAS+COUL MB+FUZ SUR+ODDEV+WIERM
SMASS=WOTNUC+VOL NUC+SUFNUC
XVB(JA, JZ) =SMASS
XQ(JZ) =SMASS
135 CONTI NUE
C2=( SUFNUC+WIERM) / ( A** (2. 0/ 3. 0))
X=COULMB/ ( 2. 0* ( SUFNUC+WIERM) )
140 BARR=0. 0
145 Y(1)=UN
Y(2)=Z
DO 165 J=1, 2
DO 150 I=1, 9
IF (Y(J)-EM1+1)) 160, 160, 150
150 CONTI NUE
155 STOP
160 F(J)=XK(1)*(Y(JI)-EM1))-.6*(Y(JI)**(5./3.)-EMP(1))
165 CONTI NUE
S=(2.0/A)**(2.0/3.0)*(F(1)+F(2))- SMALC*A**(1./3.)
EE=2. * C2* D** 2* (1. 0- X)
FF=. 42591771* C2* D**3* (1. +2. *X) / A3RT
SSHELL=C*S
V=SSHELL/ EE
EPS=1. 5* FF/ EE
| F(EE*(1.-3.*V).LE. 0.0) GO TO 170
QCALC=0. 0
THETA=0. 0
SHLL=SSHELL
GO TO 210
170 TO=1.0
175 DO 180 | PQ=1, 10
T=TO (1. - EPS*TO V*(3.-2. *TO**2) *EXP(- TO**2) ) / ( - EPS+V* (10. * TO- 4.
1 *TO**3) *EXP(- TO *2))
IE (T.LE.0.0) GO TO 190
IF (ABS(T-TO) .LT.0.0001) GO TO 185
TO=T
180 CONTI NUE
GO TO 200
185 | F (2. *EE*(1.-2. *EPS*T- V* (3. - 12. *T**2+4. * T** 4) *EXP( - T**2) )
1 .GTl.0.0) GO TO 205
190 DO 195 |=1, 20
TO=FLOAT(1)/ 10.
GL=EE* (1. - EPS* TO- V* (3. - 2. * TOF*2) *EXP( - TO**2))
IF (GL.GE.0.0) GO TO 175
195 CONTI NUE
200 CONTI NUE
GO TO 215
205 THETA=T
ALPHAO=D* SQRT(5. )/ A**(1./3.)
ALPHA=AL PHAO* THETA
SI GVA=ALPHA* (1. +ALPHA/ 14. )
QCALC=. 004* Z* ( RZ* A3RT) * * 2* (EXP( 2. * S| GVA) - EXP( - S| GVR) )
SHLL=EE* T** 2- FF* T** 3+SSHELL* (1. - 2. * T**2) * EXP( - T**2)
210 | F(MC. NE. 1. OR. MP. NE. 0) GO TO 211
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PAI R(JZ, JA) =PAI R(JZ, JA) - SHLL
SHLL = 0.

211 CMVASS=SMASS+SHLL
XVB( JA, JZ) =CMASS
| F(MP. EQ 2) PAIR(JZ, JA) =PAI R(JZ, JA) - SHLL
XQ(JZ) =CMASS

215 CONTI NUE
| F(QVAL. EQ 0. . AND. PVAL. EQ 0.) GO TO 220
GO TO 240

220 | F(ZP- 20.) 225, 225, 230

225 | F(AP. EQ 01.. AND. ZP. EQ 01.) X 3) =7. 29
| F(AP. EQ 01. . AND. ZP. EQ 00. ) XQ( 3) =8. 07
| F(AP. EQ 02. . AND. ZP. EQ 01.) XQ( 3) =13. 14
| F(AP. EQ 03. . AND. ZP. EQ 01. ) XQ( 3) =14. 95
| F(AP. EQ 03. . AND. ZP. EQ 02.) XQ( 3) =14. 93
| F(AP. EQ 04. . AND. ZP. EQ 02. ) XQ( 3) =2. 43
| F(AP. EQ 06. . AND. ZP. EQ 03. ) XQ( 3) =14. 09
| F(AP. EQ 07. . AND. ZP. EQ 03. ) XQ( 3) =14. 91
| F(AP. EQ 09. . AND. ZP. EQ 04. ) XQ( 3) =11. 35
| F(AP. EQ 10. . AND. ZP. EQ 05. ) XQ( 3) =12. 05
| F(AP. EQ 11. . AND. ZP. EQ 05. ) XQ 3) =8. 67
| F(AP. EQ 12. . AND. ZP. EQ 06. ) XQ 3) =O0.
| F(AP. EQ 13.. AND. ZP. EQ 06. ) XQ( 3) =3. 13
| F(AP. EQ 14. . AND. ZP. EQ 07.) XQ( 3) =2. 86
| F(AP. EQ 15. . AND. ZP. EQ 07.) XQ( 3) =0. 10
| F(AP. EQ 16. . AND. ZP. EQ 08. ) XQ( 3) =- 4. 74
| F(AP. EQ 17.. AND. ZP. EQ 08.) XQ(3) =-. 81
| F(AP. EQ 18. . AND. ZP. EQ 08.) XQ(3) =-. 78
| F(AP. EQ 19. . AND. ZP. EQ 09.) XQ( 3) =- 1. 49
| F(AP. EQ 20. . AND. ZP. EQ 10. ) XQ( 3) =- 7. 04
| F(AP. EQ 21.. AND. ZP. EQ 10.) XQ(3) =- 5. 73
| F(AP. EQ 22. . AND. ZP. EQ 10.) XQ( 3) =- 8. 03
| F(AP. EQ 23.. AND. ZP. EQ 11. ) XQ(3) =- 9. 53
| F(AP. EQ 24. . AND. ZP. EQ 12. ) XQ( 3) =- 13. 93
| F(AP. EQ 25. . AND. ZP. EQ 12. ) XQ( 3) =- 13. 19
| F(AP. EQ 26. . AND. ZP. EQ 12.) XQ( 3) =- 16. 21
| F(AP. EQ 27.. AND. ZP. EQ 13.) XQ(3) =-17. 2
| F(AP. EQ 28. . AND. ZP. EQ 14. ) XQ( 3) =- 21. 49
| F(AP. EQ 29. . AND. ZP. EQ 14. ) XQ( 3) =- 21. 89
| F(AP. EQ 30. . AND. ZP. EQ 14. ) XQ( 3) =- 24. 44
| F(AP. EQ 31.. AND. ZP. EQ 15. ) XQ( 3) =- 24. 44
| F(AP. EQ 32.. AND. ZP. EQ 16. ) XQ( 3) =- 26. 01
| F(AP. EQ 33.. AND. ZP. EQ 16. ) XQ( 3) =- 26. 58
| F(AP. EQ 34. . AND. ZP. EQ 16. ) XQ( 3) =- 29. 93
| F(AP. EQ 36. . AND. ZP. EQ 16. ) XQ( 3) =- 30. 66
| F(AP. EQ 35. . AND. ZP. EQ 17. ) XQ( 3) =- 29. 01
| F(AP. EQ 37.. AND. ZP. EQ 17.) XQ( 3) =- 31. 77
| F(AP. EQ 36. . AND. ZP. EQ 18. ) XQ( 3) =- 30. 23
| F(AP. EQ 38. . AND. ZP. EQ 18. ) XQ( 3) =- 34. 72
| F(AP. EQ 40. . AND. ZP. EQ 18. ) XQ( 3) =- 35. 04
| F(AP. EQ 39. . AND. ZP. EQ 19. ) XQ( 3) =- 33. 80
| F(AP. EQ 40. . AND. ZP. EQ 19. ) XQ( 3) =- 33. 53
| F(AP. EQ 41. . AND. ZP. EQ 19. ) XQ( 3) =- 35. 55
| F(AP. EQ 40. . AND. ZP. EQ 20. ) XQ( 3) =- 34. 85
| F(AP. EQ 42. . AND. ZP. EQ 20. ) XQ( 3) =- 38. 54
| F(AP. EQ 43. . AND. ZP. EQ 20. ) XQ( 3) =- 38. 40
| F(AP. EQ 44. . AND. ZP. EQ 20. ) XQ( 3) =- 41. 46
| F(AP. EQ 46. . AND. ZP. EQ 20. ) XQ( 3) =- 43. 14
| F(AP. EQ 48. . AND. ZP. EQ 20. ) XQ( 3) =- 44. 22
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230

Ccccc

235

240

245

CCccc

250

400

255

Cccc

260

CCccc

Ccccc
cccc

265

Cccc

268

270
275

280

285

PVAL=XQ 2) +XQ( 3) - XQ( 1)
VWRI TE( 6, 235) PVAL
FORVAT(/41X,' QVAL FROM MYERS SW ATECKI NMASS FORMULA = ', F8. 3)
GO TO 25
DO 245 JZ=1, NZ
DO 245 JA=1, NA
SYMB(JZ, JA) = FOR
BE(JZ, JA, 1) =8. 07+XMS(JA+1, JZ) - XMB(JA, JZ)
BE(JZ, JA, 2) =7. 29+XMB(JA, JZ+1) - XMB(JA, JZ)
BE(JZ, JA, 4) =13. 3+XM5(JA+1, JZ+1) - XM5( JA, J2Z)
BE(JZ, JA, 3) =2. 42+XMB(JA+2, JZ+2) - XM5( JA, J2Z)
| F(1 BIND. EQ 1) CALL BI NDEN( ZEE, AMASS, NZ, NA, AP, AT, ZP, ZT,
1 QVAL, MB, MP)
| F(QVAL. EQ 0. ) WRI TE( 6, 235) PVAL
I F( QVAL. EQ 0. ) QVAL=PVAL
I F(MC. NE. 2) GO TO 260
DO 255 | Z=1, N\NZ
DO 255 | A=1, NNA
READ( 5, 270) BE1, BE2, BE3, BE4, PDEL
| F(BEL. EQ 0.) GO TO 400
BE(1Z, | A 1)=BEl
BE(1Z, | A 2)=BE2
BE(IZ, | A 3)=BE3
BE(1Z, | A 4)=BE4
SYMB(1 Z, 1 A) =RI NP
| F(PDEL. EQ 0.) GO TO 255
PAI R(1Z, | A) =PDEL
SYMBP( I Z, | A) =RI NP
CONTI NUE
WRI TE (6, 275)
Conti nue
WRI TE( 6, 280)
DO 265 | Z=1, NNZ
MZ=ZEE+1-1Z
DO 265 | A=1, NNA
MA=AMASS+2- 1 A- 1 Z
VRI TE( 6, 285) MZ, MA, (BE(1Z, 1 A, K), K=1, 4), SYMB(1Z, | A),
1 PAIR(IZ, 1A, SYMBP(IZ, | A
I F(MP. LE. 0) PAI R(1 Z, 1 A) =0.
PAIR(1Z,1A)=10. *PAIR(1 Z, | A
CONTI NUE
WRI TE (6, 268)
FORVAT (1H1)
RETURN
FORVAT( 5F10. 5)
FORVAT (20X, ' SOVE BI NDI NG ENERG ES OR LEVEL DENSI TY GROUND ',
* ' STATE SH FTS PROVI DED BY USER' )
FORVAT (/ 30X, ' BI NDI NG ENERG ES AND LEVEL DENSI TY GROUND ',
* ' STATE SHI FTS USED //22X,' |Z = Z-1NDEX OF NUCLELUS, ',
" A = A-1 NDEX OF NUCLEUS | N PROGRAM | SOTCPE TABLE' / 32X,
' MBL CALCULATED BY MYERS SW ATECKI LYSEKILL MASS FORMULA'/
32X, ' TAB = TAKEN FROM 1971 MASS TABLE' /32X,' I NP = PROVI DED ,
' BY USER /32X,' ABE = ABSORBED | N Bl NDI NG ENERGY' //
10X,' 1Z 1A NEUTRON PROTON ALPHA ',
' DEUTERON SOURCE GS SH FT SOURCE' /)
FORVAT( 10X, 21 4, 2X, 4( F10. 5, 2X), 3X, A4, 3X, F10. 5, 3X, Ad4)
END

*
*
*
*
*
*

R R I I I R R S O R R R R R R I R R R

*

SUBROUTI NE MASDAT
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* Only nucleon and al pha projectile is assuned

SUBROUTI NE MASDAT
COVMON/ MASTR1/ W 21, 21)
COWON/ AN/ AN
COVMON/ MPARI N/ MPARI N
AVEAN
I'f (MPARI N. eq. 3) AMEAN+3.
DO 2 1=1,21
DO 1 J=I,21
W1, J) =( AM FLOAT(I - 1) - FLOAT(J- 2) ) *931. 5016
WJ, 1)=W1,J)
CONTI NUE
CONTI NUE
RETURN
END

IR R R R R R RS R R R R RS R R R R R R SRR R RS RS R R R R EREEREEEEEREEEEEREEEEEEEREERES

*

SUBROUTI NE MASS *
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*

C
Cc
C
Cc
C
Cc

11

12

SUBROUTI NE MASS( MZ, N, EXCES, ERRR, | RET)

taken from Bl ann code ALI CE

FI NDS MASS EXCESS (EXCES, IN MEV) AND ERROR (ERRR) FROM 1971
WAPSTRA GOVE MASS TABLE UP TO 199PT, FROM 1977(?) TABLE UP TO 256E
ERRR=500. MEANS MASS |'S FROM SYSTEMATI CS
ERRR=+0. MEANS STABLE NUCLI DE
Pl ONS | N MASS TABLE HAVE HAD Z ELECTRONS ADDED TO BE CONSI STENT
W TH REST OF THE ATOM C MASS TABLE
DATA NT/ 1755/
NZNO=MZ* 1000+N
NL=( ( MZ/ 10) * 2- 4) * 100
I F(NL. LE. 0) NL=1
DO 11 J=NL, NT
| F(1 ZATAB(J) . EQ NZNO) GO TO 12
CONTI NUE
| RET=l RET+1
RETURN
EXCES=ZAMASS( J)
ERRR=ERRMVAS( J)
RETURN
END
FUNCTI ON | ZATAB(J)
TABLE OF ZA (1000*Z + A)
DI MENSI ON | TABLE( 1800) ,
1 1(54), 1 1A(46), 1 2(54), 1 2A(46), 1 3(54), | 3A(46), 1 4(54), | 4A(46),
1 5(54), 1 5A(46), 1 6(54), 1 6A(46),17(54), 1 7A(46), 1 8(54), | 8A(46),
1 9(54), 1 9A(46), 110(54), 1 10A(46), | 11(54), | 11A( 46),
1 12(54), 1 12A(46), 1 13(54), 1 13A(46), | 14(54), | 14A( 46)
| 15(54), | 15A(46), 1 16(54), 1 16A(46), | 17(54), | 17A( 46),
| 18(54), | 18A( 46)
EQUI VALENCE (11(1), 1 TABLE(1)), (12(1), | TABLE(101)),
1(13 (1), 1 TABLE(201 )), (14 (1), TABLE( 301)), (15 (1), TABLE( 401)),
2(16 (1), TABLE( 501)), (17 (1), TABLE( 601)), (18 (1), ! TABLE( 701)),
3(19 (1), TABLE( 801)),(110(1), | TABLE( 901)), (111(1), | TABLE(1001)),

OO WNPE

4(112(1),1 TABLE(1101)), (113(1), | TABLE(1201)), (114(1), | TABLE(1301))
5(115(1), | TABLE(1401)), (116(1), | TABLE(1501)), (117(1), | TABLE(1601))
6(118(1), | TABLE(1701))

EQUI VALENCE (I 1A(1), | TABLE(55)), (1 2A(1), | TABLE(155)),
1 (13A (1), TABLE(255 )), (14A (1), 1 TABLE( 355)),
2 (15A (1), | TABLE(455 )), (16A (1), 1 TABLE( 555)),
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3 (17A (1), | TABLE(655 )), (18A (1), 1 TABLE( 755)),
4 (19A (1), | TABLE(855 )), (110A(1), | TABLE( 955)),
5 (111A(1), | TABLE(1055)), (112A(1), | TABLE(1155)),
6 (113A(1), 1 TABLE(1255)), (1 14A(1), | TABLE( 1355)),
7 (115A(1), | TABLE(1455)), (116A(1), | TABLE( 1555)),
8 (117A(1), 1 TABLE(1655)), (118A(1), | TABLE(1755))
DATA 1 1/
1 -999, 0, 999, 1, 4, 1000, 1001, 1002, 1004,
2 2001, 2002, 2003, 2004, 2006, 3002, 3003, 3004, 3005,
3 3006, 3007, 3008, 4001, 4002, 4003, 4004, 4005, 4006,
4 4007, 4008, 5002, 5003, 5004, 5005 5006, 5007, 5008,
5 5009, 5010, 6002, 6003, 6004, 6005 6006, 6007, 6008,
6 6009, 6010, 6011, 7003, 7004, 7005, 7006, 7007, 7008/

DATA | 1A
7009, 7010, 7011, 7012, 8003, 8004, 8005, 8006, 8007,
8008, 8009, 8010, 8011, 8012, 9005, 9006, 9007, 9008,
9009, 9010, 9011, 9012, 9013, 9014, 10005, 10006, 10007,
10008, 10009, 10010, 10011, 10012, 10013, 10014, 11007, 11008,
11009, 11010, 11011, 11012, 11013, 11014, 11015, 11016, 12007,
12008/

DATA | 2/

12009, 12010, 12011, 12012, 12013, 12014, 12015, 12016, 13009,
13010, 13011, 13012, 13013, 13014, 13015, 13016, 13017, 13018,
14009, 14010, 14011, 14012, 14013, 14014, 14015, 14016, 14017,
14018, 15011, 15012, 15013, 15014, 15015, 15016, 15017, 15018,
15019, 15020, 16011, 16012, 16013, 16014, 16015, 16016, 16017,
16018, 16019, 16020, 16021, 16022, 17013, 17014, 17015, 17016/

DATA | 2A

17017, 17018, 17019, 17020, 17021, 17022, 17023, 18013, 18014,
18015, 18016, 18017, 18018, 18019, 18020, 18021, 18022, 18023,
18024, 18025, 18026, 18027, 18028, 19015, 19016, 19017, 19018,
19019, 19020, 19021, 19022, 19023, 19024, 19025, 19026, 19027,
19028, 20015, 20016, 20017, 20018, 20019, 20020, 20021, 20022,
20023/

DATA 13/

20024, 20025, 20026, 20027, 20028, 20029, 20030, 21019, 21020,
21021, 21022, 21023, 21024, 21025, 21026, 21027, 21028, 21029,
22019, 22020, 22021, 22022, 22023, 22024, 22025, 22026, 22027,
22028, 22029, 22030, 23021, 23022, 23023, 23024, 23025, 23026,
23027, 23028, 23029, 23030, 23031, 24021, 24022, 24023, 24024,
24025, 24026, 24027, 24028, 24029, 24030, 24031, 24032, 25023/

DATA | 3A

25024, 25025, 25026, 25027, 25028, 25029, 25030, 25031, 25032,
25033, 26023, 26024, 26025, 26026, 26027, 26028, 26029, 26030,
26031, 26032, 26033, 26034, 26035, 27025, 27026, 27027, 27028,
27029, 27030, 27031, 27032, 27033, 27034, 27035, 27036, 27037,
28025, 28026, 28027, 28028, 28029, 28030, 28031, 28032, 28033,
28034/

DATA | 4/

1 28035, 28036, 28037, 28038, 28039, 29029, 29030, 29031, 29032,

2 29033, 29034, 29035, 29036, 29037, 29038, 29039, 29040, 30029,

3 30030, 30031, 30032, 30033, 30034, 30035, 30036, 30037, 30038,

4 30039, 30040, 30041, 30042, 31032, 31033, 31034, 31035, 31036,

5 31037, 31038, 31039, 31040, 31041, 31042, 31043, 31044, 32033,

6 32034, 32035, 32036, 32037, 32038, 32039, 32040, 32041, 32042/
DATA | 4A

1 32043, 32044, 32045, 32046, 32047, 33936, 33937, 33938, 33939,

2 33940, 33941, 33942, 33943, 33944, 33945, 33946, 33947, 33948,

3 34037, 34038, 34039, 34040, 34041, 34042, 34043, 34044, 34045,

OO WNPE OO WNPE O WNPE OO WN P
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4 34046, 34047, 34048, 34049, 34050, 35038, 35039, 35040, 35041,
5 35042, 35043, 35044, 35045, 35046, 35047, 35048, 35049, 35050,
6 35051/

DATA 15/
1 35052, 36038, 36039, 36040, 36041, 36042, 36043, 36044, 36045,
2 36046, 36047, 36048, 36049, 36050, 36051, 36052, 36053, 36054,
3 36055, 37042, 37043, 37044, 37045, 37046, 37047, 37048, 37049,
4 37050, 37051, 37052, 37053, 37054, 37055, 37056, 38043, 38044,
5 38045, 38046, 38047, 38048, 38049, 38050, 38051, 38052, 38053,
6 38054, 38055, 38056, 38057, 39044, 39045, 39046, 39047, 39048/
DATA | 5A

39049, 39050, 39051, 39052, 39053, 39054, 39055, 39056, 39057,
39058, 40045, 40046, 40047, 40048, 40049, 40050, 40051, 40052,
40053, 40054, 40055, 40056, 40057, 40058, 40059, 40060, 40061,
41046, 41047, 41048, 41049, 41050, 41051, 41052, 41053, 41054,
41055, 41056, 41057, 41058, 41059, 41060, 41061, 41061, 42046,
42047/
DATA 1 6/

42048, 42049, 42050, 42051, 42052, 42053, 42054, 42055, 42056,
42057, 42058, 42059, 42060, 42061, 42062, 43048, 43049, 43050,
43051, 43052, 43053, 43054, 43055, 43056, 43057, 43058, 43059,
43060, 43061, 43062, 43063, 44049, 44050, 44051, 44052, 44053,
44054, 44055, 44056, 44057, 44058, 44059, 44060, 44061, 44062,
44063, 44064, 45050, 45051, 45052, 45053, 45054, 45055, 45056/
DATA | 6A
1 45057, 45058, 45059, 45060, 45061, 45062, 45063, 45064, 45065,
2 46051, 46052, 46053, 46054, 46055, 46056, 46057, 46058, 46059,
3 46060, 46061, 46062, 46063, 46064, 46065, 46066, 47052, 470583,
4 47054, 47055, 47056, 47057, 47058, 47059, 47060, 47061, 47062,
5 47063, 47064, 47065, 47066, 47067, 47068, 47069, 48053, 48054,
6 48055/
DATA | 7/

48056, 48057, 48058, 48059, 48060, 48061, 48062, 48063, 48064,
48065, 48066, 48067, 48068, 48069, 48070, 48071, 49053, 49054,
49055, 49056, 49057, 49058, 49059, 49060, 49061, 49062, 49063,
49064, 49065, 49066, 49067, 49068, 49069, 49070, 49071, 49072,
49073, 49074, 49075, 50053, 50054, 50055, 50056, 50057, 50058,
50059, 50060, 50061, 50062, 50063, 50064, 50065, 50066, 50067/
DATA | 7A

50068, 50069, 50070, 50071, 50072, 50073, 50074, 50075, 50076,
50077, 50078, 51054, 51055, 51056, 51057, 51058, 51059, 51060,
51061, 51062, 51063, 51064, 51065, 51066, 51067, 51068, 51069,
51070, 51071, 51072, 51073, 51074, 51075, 51076, 51077, 51078,
51079, 51080, 51081, 51082, 52055, 52056, 52057, 52058, 52059,
52060/
DATA | 8/
1 52061, 52062, 52063, 52064, 52065, 52066, 52067, 52068, 52069,
2 52070, 52071, 52072, 52073, 52074, 52075, 52076, 52077, 52078,
3 52079, 52080, 52081, 52082, 52083, 53060, 53061, 53062, 53063,
4 53064, 53065, 53066, 53067, 53068, 53069, 53070, 53071, 53072,
5 53073, 53074, 53075, 53076, 53077, 53078, 53079, 53080, 53081,
6 53082, 53083, 53084, 54062, 54062, 54063, 54064, 54065, 54066/
DATA | 8A/

54067, 54068, 54069, 54070, 54071, 54072, 54073, 54074, 54075,
54076, 54077, 54078, 54079, 54080, 54081, 54082, 54083, 54084,
54085, 54086, 55068, 55069, 55070, 55071, 55072, 55073, 55074,
55075, 55076, 55077, 55078, 55079, 55080, 55081, 55082, 55083,
55084, 55085, 55086, 55087, 56069, 56070, 56071, 56072, 56073,
56074/
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DATA 19/

56075, 56076, 56077, 56078, 56079, 56080, 56081, 56082, 56083,
56084, 56085, 56086, 56087, 56088, 57070, 57071, 57072, 57073,
57074, 57075, 57076, 57077, 57078, 57079, 57080, 57081, 57082,
57083, 57084, 57085, 57086, 57087, 57088, 57089, 58073, 58074,
58075, 58076, 58077, 58078, 58079, 58080, 58081, 58082, 58083,
58084, 58085, 58086, 58087, 58088, 58089, 58090, 59075, 59076/
DATA | 9A
1 59077, 59078, 59079, 59080, 59081, 59082, 59083, 59084, 59085,
2 59086, 59087, 59088, 59089, 59090, 59091, 60076, 60077, 60078,
3 60079, 60080, 60081, 60082, 60083, 60084, 60085, 60086, 60087,
4 60088, 60089, 60090, 60091, 60092, 61078, 61079, 61080, 61081,
5 61082, 61083, 61084, 61085, 61086, 61087, 61088, 61089, 61090,
6 61091/
DATA 110/

61092, 61093, 62079, 62080, 62081, 62082, 62083, 62084, 62085,
62086, 62087, 62088, 62089, 62090, 62091, 62092, 62093, 62094,
63080, 63081, 63082, 63083, 63084, 63085, 63086, 63087, 63088,
63089, 63090, 63091, 63092, 63093, 63094, 63095, 63096, 63097,
64080, 64081, 64082, 64083, 64084, 64085, 64086, 64087, 64088,
64089, 64090, 64091, 64092, 64093, 64094, 64095, 64096, 64097/
DATA |1 10A/

64098, 65081, 65082, 65083, 65084, 65085, 65086, 65087, 65088,
65089, 65090, 65091, 65092, 65093, 65094, 65095, 65096, 65097,
65098, 65099, 66082, 66083, 66084, 66085, 66086, 66087, 66088,
66089, 66090, 66091, 66092, 66093, 66094, 66095, 66096, 66097,
66098, 66099, 66100, 67082, 67083, 67084, 67085, 67086, 67087,
67088/
DATA | 11/
1 67089, 67090, 67091, 67092, 67093, 67094, 67095, 67096, 67097,
2 67098, 67099, 67100, 67101, 67102, 67103, 68082, 68083, 68084,
3 68085, 68086, 68087, 68088, 68089, 68090, 68091, 68092, 68093,
4 68094, 68095, 68096, 68097, 68098, 68099, 68100, 68101, 68102,
5 68103, 68104, 68105, 69082, 69083, 69084, 69085, 69086, 69087,
6 69088, 69089, 69090, 69091, 69092, 69093, 69094, 69095, 69096/
DATA 1 11A

69097, 69098, 69099, 69100, 69101, 69102, 69103, 69104, 69105,
69106, 69107, 70083, 70084, 70085, 70086, 70087, 70088, 70089,
70090, 70091, 70092, 70093, 70094, 70095, 70096, 70097, 70098,
70099, 70100, 70101, 70102, 70103, 70104, 70105, 70106, 70107,
70108, 71084, 71085, 71086, 71087, 71088, 71089, 71090, 71091,
71092/
DATA |12/

71093, 71094, 71095, 71096, 71097, 71098, 71099, 71100, 71101,
71102, 71103, 71104, 71105, 71106, 71107, 71108, 71109, 72085,
72086, 72087, 72088, 72089, 72090, 72091, 72092, 72093, 72094,
72095, 72096, 72097, 72098, 72099, 72100, 72101, 72102, 72103,
72104, 72105, 72106, 72107, 72108, 72109, 72110, 72111, 73090,
73091, 73092, 73093, 73094, 73095, 73096, 73097, 73098, 73099/
DATA 1 12A/
1 73100, 73101, 73102, 73103, 73104, 73105, 73106, 73107, 73108,
2 73109, 73110, 73111, 73112, 73113, 74091, 74092, 74093, 74094,
3 74095, 74096, 74097, 74098, 74099, 74100, 74101, 74102, 741083,
4 74104, 74105, 74106, 74107, 74108, 74109, 74110, 74111, 74112,
5 74113, 74114, 74115, 75092, 75093, 75094, 75095, 75096, 75097,
6 75098/

DATA 113/
1 75099, 75100, 75101, 75102, 75103, 75104, 75105, 75106, 75107,
2 75108, 75109, 75110, 75111, 75112, 75113, 75114, 75115, 75116,

O WNPE

OO WNPE

OO WNPE

O WNPE

OO, WNPE
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3 76093, 76094, 76095, 76096, 76097, 76098, 76099, 76100, 76101,
4 76102, 76103, 76104, 76105, 76106, 76107, 76108, 76109, 76110,
5 76111, 76112, 76113, 76114, 76115, 76116, 76117, 76118, 76119,
6 77094, 77095, 77096, 77097, 77098, 77099, 77100, 77101, 77102/
DATA | 13A

77103, 77104, 77105, 77106, 77107, 77108, 77109, 77110, 77111,
77112, 77113, 77114, 77115, 77116, 77117, 77118, 77119, 77120,
77121, 78095, 78096, 78097, 78098, 78099, 78100, 78101, 78102,
78103, 78104, 78105, 78106, 78107, 78108, 78109, 78110, 78111,
78112, 78113, 78114, 78115, 78116, 78117, 78118, 78119, 78120,
78121/

DATA | 14/

78122, 78123, 79098, 79099, 79100, 79101, 79102, 79103, 79104,
79105, 79106, 79107, 79108, 79109, 79110, 79111, 79112, 79113,
79114, 79115, 79116, 79117, 79118, 79119, 79120, 79121, 79122,
79123, 79124, 79125, 80097, 80098, 80099, 80100, 80101, 80102,
80103, 80104, 80105, 80106, 80107, 80108, 80109, 80110, 80111,
80112, 80113, 80114, 80115, 80116, 80117, 80118, 80119, 80120/
DATA | 14A

80121, 80122, 80123, 80124, 80125, 80126, 81102, 81103, 81104,
81105, 81106, 81107, 81108, 81109, 81110, 81111, 81112, 81113,
81114, 81115, 81116, 81117, 81118, 81119, 81120, 81121, 81122,
81123, 81124, 81125, 81126, 81127, 81128, 81129, 82103, 82104,
82105, 82106, 82107, 82108, 82109, 82110, 82111, 82112, 82113,
82114/

DATA 115/

82115, 82116, 82117, 82118, 82119, 82120, 82121, 82122, 82123,
82124, 82125, 82126, 82127, 82128, 82129, 82130, 82131, 82132
83106, 83107, 83108, 83109, 83110, 83111, 83112, 83113, 83114,
83115, 83116, 83117, 83118, 83119, 83120, 83121, 83122, 83123,
83124, 83125, 83126, 83127, 83128, 83129, 83130, 83131, 83132,
83133, 84109, 84110, 84111, 84112, 84113, 84114, 84115, 84116/
DATA 1 15A/

84117, 84118, 84119, 84120, 84121, 84122, 84123, 84124, 84125
84126, 84127, 84128, 84129, 84130, 84131, 84132, 84133, 85134,
85111, 85112, 85113, 85114, 85115, 85116, 85117, 85118, 85119,
85120, 85121, 85122, 85123, 85124, 85125, 85126, 85127, 85128,
85129, 85130, 85131, 85132, 85133, 85134, 85135, 86114, 86115,
86116/

DATA | 16/

86117, 86118, 86119, 86120, 86121, 86122, 86123, 86124, 86125
86126, 86127, 86128, 68129, 86130, 86131, 86132, 86133, 86134,
86135, 86136, 87115, 87116, 87117, 87118, 87119, 87120, 87121,
87122, 87123, 87124, 87125, 87126, 87127, 87128, 87129, 87130,
87131, 87132, 87133, 87134, 87135, 87136, 87137, 87138, 87139
87140, 88116, 88117, 88118, 88119, 88120, 88121, 88122, 88123/
DATA | 16A

88124, 88125, 88126, 88127, 88128, 88129, 88130, 88131, 88132,
88133, 88134, 88135, 88136, 88137, 88138, 88139, 88140, 88141,
88142, 89120, 89121, 89122, 89123, 89124, 89125, 89126, 89127,
89128, 89129, 89130, 89131, 89132, 89133, 89134, 89135, 89136
89137, 89138, 89139, 89140, 89141, 89142, 89143, 90123, 90124,
90125/

DATA 117/

1 90126, 90127, 90128, 90129, 90130, 90131, 90132, 90133, 90134,
2 90135, 90136, 90137, 90138, 90139, 90140, 90141, 90142, 90143,
3 90144, 90145, 91131, 91132, 91133, 91134, 91135, 91136, 91137,
4 91138, 91139, 91140, 91141, 91142, 91143, 91144, 91145, 91146,
5 91147, 92134, 92135, 92136, 92137, 92138, 92139, 92140, 92141,

OO WNPE OO WNPE OO WNPE O WNPE OO WN P OO WNPE
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6 92142, 92143, 92144, 92145, 92146, 92147, 92148, 93136, 93137/
DATA 1 17A

93138, 93139, 93140, 93141, 93142, 93143, 93144, 93145, 93146,
93147, 93148, 93149, 94138, 94139, 94140, 94141, 94142, 94143,
94144, 94145, 94146, 94147, 94148, 94149, 94150, 94151, 94152,
95139, 95140, 95141, 95142, 95143, 95144, 95145, 95146, 95147,
95148, 95149, 95150, 95151, 95152, 95153, 96140, 96141, 96142,
96143/

DATA | 18/

OO, WN PP

1 96144, 96145, 96146, 96147, 96148, 96149, 96150, 96151, 96152,
2 96153, 96154, 97141, 97142, 97143, 97144, 97145, 97146, 97147,
3 97148, 97149, 97150, 97151, 97152, 97153, 97154, 97155, 98142,
4 98143, 98144, 98145, 98146, 98147, 98148, 98149, 98150, 98151,
5 98152, 98153, 98154, 98155, 98156, 99144, 99145, 99146, 99147,
6 99148, 99149, 99150, 99151, 99152, 99153, 99154, 99155, 99156/

DATA | 18A
1 99157, 0, 0, 0, 0, 0, 0, 0, 0
2 0, 0, 0, 0, 0, 0, 0, 0, 0,
3 0, 0, 0, 0, 0, 0, 0, 0, 0,
4 0, 0, 0, 0, 0, 0, 0, 0, 0,
5 0, 0, 0, 0, 0, 0, 0, 0, 0,
6 o/

| ZATAB=| TABLE(J)

RETURN

END

FUNCTI ON ZAVASS( J)
MASS EXCESS | N MEV.

DI MENSI ON' AVASS( 1800)

Al (54),A2 (54),A3 (54),A4 (54),A5 (54), A6 (54), A7 (54),

A8 (54),A9 (54),AL10(54), Al1(54), A12(54), A13(54), Al4(54),

A15(54), A16(54), AL7(54), A18(54),

ALA(46) , A2A( 46) , ABA(46) , AAA(46) , ASA( 46) , ABA(46) , ATA( 46)

ABA(46) , AOA( 46) , ALOA( 46) , AL1A(46) , A12A( 46) , A13A( 46) ,

AL4A( 46) , AL5A(46) , AL6A(46) , AL7TA( 46) , ALBA( 46)

EQUI VALENCE (AL(1), AMASS (1)), (A2(1), AVASS (101)),

1(A3 (1), AVASS (201 )), (A4 (1), AVASS ( 301)), (A5 (1), AVASS ( 401)),
2(A6 (1), AVASS ( 501)), (A7 (1), AVASS ( 601)), (A8 (1), AMASS ( 701)),
3(A9 (1), AVASS ( 801)), (A10(1), AMASS ( 901)), (Al1(1), AVASS (1001)),

OO WN P

4(A12(1), AVASS (1101)), (A13(1), AVASS (1201)), (Al4(1), AVASS (1301))
5(AL5( 1), AVASS (1401)), (AL16(1), AVASS (1501)), (A17(1), AVASS (1601))
6( A18( 1), AVASS (1701))

EQUI VALENCE ( ALA( 1), AVASS (55)), (A2A( 1), AMASS (155)),

( A3A(1), AVMASS ( 255)),( A4A(1), AVASS ( 355)),

( ASA(1), AVASS ( 455)),( A6A(1), AMASS ( 555)),

( A7A(1), AVASS ( 655)), ( ABA(1), AMASS ( 755)),

( A9A(1), AVASS ( 855)), (AL0A(1), AVASS ( 955)),

(AL1A(1), AVASS (1055)), (A12A(1), AVASS (1155)),

(AL13A(1), AVASS (1255)), (A14A(1), AVASS (1355)),

(AL5A( 1), AVASS (1455)), (A16A(1), AVMASS (1555)),

(AL7A(1), AVASS (1655)), (A18A( 1), AVASS (1755))

DATA Al/

1139. 06700, 134. 97500, 140. 08900, 8.07169, 32.28676, 7.28922,

2 13.13626, 14.95038, 33.78999, 14.93173, 2.42494, 11.39000,

3 17.59730, 31.61300, 11.68000, 14.08750, 14.90859, 20.94750,

4 24.95540, 34.10000, 41.70000, 34.92304, 18.37500, 15.77029,

5 4.94180, 11.34840, 12.60810, 20.17700, 24.94999, 27.94000,

6 22.92230, 12.41569, 12.05230, 8.66795, 13.37040, 16.56200,

O~NOOTA~WNE
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7 24.
8 0.
9 40.

60000,

00000, 3.
. 44999,

23163,

DATA A1A/

O~NOOTAWNE

5.
23.
3.
. 87280,
42.
-5.
6.
- 6.

68350,

7
10600, 8.
3

33230,

65895,
73120,
84000,
85300,

DATA A2/

1 10.
2-14.

3-12

9- 26

. 20880,
4 23.
5-21.
6 -7.
7-24.
8- 18.

91100, -.
-15.
-17.

10.
-24.
-16.
-24.
- 26.
- 26.

58470,

93176,
89329,
15400,
83000,
99800,
90700,

DATA A2A/

1-24.
2-27.
3- 30.
4-34.
5-11.
6- 35.
7-35.
8- 34.

43840,
54000,
23049,
42000,
25000,
55830,

84570,

DATA A3/

1-41.
2-39.
3-41.
4-15.
5-44.
6- 23.
7-49.
8- 31.

9-55

46359,
57800,
06309,
80000,
92919,
85400,
21670,
24000,
41500,

DATA A3A/

1-37.
2-57.
3-40.
4-60.
5-44.
6- 62.
7-29.
8-61.

72000,
71000,
23200,
18380,
06400,
23570,
63200,
16260,

DATA A4/

1-65.
2-56.
3-67.
4-54.
5-68.
6- 68.
7-67.
8- 67.

52150,
36300,
26480,
19300,

. 70000,
12527, 3.
17.

. 87100,
00859, 2.
. 80000,
. 48610,
. 66971,
. 02510,
. 18300,
. 98000,

-29.

11.
- 30.
-31.
-17.
- 35.
70400, 4.
- 35.

-40.
- 20.
-41.
- 25.
-48.
-31.
-52.
- 34.
-55.

-42.
- 56.
-48.
-62.
-48.
-61.
-40.
- 64.

-67.
-58.
- 66.
- 56.
89450, - 67.
13100, - 56.
08500, - 69.
92000, - 68.

39900,
01700,

93600, 17

01300, - 29.
- 2.
94740, - 34.
98000, - 32.
31700, - 24.
02140, - 36.
- 6.
13710, - 38.

18168,

74011,

80630, - 43.
52099, - 28.
75840, - 44.
12100, - 29.
48559, - 48.
90000, - 37.
19740, - 51.
62500, - 42.
28380, - 56.

62460, - 48.
90870, - 57.
33390, - 50.
15510, - 60.
00200, - 54.
65560, - 62.
71200, - 45.
47920, - 64.

10930, - 65.
35200, - 61.
25980, - 67.
58000, - 61.
87670, - 70.
72000, - 58.
32300, - 68.
54000, - 56.

35.

13.

34.

- 5.
18.
19500, - 16.
76000, 3.
43130, - 22.
94999, - 20.
. 55025,
01429, - 26.
86300, 4.

10000,
01995,
34400,

27400,
86110,
32074,

-. 01570,
16.

-5.
-5.
32.

47999,
15000,
18290,
71106,

47240,
05000,
84880,
82400,
94790,
20390,

58599,
88808,

52180,
15889,
71440,
76000,
79840,
58200,
44739,
53810,

13800,
64100,
32890,
34100,
55729,
07140,
43690,
81600,
93230,

24000,
62000,
94200,
67000,
01240,
92000,
35000,
22700,

13390,
98180,
30200,
11500,
00430,
93400,
90600,
36000,

16.
-4,
17.

-5.
- 9.
17.

-7.
- 24.

-7.

- 9.
-33.
-29.
- 28.
- 35.
-13.
- 38.

-42.
-32.
-44.
- 37.
-51.
-42.
-51.
-45.
-55.

-50.
- 56.
- 56.
-61.
- 56.
-61.
-53.
- 66.

- 66.
-62.
- 69.
-62.
- 68.
-62.
-70.
-61.

. 91200,
. 87350,

35000,

66000,

94800,
52900,
74000/

. 93130,
. 77000,
. 21300,
14300,
09100,

-12

. 45666,

. 76150, - 29.
40000, - 18.
24000, - 35.
72700, - 29.
79200, - 33.
80500, - 36.
14400, - 22.

39900/

25170, - 57

75190/

102

15.
13.
. 34570, 2.

50.
73668, -.
10.
. 04600, 2.
. 31900, 1.
25.
- 8.

-13.

-15.

34300, - 44.
10700, - 36.
49500, - 46
54800, - 39.
43359, - 49.
00480, - 44.
86100, - 49.
38800, - 50.
12100, - 55.

70500, - 54.
06000, - 26.

43500, - 59.
04120, - 59.
53000, - 61.
90800, - 56.

06000, - 63.
80500, - 65.
42000, - 65.
22200, - 66.
41620, - 69.
65500, - 63.
13810, - 68.
61700, - 62.

70270,
69299,
86382,

59094,

75210,
57849,
41670,

19149, - 16.
. 04900,
89000, - 15.
. 38539, - 21.
10.
. 43960, - 24.
- 3.
. 92919, - 28.
20000, - 13.

57867,

80000, - 29.
37900, - 23.
03919, - 33.
- 1.
80529, - 33.
61100, - 35
02299, - 27.

73200,

22200, - 41.
17900, - 37.
55200, - 44.
00070, - 44.
73900, - 49.
47020, - 47
93000, - 19.
25500, - 51.
26600, - 31.

68650, - 55.
75500, - 35.
. 47840, - 60.
03000, - 37.
34700, - 59.
86300, - 60.
10400, - 60.

20000, - 51.
58740, - 65.
94000, - 48.
00640, - 65.
55970, - 67.
71900, - 66.
58760, - 69.
45000, - 66.

10.
17.
. 10180/

32.
80700, -.
69300, 1.
82800, 3.
- 7.
12.
- 9.

- 8.

65019,
56000,

97922,
78250,
95180,
36000,
04170,
97999,
35600,

21339,
91230,
56000,
49110,

. 21000,
30420, - 26.
16000, - 14.
84560, - 30.
26299, - 21.

33700,
06200,
66589,
00239/

80200,
04939,
06610,
69218,
53410,
42600,
28300,

29200,
81400,
54500,
12579,
47000,
95610,
47600,
44600,
01700/

55700,
79100,
60940,
03100,
84720,
11000,
23500,

66800,
43180,
43700,
91410,
33200,
87600,
74000,
69800,



9-67.

09750, - 70.

DATA A4A/

1-71.
2-64.
3-72.
4-62.
5-74.
6- 75.
7-73.
8-79.

84100, - 73.
33800, - 67.
28620, - 73.
89000, - 67.
60140, - 77.
44000, - 75.
23690, - 73.
01800, - 77.

DATA A5/

1-74.
2-74.
3-81.
4-71.
5-79.
6-79.
7-76.
8- 86.
9-75.

20000, - 62.
44300, - 77.
47260, - 83
50000, - 70.
75300, - 82.
30000, - 78.
69900, - 80.
19600, - 85.
54000, - 72.

DATA A5A/

1- 84.
2-82.
3-79.
4-87.
5-78.
6- 82.
7-85.
8- 76.

28900, - 87.
26000, - 81.
48400, - 83.
14370, - 87.
36000, - 77.
65200, - 86.
60900, - 85.
20000, - 76.

DATA A6/

1- 80.
2- 88.
3- 83.
4-84.
5- 85.
6-79.
7-88.
8- 88.
9-79.

16500, - 82.
79590, - 87.
60000, - 80.
15000, - 86.
85000, - 86.
82000, - 77.
22300, - 87.
09400, - 85.
63000, - 82.

DATA AGA/

1-86.
2- 85.
3- 85.
4-89.
5- 86.
6- 85.
7-87.
8- 82.

77800, - 88.
03000, - 85.
19000, - 85.
90200, - 88.
28000, - 76.
31100, - 87.
45550, - 88
42000, - 75.

DATA A7/

1- 84.
2-90.
3- 88.
4-75.
5- 86.
6- 88.
7-83.
8-77.
9- 88.

01000, - 84.
34640, - 89.
71500, - 86.
51000, - 79.
42000, - 88
24800, - 88.
24000, - 83.
09000, - 78.
64800, - 88.

DATA A7TA

55950, - 69.

21230, - 71.
89400, - 68.
91700, - 72.
63000, - 68.
02680, - 75.
92000, - 63.
45300, - 76.
73000, - 78.

11000, - 64.
89600, - 77.
26130, - 80
92000, - 72.
15960, - 82.
00000, - 75.
63980, - 81.
92790, - 83.
20000, - 73.

68560, - 86.
23600, - 78.
61000, - 84.
26310, - 85.
09000, -72.
63200, - 86.
60500, - 83.
20000, - 71.

18800, - 86.
54020, - 88.
50000, - 80.
01200, - 85.
32500, - 84.
42000, - 82.
62020, - 89.
93000, - 86.
55000, - 83.

01600, - 86.
11000, - 82.
41200, - 87.
37300, - 89.
13000, - 77.
07800, - 86.
22400, - 86.
48000, - 79.

28000, - 87.
25160, - 90
40800, - 86.
18000, - 80.
42600, - 87.
92900, - 87.
42000, - 80.
20000, - 82.
31700, - 90.

90300, - 72.

16000, - 71.
23000, - 70.
76000, - 73.
21400, - 72.
93390, - 77.
51000, - 65.
07410, - 75.
67000, - 75.

05000, - 69.
68000, - 80.
70000, - 79.
10000, - 75.
73830, - 84.
02000, - 73.
09600, - 84.
68400, - 82.
69000, - 77.

47390, - 86.
63000, - 76.
85100, - 88.
66600, - 85.
90000, - 74.
45300, - 87.
51000, - 82.
81000, - 75.

80840, - 86.
11090, - 85.
19000, - 76.
86000, - 87.
60000, - 84.
56900, - 83.
22190, - 87.
32300, - 83.
16600, - 85.

94400, - 87.
94000, - 77.
92700, - 87.
52600, - 87.
89000, - 81.
92800, - 88.
58000, - 87.
47000, - 80.

13020, - 86.
57690, - 89.
70400, - 84.
39000, - 83.
98900, - 89.
45000, - 87.
83000, - 65.
00000, - 82.
56500, - 90.

96000/

01000/

38000/
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58070, - 71.

78000, - 69.
95400, - 70.
69000, - 71.
21300, -72.
75700, - 76.
21000, - 69.
88530, - 77.

15000, - 70.
59100, - 79.
70000, - 76.
42000, - 76.
59260, - 82.
05000, - 71.
50940, - 84.
92000, - 79.
83600, - 79.

34900, - 84.
83000, - 72.
76260, - 87.
42600, - 82.
28000, - 76.
20710, - 86.
86000, - 80.

80900, - 88.
95600, - 86.
59000, - 78.
19500, - 86.
90000, - 82.
45000, - 86
95570, - 89.
71000, - 83.
56800, - 85.

84700, - 86.
75000, - 81.
46300, - 89.
60600, - 88.
01000, - 82.
40800, - 87.
03500, - 85.

99100, - 89.
04490, - 90.
21000, - 69.
50000, - 84.
34200, - 88.
71400, - 85.
88000, - 70.
72000, - 85.
02700, - 91.

29320, - 73.

39000, - 63.
85870, - 73.
76000, - 72.
16490, - 75.
38700, - 77.
15500, - 70.
97400, - 77.

23700, - 74.
98700, - 82.
56000, - 74.
19400, - 78.
60400, - 81.
62000, - 75.
86610, - 87.
95000, - 78.
23600, - 82.

83400, - 84.
94000, - 77.
89350, - 88.
93390, - 81.
41000, - 80.
36430, - 86.
19000, - 79.

40990, - 87.
18510, - 83.
86000, - 83.
52000, - 87.
79000, - 82.
07300, - 86.
10020, - 87.
71000, - 78.
59200, - 87.

36200, - 86.
37000, - 82.
41100, - 88
34000, - 86.
36700, - 84.
60500, - 88.
01000, - 84.

24800, - 88.
01420, - 88.
67000, - 73.
10000, - 86.
58400, - 89.
49000, - 85.
91000, - 72.
82400, - 85.
52180, - 90

42240/

13000,
02970,
59000,
25460,
58700,
15000,
50300,

14700,
43320,
89000,
94900,
71000,
59000,
90760,
74000,
98400/

25400,
94000,
45690,
27300,
98000,
78850,
40000,

71339,
50400,
62300,
32800,
53000,
04000,
25300,
45000,
40200/

86000,
16300,
41300,
02000,
78000,
72150,
91000,

53900,
09000,
78000,
52000,
54100,
82000,
58000,
91800,
39260/



1-91.
2- 88.
3- 65.
4-81.
5-87.
6- 87.
7-82.
8- 67.

64830, - 90.
22900, - 85.
69000, - 70.
85000, - 84.
95300, - 89.
61420, - 88.
35000, - 82.
42000, - 72.

DATA A8/

1-78.
2-87.
3- 89.
4-85.
5-73.
6- 84.
7-87.
8- 85.
9-73.

52000, - 82.
18900, - 89.
02730, - 90.
19100, - 85.
47000, - 76.
10000, - 86.
91400, - 88.
69800, - 85.
66000, - 73.

DATA A8A/

1-82.
2- 88.
3- 87.
4-75.
5- 86.
6- 88.
7-80.
8- 82.

43000, -85
31700, - 89.
66000, - 88.
98000, - 73.
22700, - 85.
08700, - 86.
78000, - 77.
73000, - 85.

DATA A9/

1- 86.
2-87.
3-74.
4-83.
5-87.
6-78.
7-82.
8- 86.
9-77.

71900, - 88.
73400, - 88.
01000, - 71.
76000, - 83.
23000, - 86.
21040, - 74.
37000, - 84.
91100, - 88
11000, - 75.

DATA A9A

1-81.
2-83.
3-72.
4-82.
5-81.
6-70.
7-82.
8- 76.

26000, - 83.
75200, - 83.
48000, - 71.
00000, - 84.
40400, - 80.
89900, - 70.
90100, - 81.
04600, - 73.

DATA A10/

1-70.
2- 80.
3-74.
4-74.
5-76.
6-71.
7-71.
8-75.
9-72.

74000, - 68.
59600, - 80.
55300, - 74.
42000, - 75.
36000, - 74.
81800, - 70.
88000, - 72.
72800, - 74.
52400, - 70.

DATA A10A/

1-64.
2-71.

29000, - 67.
55700, - 70.

06160, - 91.
89000, - 86.
10000, - 72.
41900, - 84.
48300, - 88.
26200, - 86.
09000, - 79.
12000, - 73.

17000, - 82.
40200, - 88.
06490, - 88.
19300, - 82.
96000, - 78.
22000, - 86.
98140, - 87.
86000, - 83.
66000, - 74.

06000, - 85.
86010, - 88.
12300, - 86.
24000, - 81.
95300, - 87.
90600, - 87.
54000, - 74.
25000, - 85.

45100, - 87
27400, - 84.
80000, - 77.
74000, - 85.
48000, - 87.
90000, - 72.
75000, - 84.
04200, - 85.
74000, - 72.

28000, - 83.
03800, - 80.
38000, - 68.
18000, - 84.
89800, - 78.
12600, - 77.
34000, - 81.
53000, - 73.

45000, - 76.
94700, - 79.
74900, - 72.
57700, - 77.
71900, - 74.
07200, - 69.
88000, - 75.
16500, - 74.
82100, -70

78000, - 70.
87100, - 71.

09430, - 89.
01300, - 83.
20000, - 76.
87000, - 86.
41400, - 89.
33900, - 86.
59000, - 79.
62000, - 77.

46000, - 85.
59000, - 90.
28900, - 88.
90000, - 82.
16000, - 80.
16000, - 87.
73510, - 88.
97000, - 83.
77000, - 78.

29000, - 87.
69400, - 89.
50200, - 86.
09000, - 81.
59000, - 86.
65900, - 86.
87000, - 71.
15000, - 87.

57200, - 88.
92600, - 83.
73000, - 78.
67000, - 85.
18600, - 84.
91000, - 69.
53000, - 86.
39900, - 84.
23000, - 70.

09900, - 84.
71900, - 79.
66000, - 78.
17500, - 85.
12900, - 77.
50000, - 78.
23400, - 79.
36500, - 71.

05000, - 79.
24800, - 79.
54400, - 72.
87600, - 77.
62900, - 72.
46100, - 67.
88000, - 75.
69100, - 73.
68000, - 68.

56000, - 70.
31000, - 70.

20270, - 89.
51000, - 83.
02000, - 77.
99700, - 87.
58990, - 88.
70800, - 84.
00000, - 60.

65000/

46000, - 85
30380, - 89.
98890, - 87.
57000, - 77.
84000, - 81.
96000, - 87.
50300, - 86.
77600, - 79.
25000, - 79.

45000, - 87.
88010, - 88.
42300, - 82.
55000, - 84.
85700, - 88.
35600, - 86.
07000, - 79.

29700/

96500, - 87.
24100, - 79.
45000, - 81.
25500, - 86.
27600, - 82.
44000, - 79.
46200, - 86
48700, - 81.
68000, - 78.

79900, - 84.
59900, - 76.
80000, - 79.
91600, - 83.
38100, - 74.
28000, - 80.
42100, - 79.

35000/

05000, - 79.
31700, - 77.
45100, - 70.
07500, - 77.
86300, - 73.
25000, - 65.
15800, - 76.
10600, - 73.
55300, - 67.

59000, - 71.
29000, - 71.
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93560, - 87.
40000, - 63.
62000, - 81.
02000, - 88.
32560, - 89.
70000, - 84.
05000, - 65.

15000, - 87.
16200, - 90.
00400, - 87.
78000, - 71.
55000, - 83.
35400, - 88.
88800, - 87.
42000, - 76.
00000, - 81.

14000, - 89.
41400, - 89.
21300, - 80.
07000, - 84.
05900, - 87.
56100, - 82
57000, - 82.

86800, - 88.
97000, - 77.
15000, - 81.
83000, - 86.
96900, - 79.
46000, - 82.
03000, - 87.
59300, - 80.
55000, - 80.

65400, - 85.
82000, - 75.
28000, - 81.
97000, - 83.
37700, - 73.
45000, - 81.
02300, - 76.

42200, - 81.
11800, - 77.
19300, - 69.
48600, - 76.
34700, - 71.
92000, - 63.
20700, - 75.
69100, - 72
93400, - 65.

37500, - 71.
22000, - 70.

80900,
18000,
02000,
64000,
21910,
59100,
29000,

65000,
51410,
34540,
32000,
99000,
87930,
44320,
81000,
90000/

16500,
27840,
07000,
16000,
17900,
87000,
36000,

90400,
77000,
60000,
03000,
97000,
34000,
53600,
40300,
95000/

98000,
43000,
80000,
71600,
66200,
10000,
85200,

90400,
03390,
35900,
21700,
71300,
53000,
07200,
06500,
49400/

06000,
22000,



3-70.
4-64.
5-70.
6-70.
7-65.
8- 63.

DATA Al11/
1-65.
2- 65.
3- 60.
4-60.
5- 64.
6- 64.
7-57.
8- 54.

9-60

75700, - 69.
67000, - 62.
05700, - 69.
38400, - 69.
93400, - 63.
67000, - 64.

39000, - 66.
98100, - 66.
20000, - 58.
25000, - 62.
34000, - 65.
50100, - 64.
70000, - 56.
49000, - 56
13000, - 61.

DATA Al1A
1-61.
2-57.
3-50.
4-57.
5-61.
6- 59.
7-49.
8- 49.

DATA Al2/
1-54.
2-57.
3-53.
4-42.
5-51.
6- 56.
7-54.
8- 45.
9-47.

DATA A12A/
1-52.
2-50.
3-41.
4- 44,
5-49.
6-48.
7-39.
8- 38.

DATA A13/
1-43.
2- 45,
3-41.
4-29.
5-309.
6-43.

7-41

8- 33.
9- 30.
DATA A13A/

1-37. 86000, - 39.
2-39.12700, - 39.
3-34. 79900, - 34.
4-25.51000, - 20.

86900, - 62.
36900, - 56.
01000, - 50.
33900, - 57.
60900, - 60.
23900, - 57.
47000, -42.
53000, - 51.

46000, - 56
30100, - 57.
37000, - 52.
18000, - 42.
06000, - 51.
10000, - 55.
55900, - 52.
90000, -43.
80000, - 48.

35000, - 51.
33100, - 48.
38000, - 38.
30000, - 46.
34000, - 50.
22500, - 48.
87000, - 38.
40000, - 40.

46000, - 45
86000, - 46.
88100, - 41.
60000, - 32.
34000, - 41.
40000, - 44.
. 18400, - 41.
36700, - 32.
37000, - 32.

44000, - 69.
59000, - 67.
09000, - 70.
13800, - 69.
57700, - 62.
83200, - 64.

89000, - 66.
34200, - 64.
75000, - 56.
40000, - 62.
93000, - 65.
90400, - 63.
48000, - 53.
31000, - 56.
64000, - 61.

52100, - 61.
21500, - 53.
42000, - 53.
14000, - 59.
56600, - 61.
53500, - 56.
69000, - 43.
64000, - 52.

18000, - 56.
89000, - 56.
37100, - 50
74000, - 45.
08000, - 53.
29000, - 56.
86800, - 52.
21900, - 41.
19000, - 50.

76000, - 52.
84000, - 48.
58000, - 37.
60000, - 46.
46000, - 49
20800, - 46.
63400, - 35.
69000, - 41.

04000, - 44.
43000, - 45
18100, - 38.
60000, - 33.
36000, - 41.
25000, - 43.
10100, - 38.
39700, - 29.
74000, - 33.

10000, - 38.
68000, - 38.
49900, - 32.
84000, - 24.

50300, - 67.
79000, - 67.
35600, - 69.
64800, - 68.
56300, - 61.
59800, - 65.

40700, - 67.
95500, - 64.
39000, - 57.
01000, - 63.
16100, - 66.
26800, - 62.
42000, - 50.
69000, - 58.
60000, - 62.

27000, - 61.
87000, - 52.
07000, - 53.
30000, - 59.
54900, - 60.
93390, - 54.
93000, - 46.
20000, - 54.

11000, - 57.
74000, - 56.
17000, - 49.
23000, - 45.
41000, - 53.
34000, - 55.
42200, - 50.
52000, - 42.
10000, - 50.

34000, - 51.
41200, - 46.
78000, - 40.
59000, - 48.
71000, - 50.
32700, - 45.
44000, - 33.
24000, - 43.

96000, - 46.
34800, - 45.
98300, - 37.
49000, - 36.
41000, - 42.
37000, - 44.
95200, - 38.
85000, - 25.
58000, - 35.

95000, - 39.
26800, - 38.
49400, - 31.
00000, - 24.

81300, - 67.
48000, - 69.
12100, - 70.
02700, - 68.
58000, - 62.

82000/

44000, - 66.
87300, - 63.
90000, - 58.
69000, - 62.
29900, - 65.
96800, - 60.
90000, -51.
19000, - 58.
71700, - 61.

25100, - 59.
28000, - 49.
21000, - 55.
02000, - 60.
34400, - 60.
68100, - 53.
31000, - 47.

22000/

50000, - 57.
84500, - 55.
10000, - 46.
54000, - 48.
20000, - 55.
25000, - 55.
45000, - 49.
46000, - 44.
10000, - 51.

46000, - 51.
40300, -45
61000, - 41.
54000, - 48.
42000, - 49.
66700, - 43.
70000, - 34.

15000/

11000, - 45.
77100, - 44.
94200, - 35.
14000, - 36.
96000, -42.
15800, - 42.
67400, - 36.
23000, - 26.
59000, - 35.

97000, - 39.
45000, - 36
85100, - 29.
97000, - 27.
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44500, - 65.
10000, - 68.
49100, - 69
15100, - 66.
00000, - 63.

72800, - 67.
04400, - 62.
20000, - 60.
99000, - 64.
13400, - 65.
89900, - 60.
93000, - 53.
31000, - 60.
95600, - 62.

77300, - 59.
34000, - 47.
31000, - 55.
86000, - 60.
74100, - 59
48500, - 50.
11000, - 48.

19000, - 58.
56200, - 55.
47000, - 39.
20000, - 48.
19000, - 54.
76000, - 54.
76600, -47.
88000, - 45.
59000, - 51.

71000, - 50.
25900, - 42.
40000, -43
35000, - 49.
23000, - 49.
34500, - 42.
99000, - 37.

76000, - 46.
06000, - 43.
49000, - 34.
75000, - 39.
74000, - 43.
75900, - 42.
36200, - 35.
62000, - 29.
96000, - 37.

44000, - 40
62000, - 36.
46000, - 28.
85000, - 28.

69000,
55200,
39400,
35100,
50000,

21000,
29800,
43000,
91000,
91800,
09100,
90000,
14000,
93600/

19000,
30000,
14000,
18400,
28300,
97500,
94000,

07400,
14900,
05000,
62000,
70000,
54200,
38900,
61000,
34000/

51000,
63700,
99000,
86000,
65000,
47500,
50000,

54000,
77400,
46000,
06000,
96000,
95800,
85000,
30000,
64000/

26000,
67200,
41000,
68000,



5-31.
6- 36.
7-37.
8- 32.

07000, -31
94000, - 36
29300, - 35
63500, - 30

DATA A14/

1- 26.
2-27.
3- 32.
4-33.
5-209.
6-12.
7-23.
8- 29.
9- 31.

60000, - 23
64000, - 28
87000, - 32
36000, - 32
10400, - 27
65000, - 15
69000, - 26
21000, - 30
05600,

DATA Al4A

1-27
2-15.
3-24.
4-27.
5-27.
6- 21.
7-14.
8- 22

. 67200,

. 07000,

83000,
02000,
85000,
18500,
04100,
94000,

DATA Al5/

1-24.
2-24.
3-17.
4 -9.
5-17
6- 21.
7-20.
8 -b5.
9-11.

. 68000,

63000,
79400,
62400,
87000,

41000,
05800,
24300,
06000,

DATA A15A/

1-16.
2-17.
3 -6.
4 -4,
5-10.
6-12.
7 -3.
8 14.

41000,
15000,
63390,
05000,
52000,
64000,
38900,
20000,

-17

-11

DATA Al6/

1 -6.
- 8.
-1.
14.
-1.
- 3.

7.
21.

3.

O©CO~NOUPA~WN

00000,
94000,
17900,
38000,
18000,
69000,
05000,
71000,
96000,

DATA Al6A/

6.
18.
34.

6.
13.

OO WNPE

. 11000,

66400,
81300,
56000,
14000,
74700,

-31.

- 27.
-16.
-24.
-27.
- 25.
-16.
-17.
-23.

- 25.
- 25.
-14.
-10.
-17.
-21.
-18.

-1.
-13.

-17.

-12.
-1.
- 3.

-7.
-9.

16.
- 2.
- 3.

8.
23.

. 65000, - 33.
. 46000, - 37.
. 67200, - 36.
. 41400, - 29.

. 74000, - 21.
. 18000, - 30.
. 49000, - 33.
. 25600, - 32.
. 30000, - 26.
. 93000, - 16.
. 04000, - 26.
. 96000, - 30.
84600, - 30.

20900,

47900,
03000,

26200,
74000,

77000,
60800,
. 24500,
37000,
65000,

61700,
79000,
. 70000,

. 29000,
. 37700,
. 98730,
. 12000,
. 95000,
. 51800,

36500, - 25.
90000, - 19.
16000, - 25.
35000, - 28.
98800, - 25.
76800, - 13.
51000, - 17.
81000, - 23.

90000, - 25.
11700, - 23.
73800, - 10.
85000, - 15.
76000, - 19.
04000, - 21.
87900, - 18.
1.
21000, - 13.

78000, - 17.
. 47500, - 16.
-4.
- 6.

-. 54000,

- 6.

. 97000, - 11.

88800, - 11.
2.

- 3.

. 60000,
. 76100,
. 64900,
. 16000,
. 77000,
55600, -.
. 47000,
. 46000,
. 93000,

. 09000,
10.
23.
. 86000,
. 98000,
16.

68000, - 33.
50000, - 36.
25600, - 34.
90600, - 27.

19000, - 22.
01000, - 30.
41000, - 32.
57200, - 31.
40000, - 23.
80000, - 19.
14000, - 28.
48000, - 31.
73500, - 30.

27700, - 24.
11000, - 19.
67000, - 25.
33900, - 27.
76900, - 24.
-9.
86000, - 20.
55000, - 25.

65000,

98000, - 26.
77700, - 23.
-7.
05000, - 13.

49190,

41000, - 19

60000, - 20.
26800, - 14.
5.
23000, - 15.

71000,

36000, - 18.
37300, - 15.
1.
- 8.
97000, - 12.
-11.
4.
-5.

67000,

97600,
23700,
95000,

96500,

26300,
66570,

61700,

. 21200,

. 26500,

. 95700,
. 18500,
. 40000,
. 70100,

85000, - 35
78000, - 37
43800, - 34
40600/

41000, - 24
22000, - 31
87600, - 33
16200, - 31
86000, - 22
86000, - 20
35000, - 28
97400, - 31
96400, - 29

70300, - 22
86000, - 21
59000, - 27
50000, - 28
35300, - 23
25100,
22000,
15000/

16000,
79500,
56200,
67000,
. 30000,
82000,
80100,
97000,
07000,

-22

25000,
96300,
76900,
47000,
96000,
63500,
38200,
88000/

-12

-12

. 97000,
. 66600,

. 23000,
. 76000,
. 30900,

. 58000,

. 97000,

. 53100,

. 82500,
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-11.
- 20.

- 25.

- 3.
-15.
- 20.
-21.
-11.

- 8.
-15.

-17.

5.
- 8.

- 8.

. 59000, - 35.
. 72800, - 36.
. 73390, - 32.

. 75000, - 25.
. 73000, - 31.
. 87000, - 32.
. 15000, - 29.
. 98000, - 20.
. 79000, - 23.
. 06000, - 29.
. 02000, - 32.
. 55700, - 29.

. 29900, - 20.
. 93000, - 22.
. 02000, - 26.
. 08000, - 27.
. 83700, - 22.
74000, - 14.
23000, - 22.

86500,

96000,

62500,
. 99000,

. 69000,
. 70600,
. 83070,
. 87000,
. 64000,
. 97500,
. 33800,
. 28000,
. 61000,

. 28500,
. 32100,
. 94100,
. 18000,
. 83700,
. 21900,

17

32700, - 25.
. 46300, - 21.
14000, -.
56400, - 15.
61000, - 20.
07000, - 20.
- 8.
31000, - 10.
05000, - 16.

57600, - 18.
. 44400, - 10.
8.
67000, - 10.
. 73000, - 13.
- 6.
10.

- 9.
-4.
10.
-1.
-4.
4,
18.
5.
. 78000/

48000,
55000,
78600,

63000,
69000,
76800,
59100,
20000,
21000,
88000,
20600,
51400/

95500,
29000,
81000,
06000,
26900,
33900,
29000,

94200,
79500,
18500,
98000,
46000,
03390,
13500,
81000,
74000/

19000,
38100,
35460,
52000,
31000,
58900,
53000,

56000,
32800,
59900,
04000,
22000,
30700,
38230,
98000,

. 88100,
. 23480,
32.
. 17000,
11.
21.

72000,

56000,
62600,



OO0

7 24.30100, 25.85000, 28.89500, 30.72000, 33.76000, 35.91000,
8 39.15000, 12.24000, 10.87000, 10.87000/
DATA AL7/

10. 39000, 12.14100, 12.36200, 14.47000, 14.66300, 16.93400,
17.19700, 19.25600, 19.99300, 22.30300, 23.18900, 25.80630,
26. 75800, 29.58090, 30.86130, 33.81220, 35.44720, 38.73230,
40. 61200, 44.15000, 21.95900, 22.33900, 23.79800, 24.32000,
26. 02900, 26.83200, 28.87000, 29.88700, 32.16550, 33.42310,
35. 93400, 37.48710, 40.34900, 42.32000, 45.54000, 47.64000,
51.27000, 27.18600, 28.88000, 29.22100, 31.20100, 31.60700,
33. 78000, 34.59700, 36.91470, 38.14260, 40.91640, 42.44200,
45.38870, 47.30700, 50.57220, 52.71200, 33.75800, 35.23200/
DATA AL7A/

35. 62600, 37.29000, 38.01000, 39.95100, 41.03950, 43. 42600,
44.86930, 47.45260, 49.30640, 52.21000, 54.31000, 57.52000,
38. 36200, 40.04200, 40.34200, 42.16000, 42.88900, 45.08700,
46. 16080, 48.58510, 50.12280, 52.95300, 54.71500, 57.75250,
59. 80300, 63.15700, 65.29000, 44.46000, 44.65000, 46. 02000,
46. 64000, 48.41700, 49.38900, 51.44300, 52.93220, 55.46270,
57.17010, 59.87860, 61.89730, 64.92000, 67.13000, 70.49000,
47.89000, 49.17000, 49.39800, 51.09000/
DATA A18/

51. 71200, 53.69600, 54.80150, 57.17740, 58.44960, 61.00130,
62. 61600, 65.53000, 67.38900, 70.74800, 72.98600, 54.28000,
54. 28000, 55.71000, 56.10000, 57.80000, 58.68500, 60. 64600,
61.81100, 64.02000, 65.48400, 67.99000, 69.84800, 72.95000,
72. 25000, 78.53000, 58.03000, 59.19000, 59.33200, 60. 91000,
61. 46500, 63.37700, 64.09620, 66.15000, 67.24300, 69. 72160,
71.16980, 74.13000, 70.03100, 79.29900, 81.34200, 64.80000,
65. 97000, 66.38000, 67.93000, 68.55000, 70.22000, 71.11600,
73.17000, 74.50300, 77.15000, 79.01240, 81.99200, 84.08000/
DATA AL8A/
1 87.26000,
0. 00000,
0. 00000,
. 00000,
. 00000,
. 00000,
. 00000, 0.00000,
. 00000, 0.00000,
ZAMASS=AMASS( J)
RETURN

END

FUNCTI ON' ERRVAS( J)

oO~NO TR~ WNE OCoOoO~NOoOUPR~WNE

OCoO~NOUR~WNE

. 00000,
. 00000,
. 00000,
. 00000,
. 00000,
. 00000,

. 00000,
. 00000,
. 00000,
. 00000,
. 00000,
. 00000,
. 00000,
. 00000,

. 00000,
. 00000, . 00000, . 00000,
. 00000, . 00000, . 00000,

0. 00000, O
0 0
0 0
. 00000, 0.00000, 0.00000,
0 0
0 0
0 0

. 00000,

. 00000, . 00000, . 00000,
. 00000, . 00000, . 00000,
. 00000, . 00000, . 00000,
. 00000/

O~NO U WN
[eNeoNeoNoNe)
eNeoNeolNoloNoNoNe]
eNeoNeolNoNoNoNeNe]
eNeoNoloNoNoNeoNe]

MASS EXCESS ERROR I N MEV.

DI MENSI ON ERR( 1800)
E1l (54),E2 (54),E3 (54),E4 (54),E5 (54),E6 (54),E7 (54),
E8 (54),E9 (54), E10(54), E11(54), E12(54), E13(54), E14(54),
E15(54), E16(54), E17(54), E18(54),
E1A(46), E2A(46), E3A(46) , EAA( 46) , ESA( 46) , EBA( 46) , ETA( 46)
ESA(46) , EOA(46) , E10A( 46) , E11A( 46) , E12A(46) , E13A(46) , E14A( 46)
E15A(46) , E16A( 46) , E17A( 46) , EL8A( 46)
EQUI VALENCE (E1(1), ERR(1)), (E2(1), ERR(101)),
1(E3 (1), ERR(201 )), (E4 (1), ERR( 301)), (E5 (1), ERR( 401)),
1(E6 (1), ERR( 501)), (E7 (1), ERR( 601)), (E8 (1), ERR( 701)),
1(E9 (1), ERR( 801)), (E10(1), ERR( 901)), (E11(1), ERR(1001)),
1(E12(1), ERR(1101)), (E13( 1), ERR(1201)), (E14(1), ERR(1301)),

OO WNPE
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-5.0,
500. 0,
500. 0,

-1.8,
21.0,
25.0,

5.0,
-5.0,
21.0,

-7.0,
11. 0,
500. 0,

40. 0,
-5.0,
40. 0,

0.0
8.0
500.0

100. 0, - 140.
-3.1,
500. 0,

500. 0,
-3.1,
500. 0,

DATA ESA/
1 500.0,
-1.8,

2
3 220.0,
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4 10.0, 7.0, 23.0, -8.0, 7.0, 8.0, 8.0, 7.0, 500.
5 100.0, 100.0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.
6 -10.0/

DATA E9/
1 18.0, -9.0, 8.0, -7.0, -7.0, -7.0, -7.0, -7.0, 7.
2 15.0, 100.0, 100.0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.
3 40.0, 50.0, 500.0, 26.0, 120.0, 70.0, 500.0, -12.0, -12.
4 12.0, 32.0, 13.0, 0.0, 500.0, 500.0, 500.0, 500.0, 500.
5 500.0, 500.0, 500.0, -31.0, 500.0, -15.0, 19.0, -11.0, 11.
6 -11.0, 12.0, 11.0, 100.0, 120.0, 500.0, 500.0, 500.0, 500.

DATA E9A
1 500.0, 500.0, 18.0, 28.0, 12.0, -11.0, 11.0, 11.0, 11
2 15.0, 100.0, 200.0, 500.0, 200.0, 500.0, 500.0, 500.0, 500.
3 500.0, 40.0, 18.0, -11.0, -11.0, -121.0, -11.0, -11.0, 11.
4 -11.0, 15.0, -11.0, 14.0, 32.0, 500.0, 400.0, 40.0, 100.
5 15.0, 40.0, 13.0, 25.0, 11.0, 15.0, 11.0, 80.0, 15.
6 200. 0/

DATA E10/
1 100.0, 500.0, 500.0, 120.0, 31.0, -11.0, 11.0, 20.0, -11.
2-11.0, -11.0, -12.0, 11.0, -12.0, 11.0, -12.0, 12.0, 17.
3 200.0, 32.0, 19.0, 22.0, 14.0, 32.0, 500.0, 21.0, -11.
4 11.0, -11.0, 13.0, 11.0, 14.0, 19.0, 120.0, 50.0, 500.
5 500.0, 500.0, 500.0, 29.0, 12.0, 12.0, 21.0, 15.0, -12.
6 11.0, -12.0, -11.0, -11.0, -11.0, -11.0, 12.0, -12.0, 15.

DATA E10A/
1 120.0, 500.0, 500.0, 300.0, 19.0, 22.0, 14.0, 32.0, 500.
2 500.0, 20.0, 500.0, 12.0, 13.0, -11.0, 11.0, -12.0, 7O.
3 50.0, 100.0, 500.0, 500.0, 500.0, 29.0, 15.0, 15.0, 29.
4 19.0, -16.0, 14.0, -18.0, 11.0, -11.0, 11.0, -11.0, -11.
5-11.0, 11.0, 12.0, 500.0, 500.0, 500.0, 300.0, 20.0, 23.
6 500. 0/

DATA E11/
1 500.0, 500.0, 14.0, 500.0, 32.0, 40.0, 32.0, 11.0, 11.
2 -10.0, 10.0, 23.0, 100.0, 100.0, 300.0, 500.0, 500.0, 500.
3 500.0, 500.0, 40.0, 500.0, 500.0, 500.0, 500.0, 500.0, 18.
4 -16.0, 12.0, -13.0, 11.0, -10.0, -10.0, -10.0, 10.0, -11.
5 11.0, 16.0, 300.0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.
6 500.0, 500.0, 500.0, 500.0, 100.0, 100.0, 23.0, 24.0, 32.

DATA E11A
1 16.0, 28.0, 60.0, -11.0, 11.0, 11.0, 15.0, 32.0, 40.
2 50.0, 70.0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.
3 500.0, 500.0, 500.0, 500.0, 500.0, 38.0, 26.0, 20.0, -16.
4 16.0, -11.0, -11.0, -11.0, -11.0, -11.0, 11.0, -12.0, 14.
5 500. 0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.
6 500. 0/

DATA E12/
1 500.0, 500.0, 500.0, 70.0, 80.0, 34.0, 23.0, 500.0, 500.
2 32.0, 13.0, 11.0, 11.0, 11.0, 50.0, 40.0, 100.0, 500.
3 500.0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.
4 500.0, 500.0, 200.0, 500.0, 500.0, 500.0, 500.0, 31.0, 14.
5 12.0, 11.0, 11.0, 11.0, 11.0, 12.0, 200.0, 30.0, 500.
6 500.0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.

DATA E12A/
1 500.0, 500.0, 500.0, 200.0, 12.0, 100.0, 19.0, -25.0, -12.
2 12.0, 16.0, 32.0, 100.0, 60.0, 500.0, 500.0, 500.0, 500.
3 500.0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.
4 100.0, 500.0,-200.0, 16.0, -12.0, -12.0, -12.0, 13.0, -13.
5 13.0, 13.0, 200.0, 500.0, 500.0, 500.0, 500.0, 500.0, 500.
6 500.0
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DATA
500.

15.
500.
500.
-13.
500.
DATA
500.
500.
300.
500.
-24.
6 26.
DATA
500.
500.
500.
200.
500.
500.
DATA

OO WNPE

abrwN R

OO WNPE

500.
210.

500.

500.
DATA
1 500.
2 5.
3 500.
4 500.
5 8.
6 500.
DATA
500.

OO, WNPE
»

500.
500.

O WNPE

500.
DATA
500.

500.
500.

OO WN P

100.
DATA
1 500.
2 9.
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4 15.
5 3.
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DATA
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3 4.0, 500.0, 35.0, 19.0, 20.0, 21.0, 12.0, 10.0, 9.0,

4 13.0, 3.7 3.1, 12,0, 2.4, 5.0, 100.0, 200.0, 50.0

5 300.0, 34.0, 500.0, 21.0, 11.0, 6.0, 50.0, 6.0, 3.3,

6 2.4, 2.4, 2.3 25 22 22 50 29.0, 240
DATA E17A/

1 13.0, 500.0, 500.0, 9.0, 2.6, 10.0, 2.3, 2.3, 3.0

2 60.0, 100.0, 500.0, 23.0, 23.0, 8.0, 60.0, 6.0, 6.0,

3 2.4, 2.4, 2.3 2.3 23 35 50 300, 500,

4 500.0, 500.0, 500.0, 500.0, 32.0, 5.0, 20.0, 2.3, 2.7,

5 3.2 31, 3.6 500 5000 5000, 500.0, 500.0, 39.0,

6 500. 0/
DATA E18/

1 6.0 6.0 24 26 23 29 34 50 6.0

2 8.0, 12.0, 500.0, 500.0, 500.0, 500.0, 500.0, 6.0, 21.0,

3 2.9, 500.0, 6.0, 500.0, 3.5 ~ 5.0, 500.0, 500.0, 500.0,

4 500.0, 33.0, 500.0, 6.0, 6.0, 3.1, 500.0, 31.0, 3.0

5 35 50 60 10.0, 12.0, 500.0, 500.0, 500.0, 500.0,

6 31.0, 500.0, 7.0, 500.0, 8.0, 500.0, 3.5 ~ 6.0, 500.0/
DATA E18A/

1 500.0, 0.0, 0.0, 0.0, 00 0.0 00 00 0.0

2 0.0 00 00 00 00 00 00 00 00

3 00 00 00 00 00 00 00 00 00

4 0.0 0.0 00 00 00 00 00 00 00

5 00 00 00 00 00 00 00 00 00

6 0.0/
ERRVAS=ERR( J)
RETURN
END

R I bk S R R R I O S S O S S O O R R R I S O S R R Ok O R R O R O
* SUBROUTI NE MASSI V *

EIEE R R I I I R R R I I R I I I R R I R R R I R R S O R

SUBROUTI NE MASSI V(| VD)

COVMMON/ MASOUT/ WDI S(990) , KPREN( 990) , KPREP( 990) , KEQD( 990) , KEQT( 990)
*  KEQHE( 990) , KEQAL( 990) , KSUMN( 990) , KSUMP( 990) , KREACT( 990)
* KPREA(990) , KN

COVVON/ | NTTRL/ PWK, PWY, PWZ, TW NPREN, NPREP, NPREA

COVMON/ EVAMAS/ NEVAN, NEVAP, NEVAD, NEVAT, NEVAHE, NEVAAL

COMMON/ CFUMAS/ CF /| NF/ | NFBI G, | NFSO

COVMON/ | NFSEP/ KSEP( 100, 4) , | NFSEP, JSEPM

| D=0
| F(1 NFBI G EQ 0) GOTO 200
=1
10 | F(KPREN( 1) . EQ NPREN) GOTO 18
11 1F(1-KN) 12, 100, 100
12 1=1+1
GOTO 10
18 1 F(KSUWN( 1) . EQ ( NPREN+NEVAN) ) GOTO 20
GOoTO 11
20 | F(KPREP(1). EQ NPREP) GOTO 27
GOoTO 11
27 | F(KPREA(1) . EQ NPREA) GOTO 28
GOoTO 11
28 | F(KSUVP(1) . EQ ( NPREP+NEVAP) ) GOTO 30
GOTO 11
30 | F(KEQAL(1). EQ ( NEVAAL+NPREA) ) GOTO 40
GOTO 11
40 | F(KEQD( 1) . EQ NEVAD) GOTO 50
GOTO 11

50 | F(KEQT(1). EQ NEVAT) GOTO 60
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60

70

100

200

101
102

GOTO 11
| F(KEQHE( 1) . EQ NEVAHE) GOTO 70
GOTO 11

KREACT( | ) =KREACT( 1) +1

WDI S(1) =Dl S( 1) +CF

| F(1 NFSEP. NE. 0) CALL CHESEP
RETURN

KN=KN+1
| F(KN. GT. 990) GOTO 101
KPREN( KN) =NPREN

KPREP( KN) =NPREP

KPREA( KN) =NPREA

KEQD( KN) =NEVAD

KEQT( KN) =NEVAT

KEQHE( KN) =NEVAHE

KEQAL( KN) =NEVAAL + NPREA
KSUMN( KN) =NEVAN+NPREN
KSUMP( KN) =NEVAP+NPREP
KREACT( KN) =1

WDI S( KN) =CF

| F(1 NFSEP. NE. 0) CALL CHESEP
RETURN

KN=1
KPREN( KN) =NPREN+KPREN( KN)

KPREP( KN) =NPREP+KPREP( KN)

KPREA( KN) =NPREA+KPREA( KN)

KEQD( KN) =NEVAD+KEQD( KN)

KEQT( KN) =NEVAT+KEQT( KN)

KEQHE( KN) =NEVAHE+KEQHE( KN)

KEQAL( KN) =NEVAAL+KEQAL(KN)  + NPREA
KSUMN( KN) =NEVAN+NPREN+KSUMN( KN)

KSUMP( KN) =NEVAP+NPREP+KSUVP( KN)
KREACT( KN) =1+KREACT( KN)

VDI S( KN) =CF+WDI S( KN)

| F(1 NFSEP. NE. 0) CALL CHESEP

RETURN
PRI NT 102, KN
FORVAT(1X," SUBROQUTINE MASSIV. KN =',i5," EXCEEDS LIMT")
KN=KN- 1
I MB=1
RETURN
END
R I S bk S I R R S O O S O S S O O R R S S O Rk kR O O
SUBROUTI NE MEMDEC *

*

R R R R R R R R R R R R RS R R RS R R R R R R R RS R R R R R EREEREEEEEREEREEEEEEEEEREREES

SUBROUTI NE MEMDEC( | )
COWON PARTI C/ WP, PX, PY, PZ, P, T, E, X, Y, Z, R JI N, M
COWON PARTL7/ WP1, PX1, PY1, PZ1, P1, T1, E1, X1, Y1, Z1, R1, JI N1, ML

coTq( 1, 2), |
W1 =W
PX1 =PX
PYL =PY
Pzl =PZ
PL =P
TL =T
El =E

113



X1 =X

Yl =Y
Z21  =Z
RL =R
JINL =JIN
ML =M
RETURN
2 | F(ML. ne. 3) goto 3
W =WP1
PX =PX1
PY =PY1
Pz =Pz1
P =P1
T =T1
E =E1
X =X1
Y =Yl
z =71
R =R1
JIN =JIN1
M =ML
ML =0
RETURN
3 Wite(6,4)M
Wite(8,4)M
4 Format (1x,' ERROR | N MEMDEC ML=", i 3)
St op
END
khkkhkkhkhkhkhkkhkhkhkhkhhkhkhkhhkhkhhhhkhkhhhdhkhhhdhkhhhhdkhhhdhdhkhhhdhkhhhhdkhhkhdhkhhkhd*dhdd,kdkhkhd,**x*x%
* SUBROUTI NE MEMEQU *

R R I I R R R S I O R R R R R I I I R R R O

SUBROUTI NE MEMEQU( E, MP)
C Evaporation
C Store characteristics of particles emtted from nucl eus
COWDN EMEM EMEMD( 21) , EMEM 21) , RVEM 21, 3) , RVEMD( 21, 3) , HVEM
COVWON EQUT/ SPE( 19, 5, 3), PI (19), EQUT1(5, 3), EQUT2(5, 3) , MSPE
COWMON/ | X190/ 1 X191, 1 X192, | X193
COWON DATI NI / RA, TO, W / MAI I PR/ | PR
COMMON SPEFUL/ ANGLI M 9, 2, 3) , ANGSUM 21, 9, 3), ANGCEN( 9, 3) , DCEN, VANG
COMMON TR1TR2/ VX, VY, VZ / URAND1/ | YG
C Transition to LCS
WP=\\M MP)
PP=SQRT( E *(E +2.*WP) )
CC=RANDOM 0)
QCCs=1. -2.*CC
QS| N=SQRT( ABS( 1. - QCOS* QCOS) )
CC=RANDOM 0)
Fl =6. 2831852* CC
PWK=PP* QSI N* COS( FI )
PWY=PP* QSI N* SI N( FI )
PWZ=PP* QCOS
PWK=PWK+WP* VX
PWY=PWY+WP* VY
PWZ=PWZ+WP* VVZ
QCOS=PWZ/ SQRT( PWK* PWWK+PWy* PWY+PWZ* PWZ)

TWEE

DO 1 NU=1, 21
| F(TW LE. EVEM NU) ) GOTO 2
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1 CONTI NUE
| X191=1 X191+1
VR TE( | PR, 87) TW
87 FORMAT(1X,' CONTROL MEMEQ ( ENERGY )',' TW:',El4.5)
| F(1 X191. GT. 10000) STOP
RETURN

RVEM NU, MP) =RVEM NU, MP) +1.

oNO

DO 7 | CEN=1, MANG

| F(QCOS. LE. ANGLI M I CEN, 1, MP) . AND. QCOS. GE. ANGLI M | CEN, 2, MP))
* ANGSUM NU, | CEN, MP) = ANGSUM NU, | CEN, MP) + 1.

CONTI NUE

OO~

Total angular distribution for given TWi nterval
DO 1000 L=1, MSPE
| F(TW GE. EQUT1(L, MP). AND. TW LE. EQUT2( L, MP)) GOTO 10
GOTO 1000
10 DO 93 NANG-1, 18
| F( QCCS. GE. PI ( NANG+1) ) GOTO 97
93 CONTI NUE
| X192=| X192+1
VRl TE( | PR, 96) QCOS
96 FORMAT(1X,' CONTRCL MEMEQ (ANGULAR) ',' QCOS=', El4.5)
| F(I X192. GT. 10000) STOP
RETURN
97 SPE(NANG, L, MP) =SPE( NANG L, MP) +1.
1000 CONTI NUE
RETURN
END

R I I I I I R R R R S I O R R R R R R R R R

* SUBROUTI NE MEM N *

ER I I I I SR I I I I R I R R I R I I I I I I R I I I I I I I I R I I I S R R I S I I I I I I b S I
SUBROUTI NE MEM N
COVMON/ NDI M N / SCI MEM WP, PX, PY, PZ, P, T, E, X, Y, Z, R, JI N, M
COVMON/ MENORY/ U( 11, 20) , M 2, 20) / MAI | PR/ | PR
NEN+1
| F(N. GT. 20) GOTO 10
U1, N) =W
U( 2, N) =PX
U3, N) =PY
U(4, N) =Pz
U5,
u( 6,
w7,
w8,
w9,
U( 10,
u( 11,
MK 1,
MJ 2, N)
RETURN

10 PRINT 20, N
WRI TE(| PR, 20) N
20 FORMAT(1X,' SUBR MEM N. ARRAYS LI M T EXCEEDED. N=',14)

STOP
END

R I I I I R R R S I O R R R R R I R R O

* SUBROUTI NE MEMOUT *

22222

£2<2
L <Xm-7T

I'N

<
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R R R R R R R R R R R R E R RS R R R R R R R RS R EEEEEEEEEEEEEREEEREEEEEEEREEEEEEREEEEEREE]

SUBROUTI NE MEMOUT
COVMON/ NDI M N/ MEMORY/ U( 11, 20) , MX 2, 20)
COMVON/ PARTI C/ WP, PX, PY, PZ, P, T, E, X, Y, Z, R, JIN, M
WP=U( 1, N)

PX=U( 2, N)

PY=U(3, N)

PZ=U( 4, N)

P=U(5, N)

T=U(6, N)

E=U(7, N)

X=U( 8, N)

Y=U( 9, N)

Z=U( 10, N)

R=U( 11, N)

JINEMX 1, N)

MEMU( 2, N)

NEN- 1

RETURN

END

R R R R R R R R R R R R SR R R R R R R R R SRR R R EEEEEEREEREEEREEEEEREREEEEEEREEREEREE]

* SUBROUTI NE MEMPRE *
EIR R R R I b b I S R I b S R I I I I R I I R S I I
SUBROUTI NE MEMPRE(M P1, P2, P3, T)
C Pre-equilibrium (cascade)
C Store characteristics of particles emtted from nucl eus
COWON EMEM EMEMD( 21) , EMEM 21) , RMEM 21, 3) , RVMEMD( 21, 3) , HVEM
COWMON EQUT/ SPE( 19, 5, 3), PI (19), EQUT1(5, 3), EQUT2(5, 3), MSPE
COVMON | X190/ 1 X191, | X192, |1 X193 / DATI NI / RA, TO, WO
COWON MAI I PRI PR /I NFDI S/ I NFDI S, | NFOUP( 3)
COVMON SPEFUL/ ANGLI M 9, 2, 3) , ANGSUM 21, 9, 3), ANGCEN( 9, 3) , DCEN, MANG
MP=M
| F(1 NFOUP( MP) . NE. 1) RETURN
PWK=P1
PWY=p2
PWZ=P3
TWET
QCOS=PWZ/ SQRT( PWK* PWK+PWY* PWY+PWZ* PWZ)
DO 1 NU=1, 21
| F(TW LE. EMEMD( NU) ) GOTO 2
1 CONTI NUE
| X191=I X191+1
C | F(1X191. GT. 1000) STCOP
VWRI TE( | PR, 87) TW
87 FORMAT(1X,' CONTROL MEMPRE ( ENERGY )',' TW', El4.5)
RETURN
2 RVEMD( NU, MP) =RVEMD( NU, MP) +1.

DO 7 | CEN=1, MANG
I F( QCOS. LE. ANGLI M I CEN, 1, MP) . AND. QCCS. GE. ANGLI M | CEN, 2, MP) )
* ANGSUM NU, | CEN, MP) = ANGSUM NU, | CEN, MP) + 1.
7 CONTI NUE
C
C Total angular distribution for interval TW
DO 1000 L=1, MSPE
| F(TW GE. EQUT1(L, MP) . AND. TW LE. EQUT2(L, MP)) GOTO 10
GOTO 1000
10 DO 93 NANG=1, 18
| F( QCOS. GE. PI ( NANG+1) ) GOTO 97
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93 CONTI NUE
| X192=1 X192+1
C | F(1X192. GT. 10) STOP
WRI TE(1 PR 96) QCOS
96 FORVMAT(1X,' CONTROL MEMPRE (ANGULAR) ',' QCOS=', E14.5)
RETURN
97 SPE(NANG, L, MP) =SPE( NANG, L, MP) +1.
1000 CONTI NUE
RETURN
END

R R R I R I R I R R R I O I R S R R O

* SUBROUTI NE MODEL *
EE R I R I R I I I I I I R R I I I I I R I R R I I R I I I R I I R I R A R R I R S
SUBROUTI NE MODEL( | XX)
COVMON/ NPROL/ NPROL
COVMON/ JACT/ JACT
CALL ZERCR
CALL I NI PAR
1 CALL I NTPOP(IKS, | NT9)
| F(1 NT9. NE. 0) GOTO 10
IF(1KS)4, 2,3
2 CALL MEMOUT
GOoTO 1
3 CALL ACTIN(IKS)
IF(1KS)4,2,1
I F(JACT) 6, 5, 6
NPROL=NPROL+1

(S

| XX=2
RETURN
6 CALL TREAT1

CALL EVAPAR

CALL TREAT2

CALL CFUN

CALL MASSI V(1 M)

I F(1 M. NE. 0) GOTO 20

| XX=2
RETURN

10 1X¢=1

RETURN
20 | XX=3

RETURN

END
R I bk Sk I R R I O e O S S O O R R I S b S R R R R O O
* SUBROUTI NE NADRAW *

R I I I I R R I R I O I I R I R R S R R I R S O

SUBROUTI NE NADRAW( T, QCOS, FI )
COMMON/ URANDL/ | YG
CC=RANDOM 0)
FI =6. 2831852* CC
CC=RANDOM 0)
DSDOME- 0. 238* ALOG( T) +1. 91
10 CC=RANDOM 0)
CC1=RANDOM 0)
TETA=CC* 180.
CALL OSTROY T, TETA, DSDO)
DSDO=DSDO* S| N( TETA* 3. 1415926/ 180. )
| F( DSDO - DSDOVFCCL ) 10, 20, 20
20 QCOS=COS( TETA* 3. 1415926/ 180. )
RETURN
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END

R R R R R R R R R R R R R R E R SRR R R R R RS R R R EEEEEEREEREEEEEEEEEEREEEEEEREEEEEEE]

* SUBROUTI NE NPDRAW *
ER I R I I I SR I I I I I R I R R I I R I I I I I I R I I I I I R I I I I R R I I S I I I R kI S b

SUBROUTI NE NPDRAW( QCOS, FI )

COVMON/ FI GA1B/ T1(16), BAL(16), BBL(16), BB2(9), BB3( 8)

COVMON/ ACTALB/ TREST / ALBNPDY S( 4) , PARL

COVMON/ URANDL/ | YG

CALL A1B1B2

CC=RANDOM 0)

DO 10 I=1, 4

| F(CC. LE. S(1)) GOTO 20

10 CONTI NUE
PRINT 12, CC, (S(1),1=1, 4)
WRI TE(1, 12) CC, (S(1), 1 =1, 4)
1), 1
|

WRI TE(8, 12) CC, (S(1), 1 =1, 4)
WRI TE(12, 12) CC, (S(1),1=1, 4)
12 FORMAT(1X,' CONTROL NPDRAW / 1X, 5GL5. 8)
| =4
20 CC=RANDOM 0)
FI =6. 2831852* CC

CC=RANDOM 0)
GOT(q 30, 40, 50, 60), |
30 QCOs=1.-CC
RETURN
40 QCOS=ABS(1.-CC)**0. 25
RETURN
50 =- CC
RETURN
60 QCOS=- ( ABS( CC) ** PAR1)
RETURN
END
EE R R I R I I I I I I I R I I I I R R R I I I R I I I R I I R I A I R I S
* SUBROUTI NE NRT_CCEFF *
EE R I R I I I I I I I I I R R I I I I R R I R R I I I I I R I I I R I I O S
Subrouti ne NRT_CCEFF(Z1, Z2, Al, A2, ANRT, BNRT, G\RT)
Pl =3. 1415926
A0=0. 52918E- 08 I Bohr radius, cm
EL=4. 8E- 10 I el ectron charge
C O assical NRT, Nucl.Eng.Des., 1975 :
C RKO=0. 1337*(Z1**(1./6.)) *SQRT(Z1/ Al)

C Robi nson
RKO0=0. 0793* (Z1**0. 6666666) * SORT(Z2) * (( AL+A2)**1.5)/
# (A1**1.5)*SQRT(A2) *((Z1**0. 666666666+Z2**0. 66666666) **0. 75) )
AA=AO0*( (9.*Pi*Pi/128.)**0.333333333 )/

# SQRT( Z1**0. 6666666+22** 0. 6666666)
E0=Z1*Z2* (EL**2) * (AL+A2) | ( AA* A2)
E0O=EO/ 1. 6E- 06 I erg ---> MV
E0=1000. * EO ! ---> keV
EE=1./ EO
ANRT=RKO0* EE

BNRT=0. 40244* RKO* (EE**0. 75)

GNRT=3. 4008* RKO* (EE** 0. 1666666666)
RETURN

END

IR R R R R E RS SRR R R R R RS RS R R R EE R EEEEEEEEEREEEREEEEEREREEEEREEEEEEEEEE]

* SUBRCOUTI NE OPEN_QUTPUT_FI LES *

R I I I I R R S I O R R R R R R R R R O

SUBROUTI NE OPEN_CQUTPUT_FI LES( NAMRD)
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CHARACTER NAMRD* 8

CHARACTER* 12 NAML, NAMZN, NAM7 P, NAM7 A, NAMB, NAMLO, NAML2, NAML4
Naml =Nanrd//'.sho'
Nanvn=Nanrd//'.nnn'
Nanmvp=Nanrd//"' . ppp'
Nanva=Nanrd//' . aaa'
Nan8 =Nanrd//'.ful'
NamlO=Nanrd//'.mt"'
Nami2=Namrd//'.lib'
Nanil4=Nanrd//"' . al p'

open(1, fil e=Naml)

open(71, fil e=Nanmvn)

open(72,fil e=Nanvp)

open(73,fil e=Nanva)

open(8, fil e=NanB)

open( 10, fil e=NamlLO0)

open(12, fil e=Naml2)

open( 14, fil e=Naml4)

open(33,fil e=' d2sdedo. 7r")

Ret urn

End
ER I I I I SR I I I I I R I R R I I R I I I I I I I I I I I I I R I I I I I R R I I S I I I I I R b I I
* SUBRQUTI NE OPTI ONS *

R R R R R R R R R R R R E R R R R R RS R R R R SRR R EEEEEEEEREEEREEEEEREREEEEREREEREEEE]

SUBROUTI NE OPTI ONS( | PR, BONNE, | WRI , | NFKAL)
COVMON/ K1996/ K1996 / 11988/ 11988 / 11990/ | 1990
COVMONV R1R2/ E1E2(200) , | RLR2

COMMON/ | MOM | MOM / | CHEN/ | CHEN / URANDL/ | YG
COVMON | NFOOO/ | NFGAS

*

* |PRis the nunmber of unit for general output file

| PR=8
*
| 1988=0
 1990=0
| RLR2=1
C
CIMOMIlimtation on orbital nonenta (according to Bunakov et al)
C : 0 - no, 1l-yes
| MOVEL
C ICHEN =0 is not used now
| CHEN=1
BONNE=0. 01
| WRI =1
C 1 YG for URAND pseudo random nunber generator
| YG=1995
C INFGAS: calcualtion of total production cross-section for
C particles with 0 < Z < 4: 0-no, 1-yes
I NFGAS = 1
C
C I NFKAL: calcualtion of angular distributions for pre-equilibrium
C particles for recoil spectra calculation (primary particle
C energy TO < 60 MeV)
C = 0 - INC nodel
C =1 - old Kal bach, Mann approxi mati on (not tested)
I NFKAL = 0

| F(1 PR NE. | WRI ) GOTO 1788
PRINT 1789, | WRI
WRI TE(I PR, 1789) | VRl
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STOP
1788 conti nue
*

* See Subr DI STPA

K1996=0
*
Ret urn
1789 FORMAT(1X,' Bad unit: [|IWRI=IPR=",15)
End
EE R R S b I S b R S b b R I R b I b I S I S I S I b I S b R I I b I b S I S I
* FUNCTION ORBI T *

R R I I R R R I I S R R R R I R R R R O

FUNCTI ON ORBI T( PX, PY, PZ, X, Y, 2)
Rl =Y*PZ- Z* PY

RI=Z* PX- X*PZ

RK=X* PY- Y* PX

ORBI T=SQRT( Rl * Rl +RJ* RJ+RK* RK)
RETURN

END

R R R R R R R R R R R E R R R R R R R R R SRR R R EEEEEEREEREEEREEEEEREEREEEEREREERE SRR

* SUBROUTI NE OSTROU *
EE R I I I I I R I I I I I R R R I I I I I R R I I R R S I I R R I I R R I I I A R R I R I R I O
* Data are correct only for T < 300 MeV
SUBROUTI NE OSTROU( T, TETA, DSDO)
* TETA in degrees
C = 1.44465E-06 * (TETA**3) + 1.07744E-04*( TETA**2)
Cc 8.87089E-02 * TETA + 6.74152
| F(30. GT. TETA) RK = (0.12/30.)*TETA
| F(30. LE. TETA . AND. TETA. LE. 165. )
¢ RK = -1.45194E- 10*( TETA**5) + 6.68681E-08 *( TETA**4)
1. 05389E- 05* ( TETA**3) + 6. 10544E- 04*( TETA**2) -
c 3.87393E-03 *TETA - 7.76363E-02
| F(TETA. GT. 165. )
¢ RK = -1.45194E- 10*(165. **5) + 6. 68681E-08 *(165.**4)
1. 05389E- 05*(165. **3) + 6. 10544E- 04*(165.**2) -
c 3.87393E-03 *165. - 7.76363E-02
SQRTT = SQRT(T)
DSDO = C * EXP(-RK*SQRTT)
RETURN
END

IR R R R R R RS R R R R R R SRR R RS R R R R R R R EEEEEEEEREEREEEEREREEEEEREREEEEEEEES

* SUBROUTI NE OUTPUT *
EE R R S b I S b R b I b R I b R I b I I b I S I S I b S b I b I b I b I S I S S
SUBROUTI NE OUTPUT
REAL*8 | NFGEN
COMMON/ MASOUT/ WDI S( 990) , KPREN( 990) , KPREP( 990) , KEQD( 990) , KEQT( 990)
+, KEQHE( 990) , KEQAL( 990) , KSUM\( 990) , KSUMP( 990) , KREACT( 990)
+ KPREA(990), KN / DATOUT/ SGEOM FOUT / DATI NI / RA, TO, W) / KHI ST/ KHI ST
COMMON/ NPROL/ NPROL / DATPAU/ BONCUT(3) /1 MOM | MOM / RO01/ R0O1
COMMON/ R003/ R003 / ROO5/ ROO5 / NREJ/ REFR, NREJ / RLR2/ ELE2( 200) , | RLR2
COMMON/ CSABS/ CSABS, FI ALP2 / XPARAM XPARAM FI ALPH /| CHEN/ | CHEN
COVMON TEMP2/ BONNE / EVA/ PARALP, PARPRO /1 1988/ | 1988
COVMON/ MAI | PR/ | PR /I NFDI S/ | NFDI' S, | NFOUP(3) /| NF/ | NFBI G, | NFSO
COVMON/ MPARI N MPARI N / AN/ AN / | DOPCS/ | DOPCS
COVVON/ | NI QBQY Z, CKA, CKB, RPA, RPB, RALA, RALB / | NFGEN/ | NFGEN( 9)
COVMON/ | VRl / | WRI / AUXI L/ | COUL, | COU2 / | NFOOO/ | NFGAS
COVMON | NFOO1/ | NFKAL /1 NFOO2/ | NFDOS /1 1990/ 1 1990 / | NFOO3/ | NFDEN
COMMON | NFO04/ KHI STO /1 NFBON/ | BOND / BONDL/ QBON( 200, 200, 6)
COVMON | NFOO5/ | NFDM / SUMPO/ ER90, KER9O / | NFSEP/ KSEP( 100, 4) , | NFSEP,

(¢}

o
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+JSEPM / LI B91/ W NLI B( 100, 250) , | NFLI B / FI CAP/ FI CAP, MZONA
COVMON/ EDEFF/ Ed
REAL*8 | TYP(3),1CS(4), | TYP1(3)
DI MENSI ON' DREACT( 990) , ML( 990) , M5( 990) , MREACT( 990)
DI MENSI ON CSNON( 4) , CSDNON( 4) , CSN( 4) , CSP( 4) , CSA( 4)
DI MENSI ON CSD( 4) , CST( 4), CSH( 4)

DATA | TYP/' NEUTRON ,' PROTON ,' ALPHA' /
DATA | TYP1/' NEUTRON ', ' PROTON ',' ALPHA '/
DATA | CS/' BARASH ',' GEOMETRY',' OPTIC ',' CHAT-JEE'/

C KPREA(i) is sum of non-equilinrium al pha-particles
C KEQAL(i) is sum of non-eq and evaporated al phas
DO 111 | =1, KN
111 M(1)=1
X=FLOAT( KHI ST)
SGX=SGEOM X
SELA=SGX* FLOAT( NPROL)
WRI TE(| PR, 499) (I NFGEN(1),1=1,9)
WRI TE( | PR, 500) Z, AN, | TYP( MPARI N) , TO
| F(KHI STO. NE. KHI ST) WRI TE( | PR, 503) KHI STO
WRI TE( | PR, 501) KHI ST, SGEOM SELA
XPARA9=1. /| XPARAM
| F(1 NFBI G EQ 0) WRI TE( | PR, 131) XPARA9, ED* 1000.
| F(1 NFBI G EQ 0) GOTO 200
WRI TE( | PR, 444) RO01
WRI TE( | PR, 555) R003
WRI TE( | PR, 888) R0O05
WRI TE( | PR, 889) NREJ, REFR
RCOU3=( FLOAT( | COU2) / FLOAT( |1 COU1) ) *100.
WRI TE( | PR, 8890) RCOU3
VRl TE( | PR, 439) PARALP, PARPRO
I F(1 MOM EQ 1) WRI TE( | PR, 333)
| F(1 CHEN. EQ 2) WRI TE( | PR, 334)
WRI TE(| PR, 887) | 1988
WRI TE( | PR, 8888) | 1990
XPAR22=1. | XPARAM
WRI TE( | PR, 10) FOUT, BONCUT( 1) , BONCUT( 2) , BONCUT( 3) , XPAR22, BONNE, KN
WRI TE( | PR, 101) FI ALP2, FI CAP, MZONA
200 R=1.
REASUMEOQ.
DI SSUMEO.
DO 11 1=3,4
CSNON( I ) =0.
11 CSDNON( I) =0.
DO 12 | =1, KN
REASUM=REASUMHFLOAT( KREACT( 1))
12 Dl SSUM=DI SSUMHADI S( 1)

If (MPARI N. | e.2) CALL BARASH(O., MPARI N, AN, TO, CSNONB)
If (MPARI N. eq. 3) CSNONB=SI Gl ON(2, 4., 2., AN, Z T0)
CSNON( 1) =0. 001* CSNONB
CSNON( 2) =SGX* REASUM
| F(1 DOPCS. EQ 1) CSNON( 3) =CSABS
| F(TO. LE. 50. ) CSNON( 4) =CSCHAT( TO, MPARI N)
| F(TO. LT. 14. ) CSNON( 1) =CSNON( 4)
RR=DI SSUM REASUM
CSDNON( 1) =CSNON( 1) * RR
CSDNON( 2) =CSNON( 2) * RR
| F(1 DOPCS. EQ 1) CSDNON( 3) =CSNON( 3) * RR
| F(TO. LE. 50. ) CSDNON( 4) =CSNON( 4) * RR
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C
| F(1 NFGAS. EQ 0) GOTO 844
C Particle production
CSNSUM=O0.
CSPSUMEO0.
CSASUMEO.
CSDSUMEOQ.
CSTSUMEO.
CSHSUMEO.
CSPRE=0.
CSPREN=0.
CSPREP=0.
CSPREA=0.
CSEQUN=0.
CSEQUP=0.
DO 848 | =1, KN
RRR=FLOAT( KREACT( 1))
| F(1 NFBI G EQ 0) RRR=1.
CSNSUM=CSNSUMFFL QAT( KSUMN( 1) ) * RRR
CSPSUM=CSPSUMFFL QAT( KSUMP( 1) ) * RRR
CSASUMECSASUMFFLCAT( KEQAL (1)) *RRR
CSPRE=CSPRE+( FLOAT( KPREN( | ) ) +FLOAT( KPREP( 1)) ) *RRR
CSPREN=CSPREN+FLOAT( KPREN( 1 ) ) * RRR
CSPREP=CSPREP+FLQAT( KPREP( 1)) *RRR
CSPREA=CSPREA+FLOAT( KPREA( 1)) *RRR
CSEQUN=CSEQUNHFLQOAT( KSUMN( |') - KPREN( 1) ) * RRR
CSEQUP=CSEQUP+FLOAT( KSUMP( | ) - KPREP( 1)) *RRR
CSDSUM=CSDSUMFFLOAT( KEQD( 1) ) *RRR
CSTSUMECSTSUMHFLOAT( KEQT( 1)) *RRR
48 CSHSUMECSHSUMFFLOAT( KEQHE( 1) ) * RRR

oo

Non-equi | i bri um al pha-particle and triton production cross-section

by F. Deni sov, Mekhedov

Multiplicity of cascade (non-equilibrium nucleons RRO

Note ! Deni sov, Mekhedov contributuion is not added to the total

al pha- production (see CSAFD=0.0 below) Turn it on in case of necessity.

O0000000

Multiplicity of cascade (non-equilibrium nucleons RRO
RRO=CSPRE/ REASUM

c ----- al pha-particles -------
C RWD, CLO are paraneters
RMD=0. 06
C CL0=0. 12
C Feb6

CL0=0. 12*0. 1*22. 65
VAL=0. 21*Z+2.5
EPSD=QBON( 1, 1, 6) +VAL
RVD=RMD* EPSD
C Nunber of al pha-clusters in nucleus
CLD=CLO*( AN/ 4.)
C Knock-out probability for al pha-cluster
WVD=( RRO/ AN) ** RVD
CSAFD=CSNON( 1) * CLD* WD
* No contribution from Deni sov, Mekhedov to total a-production
CSAFD=0. 0
cC ----- tritons -------
C RWD, CLO are paraneters
RMDT=0. 06
C Fe56
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CLOT=0. 12*0. 2*5. 96*0. 35
VT=0. 1*Z+0. 8
EPSDT=QBON( 1, 1, 4) +VT
RVMDT=RMDT* EPSDT

C Nunmber of t-clusters in nucleus
CLDT=CLOT* (AN 3.)

C Knock-out probability for triton-cluster
WVDT=( RRO/ AN) ** RVDT
CSTFD=CSNON( 1) * CLDT* WWDT

cC ----- He-3 -------

C RVD, CLO are paraneters

RMDOH=0. 06
C Feb6
CLOH=0. 12*0. 2*2. 625* 1. 687
VH=0. 21*Z
EPSDH=QBON( 1, 1, 5) +VH
RVDH=RMDH* EPSDH

C Nunmber of He3-clusters in nucleus
CLDH=CLOH* (AN 3.)

C Knock-out probability for He3-cluster
WWVDH=( RRO/ AN) * * RVDH
CSHFD=CSNON( 1) * CL DH* WWDH

[oNeQ]

RR1=CSNSUM REASUM
RR2=CSPSUM REASUM
RR3=CSASUM REASUM
RR33=CSPREA/ REASUM
RR4=CSDSUM REASUM
RR5=CSTSUM REASUM
RR6=CSHSUM REASUM
DO 850 |=1, 4
CSN( ') =CSNON( | ) * RRL
CSP( 1) =CSNON( | ) * RR2
CSA(1) =CSNON( | ) * RR3
CSD( 1) =CSNON( | ) * RR4
CST(1) =CSNON( | ) * RR5
850 CSH( 1) =CSNON( | ) * RR6

I F(1 NFDM EQ. 0) GOTO 35
CSPREA = CSNON( 1) *RR33
SUMD=CSA( 1) +CSAFD
SUMDT=CST( 1) +CSTFD
SUMDH=CSH( 1) +CSHFD
WRI TE( 10, 101) FI ALP2, FI CAP, MZONA
WRI TE( 10, 851) RRO, RMD, CLO, CLD, CSAFD, CSA( 1), SUMD, EPSD, QBON( 1, 1, 6)
+ , VAL, CSPREA, CSA(1), SUMD, RRO, RMDT, CLOT, CLDT, CSTFD, CST(1), SUMDT,
+  EPSDT, BON(1, 1, 4), VT, RRO, RMDH, CLOH, CLDH, CSHFD, CSH( 1) , SUVDH,
+  EPSDH, QBON(1, 1,5), VH
C Auxiliary printing
YY1=CSPREA* 1000.
YY2=CSA( 1) *1000.
YY3=SUMD* 1000.
VRI TE( 14, 852) TO, YY1, YY2, YY3, Z, AN

DO 34 I=1,4
CST(1)=CST(1) +CSTFD
CSH( 1) =CSH( 1 ) +CSHFD
34  CSA(l)=CSA(l)+CSAFD
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C
C Wite average excitation energy of residuals and particle multiplicity
35 ER90=ER90/ FLOAT( KER90)
RR900=RR1+RR2
RR901=CSPREN REASUM
RR902=CSPREP/ REASUM
RRO03=RR901+RR902
RR904=CSEQUN REASUM
RRO05=CSEQUP/ REASUM
RR906=RR904+RR905
VRl TE( 10, 19900) Z, AN, TO, ER90
VRl TE( 10, 19901) RR1, RR2, RR900, RRO01, RR902, RRI03,
+  RR904, RRI905, RR906, RR33, RR3
VRl TE( 10, 19902)

C

C Calculation of relative multiplicity for non-equiibriumparticles
| QUT90=1
| F(1 QUT90. EQ 1. AND. | NFBI G. NE. 0) CALL QUTTMP

C

C Cal cul ation of cross-section for sel ected reactions
| F(1 NFSEP. NE. 0) CALL OUTSEP( CSNQON, REASUM)
C
C Formation of library
| F(1 NFLI B. NE. 0) CALL LI BOUT( CSNON, REASUM

C
| F(1 WRI . NE. 0. AND. | NFDOS. EQ 1) WRI TE( | WRI , 1110)
I F(1 WRI . NE. 0) WRI TE(1 WRI , 1120) | NFDEN, | MOM | BOND, XPARA9, | NFDM
| F(1 WRI . NE. 0. AND. | NFKAL. EQ 1) WRI TE(| WRI , 1100)
| F(1 WRI . NE. 0) WRI TE(1 WRI , 3100) TO, | TYP1( MPARI N) ,
+ (CSNON(1),1=1,4),Z AN, RR, (CSDNON(1), I =1, 4),
+  (CSN(1),1=1,4),(CSP(l),1=1,4), (CSA(1), =1, 4),
+  (CSD(1),1=1,4),(CST(1),1=1,4),(CSH(1),1=1, 4)
| F(1 NFDOS. EQ 1) WRI TE(| PR, 1110)
WRI TE(| PR, 1120) | NFDEN, | MOM | BOND, XPARA9, | NFDM
| F(1 NFKAL. EQ 1) WRI TE(| PR, 1200)
WRI TE(I PR 5100) R (CSNON(1), 1 =1, 4), RR, (CSDNON(1), 1 =1, 4),
+  (CSN(I),1=1,4),(CSP(l),1=1,4), (CSA(l),1=1,4),
+  (CSD(1),1=1,4),(CST(1),1=1,4),(CSH(1),1=1, 4)
GOTO 855
844 | F(1 WRI . NE. 0. AND. | NFDOS. EQ 1) WRI TE(1 WRI , 1110)
| F(1 WRI . NE. 0) WRI TE(| WRI , 1120) | NFDEN, | MOM | BOND, XPARA9, | NFDM
| F(1 WRI . NE. 0. AND. | NFKAL. EQ 1) WRl TE(| WRI , 1100)
| F(1 WRI . NE. 0) WRI TE(1 WRI, 310) TO,
+ R (CSNON(1),1=1,4),Z AN, RR (CSDNON(I), | =1, 4)
| F(1 NFDOS. EQ 1) WRI TE(1 PR, 1110)
WRI TE( | PR, 1120) | NFDEN, | MOM | BOND, XPARA9, | NFDM
| F(1 NFKAL. EQ 1) WRI TE( 1 PR, 1200)
WRI TE(I PR 510) R, (CSNON( 1), I =1, 4) , RR, (CSDNON( 1) , | =1, 4)
C
855 | F(INFBI G LT. 2. AND. | NFDI S. NE. 1) RETURN
C
| F(TO. LT. 14. . AND. | NFS0. EQ 1) | NFS0=4
| F(TO. GT. 50. . AND. | NFS0. EQ 4) | NFS0=1
| F(1 NFSO. LT. 1. AND. | NFSO. GT. 4) | NFS0=1
SGX0=CSNON( | NFS0) / REASUM
C
| F(1 NFBI G NE. 3) GOTO 105
C

WRI TE( | PR, 20) | CS( | NFS0)
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o000

DO 3 |=1, KN
SREACT=SGX0* FLOAT( KREACT(1))
SDI SP=SGX0*\WDI S( 1)
3 WRI TE(I PR, 30) KPREN( | ), KPREP( 1), KSUMN( 1), KSUVP( 1), KEQAL( 1),
+ KEQD( 1), KEQT(1), KEQHE( | ), SREACT, SDI SP
GOTO 107

105 | F(1 NFBI G. NE. 2) GOTO 120

107 MB=0
DO 70 |=1, KN
KEY=0
I F(MB(1) . NE. 1) GOTO 70
DO 60 J=1, KN
I F(J. EQ 1) GOTO 60
| F(MB(J) . NE. 1) GOTO 60
I F(KSUMN( 1) . NE. KSUM\( J) ) GOTO 60
I F(KSUMP( 1) . NE. KSUMP(J) ) GOTO 60
| F(KEQAL(1) . NE. KEQAL(J)) GOTO 60
| F(KEQD( 1) . NE. KEQD( J) ) GOTO 60
| F(KEQT(1) . NE. KEQT(J)) GOTO 60
| F( KEQHE( 1) . NE. KEQHE( J) ) GOTO 60
| F( KEY. NE. 0) GOTO 56
KEY=1
MB=MB+1
ML( MB) =I
MREACT( MB) =KREACT( 1)
DREACT( MB) =\DI S( 1)
56 MREACT( MB) =MREACT( MB) +KREACT( J)
DREACT( MB) =DREACT( MB) +WDI S( J)
MB(J) =- 1
60 M(1)=-1

70 1 F(MB. EQ 0) GOTO 120
WRI TE(1 PR, 23) | CS( | NFSO0)
DO 81 M9=1, MB
MLO=ML( VD)
SREACT=SGX0* FLOAT( MREACT( M) )
SDI SP=SGX0* DREACT( VD)
81 WRI TE(1 PR 32) KSUMN( MLO) , KSUMP( MLO) , KEQAL ( MLO) ,
+ KEQD( MLO) , KEQT( MLO) , KEQHE( MLO) , SREACT, SDI SP

120 I F(I NFDI S. NE. 1) RETURN
Particle spectra printing
VWRI TE( | PR, 777)
| F(1 NFOUP(1). EQ 1) CALL PRI SPE( SGX0, 1)
| F(1 NFOUP(2). EQ 1) CALL PRI SPE( SGX0, 2)
I F(I NFOUP(3). EQ 1) CALL PRI SPE(SGXO0, 3)
Recoi | spectrum printing
CALL PRI REC( SGX0)
RETURN

10 FORMAT(1X,' Divisions of free path ',F5.1/1X ' Cut off energy ',
+' (neutrons)=",F7.2/1X,'Cut off energy (protons)=",F7.2/
+1X,' Cut off energy (al phas)=",F7.2/1X 'Level density paraneter’,
+ A /',E12.5/1X ' BONNE=', F8.4/1X,' Nunber of reaction types ',14)
20 FORVAT(1X,"' Excitation functions for all reactions ( CSnon - ',
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+A8," ) '/
+1X,' N(PRE) P(PRE) N(TOT) P(TOT) ALFA DEUT TRIT HE3 ',
+ CEEHE CE=CM'/1X,78('-"))

23 FORMAT(/ 1X, ' Lunped cross-sections ( CSnon - ',A8," ) :'/
+1X,70('-")/1X,' N(TOT) P(TOT) ALFA DEUT ',
+ TRIT HE3 CRSECT DISPL.CR S.'/1X 70('-"))

30 FORMVAT( 1X, 8(14, 3X), E10. 4, 1X, E10. 4)

32 FORVAT( 1X, 6(14, 3X), E10. 4, 1X, E10. 4)

40 FORVAT(1X,' El astic cross-section=",E10.4,' Elastic displacenent',
+' cross-section is not calculated' /1X 'Reaction cross-section ',
+' ( by SGEOM )= ', EL0.4/1X, ' Total displacenent cross-section ',
+' for reactions ( by SGEOM )= "', 1X E10. 4)

41 FORVAT(1X,' Reaction cross-section ( OPTIC )=",1X E10. 4/
+1X, ' Total displacenent cross-section for reactions ( OPTIC )=,

+1X, E10. 4)
101 FORMAT(/ 1X,' Rel ative nunber of al pha-clusters ', F8.4/1x,
+' Probability of pick-up of t or He-3 ", F8.4/1x, "' Al pha-parti’,
+' cles exist beginning from',i2," zone')
131 FORMAT(1X, ' Level density parameter = A/',F4.1,3x,"'Ed = ,f5.1,
+ eVv)

310 FORMAT(1X, F8. 2, 5X, F3. 1, 3%, 4(2X, E10. 4)/ 1X, 2F4. 0, 1X, E10. 4, 4( 2X,
+E10.4)/" ', 70('-"))

333 FORMAT(1X, 20X, 'Limitation on orbital nonenta is applied)

334 FORMAT( 1X, 20X, Correction for relative velocity')

439 FORMAT(1X, ' NORMALI ZATI ON OF DOSTROVSKY CROSS- SECTI ONS ( EVAPAR) ',
+' FOR ALPHAS AND PROTONS :'/1X,' PARALP=',6F7.2,' PARPRO=', F7.2)

444 FORMAT(1X,' LIM TATION RULE WAS APPLIED ', E12.5,' TIMES')

499 FORMAT(1X, 9A8)

500 FORMAT(1X, 5X, " Nucl eus', 2F6. 1/1X,"'Incident particle:', A8, 2X,

+ with energy =',F6.1,' MV)

501 FORMAT(1X,'Events ',18/1X,' Geonetry cross-section=",F7.3,"' b',
+1X, ' El astic cross-section=',F7.3,' b")

503 FORMAT(1X,'KHI ST',16,' can not be treated: arrays of C-blocks ',
+' MASQUT are overfilled")

510 FORMAT(' ', 70('-")/1X,'CR SECT.', 3X,'[BARNS]', 5X,' BARASH ',
+'  CGEOMETRY ',' OPTIC(SCR) ',' CHATTERJEE /1X,' CSNON ',5X F3.1
+, 3X, 4(2X, E10. 4)/1X,' CSDNON ', 1X, E10. 4, 4(2X, E10.4)/" ',70('-"))

555 FORMAT(1X,' REFLECTION TOOK PLACE ',6 E12.5,' TIMES')

667 FORMAT(1X, 10(E10. 3))

777 FORVAT(//' GRAPHS '///' Energy distributions : Energy(i-1) ',
+'to E(i) -- Function(i)'/' Angular distributions: Angle(i) ',
+'to Angle(i+l) -- Function(i)')

851 FORMAT(/1X,' Al pha-particles :'/1X 'RRO=",F6.1," M)=',F5.3,' NO=',
+F5.3,' CLD='",F5.1,' CSD=',F5.3,' CSA=",F5.3,' SUMF', F5.3/1X,

+ EPSD =',F7.1,' QBON(1,1,6)=,F7.1," VAL='",6F7.1/1X F9.5,

+' Production cross-sect for non-eq al phas [b] ',

+' (CSnon- Barashenkov)'/1X, F9.5," Total product cross-secti',
+' on for al phas without Denisov-Mkhedov correction (CSnon-B)'
+/1X,F9.5,"' Total product cross-section for a-particles ',

+ + D-Mcorrection (CSnon-B)'//1X," Tritons :' 11X " RRO=",
+F6.1,' M)=',F5.3,' NO=',F5.3,' CLD=',F5.1,' CsSD=',F5.3,' CST=',
+F5.3,' SUME',F5.3/1X,' EPSD =',F7.1,' @BON(1,1,4)=",F7.1," VT =
+, F7.1/ /11X, He- 3 ' /1X,"RRO=",F6.1,' M)='",F5.3," NO=',
+F5.3,' CLD='",F5.1,' CSD=',F5.3,' CSH=',F5.3,"' SUM', F5.3/1X,

+ EPSD =',F7.1," BON(1,1,5=,F7.1," VH = F7.1)

852 FORMAT(1x, f8.2,3Gl2.5,2F6.1," TO, Al pha(mbarn):Pre, Pre+',
+' Eq, Pre+Eqg+Denisov')

887 FORMAT(1X,' DI MENSION FOR AT WAS EXCEEDED ',18,"' TIMES)

888 FORMAT(1X,' PAULI PRINCI PLE WAS APPLIED ', E12.5,' TIMES')
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889 FORMAT(1X,' REJECTED EVENTS ',17,', MAXI MAL NUVMBER OF',

+' REFLECTI ONS', F7.1)

1100 FORMAT(1X,"' Angul ar distributions have been cal cul ated by ',
* ' Kal bach, Mann formul as')

1110 FORMAT(1X,"' Coul omb potential for inverse reactions: VP=0.1*",
+' Z+0.8, VA=2.*VP')

1120 FORMAT(1X, "I NFDEN=',13," IMOME',13," IBOND=',13,' XPARDE =', F5. 1,
+ ' I NFDME', | 3)

1200 FORMAT(1X, 70("#')/1X," Angul ar distributions have been cal cul ',
+ "ated by Kal bach, Mann fornulas'/1X 70("'#"))

3100 FORMAT(1X, F8. 2, 1X, A8, 2X, 4(2X, E10. 4)/ 1X, 2F4. 0, 1X, E10. 4, 4( 2X, E10. 4)
+/ 1X,' NEUTRON PRODUCTI ON , 4( 2X, E10.4)/1X,' PROTON PRODUCTI ON ,

+4(2X, E10. 4)/1X,'  ALPHA PRODUCTI ON , 4( 2X, E10. 4)
+ 1X, H 2 PRODUCTI ON , 4( 2X, E10. 4) / 1X, ' H 3 PRODUCTI ON |
+4(2X, E10. 4)/ 1X, ' HE- 3 PRODUCTI ON , 4(2X, E10.4)/' ', 70(' -'))
5100 FORMAT(' ', 70('-')/1X,' CR SECT.',3X,'[BARNS]',5X,' BARASH ',
+ GEOMETRY ',' OPTIC(SCR) ',' CHATTERJEE /1X,' CSNON ', 5X,

+F3. 1, 3%, 4(2X, E10. 4)/ 1X," CSDNON ', 1X, E10. 4, 4( 2X, E10. 4)
+/ 1X," NEUTRON PRODUCTI ON , 4(2X, E10.4)/1X," PROTON PRODUCTI ON',

+4(2X, E10. 4)/1X,'  ALPHA PRODUCTI ON , 4( 2X, E10. 4)/ 1X, H-
+ 2 PRODUCTI ON' , 4( 2X, E10. 4)/ 1X, ' H 3 PRODUCTI ON , 4( 2X, E10. 4)
+ 1X, " HE- 3 PRODUCTI ON , 4(2X, E10.4)/' ', 70("' -'))

8890 FORMAT(1X,' PROBABILITY TO OVERLOAD ENERGY ( > 500 )',F6.0,' %)
8888 FORMAT(1X,' CURRENT CHARGE WAS LOAER THAN ',
+' PERM SSI BLE ',18,' TIMES')
C T(X) is the sumfor nucleons in X-process
19900 FORMAT(1X,65('-')/"' Task'/1X,'Z="',F6.1,' A="',F6.1,' TO=",
+F6. 1//' Average energy of excitation after cascade stage =',
+9.3," MeV /)
19901 FORMAT(1X,'Particle multiplicity:'/1X
+ ' N(SUM P(SUM T(SUM N(PRE) P(PRE) T(PRE) ',
+ '"N(EQU) P(EQU) T(EQU) A(PRE) A(SUM without D-M'
+ /1X,11F7.3)
19902 FORMAT(/34('="),'end ,34('="))
END

IR R R R R R RS R R R R R R R R R R R R SRR RS RS R R R R R EREEREEEEEREEEEEREEEEEEEEEREES

* SUBROUTI NE OUTSEP *
EE R I S b I S b R S b I b R b R b I I b I S I S I I S I S b I S b R b I b I b I S I S I I I O
SUBROUTI NE OUTSEP( CSNON, RRR)
REAL*8 | CS( 4)
COVMON/ MAI | PR/ I PR /1 ARl / I WRI /| NFSEP/ KSEP( 100, 4) , | NFSEP, JSEPM
COVMON/ MPARI N MPARI N / DATI NI / RAAAAA, TO, W
COVMON/ SEPSEP/ RSEP2( 100, 2) , JSEPM2 /| NF/ | NFBI G, | NFSO
DI MENSI ON' CSNON( 4)

DATA | CS/' BARASH ',' GEOVETRY',' OPTIC ', ' CHAT-JEE/
DATA RN, RP, RA/ 1HN, 1HP, 1HA/
REASUMERRR
C Define CSnon
| CSN=I NFS0

VRI TE( | PR, 900) | CS( | CSN)
I F(1 WRI . NE. 0) WRI TE( | W\RI , 900) | CS( | CSN)
Rl =RN
| F(MPARI N. EQ 2) RI =RP
| F(MPARI N. EQ 3) RI =RA
C Cross-section in nmb

DO 100 J=1, JSEPM

CS=1000. * FLOAT( KSEP( J, 4) ) * CSNON( I CSN) / REASUM

I F(I NFSEP. EQ 1)

CWRI TE( | PR, 1000) Rl , KSEP(J, 1), KSEP(J, 2), KSEP(J, 3), CS
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I F(1 WRI . NE. 0. AND. | NFSEP. EQ 1)
CWRI TE(| WRI , 1000) RI, KSEP(J, 1), KSEP(J, 2), KSEP(J, 3), CS
I F(I NFSEP. EQ 2)
CWRI TE( | PR, 2000) RI , KSEP(J, 1), KSEP(J, 2), KSEP(J, 3), CS, RSEP2(J, 1),
C RSEP2( J, 2)
I F(1 WRI . NE. 0. AND. | NFSEP. EQ 2)
ORI TE( | WRI , 2000) Rl , KSEP(J, 1), KSEP(J, 2), KSEP(J, 3), CS, RSEP2( J, 1),
C RSEP2( J, 2)
100 CONTI NUE
900 FORMAT(1X, ' Cross-section for selected reactions (CSnon:',A8,')")

1000 FORMAT(1X,'( ',A1,',',12,'n",12,'p",12,"a)',Gl2.5,"' nb")
2000 FORMAT(1X,'( ',AL,',",12,'n",12,'p",12,"a )',Gl2.5,' nb',

c' Residual ',F6.1,F7.1)

RETURN

END
khkkkhkhkhkhkkhkhkhkhkhkhkhkhkhhkhkhkhkhhkhhkhhdhhkhhhkhhhkdhkhkhhhdhkhhkhhhkhhhdhdkhdhdk,hhdk *dhdd,*,hkkd,k,**x*x*%
* SUBROUTI NE QUTTMP *

R R R R R R R R R R R R E R SRR R R R RS EE R EEEEEEREEREEEREEEEEREREEEEEEREEEEEEE]

SUBROUTI NE QUTTMP
C Relative nultiplicity of pre-equlibrium (cascade) particles
REAL*8 R1(2)
COVMON MASOUT/ VDI S(990) , KPREN( 990) , KPREP( 990) , KEQD( 990) , KEQT( 990)
*, KEQHE( 990) , KEQAL( 990) , KSUMN( 990) , KSUMP( 990) , KREACT( 990) ,
* KPREA(990), KN /MAIIPRIITPR /IVRI/IWRI
DI MENSI ON TOT( 4)
DATA R1/' NEUTRONS',' PROTONS'/
I F(1 VARl . NE. 0) WRI TE(| WRI , 1000)
WRI TE( | PR, 1000)

DO 18 10=1, 4

18 TOT(10) =0.
DO 400 J1=1,2

50 DO 100 | =1, KN

RRR=FLOAT( KREACT(1))
GoT(( 81, 82) , J1

81 SUMX=FLOAT( KSUM\( 1))
PREX=FLOAT( KPREN( 1))
GOTO 90

82 SUMX=FLOAT( KSUMP( |

))
PREX=FLOAT( KPREP( 1))
90 TOT(1) =TOT( 1) +SUMX* RRR
| F( PREX. EQ 0) GOTO 100
TOT(2) =TOT( 2) +RRR* PREX
| F(PREX. GE. 2. ) TOT(3) =TOT( 3) +RRR* ( PREX- 1.)
| F(PREX. GE. 3.) TOT(4) =TOT( 4) +RRR* ( PREX- 2. )
100 CONTI NUE
PRETOT=100. *TOT(2)/ TOT( 1)
PREGE2=100. *TOT(3) / TOT( 1)
PREGE3=100. *TOT(4)/ TOT(1)
| F(1 VARl . NE. 0) WRI TE( | W\RI , 2000) R1(J1), PRETOT, PREGE2, PREGE3
400 WRI TE( | PR, 2000) R1(J1), PRETOT, PREGE2, PREGE3
1000 FORMAT(1X, " Mul tiplicity of preconpound particles of this type ',
* 'to'/1X, 16X "all partiles of this type in %/1X 8X
* 7X, ' TOTAL' , 14X, ' >2', 14X, "' >3")
2000 FORMAT( 1X, A8, 3Gl6. 2)
RETURN
END

R R R R R R R R R R R R E R R R R R R R R R R SRR R EEEEEEEEREEEREEEEEREREEEEEEREEREESEEE]

* SUBROUTI NE PAULI *

R R R R R R R R R R R R R R E R RS R R R R R R R RS R EEEEEEEEEREREEREEEREEEEEEEREREEEEEREEREEEE]
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SUBROUTI NE PAULI ( TB1, TP1, | KS)
COWON PARTI C/ WP, PX, PY, PZ, P, T, E, X, Y, Z, R, JI N, M
COVMON/ SCI MEM WM PXM PYM PZM PM TM EM XM YM ZM RM JI NM MM
COVMON/ NDI M NPAR  / MEMORY/ U( 11, 20) , MX 2, 20)
COMVON/ ACTSCI / PI N1, PI N2, PI N3, WPX, RK3, RK4, GAMVA, SK2, VC2, VCX,
VCY, VCZ, MPX / DATPAU BONCUT(3) / TFERM / TF( 34, 4)
COWON JACT/ JACT / RO05/ ROO5 / TYPACT/ L, L7
DI MENSI ON TT(2)
| F(TB1- TF(JI N, M) 10, 20, 20
10 1KS=1
| F(L7. EQ 1) CALL NMENMDEC(?2)
I F(1 GEN. EQ 1) RETURN
RO05=R005+1.
RETURN
20 | F(TP1- TF(JI N, MPX)) 10, 30, 30
30 TT(1)=TF(JI N, M) +BONCUT( M
TT(2) =TF(JI N, MPX) +BONCUT( MPX)

*

| F(TB1. GT. TT(1)) GOTO 50
C TB1 < TT(1)
| F(M EQ 2) CALL PROZR(TB1, TT(1), JI N, KEY, M
| F(M EQ 2. AND. KEY. EQ 1)  GOTO 50
| F(TP1. GT. TT(2)) GOTO 60
C TPL < TT(2)

| F(MPX. EQ 2) CALL PROZR(TP1, TT(2), JI N, KEY, MPX)
| F(MPX. EQ 2. AND. KEY. EQ 1) GOTO 60
| GEN=2

CALL CHECK1(1.,TB1, WP, | GEN, M
| F(1 GEN. EQ 1) GOTO 10
| GEN=2
CALL CHECKL(-1., TP1, WPX, | GEN, MPX)
| F(1 GEN. EQ 1) GOTO 10
33 | F(NPAR. GT. 0) GOTO 40
| KS=-1
JACT=1
RETURN
40 1KS=0
RETURN
50 | F(TP1. GT. TT(2)) GOTO 70
C TPL < TT(2)

| F(MPX. EQ 2) CALL PROZR(TPL, TT(2), JI N, KEY, MPX)
| F(MPX. EQ 2. AND. KEY. EQ 1) GOTO 70
| GEN=2

CALL CHECKI(-1., TP1, WPX, | GEN, MPX)
| F(1 GEN. EQ 1) GOTO 10

| GEN=2

CALL SCILSK(0, 1., TB1, WP, | GEN, M

| F(1 GEN. EQ 1) GOTO 10

| KS=3

JACT=1

RETURN

60 | GEN=2

CALL CHECK1(1.,TB1, WP, | GEN, M
| F(1 GEN. EQ 1) GOTO 10

| GEN=2

CALL SCILSK(O,-1., TP1, WPX, | GEN, MPX)

I F(1 GEN. EQ 1) GOTO 10

| KS=3
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JACT=1
RETURN
70 | GEN=2

CALL CHECKI(-1., TP1, WPX, | GEN, MPX)
| F(1 GEN. EQ 1) GOTO 10

| GEN=2

CALL SCILSK(0, 1., TB1, WP, | GEN, M)

| F(1 GEN. EQ 1) GOTO 10

| GEN=2

CALL SCILSK(1,-1., TP1, WPX, | GEN, MPX)

I F(1 GEN. EQ 1) GOTO 10

CALL MEM N

| KS=3

JACT=1

RETURN

END

R R R R R R R R R R R R SR R R R R R R R R R SRR EEEEEEEEEEEEEEREEEEEEEREEEEEEEEREEEE]

* SUBROUTI NE PI CKUP *
kkhkhkkkkhkkhhhkkkhkkhhhkkkhdhhhkkhkhhhkkkhdhhhkkhkkhhhkkkhdhhkkhkkhhhkhkkhd hhkkhkk hkkk k k kx*x*,k k k*k***,k*x*x**%
SUBROUTI NE PI CKUP( | KS)
C Energy conservation
COMWON PARTI G WP, PX, PY, PZ, P, T,E, X, Y, Z, R JIN, M
COWDON/ PARTNR/ PPX, PPY, PPZ, PP, MX
COVMON NDI M NPAR
COVMON/ DATPAU/ BONCUT( 3)
COVWON TFERM / TF( 34, 4)
COWDN/ JACT/ JACT
COVWON/ RO05/ RO05
DI MENSI ON TT( 2)
C
T2 = (PP**2)/ (2. * YW MX))
C
C Al pha-particle characteristics
WP1 = VWM 3)
ML = 3
C Auxiliary val ues
PX11 PX + PPX
PY11 PY + PPY
Pz11 PZ + PPZ
P11 = SORT(PX11**2+PY11**2+PZ11**2)
T+ T2
SQRT( T1**2+2. *WP1*T1)
PX11* ( P1/ P11)
PY1 PY11*( P1/ P11)
Pz1 Pz11*( P1/ P11)
E1=T1+WP1

T1
P1
PX1

TBL = T1
| F(TB1- TF(JI N, ML) ) 10, 20, 20
10 1KS=1
RETURN
20 TT(1)=TF(JI N, ML) +BONCUT( ML)
| F(TB1. GT. TT( 1)) GOTO 50
C TB1 < TT(1)
| F(NPAR. GT. 0) GOTO 40
| KS=-1
JACT=1
RETURN
40 1 KS=0
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RETURN
50 CONTI NUE
C Prohibition on angul ar nmonentum
| GEN=2
RORMEORBI T( PX1, PY1, PZ1, X, Y, Z)
CALL QUES(RORM T1, WP1, JI N, ML, | GEN)
| F(1 GEN. EQ 1) GOTO 10
C Creation of alpha-particle

W = WPl

PX = PX1

PY = PY1

PZ = PZ1

P =P1

T =T1

E =E1

M =M

| KS=3

JACT=1

RETURN

END
hkkkkhkhkhhkhkhkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkhkkkkkkx* %
* SUBROUTI NE PPDRAW *

EE R I R I I R R I R R R I R R R R I R I R I R

SUBROUTI NE PPDRAW QCOS, FI )
COVMON URANDL/ | YG
CC=RANDOM 0)

QCOS=1. - 2. *CC

CC=RANDOM 0)

FI =6. 2831852* CC

RETURN

END

R R I I I I R R S I R R R R R O I R I R R R

* SUBROUTI NE PRECAM *
EE R I I I I I I S I I I I I I R I I I I I S R I I I R I I R I I I R I R R R I R I O
SUBROUTI NE PRECAM

C Bi ndi ng energy according to Cameron (Barashenkov, Tonnev, 1972,
C pp. 418-419)

COVMON AN/ AN / BOND1/ QBON( 200, 200, 6)

COVMON/ | NI @BQ Z, CKA, CKB, RPA, RPB, RALA, RALB

COVMMON MPARI N/ MPARI N /| NFBON/ | BOND

COVMON/ DATCAM CAMN( 130) , CAMP(130) , MAXN, MAXP

COMMON MAI | PR/ | PR / MAX/ MAXNEU, MAXPRO

REAL*8 RMAS(6), RAT, | P90( 6)

DI MENSI ON ATQ( 200, 200) , RVASM 6) , NN( 6) , NP( 6)

DATA RVAS/ 0.008 665 27, 0.007 825 22, 0.014 102 22,

c 0.016 049 71, 0.016 029 68, 0.002 603 3/

DATA RAT/931. 5016/

C RVAS is mass defect in at. units

Cc

C RVAS: 1 2 3 4 5 6

CG------- N----P----- D-----T---HE-3----A-- particle
c J 1 2 3 4 5 6

G = mm o m e el loo__o.

C NN 1 0 1 2 1 2

C NP 0 1 1 1 2 2

G = mm o m e el loo__o.

DATA NN 1, O, 1, 2, 1, 2/,NP/ 0O, 3*1, 2*2/
DATA | P90/ 8H NEUTRON, 8H PROTON, 8HDEUTERON, 8H TRI TON, 8H HE- 3,
c8H  ALPHA/
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C

C MAXN MAXP is the dinmension of CAMV CAMP array (see corresp BLOCK DATA),
C which is equal to maximal perm ssible nunmber of neutrons/prootons in

C target nucl eus

C

C MAXNEU and MAXPRO are di nensions of QBON array
MAXN=130
MAXP=130

C L1AN L11P is minimal nunber of neutrons/protons in nucleus, for which
C corrections to Caneron fornula are avail abl e
L11IN=1
L11P=1
| F( MAXN. LT. 200. AND. MAXP. LT. 200) GOTO 7
VRl TE( | PR, 700) MAXN, MAXP
STOP
7 | ZNUCL=Z
I NNUCL=AN- Z
I F( MPARI N. EQ 1) I NNUCL=l NNUCL+1
I F( MPARI N. EQ 2) | ZNUCL=Il ZNUCL+1
| F( MPARI N. EQ 3) | NNUCL=] NNUCL+2
| F( MPARI N. EQ 3) | ZNUCL=I ZNUCL+2
I F(1 NNUCL. LE. MAXN) GOTO 10
VRl TE( | PR, 800) | NNUCL, MAXN
STOP
10 I F(1 ZNUCL. LE. MAXP) GOTO 20
WRI TE( | PR, 900) | ZNUCL, MAXP
STOP
C INNUCL-L1IN is the number of neutrons emtted, +1 : array dinension
C ATOis nore than this anmount on 1,i.e. ATO(1l,1) nmeans 0 emtted
20 DO 80 | =L11N, I NNUCL
RN=FLOAT( 1)
DO 70 J=L11P, | ZNUCL
RZ=FLQAT(J)
I NN1=I NNUCL- | +1
| ZN1=I ZNUCL- J+1
I F(1 NN1. LE. 200. AND. | ZN1. LE. 200) GOTO 65
VWRI TE( | PR, 1000) | NN1, | ZN1

STOP
65 ATO( | NN1, | ZNL) =CAVERQ( RN, RZ) +CAMN( | ) +CAMP( J)
70 CONTI NUE
80 CONTI NUE

LIMAXN=( | NNUCL- L11N+1) - 2
LMAXP=( | ZNUCL- L11P+1) - 2
MAXNEU=L MAXN
MAXPRO=L MAXP
| F(LMAXN. GT. 5. AND. LMAXP. GT. 5) GOTO 90
WRI TE( | PR, 1100) LMAXN, LMVAXP

STOP
90 DO 92 I=1,6
92 RVASM | ) =RAT* RVAS( | )

DO 200 | N=1, LMAXN
DO 100 |Z=1, LMAXP

AT1=ATQ(I N, | 2)
DO 95 NUCL=1, 6

AT2=ATO( | N+NN( NUCL) , | Z+NP( NUCL) )

95 BON(I'N, I Z, NUCL) =AT2+RVASM NUCL) - AT1
100 CONTI NUE
200 CONTI NUE

| F(1 BOND. GT. 0) RETURN
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C TEST

| F(1 BOND. EQ - 3) RETURN

WRI TE( 1, 499)

WRI TE( 6, 499)

WRI TE( 8, 499)
| NMEM NO( 12, MAXNEU)
| ZMEM NO( 12, MAXPRO)

DO 300 NUCL=1, 6
WRI TE( 1, 500) | P90( NUCL)
WRI TE( 6, 500) | P90( NUCL)
WRI TE( 8, 500) | P90( NUCL)

DO 300 12Z=1,12ZM
WRI TE( 1, 600) 1 Z, (QBON(I N, I Z, NUCL) , | N=1, | NM)
WRI TE( 6, 600) 1 Z, (QBON(I N, I Z, NUCL) , I N=1, | NM)

IN,1Z, N

300 VRl TE( 8, 600) 1 Z, (QBON(I N, I Z, NUCL) , I N=1, | NM
STOP
499  FORMAT(1X,' TEST FOR BI NDI NG ENERG ES' /
c 1X, ' CAVERON FORMULAS FOR ALL NUCLI DES /1X, 72( 1H-))
500 FORMAT(/1X, A8/1X,'1Z IN----- > NEUTRON NUVBER DECREASED )

600  FORVAT(1X, |2, 12F6. 1)
700  FORVAT(1X,' ERROR | N PRECAM DI MENSI ON OF QBON, ATO, CAMN CAMP' ,
¢’ ARE NOT CONSI STENT. CHANGE QBON AND ATO DI MENSI ONS | N ALL CODE')
800  FORVAT(1X,' ERROR | N PRECAM PERM SSI BLE AMOUNT | S EXCEEDED FOR: '/
c1X,5X 15,' > ', 15/
c1X,' NEUTRONS | N TARGET NUCLEUS. ADD NEW CAMN AND CAMP DATA ( SEE' /
c1X,' CORRESPONDI NG BLOCK DATA) AND CHANGE DI MENSI ON OF THESE '/
c1X,' ARRAYS I N ALL CODE AND MAXN AND MAXP VALUES | N PRECAM (1))
900  FORVAT(1X,' ERROR | N PRECAM PERM SSI BLE AMOUNT | S EXCEEDED FOR '/
c1X, 5%, 15,' > ', 15/
c1X,' PROTONS | N TARGET NUCLEUS. ADD NEW CAMN AND CAMP DATA ( SEE'/
c1X, ' CORRESPONDI NG BLOCK DATA) AND CHANGE DI MENSI ON OF THESE '/
c1X,' ARRAYS I N ALL CODE AND MAXN AND MAXP VALUES I N PRECAM (!)')

1000 FORMAT(1X,' ERROR | N PRECAM DI MENSI ON OF ARRAY EXCEEDED ' /1X
¢’ ATO INNUCL-1+1=",15," > 200 ~ [ZNUCL-J+1=',15," > 200")
1100 FORMAT(/1X,'****** SUBROUTI NE PRECAM *******'/1X ' TOO SMALL',
¢’ NUVBER OF CASCADES WLL BE SIMJLLATED ',I5," AND',I5//
¢’ CALL AUTHORS OF DI SCA (AND LOCK IN THEIR EYES).'//)
END
R R S I S S S O I S R S S I I S
* SUBROUTI NE PRELYM *

R R R R R R R R R R R R R SR R R R R R R RS EEEEE R EEEEEEREREEEREEEEEREREEEEREREEREEEE]

SUBROUTI NE PRELYM
C CALCULATI ON OF BI NDI NG ENERG ES USI NG MASS TABLE AND MSL- FORMULA
C FOR NEUTRONS, PROTONS, DEUTERONS AND ALPHA- PARTI CLES FOR RES| DUAL
C NUCLEI FORMED AFTER ESCAPE OF NOT MORE THAN 9 PROTONS AND 22 NEUTRONS.
C FOR OTHER NUCLEI THE CALCUALTI ON |'S PERFORMD USI NG CAVERON FORMULA
C (SEE SUBR. PRECAM
COVMON/ AN/ AN/ BOND1/ QBON( 200, 200, 6)
COVMON/ | NI QBQY Z, CKA, CKB, RPA, RPB, RALA, RALB
COVMON/ MPARI N/ MPARI N / MAI | PR/ | PR
COVMON/ MAX/ MAXNEU, MAXPRO / | NFBON/ | BOND
COVMON/ LYML/ BE( 11, 24, 4) , SYMB( 11, 24) , PAI R( 11, 24) , SYMBP( 11, 24)
COVMON/ SF/ MB, KPLT / LYMR/ | LYM
COVMON/ LYMB/ PAI RP( 11, 24) , PAI RE( 11, 24) , | LYM2
REAL*8 | P90( 6)
DATA | P90/ 8H NEUTRON, 8H PROTON, 8HDEUTERON, 8H TRI TON, 8H  HE- 3,
c8H  ALPHA/
NZ=M NO( 9, MAXPRO)
NA=M NO( 22, MAXNEU)
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AT=AN
ZT=2
AP=1.
ZP=0.
| F(MPARI N. EQ 2) ZP=1.
| F( MPARI N. EQ 3) THEN

ZP=2.
AP=4.
ENDI F
ZEE=ZP+ZT
AMASS=AP+AT
MC=10
MP=3
QVAL=0.
| LYMEO
| LYMR=0
KPLT=0
VB=4

CALL LYMASS(ZEE, AVASS, NZ, NA, MC, MP, AP, AT, ZP, ZT, QVAL)

C BE(11, 24, K) K=1-N, 2-P, 3-A 4-D

100
200

DO 200 NUCL=1, 6
| F(NUCL. EQ 1. OR. NUCL. EQ 2) KPART=NUCL
| F(NUCL. EQ 3) KPART=4
| F(NUCL. EQ 4. OR. NUCL. EQ 5) GOTO 200
| F(NUCL. EQ 6) KPART=3
DO 100 |12Z=1, NZ
DO 100 I N=1, NA
QBON(I N, I Z, NUCL) =BE( | Z, I N, KPART)
CONTI NUE
| F(1 BOND. GT. 0) RETURN

C TEST

300

499

500
600

WRI TE( 1, 499) NZ, NA
VR TE( 6, 499) NZ, NA
WRI TE( 8, 499) NZ, NA
| NMEM NO( 12, MAXNEU)
| ZMEM NO( 12, MAXPRO)
DO 300 NUCL=1, 6
WRI TE( 1, 500) | P90( NUCL)
WRI TE( 6, 500) | P90( NUCL)
WRI TE( 8, 500) | P90( NUCL)
DO 300 |Z=1,12ZM
WRI TE( 1, 600) 1 Z, (QBON(I N, I Z, NUCL) , I N=1, | NM)
WRI TE( 6, 600) 1 Z, (QBON(I N, I Z, NUCL) , I N=1, | NM)
WRI TE( 8, 600) 1 Z, (QBON(I N, I Z, NUCL) , I N=1, | NM)
STOP
FORMAT( 1X, ' TEST FOR Bl NDI NG ENERGI ES' /
c1X,' M BLANN CALCULATI ON FOR NZ=',14,' NA=',14
¢/ 1X,' OTHER NUCLI DES ARE OBTAI NED BY CAVERON FORMULAS'
¢/ 1X, 72(1H))
FORMAT(/ 1X, A8/ 1X,' 1 Z  IN----- > NEUTRON NUVBER DECREASED )
FORMAT( 1X, 1 2, 12F6. 1)
END

R R R R R R R R R R R R R SR R R R R R R R SRR EE R EEEEREREEREEEREEEEEREREEEE R EREEREEEEE]

*

SUBRCUTI NE PRI REC *

IR R R R R R R SR R R R SR R RS RS E R R R R SRR R R EREEEEREREEREREREREEREEEEEEREEEEEEE

SUBROUTI NE PRI REC( SGXO0)

* Printing of reacoil spectra in separate file

COVVON EMEMD1/ EMEMT( 21) , RVEMT( 21) , HVEMT
COWMON | NI QBQY Z, CKA, CKB, RPA, RPB, RALA, RALB
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COVWON AN/ AN / DATI NI / RA, TO, W) / MAI I PR/ | PR
DI MENSI ON EKE(21)
C-->nb
SGX1=SGX0* 1000.
SUM = 0.0
EKE(1) = EMEMI(1)
DO 122 NuU=2, 21
122 EKE(NU) =( EMEMT(NU-1) + EMEMI(NU) ) / 2.
RVEMT (1) =RVEMT( 1) * SGX1/ HVEMT
DO 121 NuU=2, 21
RVEMT (| NU) =RVEMT( NU) * SGX1/ ( EMEMT( NU) - EMEMT( NU- 1) )
121 SUME=SUMHRVEMT (| NU)
SUMESUMF HVEMT
VRl TE( | PR, 22200)
22200 FORMAT(/ 1X,' RECO L SPECTRUM (LI NEAR SCALE) ')
CALL GRAPH( EKE, RVEM, 21, 0)
Wite(33,2000)TO, SUM Z, AN
2000 Format (f6.1,e12.5,1t40,
¢ 'NEUTRON ENERGY AND SUM OF RECO L SPECTRUM FOR TARGET ', 2f6.1)
* Attention ! Last energy is not treated

MVAX = 21
Wite(33, 2010) MVAX
2010 Format (i 7,t40,' NUMBER OF KE | NTERVALS FOR SPECTRUM )
Wite(33,2011) (EKE(I), =1, MVAX)
2011 For mat (10f 7. 3)
Wite(33,2012) (RVEMI(1), =1, MVAX)
2012 For mat (1pel0. 3, 7e10. 3)
RETURN
END
EIR R I R R Sk S b R I I I I I R I I R S I b I I I
* SUBRQUTI NE PRI SPE *

R I I I I R R S I R R R R I R I R R R R R R

SUBROUTI NE PRI SPE( SGX0, MP)
COVMON DATI NI / RA, TO, W
COWON EMEM EMEMD( 21) , EMEM 21) , RVEM 21, 3) , RVEMD( 21, 3) , HVEM
COVWON EQUT/ SPE( 19, 5, 3), PI (19), EQUT1(5, 3), EQUT2(5, 3) , MSPE
COWON MAI | PR/ 1 PR / MPARI N MPARI N / AN/ AN
COVMMON SPEFUL/ ANGLI M 9, 2, 3) , ANGSUM 21, 9, 3), ANGCEN( 9, 3) , DCEN, MANG
REAL*8 | TYP( 3)
DI MENSI ON ANGTMP(21), GR1(19), XSTE(150), YSTE(150), PRI TMP(150, 23)
C di nension of ECQUTL, 2(1,) = EMEAN
DI MENSI ON RTMP( 21) , EMEAN( 5)
ClUis unit for printing (see open in main routine)

lU=70 + WP
CPRITMP is array for histogram presentation
DATA | TYP/' NEUTRON ,' PROTON ,' ALPHA' /
DO 1 1=1, 150
XSTE(1)=0.0
YSTE(1)=0.0
DO 1 J=1, 23
1 PRI TMP(1,J)=0.0

I F(MP. NE. 3) WRI TE(I PR, 221) | TYP( MP)

I F(MP. EQ 3) WRI TE(I PR, 222)
(s
C Energy distribution

SS1=0.
SSS=0.
C-->nb

SGX1=SGX0* 1000.
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DO 121 NU=1, 21
SSS=SSS+RVEMD( NU, MP)
RVEMD( NU, MP) =RVEMD( NU, MP) * SGX1/ HVEM
RVEM NU, MP) =RVEM NU, MP) * SGX1/ HVEM
SS1=SS1+RVEMD( NU, MP) +RVEM NU, MP)

121 CONTI NUE
WRI TE( | PR, 220)
220  FORMAT(/ 1X, ' NON- EQUI LI BRI UM SPECTRUM DS/ DE - ----===----- >')
DO 700 NU=1, 21
700 RTMP(NU) = RMEMD( NU, MP)

CALL GRAPH(EMEMD, RTMP, 21, 2)
DO 1700 Nu=1, 21
[ f(RTMP(NU).eq.0.0) RTMP(NU) = 1.E-13
1700 Conti nue
SSS=SGX1* SSS
WRI TE( | PR, 670) SSS
670 FORMAT(1X,' C*MVA ', Gl2.5)
C NSTE i s the nunber of points obtained < 150
CALL STEP93( EMEMD, RTMP, 21, XSTE, YSTE, 150, NSTE, 1)
DO 2 | =1, NSTE
PRI TMP(1,1) = XSTE(I)

2 PRITMP(I,2) = YSTE(I)
DO 701 NU=1, 21
701 RTMP(NU) = RVEM NU, MP)
WRI TE(| PR 2210)
2210 FORVAT(/1X,' EQUI LI BRI UM SPECTRUM DS/ DE ------------- >')

CALL GRAPH(EMEM RTMP, 21, 2)
DO 1701 NuU=1, 21
I f (RTMP(NU).eq.0.0) RTMP(NU) = 1.E-13
1701 Conti nue
CALL STEP93(EMEM , RTMP |, 21, XSTE, YSTE, 150, NSTE, 1)
DO 3 | =1, NSTE

3 PRI TMP(I,3) = YSTE(I)
DO 987 NU=1, 21
987 RVEMD( NU, MP) =RVEMD( NU, MP) +RVEM NU, MP)
DO 702 NU=1, 21
702 RTMP(NU) = RVEMD( NU, MP)
C

C Total spectrum
| F(MP. NE. 3) WRI TE( | PR, 22100) | TYP( MP)
22100 FORMAT(/ 1X,' TOTAL SPECTRUM - "', A8,' PRODUCTI ON'')
| F(MP. EQ 3) WRI TE(| PR, 22101)
22101 FORMAT(/1X,' TOTAL SPECTRUM - ALPHA PRODUCTI ON'')
CALL GRAPH( EMEMD, RTMP, 21, 2)
DO 1702 NuU=1, 21
I f (RTMP(NU).eq.0.0) RTMP(NU) = 1.E-13
1702 Conti nue
CALL STEP93( EMEMD, RTMP, 21, XSTE, YSTE, 150, NSTE, 1)
DO 4 | =1, NSTE
4 PRI TMP(1,4) = YSTE(I)

(0t
C Inclusive spectra :

DO 1000 | CEN=1, MANG

WRI TE( | PR, 888) | TYP( MP) , ANGCEN( | CEN, MP) , DCEN

Pl 180=3. 1415926/ 180.

PPPO=DCEN

QAN1 = ANGCEN( | CEN, MP) - DCEN

| F(QANL. LT. 0. 0) PPPO= ANGCEN( | CEN, MP)
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QAN1 = ANGCEN( | CEN, MP) +DCEN
| F( QANL. GT. 180. 0) PPPO= 180. 0- ANGCEN( | CEN, MP)
PPPO=PPPO+DCEN
PPP= PPPO*(3.1415/180.)*2.*3. 1415
ANG=PI 180* ANGCEN( | CEN, MP)
DO 322 NU=1, 21
322 ANGTMP( NU) =0. 0
DO 323 NuU-=1, 21
ANGTMP( NU) =ANGSUM NU, | CEN, MP) * SGX1/ HVEM
323 ANGTMP( NU) =ANGTMP( NU) [ (PPP*SI N(ANG) )
CALL GRAPH( EMEMD, ANGTMP, 21, 2)
DO 1323 NuU=1, 21
I f (ANGTMP(NU) . eq. 0. 0) ANGTMP(NU) = 1.E-13
1323 Conti nue
CALL STEP93( EMEMD, ANGTMP, 21, XSTE, YSTE, 150, NSTE, 1)
DO 5 | =1, NSTE

5 PRI TMP(I, 4+1 CEN) = YSTE(I)
1000  CONTI NUE
C

DO 2000 L=1, MSPE
(O
C Total angular distribution

WRI TE( | PR, 777) EQUT1( L, MP), EQUT2( L, MP)

EQUEOU=1. / (EQUT2( L, MP) - EQUT1( L, MP))

GR1(1) =0.

DO 97 NANG=2, 19

97 GR1(NANG) =GR1( NANG- 1) +10.

Pl 180=3. 1415926/ 18.

PPP=(3. 1415/ 18.)*2. *3. 1415

SPE( 19, L, MP) =0.

ANG=0.

DO 99 NANG-=1, 18

ANG=ANG+PI 180

ANG2=ANG - 5.*3. 1415926/ 180.

99 SPE( NANG, L, MP) =SGX1* SPE( NANG L, MP) * EQUEQU/ ( PPP* SI N( ANGR2) )
DO 703 NANG=1, 19
703 RTMP( NANG = SPE(NANG, L, MP)
CALL GRAPH(GRL, RTMP, 19, 2)
DO 1703 NuU=1, 21
I f (RTMP(NU).eq.0.0) RTMP(NU) = 1.E-13
1703 Cont i nue
CALL STEP93(GR1 , RTMP , 19, XSTE, YSTE, 150, NSTEL, 2)
DO 6 | =1, NSTE1l
| F(L.EQ 1) PRITMP(I, 13+L) = XSTE(I)

6 PRI TMP(I, 14+L) = YSTE(1)
2000 CONTI NUE
DO 49 [=1,5
49 EMEAN(1) = 0.5*( EOUTL(I, MP) +EQUT2(I, MP))
C

C PRITMP printing
WRI TE(1 U, 7001) TO
7001 Format(1X,'" TO=',f7.1," "')
WRI TE( 1 U, 7000) ( ANGCEN( I, MP), 1=1,9), (EMEAN(I1),11=1,5)
7000 FORMAT(1X,5X,""E"',6X '"NEQ'"',5X ""EQ'", 6X ""TOT"" 1X,
# 9(2X, """ ,F5.1,"¢""), 2X,'" TETA "', 5(2X'"',F6.1,'""))
DO 50 | =1, NSTE
I F(1.GT.20) WRI TE(I U, 5000) (PRI TMP( |, NN), NN=1, 19)
5000 FORMAT(1X, 1PE10. 2, 18E10. 2)
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| (1. EQ 1) WRI TE(1 U, 5001) (PRI TMP( 1, NN), NN=1, 19) , | TYP( MP)

5001 FORVAT(1X, 1PE10.2, 18E10.2,' EM TTED PARTI CLE: ', A8)
| F(1. EQ 2) WRI TE(1 U, 5002) (PRI TMP( 1, NN), NN=1, 19)
5002 FORVAT(1X, 1PE10.2, 18E10.2,' "A': ENERGY FOR COLUWNS "B'-"M ')
| F(1. EQ 3) WRI TE(1 U, 5003) (PRI TMP( 1, NN), NN=1, 19)
5003 FORVAT(1X, 1PE10. 2, 18E10.2,' "B':DS/DE(PRE), "C':(EQ, "D':(TOT)')
| F(1. EQ 4) WRI TE(1 U, 5004) (PRI TMP(1, NN), NN=1, 19)
5004 FORMAT(1X, 1PE10.2, 18E10.2,' "E'-"M': D2S/ DEXDO )
| F(1. EQ 5) WRI TE(1 U, 5005) (PRI TMP( 1, NN), NN=1, 19) , ANGCEN( 1, MP)
5005 FORMAT(1X, 1PE10.2, 18E10.2,' "E':', OPF6. 1)
I F(1. EQ 6) WRI TE(| U, 5006) (PRI TMP( I, NN), NN=1, 19) , ANGCEN( 2, MP)
5006 FORMAT(1X, 1PE10.2, 18E10.2,' "F":', OPF6. 1)
| F(1. EQ 7) WRI TE(1 U, 5007) (PRI TMP( 1, NN), NN=1, 19) , ANGCEN( 3, MP)
5007 FORMAT(1X, 1PE10.2, 18E10.2,' "G':', OPF6. 1)
| (1. EQ 8) WRI TE(1 U, 5008) (PRI TMP( 1, NN), NN=1, 19) , ANGCEN( 4, MP)
5008 FORMAT(1X, 1PE10.2, 18E10.2,' "H':', OPF6. 1)
| (1. EQ 9) WRI TE(1 U, 5009) (PRI TMP( 1, NN), NN=1, 19) , ANGCEN( 5, MP)
5009 FORVAT(1X, 1PE10.2, 18E10.2,' "I":', OPF6. 1)
| (1. EQ 10) WRI TE( | U, 5010) ( PRI TMP( I, NN), NN=1, 19) , ANGCEN( 6, MP)
5010 FORVAT(1X, 1PE10.2, 18E10.2,' "J":', OPF6. 1)
| F(1. EQ 11) WRI TE(1 U, 5011) (PRI TMP( I, NN), NN=1, 19) , ANGCEN( 7, MP)
5011 FORMVAT(1X, 1PE10.2, 18E10.2,' "K":', OPF6.1)
| F(1.EQ 12) WRI TE(1 U, 5012) (PRI TMP(1, NN), NN=1, 19) , ANGCEN( 8, MP)
5012 FORVAT(1X, 1PE10.2, 18E10.2,' "L":', OPF6. 1)
| F(1. EQ 13) WRI TE(1 U, 5013) (PRI TMP(1, NN), NN=1, 19) , ANGCEN( 9, MP)
5013 FORVAT(1X, 1PE10.2, 18E10.2,' "M:', OPF6. 1)
| F(1. EQ 14) WRI TE(1 U, 5014) (PRI TMP(1, NN), NN=1, 19)
5014 FORMAT(1X, 1PE10.2, 18E10.2,' "N'-"S': D2S/ DExDO FOR El1-E2')
| F(1. EQ 15) WRI TE(1 U, 5015) ( PRI TMP(1, NN), NN=1, 19)
5015 FORMAT(1X, 1PE10.2, 18E10.2,' "N': ANGLES FOR COLUMNS "O'-"S" ')
| F(1. EQ 16) WRI TE(1 U, 5016) ( PRI TMP( 1, NN), NN=1, 19) , EQUT1(1, MP),
+ EQUT2( 1, MP)
5016 FORVAT(1X, 1PE10.2, 18E10.2,' "O':',0PF7.1,'-',F7.1,' @GEV)
| F(1. EQ 17) WRI TE(1 U, 5017) (PRI TMP( I, NN), NN=1, 19) , EQUT1( 2, MP),
+ EQUT2( 2, WP)
5017 FORVAT(1X, 1PE10.2, 18E10.2,' "P':',0PF7.1,'-',F7.1,' MEV')
| (1. EQ 18) WRI TE(1 U, 5018) (PRI TMP(1, NN), NN=1, 19) , EQUT1( 3, MP),
+ EQUT2( 3, MP)
5018 FORMVAT(1X, 1PE10.2, 18E10.2,' "Q':',0PF7.1,'-',F7.1," MEV)
| F(1. EQ 19) WRI TE(1 U, 5019) (PRI TMP( I, NN), NN=1, 19) , EQUT1( 4, MP),
+ EQUT2( 4, WP)
5019 FORMAT(1X, 1PE10.2, 18E10.2,' "R':',OPF7.1,'-',F7.1,' MEV')
| F(1. EQ 20) WRI TE(1 U, 5020) ( PRI TMP( I, NN), NN=1, 19) , EQUT1(5, MP),
+ EQUT2( 5, MP)
5020 FORMAT(1X, 1PE10.2, 18E10.2,' "S':',OPF7.1,'-',F7.1,' MEV')
50  CONTI NUE
C

Ck*********************************************************************

221 FORMAT(/72(' =')/1X, 10X, ' EM SSI ON SPECTRA FOR ', A8,
+S  (MB/MEV...)')
222 FORMAT(/72(' =')/1X, 10X, ' EM SSI ON SPECTRA FOR ALPHA- PARTI CLE' ,
+S (MB/MEV...)")
777 FORMAT(/ 1X, 10X, ' TOTAL ANGULAR DI STRI BUTI ON FOR ENERGY RANGE: '/ 1X,
+2X,' EQUT1=', F6. 1, 2X, ' EQUT2=", F6. 1)
888 FORMAT(/1X,A8,': ','INCLUSIVE SPECTRUM FOR ANGLE ',
+F6.1," +/- ',F6.1)
RETURN
END

R R R R R R R R R R R R R E R R R R RS R R R R SRR R EEEEEEREEREEEREEEEEREREEEEEEREEEEEREE]
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* SUBROUTI NE PROZR *
kkhkhkkkkhkkhhhkkkhkkhhhkkkhkhhhkkhkkhhhkkkhkhhhkkhkkhhhkkkhdhhhkkhhhhkkkhk hhkk,k hkkk k k kx*x*k k k*k**k*x*x**%
SUBROUTI NE PROZR( TP, TT, JI N, KEY, M
C Sub-barrier proton penetration
COVMON DAI NT/ PF( 33, 4) , ROL(33), RZON(33), FI G
COMON TFERM / TF( 34, 4) / RNUCL/ RNUCL / K/ KF
COVMON URAND1/ | YG
KEY=0
T=TP-TF(JI N, M +TF(KF+1, M
I F(T. LE. 0. ) RETURN
B=TT- TF(JI N, M +TF( KF+1, M
STB=SQRT( T/ B)
GAMVA = ( ACOS(STB)/STB ) - SQRT(1.-T/B)
G = -2. *RNUCL/ (4. 5/ SQRT(B))
D=EXP( G- GAMVA)
O=RANDOM 0)
| F(O LE. D) KEY=1
RETURN
END

IR R R R R R RS R R R R SR R RS RS E R R R E R EEEEEEEEEREEREEREREREREEREEEEEEREESEEEEE]

* SUBROUTI NE QBOND *
ER R I I I SR I I I I R I R R I I R I I I I R I I I I I I I I I I I I I R I I S I I I R kI S

SUBROUTI NE QBOND( EXCI T, W DTH, TAUX, KEY)

DOUBLE PRECI SI ON UCLA, RELX

COMVON/ BOND1/ QBON( 200, 200, 6)

COMMON EVAMAS/ NEVAN, NEVAP, NEVAD, NEVAT, NEVAHE, NEVAAL

COVVON/ | NTTRL/ PWK, PWY, PWZ, TW NPREN, NPREP, NPREA

COVVON/ | NI QBQY Z, CKA, CKB, RPA, RPB, RALA, RALB

COVVON/ | 1988/ 1 1988 / QBOCFU/ NSUMN, NSUMP

COVVON/ MAX/ MAXNEU, MAXPRO / AN/ AN

COVMON/ LAB4/ UCLA( 6, 2000) /| NCR/ ED

DI MENSI ON RELX( 6) , W DTH( 6) , TAUX( 6)

KEY=0

NSUMN=1 +NPREN+ NEVAN+NEVAD+2* NEVAT+NEVAHE+2* ( NEVAAL+NPREA)

NSUMP=1+NPREP+NEVAP+NEVAD+NEVAT+2* NEVAHE+2* ( NEVAAL+NPREA)

| F(NSUMN. GT. MAXNEU. OR. NSUMP. GT. MAXPRO) GOTO 100

C

C1-N, 2-P, 3-D, 4-T, 5-HE3, 6-A

C QN =QBON( , ,1) QP=BON( , ,2) Q=QBON , ,3)
g Qr =Q@BON( , ,4) QHE=QBON( , ,5) QAL=QBON( , ,6)

DO1 K=1,6
RELX(K) = 0.0
TAUX(K) = EXCI' T - QBON( NSUMN, NSUWP, K)
I X =I NT( TAUX(K)/ ED+1.)
C to avoid overl oadi ng
I F(1 X. gt.2000) I X = 2000
IF(I X.It.1) goto 1
RELX(K) = UCLA(K, I X)
1  CONTI NUE
DO 2 K=2,6
2 RELX(K) = RELX(K-1)+RELX(K)
| F(RELX( 6) . eq. 0. D+00) RETURN
KEY = 1
C normalize on 1
DO 3 K=1, 6
C"+1.E-04" is to avoid cycling
3 WDTH(K) = (RELX(K)/RELX(6)) + 1.D-04
RETURN

139



100 1 1988=1 1988+1

RETURN
END

ER I R I I I SR I I I I I R I R R I I R I I I I I I R I I I I I R I I I I R R I I S I I I R kI S b

* SUBROUTI NE QUES *

R R R R R R R R R R R R R R R R R R R R R R R R R R EEEEEEEEREEEREEEEEREEREREEEEEREEREEREE

SUBROUTI NE QUES(RORM T, WJI N, M | GEN)
COVMON TFERM / TF( 34, 4) /RNUCL/ RNUCL COVMON RO01/ R0O01
COVMON MASTR1/ WN( 21, 21) / DATI NI/ RA, TO, W
COWMON DAI NT/ PF( 33, 4), ROL(33), RZON(33), FIG
COVMON DATTRL/ QNN, QPP / MPARI N MPARI N/ K/ KF
C no check ?
IF(M EQ 3) goto 3
C Asynptotic energy nust be | ower than EMAX
TA=T+TF(KF+1, M - TF(JIN, M

| F(M EQ 1. AND. MPARI N. EQ 1) EMAX = TO
I F(M EQ 1. AND. MPARI N. EQ 2) EMAX = TO + QPP - Q\N
I F(M EQ 2. AND. MPARIN. EQ 1) EMAX = TO + QNN - QPP
I F(M EQ 2. AND. MPARI N. EQ 2) EMAX = TO
| F(TA. LE. EMAX) GOTO 3
| GEN=1
RETURN
3 TX=T- TF(JI N, M +TF(J1 N+1, M

IF(TX.LT.0.0 ) RETURN
PX=SQRT( TX* ( TX+2. *W)

| F(RORM GT. (PX*RZON(JI'N)) )1 GEN=1
| F(1 GEN. EQ 1) RO01=R001+1.

RETURN

END
EIE R R I I I R R I R R I R I R R
* FUNCTI ON RANDOM *

R R I I I I R S I S R I R R R R R R I R O

FUNCTI ON' RANDOM NO ARGUVENTS)

*

* random number gener at or

*

**** GNU Fortran pseudo random generator:
* k k%

* k% %

ok RANDOMERAND( 0)

* %

* %

** WATCOM Fort ram pseudo random nunber gener at or
** generator is initialized in Subroutine OPTIONS
* %

Common/ ur andl/iyg

RANDOMEURAND( i yg)

Ret urn

End
EE R R S b S b I I b I b R R I b I b I b I S I I I I S I I S b I b I b b R R I S I I I I I O I I
* SUBROUTI NE REGR1 *

R R R R R R R R R R R SR R R R R R R R R SRR R R EEEEEEEEREEEREEEEEREEREEEEEEREEREEEREE]

SUBROUTI NE REGRL( X1, X2, Y1, Y2, A, B)
RR=X2- X1

A=(Y2- Y1)/ RR

B=( Y1* X2- X1*Y2) / RR

RETURN

END
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*

SUBROUTI NE SCI LSK

*

R R R R R R R R R R R R R E R R R R R R R R R R RS R EEEEEEEEEREREEREEEREEEEEREREEEEEEREEREEREE]

ArWN

21

50

121

SUBROUTI NE SCI LSK(I, G T1, W, | GEN, ML)

COMWON PARTI C/ WP, PX, PY, PZ, P, T,E, X, Y, Z, R JIN, M

COVWON/ ACTSCI / PI N1, PI N2, Pl N3, WPX, RK3, RK4, GAMVA, SK2, VC2, VCX,
+VCY, VCZ, MPX
COWON sCl MEM WPM PXM PYM PZM PM TM EM XM YM ZM RM JI NM MM

COVVON/ | MOM | MOM

IF(O1,1,2

RK=RK4- ( GAMVA- 1. ) * SK2/ V/C2
GOTO 3

RK=RK3+( GAMVA- 1. ) * SK2/ VC2

I F(1)4, 4,50

PX5=G* Pl N1+RK* VCX

PY5=G+ P N2+RK* VCY

PZ5=G+ PI N3+RK* /CZ

P5=SQRT( PX5* PX5+PY5* PY5+PZ5* PZ5)
T5=T1

| F(1 MOM EQ 0) GOTO 21
RORMECRBI T( PX5, PY5, PZ5, X, Y, 2)
CALL QUES(RORM T5, WL, JI N, ML, | GEN)
| F(1 GEN. EQ 1) RETURN

PX=PX5

PY=PY5

PZ=PZ5

P=P5

T=T5

WP=\\L

E=T+W

MEML

RETURN

PX5=- PI NL+RK* VCX

PY5=- PI N2+RK* VCY

PZ5=- PI N3+RK* VCZ

P5=SQRT( PX5* PX5+PY5* PY5+PZ5* PZ5)
T5=T1

| F(1 MOM EQ 0) GOTO 121
RORMECRBI T( PX5, PY5, PZ5, X, Y, 2)
CALL QUES(RORM T5, W, JI N, MPX, | GEN)
| F(1 GEN. EQ 1) RETURN

PXMEPX5

PYM=PY5

PZM=PZ5

PM=P5

TMETS

WPMEWL

EMET1+WL

XMEX

YMEY

ZMEZ

RMER

JI NMEJI N

MVEMPX

RETURN

END

R R R R R R R R R R R R R SR R R R R RS R R R R SRR R EEEEEEREEREEEREEEEEREEREEEEEEEEREEEEE]

*

SUBROUTI NE SI A CH

*

IR R R R R R R R R R R RS R R R SRR R R SRR R R E SRR R R R EREEREEREEREEREREEEEEEEEREREES
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SUBROUTI NE SI G CH( ZEFF, AEFF)
COVMON LAB3/ SI (6, 2000) / DATREN RLON, RL1N, RMON, RMLN, RNON, RN1N, RN2N
COVMON DATREP/ POP, P1P, P2P, RLOP, RL1P, RMDP, RMLP, RNOP, RN1P, RN2P
COVMON DATREA/ POA, P1A, P2A, RLOA, RL1A, RWDA, RMLA, RNOA, RN1A, RN\N2A
COVMON | NCR/ ED
* | PAR =0 Chatterjee conpilation, =1 Blann inverse cross-section
* | PARR=0 mi ni mum printing
| PAR=0
| PARR=0
1-N, 2-P, 3-D, 4-T, 5-HE3, 6-A
2 F(I PAR EQ 1) V\RI TE( 8, 290)
I =1, 2000
K=1, 6
I)=0.

I
DO 6
DO 6

AN=AEFF- 1.
AN13=AN**0. 333333333
AN23=AN13* AN13
RL11N=( RLON/ AN13+RL1N)
RML1N=RVDN* ANL3+RMLN* AN23
RNL1N=( RNON AN23* AN23+RNLN* AN23+RN2N)
C PROTON
AP=AEFF- 1.
ZP=ZEFF- 1.
ECOP=1. 44* ZP/ (1. 5* (AP**0. 3333333333))
EC2=ECOP* ECOP
AVEAP* * RMLP
P11P=POP+P1P/ ECOP+P2P/ EC2
RL11P=RLOP* AP+RL1P
RML1P=RVDP* AM
RN11P=AM: ( RNOP+RN1P* ECOP+RN2P* EC2)
C ALPHA
AA=AEFF- 4.
ZA=ZEFF- 2.
ECOA=2. 88* ZA/ (1. 5* ( AA**0. 3333333333) +1. 2)
EC2=ECOA* ECOA
AVEAA* * RMLA
P11A=POA+P1A/ ECOA+P2A/ EC2
RL11A=RLOA* AA+RL1A
RML1A=RVDA* AM
RN11A=AM ( RNOA+RNLA* ECOA+RN2A* EC2)
RP=1. 21* (( AEFF- 1.)**.3333+1.)
RD=1. 21* ( ( AEFF- 2. ) **. 3333+1. 260)
RA=1. 21* ( ( AEFF- 4.) **. 3333+1. 587)
CONRP=31. 42* RP* RP
CONRA=31. 42* RA* RA
CONRD=31. 42* RD* RD
VD=( ZEFF- 1. ) *1. 32/ ( RD+1. 6)

| F(1 PAR EQ 0) CALL COULCH(VP, VA, | PAR, AEFF, ZEFF,
+P11P, RL11P, RML1P, RN11P, ECOP, P11A, RL11A, RML1A, RN11A, ECOA)
| F(1 PAR EQ 1) VP=( ZEFF-1.)*1. 15/ (RP+1. 6)
| F(1 PAR EQ 1) VA=( ZEFF- 2. ) *2. 64/ ( RA+1. 6)
RWP=1. - 1. / AEFF
RVD=3. - 6. / AEFF
RMT=3. - 9. / AEFF
RVH=3. - 9. / AEFF
RVA=2. - 8. / AEFF
C « EPEHOPM POBKA CE—EH %o, <Y HE%TPOHOB P~ +HEPf"~ < 1 MB
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RCH=1.
I F(1 PAR EQ 0) RCH = ( RLIIN+RMLIN+RN11N ) /
+ ( 31.42*(RP+3. 4/ SQRT(1.+.5))**2 )
DO 10 | K=1, 2000
El =FLOAT( | K) * ED- EDY 2.
E1=El
| F(El. GT. 50.) E1=50.
CN
| F(1 PAR EQ 1) SI (1, | K) =31. 42* ( RP+3. 4/ SORT(ElI +. 5) ) **2
| F(1 PAR. EQ 0. AND. El . GE. 1. ) SIJ 1, | K) =RL11N* EI+RML1IN+RN11N E1
| F(1 PAR. EQ 0. AND. EI . LT. 1.)SIE 1, | K) =
+ RCH * ( 31.42*(RP+3. 4/ SQRT(EI +.5))**2 )
IF(SIE 1, IK).LT.0.)I PAR=1
IF(SIG1,1K).LT.0.)GOTO 2
CcD
| F(VD.GE. El') GO TO 11
SI3,1K) = CONRD*(1.-VD El)
CP
11 I F(VP.CGE. EI')GO TO 10
I F(1 PAR EQ 1) SI (2, | K) =CONRP* (1. - VP/ El)
EKSI =AMAX1( E1, ECOP)
I F(I1 PAR EQ 0) SI 2, I K) =
+P11P* (( E1l- EKSI ) **2) +RL11P* E1+RML1P+RN11P* ( 2. - E1/ EKSI ) / EKSI
IF(SIE 2, 1K).LT.0.)I PAR=1
IF(SI32,1K).LT.0.)GOrO 2
CA
| F(VA. GE. El') GO TO 10
I F(1 PAR EQ 1) SI (6, | K) =CONRA* (1. - VA/ El')
EKSI =AMAX1( E1, ECOA)
I F(1 PAR EQ 0) SI (6, | K) =
+P11A* ((E1l- EKSI ) **2) +RL11A* E1I+RML1A+RN11A* ( 2. - E1/ EKSI ) / EKSI
| F(SI (6,1 K).LT.0.)! PAR=1
| F(SIE6,IK).LT.0.)GOrTO 2
10 CONTI NUE
C D=T, HE3 = A
DO 20 | K=1, 2000
SI (4, 1 K)=SI 43, | K)
20 SI (5,1 K)=SI 6, | K)
| F(1 PARR. eq. 0) goto 151
DO 150 K-=1, 6
GO TO (201, 202, 203, 204, 205, 206), K
201 WRITE(7,211) RCH
211 FORMAT(/, 38X, ' CHAT- BLANN NEUTRON | NVERSE CROSS SECTI ONS'
+ ' (',Gl2.5 " )'])
GO TO 135
202 WRI TE( 7, 222)
222 FORMAT(/ /38X, ' CHATTERJEE PROTON | NVERSE CROSS SECTIONS' /)
GO TO 135
203 WRI TE(7, 233)
233 FORMAT(//37X,' SHARP CUTOFF DEUTERON | NVERSE CROSS SECTIONS' /)
GO TO 135
204 WRI TE( 7, 244)
244 FORVAT(//37X,' SHARP CUTCFF TRI TON=D | NVERSE CROSS SECTI ONS' /)
GO TO 135
205 WRI TE( 7, 255)
255 FORVAT(//37X,' CHATTERJIEE HE3=ALPHA | NVERSE CROSS SECTI ONS' /)
GO TO 135
206 WRI TE( 7, 266)
266 FORVAT(//39X,' CHATTERJIEE ALPHA | NVERSE CROSS SECTI ONS' /)
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135 WRI TE(7, 145) (SI (K, JE), JE=1, 2000)

145 FORMAT ( 1H , 10F7.0)

150 CONTI NUE

151 DO 200 K=1, 2000
El =( FLOAT( K) * ED- EDY 2. ) *ED
SI (1, K) =Sl (1, K) *El * RWP
SI & 2, K) =Sl ¢ 2, K) *El * RWP
SI & 3, K) =Sl §( 3, K) * El *R\VD
SI & 4, K) =S| G( 4, K) * El * RMT
SI &5, K) =Sl G( 5, K) *El * RVH

200 SI G 6, K)=SI G 6, K) *El * RVA

RETURN
290 FORVAT(1X,' FOR Z TREATED BLANN SHARP CUTOFF APPROX. |S USED )
END
R R R R R R R S R R R R R R R SRS R RS R R R R R R R R RS R EREEREEREEEEEEEREEEREEREEEES
* FUNCTI ON SI G ON *

R R R R R R R R R R R R E R R R R R R R R RS EEEEEEEEEEREEREEREEEREEEEEEEREEEEEEREEEEEREE]

FUNCTI ON SI A ON(I SS, A1, 71, A2, 72, T)

C Witten by Barashenkov, Pol anski
FOR CALCULATI ON OF NUCLEUS- NUCLEUS TOTAL( | SS=1)
AND | NELASTI C(| SS=2) CROSS SECTI ONS
Al, Z1 - PRQOJECTI LE MASS AND CHARGE NUMBERS (Al>1)
A2,72 - THE SAME FOR TARGET NUCLEUS(3<A2<240)
T - LAB. KINETI C ENERGY OF PROGECTALE (1 MEV/ NUCLEON< T <1 TEV/ NUCLEQN)
COVMON CX/ CX( 38)
COWDN / FH AMP, AMT, AP, AT, BO, RO
| S=3-1SS
I F(1S.LE. 0) RETURN
| F(AL. LT. 1. 0. OR Al. GT. 240.0. OR A2. LT.3.0. OR A2. GT.240.) GO TO 101
| F(ABS(Z1).LT.1.0) GO TO 101
IF(T.LT.1.0) GO TO 101
SI G ON=0.
TP=T/ Al
AP=A1**0. 333333
AT=A2**0. 333333
AMP=A1*930. 63
AMT=A2*930. 63
C PARAMETER FOR CALCULATI ON OF NUCLEAR RADI US
RO=1. 4
| F(ABS(A1-4.) .LT. 0.1) RO=1.3
BO=1. 44*71* 72
=1

IF(1S.EQ2) 1=20
SELECTI ON OF PRQIECTI LE
HEAVY | ON
| F(AL. GT. 4.1) Nl
ALFA, HELI ON, TRI TON
IF(AL.GT.2.1 .AND. Al.LT.4.1) N=I+6
DEUTERON
I F(AL. LT. 2.1) N=I+12
HI GH ENERGY CROSS- SECTI ON
SELECTI ON OF PRQIECTI LE ENERGY
I F(TP. LT. CX(N+1)) K=2
I F(TP. LT. CX(N+4)) K=5
CROSS- SECTI ON PARAMETERS
C=CX(1)
| F(TP. LT. CX( N+1) ) C=CX( N+K) +CX( N+K+1) * LOGLO( TP)
CP=CX( N+5) +CX( N+6)
IF(TP.LT.10.) GO TO 1

O0000

oo O O 00

O
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C HI GH ENERGY CROSS- SECTI ON
SI G ON=FHS(1 S, T, ©)
RETURN
C CALCULATI ON OF LOW ENERGY CROSS- SECTI ON
C NORMALI ZATI ON OF HI GH- ENERGY CROSS- SECTI ON
1 SHL10=FHS(I S, 10. *Al, CP)
RO=1. 45
| F(ABS(Al-4.).LT. 0.1) RO=1.4
C RENORMAL| ZED COULOMB BARRI ER
B=B0/ RO/ ( AP+AT)
C LOW ENERGY CROSS- SECTI ON
SI G ON=SHLO* FC( T, B) / FC( 10. *Al, B)
I F(SIG ON) 101, 100, 100
101 WRI TE( 6, 1001)
1001 FORMAT(' ERROR I N I NPUT OF PARAMETERS OF FUNCTI ON SI G ON)
100 CONTI NUE
RETURN
END

R R R R R R R R R R R R RS R R R SRR R SRR R RS RS R R R R EREEREEREEEREEREEREEEEEEEREREES

* SUBROUTI NE STEP93 *
EE R I I R I I I I I I I I I R R I I I I I I R R I I I R I I I R I I R R I I R I S B
C Hi st ograns
SUBRQUTI NE STEP93( E, CS, ND1, ERES, CSRES, ND2, JMAX, LL)
CIf LL =1 - energy distributions
C LL = 2 - angular distributions
C ND2 nust be < 150
DI MENSI ON E( ND1), CS(ND1), ERES( ND2) , CSRES( ND2)
N = ND1
NL=N- 1
ERES(1) = E(1)
CSRES(1) = CS(1)

J=2
DO 300 | =1, N1
Gorq(1, 2), LL
1 ERES(J) = E(I)
CSRES(J) = CS(I+1)
ERES(J+1) = E(I+1)
CSRES(J+1) = CS(I+1)
GOTO 3
2 ERES(J) = E(I+1)
CSRES(J) = CS(1)
ERES(J+1) = E(I+1)
CSRES(J+1) = CS(I+1)
3 J = J+2
| F(J. GT. 150) t hen
PRI NT 10000
VRl TE( 8, 10000)
RETURN
endi f
300 CONTI NUE
GOrq( 11, 22), LL
11 ERES(J) = E(N)
CSRES(J) = 1.0E-13
JMAX=J
RETURN
22 JVAX=]- 2
RETURN
10000 FORMAT(1X,' STEP93: Dinension of arrays exceeded. ',

c No hi stograns ')
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END

R R R R R R R R R R R R R R E R R R R R R R R R SRR R R EEEEEEREEREEEREEEEEREREEEEEEREEREEEEE]

* SUBROUTI NE TRANS *
EIR I I I I I I I I I R I I R I I I I I I I I I I I R I I I I I I I R I I I I I I I I Ik I S R I I I I O
SUBROUTI NE TRANS(J1, J2, | TR9)
COVMON PARTI C/ WP, PX, PY,PZ,P, T,E, X, Y,Z, R JIN, M
COMMON/ RO03/ RO03 / R0O08/ RO08 / NREJ/ REFR, NREJ
| TR9=0
T7=T
CALL CROZON(J1,J2, WP, P1,T7, M
QCOS=( PX* X+PY* Y+PZ*Z) | (P*R)
@S| N=SQRT( ABS( 1. - QCOs* QCOs) )
QSI N1=QSI N* P/ P1
I F(QSI N1-1.) 20, 10, 10
C Reflection
10 RK1=-2.*P*QCCS/ R
RO03=R003+1.
R0O08=R008+1.
| F(RO08. GT. REFR) THEN
| TRO=1
RETURN
ENDI F
GOTO 30
20 J1=J2
T=T7
RK1=0.
I f (QCCS. ne. 0. 0) RK1=( ( P1* QCOS/ ABS( QCOS) ) * SQRT( ABS( 1. - @8I N1**2) ) -
*P*QCOS)/ R
P=P1
30 PX=PX+X* RK1
PY=PY+Y* RK1
PZ=PZ+Z* RK1
RETURN
END

IR R R R R R R R R R R R RS EEEEEEEEEEE R EEEEREEREEREREEEEEREREREEREEEEREEEEE]

* SUBROUTI NE TREAT1 *
ER I I I I SR I I I I I I I R R I I R I I I I I R I I I I I I I I I I I I R S I I S I S I I I S b S I

SUBROUTI NE TREAT1

COWWON/ MASTR1L/ WK( 21, 21) / DATI NI / RA, TO, WO

COWON | NTTRL/ PWK, PWY, PWZ, TW NPREN, NPREP, NPREA

COWON/ TRLEVA/ EXCI T, WAl / TRITR2/ VAI CX, VAI CY, VAI CZ

COVVON QSUM QSUM / URANDL/ | YG

COVVON/ QNNN/ QNNN / MAT | PR/ 1 PR / | NFOO1/ | NFKAL

NI = NPREN + 2*NPREA + 1

N2 = NPREP + 2*NPREA + 1

| F(NL. GT. 21. OR. N2. GT. 21) GOTO 100
WAL =VIN( N1, N2)
PZO=SQRT( TO* ( TO+2. *\\D) )

| F(1 NFKAL. EQ 1) CALL AUXANG
EXCl T=QNNN- QSUM+
*TO- TW ( PWK* PWK+PWY* PWY+( PWZ- PZ0) * * 2) / (2. * WA )
VAI CX=- PWK/ VWA
VAI CY=- PWY/ WA
VAI CZ=( PZ0- PWZ) / WA
RETURN
100  WRI TE(I PR, 101) N1, N2
101  FORMAT(1X,' ERROR | N SUBROUTI NE TREAT1: '/1X,' NI OR,
+ N2 EXCEED MAXIMUM '/1X,' N1=',15,' N2=',I5)
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STOP
END

R R R R R R R R R R R R R E R R R R R R R R R R RS R EEEEEEEEEREREEREEEREEEEEREREEEEEEREEREEREE]

* SUBROUTI NE TREAT2 *
EE R R S b I S b R I b I b R I b R b I I b I b I S I b I I b S b R b I b R b I S I R S I I
SUBROUTI NE TREAT2
COWON TRITR2/ V1, V2, V3 / EVATR2/ W VX, VY, VZ / MAI | PR/ | PR
COWON TR2CFU RECOI L /| NFDI S/ | NFDI'S, | NFOUP( 3)
COVVON/ EMEMD1/ EMEMT( 21) , RVEMT( 21) , HVEMT
COWVON LI B91/ W NLI B( 100, 250) , | NFLI B

I F(I NFLI B. EQ 1) CALL LI BGEN
RECO L=W 0. 5* ( ( V1+VX) ** 2+( V2+VY) ** 2+( V3+VZ) ** 2)
I F(1 NFDI S. EQ 0) RETURN
C Recoil spectrum
DO 10 NuU=1, 21
| F(RECO L. LE. EMEMI( NU) ) GOTO 50
10 CONTI NUE
VWRI TE( | PR, 20) RECO L
20 FORMAT(1X,' CONTROL SUBR TREAT2. RECO L=', Gl2. 5)
RETURN
50 RVEMT( NU) =RVEMT( NU) +1.
RETURN
END

R I R R I I R I R R I R R R S O I I R R O

* FUNCTI ON VELOC *
EE R R S I I S b R S b I b R b R b I I b R b I S S b S b R b I I I S b I S I I I
FUNCTI ON  VELOC( WPAR, W), E)
VELOC=SQRT( 2. * WPAR* E/ ( W* (VWD+WPAR) ) )
RETURN
END

EE I I R I I R R O R R I R I

* SUBROUTI NE WERO *
EE R I R I R I I I I I I I R R I I I R S I R I IR R S I I I R I I I R I I R I A I R I S
SUBROUTI NE WERQ( PFM PP, NX)
COVMON/ BOND1/ QBON( 200, 200, 6)
COVMON/ URANDL/ | YG
GOTQ(1, 1, 3, 4), MX

C
C NEUTRON, PROTON
1 | POAER = 2
PFMAX = PFM * | POZER
C
10  CC=RANDOM 0)
CC1=RANDOM 0)
GGG=PFM CC
| F( (GGG *1 PONER) - PFMAX*CCL )10, 20, 20
20 PP=GGG
RETURN
C
C ALPHA- PARTI CLE
3 | POAER = 8

PFMAX = PFM *| PONER
100  CC=RANDOM 0)
CC1=RANDOM 0)
GGG=PFM CC
| F( (GGG *1 PONER) - PFMAX*CCL ) 100, 200, 200
200 PP=GGG
RETURN
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C
C TRITON, HE-3
4 | POAER = 6
PFMAX = PFM*| PONER
1000  CC=RANDOM 0)
CC1=RANDOM 0)

GGG=PFM CC
I F( (GGG*| PONER) - PFMAX*CCL ) 1000, 2000, 2000
2000 PP=GGG
RETURN
END
EE R R S b I S b R S b I b R I b R b I I b R b I S I b I S b S S b R b I b R b I S I S S R b I O
* FUNCTI ON W *

R R I I R R I I I R I I R R I R I I R S R R

FUNCTI ON WM M)

- N

- P

A

- T, HE3

- D

WWE938. 2796

GOTQ(1, 2, 3, 4,5), M

WWE939. 5731

RETURN

2 WE938. 2796
RETURN

3 WWE3726.
RETURN

4 WE2794. 5
RETURN

5 WE1863.
RETURN
END

IR R R R R R R RS R R RS R R SRR R R SRR R RS R R R EREEREEEEEREEEEEEEEEEEEREREES

* SUBROUTI NE ZERLI B *
EE R R I I I I I I I R I I I I R I R R I I I I I I I R I IR R I A I R I S
SUBROUTI NE ZERLI B
COMMON/ LI B91/ W NLI B( 100, 250) , | NFLI B

O0000
abrwN R

(=Y

DO 1 1=1,100
DO 1 J=1, 250
1 W NLI B(1, J) =0.
RETURN
END
R I bk S I R R I O S S O S R R O O S R S kR R O O
* SUBROUTI NE ZEROL *

R R I I I I R R S I S R R R R I R O R R I R R R

SUBROUTI NE ZEROL
COMMON/ MASOUT/ WDI S(990) , K1( 990) , K2( 990) , K3( 990) , K4( 990) ,
+K5(990) , K6(990) , K7(990) , K8( 990) , K9( 990) , K10( 990) , KN
COVMON/ NPROL/ NPROL / R001/ R0O01 / R0O03/ ROO3
COMMON/ RO05/ RO05 /1 X190/ | X191, | X192, | X193
COVMON/ NREJ/ REFR, NREJ / AUXI L/ | COUL, | COU2
COMMON/ SUMPO/ ER90, KER9O
COVMON/ | NFSEP/ KSEP( 100, 4) , | NFSEP, JSEPM

DO 10 I=1, 990
WDI (1) =0.
K1(1)=0
K2(1)=0
K3(1)=0
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Ko( I
10 K10(

KN=0

NPROL=0

R0O01=0.

R003=0.

R005=0.

| X191=0

| X192=0

| X193=0

NREJ =0

| COU1=0

| COU2=0

ER90=0.

KER90=0

DO 100 =1, 100

100 KSEP(1, 4) =0
RETURN
END

EE R R I I I R R I I R I I R R S I R R I R I R R I O

* SUBROUTI NE ZERC2 *
EE R I S b I S b S b I b R I b R b I I b I S I S I S I S b I S b R I b b I Sk I S
SUBROUTI NE ZERO2
COVVON/ | NTTRL/ PWK, PWY, PWZ, TW NPREN, NPREP, NPREA
COVMON/ EVATR2/ ViEI G, VX, VY, VZ / EVAMAS/ N1, N2, N3, N4, N5, N6
COVMON/ JACT/ JACT / NDI M NPAR / MEMORY/ U( 11, 20) , MJ( 2, 20) / R008/ RO08
COWMON/ | ZET/ | ZET / QSUM QSUM / QBOCFU/ NSN, NSP
PWK=0.
PWY=0.
PWZ=0.
TWEO.
VX=0.
VY=0.
VZ=0.
NPREN=0
NPREP=0
NPREA=0
NSN=0
NSP=0

I OO O0OO0OO0O0o
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RO08=0.
| ZET=0
QSUMEO.
RETURN
END

R R R R R R R R R R R R SR R R R R R R R R R SRR R EEEEEEREEREEEREEEEEREREEEE R EREEREEEE]

* SUBROUTI NE ZONVAY *
EE R R S b b S b I I b I E R I R I b I b I S S I I S I S b b I I b I b b R S S I B I O I
SUBROUTI NE ZONWAY( RzJ1, RzJ0, J1, J3, J2, SLI NE)
COVMON/ PARTI C/ WP, PX, PY, PZ, P, T,E, X, Y, Z, R JIN, M
| F(R-1. E-06) 2, 2, 8
2 SLINE=RzJ1
RETURN
8 QUOS=( PX* X+PY* Y+PZ*Z) | (R*P)
I F( QCOS) 10, 20, 20
10 D1=-1.
J2=J3
RRI=RZJ0
GOTO 30
20 D1=1.
J2=J1
RRI=RZJ1
30 DD=(RRJ**2)-(1.-(QOOS**2))*(R**2)
| F(DD) 50, 50, 70
50 CONTI NUE
OO0=RRJ- RzJ1
| F( 000) 20, 60, 20
60 CONTI NUE
SLI NE=O0.
RETURN
70 CONTI NUE
SLI NE=- R* QCOS+D1* SQRT( DD)
RETURN
END
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