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The computer code, POD-P, was developed to calculate energy spectra and angular distri-
butions of emitted particles for the neutron-induced preequiliblium nuclear reactions. The
energy-differential cross sections are computed with the classical one-component exciton
model for the nucleon and composite-particle emissions. Along with this, the semi-empirical
exciton models are also used for the composite-particle emissions. The double-differential
cross sections are derived from those model calculations plus the angular-distribution sys-
tematics. The computational method and explanation of input parameters are given with

some output examples.
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1 Introduction

A computer code was developed to calculate energy spectra and angular distributions
of emitted particles for the neutron-induced preequilibrium nuclear reactions. Energy-
differential and angle-differential cross sections are computed for light ejectiles such as
neutron(n), proton(p), deuteron(d), triton(t), 3He and *He(c).

The code was developed basing on the works of Kalbach[1, 2, 3]. The cross sections are
calculated with the classical one-component exciton model. For the emissions of composite
particles, the semi-empirical exciton model[1] for pickup- and knockout- reactions are also
adopted. Double-differential cross sections are derived from those model calculations plus
the angular-distributions systematics(3].

In the preequilibrium calculation, total-reaction cross sections are required as input data
for incident- and emitted-partciles. The cross sections are computed with the optical model.
In order to obtain reasonable values for them, the local- and global- optical model potential
(OMP) parameters developed by Koning and Delaroche[4] were built for neutron and proton.
The OMP of Lohr and Haeberli was employed for deuteron, that of Becchetti and Greenlees
for triton and 3He, and that of Lemos for He [5, 6]. Total-reaction cross sections are
evaluated with those OMPs within the maximal orbital angular momentum quantum number
of 40. Therefore, the code may be applicable to the particle energies up to about 50 MeV.

The units employed in this code for energy, length, and cross section are MeV, fm (femto-
meter), and mb (milli-barn), respectively. The units for energy-differential and double-
differential cross sections are mb/MeV and mb/sr/MeV (sr: steradian), respectively. It
should be noted that this code was developed by referring to the subprogram PRECO-B in
the GNASH code[7].

In the next section, the computational methods and formulas utilized in the code are
presented. The structure and subroutines of the code are explained in Sec.3. The input pa-
rameters are specified in Sec.4, and we remark about the notabilias of numerical calculations

in Sec.5. The input and output examples are presented in Sec.6.

2 Computational Methods

2.1 The One-component Exciton Model

In the exciton model, it is assumed that the excited system is formed by the interaction
between the projectile and the target nucleus, and particles are emitted from the composite

nucleus before the system reaches equilibrium state. The composite states are classified by
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the numbers of excited particles and holes (p, h). The initial composite state is specified by
(po, ho)=(2,1) for the nucleon-induced reactions.
The p particles and the h holes are formed at the stage n(= p + h) of the exciton state.

The state density w of the n-stage with the excitation energy F is given by

g"(E — App)"!

1
2 2
+h“+n
Ap,h = Epauli(p, h) —p 4 3 (2)
g
max(p, h)?
Epauli( vh) = —(gp'—)"" (3)

where g is the single-particle state density parameter. The symbol Ay p means the Pauli
blocking factor to restrict the number of allowed states.

The transitions between the exciton states are brought about by the particle-hole pair-
creation and -annihilation. The transition rates from the (p,h) state are expressed with

following formulas(1],

2n 293[E - Epauli(p +1,h+ 1)]2

M(p,h,E) = =M St 1) , (4)
27 ,gph(n —2) m-1)(-1)p-2)+(h-1)(h-2)
R e = 59(E — Apn)  ®

where h stands for the Planck’s constant devided by 2w. The value of M? is the matrix
element for two-body interaction for initial- and final-states, and it is parameterized with
the composite mass number A, the constant parameter k(= 100), and the variable e = E/n

as follows[2].

m2= ¥ (5)1/2(5)1/2 e < 2 MeV

A3e \7 2
Mz:AI;e (;)1/2 2<e<T7MeV
M2=A§e 7<e< 15 MeV
M2 = A’;e (1;) 2 e > 15 MeV (6)

In the exciton model, particles are emitted from the composite nucleus. The emission rate
of the particle b with the emission energy ¢ in the center-of-mass system is given by][1]

(2sp + 1) ppeop(€)de

W, d
b(p,h, f) € 7r2h3 wrorT

2 2
X [Qb(p)}:w(p ~poh=5,U)+ > Qu(p - j)w(p — ps — 4,h,U) | , (7)
j=0

=1
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where,
2

2
wror = Y w(p,h—j,E)+»_w(p—j,h, E). (8)

5=0 j=1
The symbols sy, pp and o, are the spin, mass number and the inverse total-reaction cross
section of the emitted particle b, respectively. The variables U and E correspond to the
excitation energies of the residual- and composite-nuclei, respectively. The correction factor
Qs(p) is introduced in order to consider the distinguishability of protons and neutrons in the
system, and it is given by[1, 8]

aw = (35)" (5) e Rio), (9

Dp!

and,

Ry(p) = [pb'(p—'] B

P = p)!
P—Pa i »
x ; [i!(z(vp—u%!i)!(g) (%)p ” }
[W"!(’(r:a“:?!wb)!] [ub!(;p—_w:a—_ﬁ!ub)!] ’ o (10)

where Z, N and A are the charge, neutron and mass numbers of the target nucleus, respec-
tively. The symbols m,(3), Va(s) and pe(s) denote the proton, neutron and mass numbers of
the projectile (ejectile), respectively. From Eq. (7) the total particle emission rate W at the
n-stage is obtained by

OEY / Wiy (p, h, €)de. (1)
b

It should be noted that the state density w in Eq. (7) is calculated with the single-particle
state density parameter g of the residual nucleus, while w in Eq. (8) is calculated with
that of the composite nucleus. The values of U and F in Egs. (7) and (8) are determined by

subtracting the pairing energies [9] from the excitation energies of the residual and composite

nuclei.

The probability P(n,t) that the excited composite state exists in the n-stage at time ¢ can

be obtained by solving the master equation:

%(n,t) — A (n=2)P(n—2, ) + A (n+2)P(n+2,8)— [A\* (n)+ A~ (n) + W(n)] P(n, ), (12)

with the initial condition,

P(n,0) = d(p,po)d(h,ho),  (po=2,ho =1). (13)
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The energy-differential cross section in the center-of-mass system is calculated with the

following relation,
do

&-(a, b) = Oq }r;: Wb(ny e)r(n), (14)

where o, is the total-reaction cross section for the projectile a, and 7(n) stands for the mean

lifetime of the n-stage,

7(n) = /P(n, t)dt. (15)
In the closed form approximation, 7(n) is calculated by using following equation,
rn) = (16)
~ W(n)+At(n)

The time-integrated occupation probability P(n) for the stage (n > py + hg = 3) is given by

P(n) = P'(n)7(n), (17)

P'(n) = P'(n-2)[1-W(n-2)1(n-2)], (18)
where,

P'(pop+hy —2) =1, W (po + ho — 2) = 0. (19)

The energy-differential cross section with the closed form approximation is computed as

follows,
do
-(-E(a,b) =0, En Wi(n, ) P(n). (20)

2.2 Semi-empirical Formulas for Pickup and Knockout Processes

In order to calculate preequilibrium cross sections for composite-particle emissions plau-
sibly, the semi-empirical formulas were supplemented to the code. With the formulas, the
contribution of particle pickup can be obtained for the (n, a(=*He)), (n, d), (n,t) and (n,3He)
reactions, and the knockout effect can be calculated for the (n, ) reaction.

The energy-differential cross section of pickup for the (a,b) reaction is expressed by

P —2A A
T @9 = et D)@ (2) 7 (B Loty e
de Pa A
where,
» Al &
wp(U) = mZW(OJ,U)s (22)
i=1
f(N,Z,8,,87) = (2Z/A)%7(2N/A)(I-ANAB+1)/2 (23)
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In Eq. (21), 04 is +1 if an « particle is formed, and zero otherwise in the neutron-induced
reactions. The quantities F;, and p, are the laboratory energy and mass number of the pro-
jectile, respectively. The symbols A,, A, and A(= A, 4+ A,) are the numbers of transferred
neutrons, protons, and nucleons from the target nucleus, respectively. In Eq. (22), w(0,1,U)
is calculated with the single-particle state density of the residual nucleus.

The knockout component is derived from following formula,

k
()=

Jh(U
(2sp + 1)ppeop(e) F/'i(2 )Fa x 0.12, (24)

Pafg

where €, denotes the center-of-mass collision energy. For the (n, @) reaction, wt and Fo(=n)

are obtained with

1 1
wf:(U) = Gnfa (U - _29 - 2—9 ) y (25)
n o
VA
F, = 0.075 x 5—;1— (26)

gn and g, in Eq. (25) are defined as g, = (N/A)g and g, = g/4, with the single-particle

state density g of the residual nucleus.

2.3 Systematics of Angular Distributions

The angular distributions of emitted particles in the preequilibrium reactions can be calcu-
lated by using the systematics of Kalbach[3]. The angular distributions in the center-of-mass
system for the (a,b) reaction are obtained by

d*o(a,b) 1 do(a,b) 2a
dQdey,  4m  dep ef —e~¢

exp(€ cos ), (27)

where { stands for the slope parameter, and it is expressed by,

E(ep,ey) = 0.04X7 + 1.8 x 1078 X3 + 6.7 x 107" Mymp X4, (28)
X1 = (BEiey/eq), (29)

X3 = (Ese/e,), (30)

E; = min(e},130), (31)

E3; = min(e),41), (32)

€ha) = €b(a) T Sh(a)- (33)

In Eq. (28), M, is set equal to 1 for the neutron-induced reaction. The value of m, is

equal to 1/2 for the neutron emission, m, = 2 for the a-particle emission, and my = 1
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otherwise. In Eq.(33), ¢, and ¢, are the center-of-mass energies of incident and emitted
particle, respectively. The values of S, and S} correspond to the separation energies for the

incident and emitted particles, respectively. They can be calculated as follows,

(Nc = Zc)®  (Na—Za)?

Sa = 15.68(Ac — Aa) — 28.07 [ ] — 18.56(A23 — A%/

Ac » Ap
_ 2 _ 2 Z2 Z2 Z2 Z2
+ 3322 | e 4/5") - (N 4/3Z") - 0.717 | =5 — SA:| + 1211 [—C— —A]
Ac Ay Ag” AJ Ac  Aa
- I | (34)

where the subscripts C and A refer to the composite and target nuclei, respectively, The
symbols N, Z and A express the neutron, proton and mass numbers. The value ¢f I, is the
energy required to break up the particle a into its constituent nucleons. The quantities Sj
and I, are defined similarly, by replacing a, A with b, B. Where, the subscript B refers to
the residual nucleus.

The double-differential cross section is obtained by using Eqs. (27)-(34) along with the
evaluated energy-differential cross section. The angle-differential cross section is obtained by

integrating the double-differential cross section by energy.
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3 Explanations of Computer Code

3.1 Structure of the Code

Figure 1 shows the structure of the code. In the subprogram block L001, physical constants,
nuclear masses, and other basic quantities are determined. The input parameters are also
read and stored. In the block L101, total-reaction cross sections for the collision of the
neutron with the target nucleus are calculated and stored. The cross sections and analyzing
powers for the shape-elastic scattering are also calculated, and printed out in L101. These
subprograms L001 and L101 were taken from the program POD[10].

The energy spectra and angular distributions in the preequilibrium reactions are calculated
in the block L301. Pairing energies are stored in the subroutine PAIRIN and the Q-values
of the reactions are calculated in PREQ. The inverse cross sections for emitted particles are
computed in PREREA, and obtained cross sections are stored in PRESIG. The computa-
tional manners in PREREA are similar to L101. With quantities obtained in above subrou-
tines, the preequilibrium model calculations are performed in the block PRECMP. Energy
spectra are calculated with the subroutines PRECOM, PRERAT, PREW and PREEQ. The
contributions of the particle pickup and knockout are computed in the subroutine PREDIR.
Angular distributions are calculated in PREANG. The final results are printed out in the
subroutine PRECRO.
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Fig. 1: Flow Chart of Code (1/2)
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Fig. 1: Flow Chart of Code (2/2)
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3.2 Subroutines

Lo0o1
CONST Basic constants are defined, and they are stored in COMMON /CNST/,

EUNT = poc? = 931.494013 MeV, (35)
2
CEK = %: 20.900794 MeV - fm?, (36)
0
2
COUL = 2’;"; — 0.068895200 fm~!, (37)
CSPO = 20 fm?, (38)

where pg,c, b, and e are the atomic mass unit, the speed of light, the Planck’s constant
divided by 27, and the elementary charge, respectively.

AUDI This subroutine reads atomic masses from the table of Audi et al.[11] (File 13).
The atomic mass for charge Z and mass number A are memorized in AMASS(Z* 1000+A)
of COMMON /MASS/. Nuclear masses are treated as corresponding atomic masses in this
code.

FACTRL Factorials (FC) and their square roots (SFC) are calculated, and they are
stored in COMMON /FCTL/.

INPUT Input parameters are read from File 5, and they are stored in the COMMON
arrays /ENGY/, /OMP0O/ and /PR00/. The input parameters are defined in Sec.4.

L101 L101 calls the subroutines which calculate cross sections and analyzing powers
for the shape-elastic scattering. Detailed explanations of these subroutines are given in
Ref.[10]. The neutron total-reaction cross sections are required for the preequilibrium model
calculation. They are computed, and stored here.

ANGLE Angle-differential cross sections and analyzing powers for the shape-elastic
scattering are calculated with the scattering phase shifts (CYETA) obtained in the subroutine
INTEG. (See Ref.[10])

BESSEL The spherical Neumann and the spherical Bessel functions (G,F) are evaluated
at the matching radius (RHOM) where the scattering phase shifts are calculated. Obtained
values and their derivatives (GP,FP) are stored in COMMON/WFO01/. (See Ref.[10])

COULA The Coulomb wave functions for the angular momentum quantum number
l = 0 are evaluated at the asymptotic radius (RHOA). (See Ref.[10])

COULI The Coulomb wave functions in the subroutine COULA are extrapdlated from
the asymptotic radius (RHOA) to the matching radius (RHOM) where the scattering phase
shifts are calculated. (See Ref.[10])
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COULL The Coulomb wave functions and their derivatives for the angular momentum
quantum number [ > 1 are evaluated at the matching radius (RHOM). Obtained values are
stored in COMMON /WFO01/. (See Ref.[10])

CSPCOF Coefficients of the cubic spline fits{12] are calculated.

GLOBAL The parameters of optical model potential (OMP) are evaluated, and stored
in the COMMON arrays /OMP1/ and /OMP2/. The global OMP parameters of Koning and
Delaroche[4] are used for neutron and proton if the local OMP parameters are unavailable.
The parameters of Lohr and Haeberli are employed for deuteron, that of Becchetti and
Greenlees for triton and 3He, and that of Lemos for “He. These parameters were taken from
Ref.[5] and [6] (See Ref.[10]). The user may change this subroutine in order to utilize other
OMP parameters.

INTEG The scattering phase shifts (CYETA) are computed, and stored in COMMON
/WF03/. With these values, the transmission coefficients(TRS), the total-reaction (inverse)
cross section (SIGRI), and the shape-elastic scattering cross section (SIGEL) are calculated.
The results are stored in COMMON /WF03/. (See Ref.[10])

LOCAL The local OMP parameters are stored with the tables of Koning and Delaroche
[4]. If the local OMP parameters are unavailable, the global OMP parameters are adopted
automatically. These parameters are stored in COMMON /OMP1/ and /OMP2/. (See
Ref.[10])

OMPOT The OMP values are computed, and stored in COMMON /OMP3/. (See
Ref.[10])

PHASE The phase shifts of the Coulomb scattering (DELL) are calculated, and stored
in COMMON /WF02/. (See Ref.[10])

RHOMAT The matching radius (RHOM) at which the scattering phase shifts (CYETA)
are calculated is determined, and stored in COMMON /WF00/. (See Ref.[10])

L301 L301 calls the subroutines for the calculation of preequilibrium cross sections. The
mass number of composite nucleus (ACOMP), the projectile charge number (NZPRJ=0 for
neutron), the projectile neutron number (NNPRJ=1 for neutron), and the particle and hole
numbers of the initial composite state (NPART=2, NHOLE=1) are stored in COMMON
/PRO1/.

PAIRIN The pairing energies are stored in COMMON /PAIR/ with the table of Gilbert
and Cameron[9].

PREQ The Q-values (QVALP) of the reactions, and the pairing energies (PAIRE) of
composite and residual nuclei are stored in COMMON/PR02/.

PREREA, PRESIG The inverse reaction cross sections are calculated with the optical
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model, and they are stored in COMMON /PR03/ and /PR04/. The mesh number of the
particle emission energy (NDELT) is determined in PRESIG, and stored in COMMON
/PRO4/. .
PRECMP PRECMP calls the subroutines for the preequilibrium model computations.
PRECOM The state densities of composite nucleus, w (RTOT) in Eq. (1) and wror
(OMGT) in Eq. (8) are computed, and they are stored in COMMON /PR05/. The maximum
particle number (NPARTX) considered in the system is initially set as

NPARTX = min(40, /2¢E), (39)

where g and E stand for the single-particle state density and excitation energy of the com-
posite nucleus, respectively. The stages which satisfy the following condition are treated as

the equilibrium states.

wror(p) > wror(p + 1). (40)

On the condition, the minimal particle number (MXPART) indicates the end of preequi-
librium stages. Obtained values NPARTX and MXPART are stored in COMMON /PR01/
and /PR0O5/, respectively.

PRERAT The rates of the particle-hole pair creation A; (RATEP) and annihilation
A- (RATEM) are calculated with Eqgs. (4)-(6), and stored in COMMON /PR05/. The
time mesh (DTIME) to solve the master equation Eq. (12) is also determined and stored in
COMMON /PRO05/.

PREW  The particle emission rates W, (W) and the total particle emission rates W
(WT) are computed with Egs. (7)-(11). The results are stored in COMMON/PRO06/.

PREEQ The preequilibrium cross sections of the exciton model are obtained by solving

the master equation Eq. (12). If the input value JPRECO is set equal to 0, the cross sections
are calculated with Egs. (13)-(15). The time integration is carried out until the probability
(P) of Eq. (12) for the particle number MXPART satisfies the following condition,

P(p = MXPART)
P(p = MXPART + 1)

w(p = MXPART)
w(p = MXPART + 1)’

< (41)

Obtained energy-differential cross sections (SPECTP) are stored in COMMON /PROT7/.

If JPRECO=1, the cross sections are calculated by using the closed form approximation
which are expressed in Egs. (16)-(20). Obtained energy-differential cross sections (CLOSE)
are stored in COMMON /PR08/.

PREDIR The cross sections of the pickup (SPECP) and the knockout (SPECK) pro-
cesses are calculated with Eqgs. (21)-(26) for composite-particle emissions. Obtained results
are stored in COMMON/PR09/.
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PREANG The angle-differential cross sections (SPECTA) for the preequilibrium reac-
tion are computed with Egs. (27)-(34), and they are stored in COMMON/PR10/.

PRECRO The preequilibrium energy-differential cross sections (SPECTE), which are
the sum of the exciton model and the pickup/knockout semi-empirical model calculations,

are stored in COMMON/PR10/. The cross sections are printed out in this subroutine.

3.3 Functions

CSPLIN(N,X,F,S,R) The cubic spline fit is carried out with the coefficients S obtained
in the subroutine CSPCOF [12]. N is the number of data points, X is the argument array of
the function F to be fitted, and R is the argument value on which the function value F(R)
is calculated.

FFF(DELN,DELP) The function f of Eq.(23) is evaluated with the numbers of neu-
trons and protons which are transferred from the target (DELN and DELP).

OMEGA(NP,NH,G,E) The state density w for (p,h)=(NP,NH) is computed with
the excitation energy E and the single-particle state density G. The manner is followed
Egs. (1)-(3).

OMEGAK(IN,JOUT,E) The function wf of Eq. (25) is evaluated on the excitation
energy E. IN is fixed to 1 for the neutron-induced reactions, and IOUT is 3 for the ‘He
particle emission.

PLM(L,MXX,X) The Legendre function P/"(x) is evaluated for I(L), m(MXX) > 0
and z = cos @ (X) [13].

QBETA(NP,IP) The correction factor Qp for p=NP is calculated with Egs. (9) and
(10). The emitted particle is specified with IP as, IP=1:neutron, 2:proton, 3:*He, 4:deuteron,
5:triton, and 6:3He.



JAERI—Data/Code 2005—005

3.4 Common Arrays

Labeled common arrays are utilized in the code. They are defined as follows. (Detailed
explanations are given in Ref.[10] for the common arrays OMPO to OMP3, and WF00 to
WF03.)

CNST The basic constants are defined in the subroutine CONST.

ENGY Input data for collision energies (ENL) are stored in the subroutine INPUT.

FCTL Factorials and their square roots are stored in the subroutine FACTRL.

MASS Atomic masses are stored in the subroutine AUDI.

OMPO Basic parameters are stored in the subroutine INPUT.

OMP1 The OMP parameters are stored in the subroutines LOCAL or GLOBAL.

- OMP2 The potential depth and raidus parameters are calculated and stored in the
subroutine LOCAL or GLOBAL.

OMP3 The OMP values are computed, and they are stored in the subroutine OMPOT.

OMP4 The reaction cross sections (SIGRIN) are stored in the subroutine L101.

PAIR The pairing energies (PZ, PN) of Ref.[9] are stored in the subroutine PAIRIN.

PROO The input data for the preequilibrium model calculation are stored in the subrou-
tine INPUT. Definitions of these values are given in Sec.4.

PRO1 The basic parameters for the preequilibrium model calculation are stored. The
mass number of composite nucleus (ACOMP), the charge and neutron numbers of the pro-
jectile (NZPRJ, NNPRJ), the initial particle and hole numbers of the composite nucleus
(NPART, NHOLE) are stored in the subroutine L301. The maximum particle number con-
sidered (NPARTX) is determined in the subroutine PRECOM.

PRO2 The Q-values (QVALP) of the reactions and the pairing energies (PAIRE) are
stored in the subroutine PREQ.

PRO3 The coeflicients for the cubic spline functions to interpolate inverse cross sections
are calculated, and stored in the subroutine PREREA.

PRO04 The mesh number of the particle emission energy (NDELT) is determined in the
subroutine PRESIG. The inverse cross sections (SIGR) on the each mesh are obtained with
the cubic spline interpolation.

PROS The state densities of the composite nucleus (RTOT, OMGT) and the minimal
particle number to reach the equilibrium state (MXPART) are calculated, and stored in the
subroutine PRECOM. The rates of the particle-hole pair-creation and -annihilation (RATEP,
RATEM) are calculated in the subroutine PRERAT. The time mesh (DTIME) to solve the
master equation is determined in PRERAT.
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PRO6 The particle emission rates (W) and the total particle emission rates (WT) are
calculated in the subroutine PREW.

PRO7 The energy-differential cross sections (SPECTP) are obtained by solving the master
equation in the subroutine PREEQ.

PRO8 The maximum number of the time steps (MTMAX) to solve the master equation is
determined in the subroutine PREEQ. The energy-differential cross sections with the closed
form approximation (CLOSE) are stored in PREEQ.

PRO9 The energy-differential cross sections for the particle-pickup and alpha-knockout
processes (SPECP, SPECK) are computed in the subroutine PREDIR.

PR10 The preequilibrium angular-distributions (SPECTA) are calculated in the subrou-
tine PREANG. The final results of energy-differential cross sections (SPECTE) are obtained
in the subroutine PRECRO.

WPF00 The wave number (WN) is stored in the subroutines L101 and PREREA. The
matching radius (RHOM) where the scattering phase shifts are calculated is determined in
the subroutines RHOMAT and COULI. The radius (RHOA) where the asymptotic Coulomb
functions are evaluated is determined in the subroutine COULA.

WPFO01 The spherical Neumann and Bessel functions (G, F) and their derivatives (GP,
FP) are evaluated in the subroutine BESSEL in order to obtain the neutron reaction cross
section. For charged particles, the Coulomb functions and their derivatives (G, F, GP, FP)
are evaluated in the subroutines COULA, COULI and COULL. The maximum value of
the orbital angular momentum quantum number (LMAX) is determined in the subroutine
BESSEL for neutrons, and COULL for charged particles.

WPF02 The Coulomb parameter (YETA) and the phase shifts of the Coulomb scattering
(DELL) are computed in the subroutine PHASE.

WFO03 The scattering phase shifts (CYETA), the transmission coefficients (TRS), the
total-reaction (inverse) cross sections (SIGRI) and the shape-elastic scattering cross sections
(SIGEL) are calculated in the subroutine INTEG.
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4 Explanations of Input Data

This code reads input data from two files (FILE 5 and 13).

FILE 5 Job control options and fundamental parameters.
FILE 13  The mass table of Audi et al.[11]. The data were downloaded from following
address.

http://csnwww.in2p3.fr/amdc/
FILE 5 are read with following format(the first 8 parameters must be integers).

READ(5,*)IPRJ, ISPIN, ITAG, NTE, NEN, IP1, NR, NTH
READ(5,1000)(ENL(IE),IE=1,NEN)

1000 FORMAT(S8E10.0)
READ(5,*) NDWBA,IDWBA

IPRJ Set IPRJ=1 to specify the neutron-induced reaction.
ISPIN Twice the projectile spin quantum number (SPIN). Set ISPIN=1.
ITAG ZT x 1000 + AT, where ZT is the target charge, and AT is the target mass

number.
NTE 0 : Collision energies are given in the center-of-mass system.
1 : Collision energeis are given in the laboratory system.
NEN Number of collision energies to be calculated. (The maximum is 30)
IP1 Set IP1=0 to use the built-in OMP parameters.
NR Number of the radial mesh for wave functions. (The maximum is 1000)
NTH Number of the angular mesh for angle-differential cross sections. (The

maximum is 100)
ENL Collision energies in MeV.,
NDWBA Set NDWBA=0 by integer.
IDWBA Set IDWBA=0 by integer.

Subsequently, the parameters for the preequilibrium model calculation are read, where the
first two parameters IPRECO and JPRECO must be integers.

READ(5,*)IPRECO, JPRECO
READ(5,1000)PRECO1, PRECO2, PRECO3, DELPRE
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READ(5,1000)(GPRE(I-1), I=1,IPRECO+1)

IPRECO 1 : The n emission is considered in the preequilibrium reaction.
: The n and p emissions are considered.
: The n,p, and “He emissions are considered.
: The n,p, “He and d emissions are considered.

2

3

4

5: The n,p, “He, d and ¢ emissions are considered.

6 : The n,p, *He, d,t, and 3He emissions are considered.
0

JPRECO : The master equation is solved numerically.
1 : The closed form approximation is used.

PRECO1 The normalization factor used in the exciton model calculation (divided by
100). Default is 1.0. PRECO1 corresponds to the parameter F2 of the GNASH code[7].

PRECO2 The normalization factor for the pickup spectra of the composite particles.
Default value is 0.5.

PRECO3 The normalization factor for the alpha-knockout spectrum. Default value is
1.0.

DELPRE Width of energy bins in MeV for the preequilibrium energy spectra.

GPRE The single-particle state density in MeV~!. GPRE(0) is the state density of
the composite nucleus. GPRE(1) is that of the target nucleus. GPRE(2) is the density of
the residual nucleus after the proton emission. Similarly, GPRE(3) to GPRE(6) correspond
to the densities of the residual nuclei after the *He, d,t and 3He emissions, respectively. If
zero or negative values are inputed, they are set equal to A/13, where A is the mass number

of corresponding composite, target or residual nucleus.
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5 Comments for Numerical Calculation

It should be pointed out that the calculated cross sections for the preequilibrium are
affected by the selection of IPRECO, even though other input parameters are fixed. This is
because the total particle emission rate of Eq. (11) depends on how many kind of particle
emissions are included in the calculation. The change of the total particle emission rate
affects the lifetimes in Eqs. (15) and (16), and that causes the variance of cross sections.
Such dependence on IPRECO may appear in the second digit numbers of calculated cross

sections.

6 Sample Calculations

Following four calculations were carried out, and the input and output data are given in
Figs.2-9. The program was compiled with fortran g77 on the Cygwin (a Linux-like environ-
ment for Windows). Note that computed cross sections below about 10~1° (mb) might be
different from our values explicitly, because accuracies of extremely small values are sensitive

to the difference of computational environments.

i)The preequilibrium cross sections for n+Nb collision at the neutron energy Erap=25.7
MeV. The cross sections are calculated with the options IPRECO=6 and JPRECO=0. The
value of PRECOL is set equal to 1.75. The input data are given in Fig.2. The calculated
energy-differential cross sections for neutron emission are presented in Fig.3 with experimen-
tal data[14].

ii)The preequilibrium cross sections for n+%Cu collision at E;45=15 and 20 MeV. The
cross sections are calculated with the options IPRECO=6 and JPRECO=0. The input and

output data are given in Figs.4 and 5, respectively.

iii)The preequilibrium cross sections for n+209Bi collision at E;45=20 MeV. The cross
sections are calculated with the options IPRECO=5 and JPRECO=0. The input and output

data are given in Figs.6 and 7, respectively.
iv)The preequilibrium cross sections for n+2%Bi collision at Ej45=20 MeV. The cross

sections are calculated with the options IPRECO=5 and JPRECO=1. The input and output

data are given in Figs.8 and 9, respectively.
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Fig.2 Input data to calculate preequilibrium cross sections for n+%3Nb collision at
Epap =25.7 MeV with the options IPRECO=6, JPRECO=0, and PRECO1=1.75

3
10’ T ———

n+ > Nb @25.7 MeV

10% | Direct process -

do/dE (mb/MeV)

® Marcinkowski et al. (1983)

POD-P

100....|...LJJ...l....l....l.L‘.
0 5 10 15 20 25 30

Emitted Neutron Energy, CM (MeV)

Fig.3 Calculated neutron-emission preequilibrium cross sections for n+23Nb collision
at Er 4 =25.7 MeV with the options IPRECO=6, JPRECO=0, and PRECO1=1.75

compared with experimental data.
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6.504819 6.3832342 6.2616493 6.9911614 5.9576855 5.7145146 7.2951247
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Fig.4 Input data to calculate preequilibrium cross sections for n+5°Cu collision at

Epap =15 and 20 MeV with the options IPRECO=6 and JPRECO=0

PROJECTILE CHARGE = 0.00 MASS NUMBER = 1.00 SPIN = 0.50
TARGET CHARGE = 29.00 MASS NUMBER = 65.00
IP1 = O NR = 153
IPRECO = 6 JPRECO = O
PRECO1 = 1.000 PRECO2 = 0.500 PRECO3 = 1.000
DELPRE = 0.400
+++ ENTER L101 +++
ELAB = 15.000 MEV ECM = 14.771 MEV WAVE NUMBER = 0.83780
RHOM = 9.813 LMAX = 17 COULOMB PARAMETER = 0.000
ANGLE DIFFERENTIAL CROSS SECTION FOR ELASTIC SCATTERING
CM _ANGLE CROSS SECTION ANALYZING
DEG MB/SR POWER
0.00 3.749E+03 0.000E+00
5.00 3.510E+03 1.314E-02
10.00 2.871E+03 2.832E-02
156.00 2.036E+03 4.830E-02
20.00 1.232E+03 7.757E-02
25.00 6.204E+02 1.237E-01
30.00 2.526E+02 1.938E-01
35.00 8.602E+01 2.318E-01
40.00 3.690E+01 -1.016E-01
45.00 3.078E+01 -5.824E-01
50.00 2.716E+01 -7.895E-01
55.00 1.735E+01 -9.420E-01
60.00 8.302E+00 -8.661E-01
65.00 7.298E+00 8.095E-02
70.00 1.484E+01 2.075E-01
75.00 2.558E+01 -1.328E-02
80.00 3.294E+01 -2.089E-01
85.00 3.319E+01 ~3.688E-01
90.00 2.688E+01 -4 .951E-01
95.00 1.771E+01 -5.625E-01
100.00 1.009E+01 -4 .730E-01
105.00 6.728E+00 -1.276E-01
110.00 7.656E+00 3.937E-02
115.00 1.074E+01 -3.789E-02
120.00 1.329E+01 =7.276E-02
125.00 1.360E+01 -1.661E-02
130.00 1.166E+01 9.301E-02



.7T78E+00
.514E+00
.821E+00
.T83E+00
.918E+00
.162E+01
.440E+01
.684E+01
.854E+01
.915E+01

e = 0O 00
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.346E-01
.245E-01
.111E-01
.121E-01
.852E-02
.887E-01
.593E-01
.381E-01
.678E-01
.000E+00

SHAPE ELASTIC CROSS SECTION

REACTION CROSS SECTION

ELAB
RHOM

20.000
11.122

MEV

1.4032E+03 MB
1.4775E+03 MB

ECM
LMAX

19.694 MEV

WAVE NUMBER =
19 COULOMB PARAMETER =

ANGLE DIFFERENTIAL CROSS SECTION FOR ELASTIC SCATTERING

CM ANGLE CROSS SECTION ANALYZING
DEG MB/SR POWER
0.00 3.863E+03 0.000E+00
5.00 3.502E+03 2.689E-03
10.00 2.609E+03 8.945E-03
15.00 1.547E+03 2.562E-02
20.00 6.818E+02 7.263E-02
25.00 1.926E+02 2.312E-01
30.00 3.639E+01 6.564E-01
35.00 5.256E+01 -7.586E-02
40.00 9.317E+01 -2.873E-01
45.00 9.309E+01 -3.897E-01
50.00 6.083E+01 -5.309E-01
55.00 3.017E+01 -6.925E-01
60.00 2.079E+01 -4.530E-01
65.00 2.896E+01 -8.411E-02
70.00 3.977E+01 -1.689E-02
75.00 4.229E+01 -5.569E-02
80.00 3.547E+01 -1.414E-01
85.00 2.477E+01 -2.651E-01
90.00 1.590E+01 -3.647E-01
95.00 1.126E+01 -2.410E-01
100.00 1.012E+01 1.342E-01
105.00 1.059E+01 4.077E-01
110.00 1.116E+01 4.119E-01
115.00 1.102E+01 2.134E-01
120.00 9.850E+00 -5.586E-02
125.00 7.781E+00 -2.437E-01
130.00 5.428E+00 -1.581E-01
135.00 3.693E+00 3.883E-01
140.00 3.232E+00 9.272E-01
145.00 3.998E+00 7 .055E-01
1650.00 5.324E+00 3.325E-01
155.00 6.466E+00 2.611E-01
160.00 7.129E+00 4.933E-01
165.00 7.502E+00 8.200E-01
170.00 7.867E+00 9.124E-01
1756.00 8.241E+00 5.962E-01
180.00 8.410E+00 0.000E+00

SHAPE ELASTIC CROSS SECTION = 1.1156E+03 MB
REACTION CROSS SECTION =

+++ ENTER L301 +++

ENL =

15.000

1.4228E+03 MB

PREEQUILIBRIUM ENERGY SPECTRA

NPARTX = 11  MXPART = 7

MTMAX =

0.96741
0.000

8972
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ENERGY NEUTRON  PROTON ALPHA DEUTERON TRITON HE~-3
MEV MB/MEV
0.400 1.33E+01 8.97E-09 1.06E-17 2.08E-12 1.10E-14 4.80E-15
0.800 2.30E+01 9.11E-07 3.53E-16 9.81E-10 1.34E-11 3.61E-14
1.200 2.86E+01 6.76E-05 8.82E-15 3.35E-07 1.16E-08 0.00E+00
1.600 3.14E+01 2.14E-03 1.96E-13 3.62E-05 2.59E-06 0.00E+00
2.000 3.28E+01 1.69E-02 4.11E-12 §5.84E-04 5.92E-05 0.00E+00
2.400 3.39E+01 7.44E-02 8.28E-11 4.31E-03 5.29E-04 0.00E+00
2.800 3.48E+01 2.18E-01 1.62E-09 1.91E-02 2.60E-03 0.00E+00
3.200 3.55E+01 4.66E-01 3.11E-08 §5.70E-02 7.94E-03 0.00E+00
3.600 3.60E+01 7.98E-01 §5.28E-07 1.30E-01 1.67E-02 0.00E+00
4.000 3.60E+01 1.17E+00 6.50E-06 2.40E-01 2.49E-02 0.00E+00
4.400 3.55E+01 1.54E+00 5.02E-05 3.79E-01 2.63E-02 0.00E+00
4.800 3.46E+01 1.89E+00 2.66E-04 5.38E-01 2.13E-02 0.00E+00
5.200 3.35E+01 2.19E+00 1.11E-03 7.08E-01 0.00E+00 0.00E+00
5.600 3.22E+01 2.43E+00 3.97E-03 8.84E-01 0.00E+00 0.00E+00
6.000 3.08E+01 2.61E+00 1.22E-02 1.06E+00 0.00E+00 0.00E+00
6.400 2.93E+01 2.74E+00 3.23E-02 1.25E+00 0.00E+00 0.00E+00
6.800 2.79E+01 2.82E+00 7.49E-02 1.44E+00 0.00E+00 0.00E+00
7.200 2.64E+01 2.86E+00 1.54E-01 0.00E+00 0.00E+00 0.00E+00
7.600 2.50E+01 2.86E+00 2.84E-01 0.00E+00 0.00E+00 0.00E+00
8.000 2.36E+01 2.83E+00 4.67E-01 0.00E+00 0.00E+00 0.00E+00
8.400 2.21E+01 2.77E+00 6.87E-01 0.00E+00 0.00E+00 0.00E+00
8.800 2.07E+01 2.66E+00 9.14E-01 0.00E+00 0.00E+00 0.00E+00
9.200 1.93E+01 2.52E+00 1.12E+00 0.00E+00 0.00E+00 0.00E+00
9.600 1.78E+01 2.35E+00 1.27E+00 0.00E+00 0.00E+00 0.00E+00
10.000 1.63E+01 2.14E+00 1.35E+00 0.00E+00 0.00E+00 0.00E+00
10.400 1.48E+01 1.89E+00 1.37E+00 0.00E+00 0.00E+00 0.00E+00
10.800 1.33E+01 1.61E+00 1.33E+00 0.00E+00 0.00E+00 0.00E+00
11.200 1.17E+01 1.30E+00 1.23E+00 0.00E+00 0.00E+00 0.00E+00
11.600 1.01E+01 9.64E-01 1.09E+00 0.00E+00 0.00E+00 0.00E+00
12.000 8.44E+00 5.93E-01 9.29E-01 0.00E+00 0.00E+00 0.00E+00
12.400 6.72E+00 1.89E-01 7.49E-01 0.00E+00 0.00E+00 0.00E+00
12.800 4.93E+00 0.00E+00 5.68E-01 0.00E+00 0.00E+00 0.00E+00
13.200 3.09E+00 0.00E+00 3.99E-01 0.00E+00 0.00E+00 0.00E+00
13.600 0.00E+00 0.00E+00 2.56E-01 0.00E+00 0.00E+00 0.00E+00
14.000 0.00E+00 0.00E+00 1.53E-01 0.00E+00 0.00E+00 0.00E+00
14.400 0.00E+00 0.00E+00 5.93E-02 0.00E+00 0.00E+00 0.00E+00
14.800 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TOTAL 3.09E+02 1.86E+01 5.80E+00 2.68E+00 4.01E-02 1.64E-14
PREEQUILIBRIUM ANGULAR DISTRIBUTION
ENERGY NEUTRON  PROTON ALPHA DEUTERON TRITON HE-3
MEV MB/SR |
0.000 4.23E+01 2.88E+00 9.63E-01 4.94E-01 7.65E-03 2.92E-15
5.000 4.22E+01 2.87E+00 9.60E-01 4.93E-01 7.62E-03 2.91E-15
10.000 4.19E+01 2.84E+00 9.50E-01 4.87E-01 7.53E-03 2.87E-15
15.000 4.15E+01 2.80E+00 9.35E-01 4.78E-01 7.38E-03 2.82E-15
20.000 4.08E+01 2.75E+00 9.14E-01 4.65E-01 7.18E-03 2.75E-15
25.000 4.00E+01 2.68E+00 8.88E-01 4.50E-01 6.93E-03 2.67E-15
30.000 3.90E+01 2.59E+00 8.58E-01 4.32E-01 6.64E-03 2.57E-15
35.000 3.79E+01 2.50E+00 8.24E-01 4.12E-01 6.33E-03 2.45E-15
40.000 3.67E+01 2.40E+00 7.87E-01 3.91E-01 5.98E-03 2.33E-15
45.000 3.54E+01 2.30E+00 7.49E-01 3.69E-01 5.62E-03 2.21E-15
50.000 3.40E+01 2.19E+00 7.08E-01 3.46E-01 §5.25E-03 2.07E-15
55.000 3.26E+01 2.08E+00 6.68E-01 3.22E-01 4.89E-03 1.94E-15
60.000 3.12E+01 1.96E+00 6.27E-01 3.00E-01 4.52E-03 1.81E-15
65.000 2.98E+01 1.85E+00 65.87E-01 2.77E-01 4.17E-03 1.68E-15
70.000 2.84E+01 1.74E+00 65.48E-01 2.56E-01 3.83E-03 1.56E-15
75.000 2.70E+01 1.64E+00 65.10E-01 2.35E-01 3.51E-03 1.44E-15
80.000 2.57E+01 1.53E+00 4.75E-01 2.16E-01 3.21E-03 1.33E-15
85.000 2.44E+01 1.44E+00 4.41E-01 1.98E-01 2.93E-03 1.22E-15
90.000 2.31E+01 1.35E+00 4.10E-01 1.82E-01 2.67E-03 1.12E-15
95.000 2.20E+01 1.26E+00 3.80E-01 1.66E-01 2.44E-03 1.03E-15
100.000 2.09E+01 1.18E+00 3.53E-01 1.53E-01 2.23E-03 9.52E-16
105.000 1.99E+01 1.11E+00 3.29E-01 1.40E-01 2.04E-03 8.78E-16
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110.000 1.89E+01 1.04E+00 3.07E-01 1.29E-01 1.87E-03 8.11E-16
115.000 1.80E+01 9.81E-01 2.86E-01 1.19E-01 1.72E-03 7.51E-16
120.000 1.72E+01 9.26E-01 2.68E-01 1.10E-01 1.58E-03 6.98E-16
125.000 1.65E+01 8.76E-01 2.52E-01 1.02E-01 1.46E-03 6.50E-16
130.000 1.59E+01 8.32E-01 2.38E-01 9.56E-02 1.36E-03 6.09E-16
135.000 1.53E+01 7.94E-01 2.25E-01 8.96E-02 1.27E-03 5.73E-16
140.000 1.48E+01 7.60E-01 2.15E-01 8.45E-02 1.20E-03 5.41E-16
145.000 1.43E+01 7.30E-01 2.05E-01 8.02E-02 1.13E-03 5.15E-16
150.000 1.39E+01 7.05E-01 1.97E-01 7.65E-02 1.08E-03 4.92E-16
155.000 1.36E+01 6.85E-01 1.91E-01 7.35E-02 1.03E-03 4.74E-16
160.000 1.34E+01 6.68E-01 1.85E-01 7.11E-02 9.97E-04 4.59E-16
165.000 1.32E+01 6.55E-01 1.81E-01 6.93E-02 9.70E-04 4.47E-16
170.000 1.30E+01 6.46E-01 1.79E-01 6.80E-02 9.51E-04 4.40E-16
175.000 1.29E+01 6.41E-01 1.77E-01 6.72E-02 9.40E-04 4.35E-16
180.000 1.29E+01 6.39E-01 1.76E-01 6.70E-02 9.36E-04 4.33E-16
TOTAL 3.09E+02 1.86E+01 5.80E+00 2.68E+00 4.01E-02 1.64E-14
PREEQUILIBRIUM ENERGY SPECTRA
ENL = 20.000 NPARTX = 13  MXPART = 8 MTMAX = 7674
ENERGY NEUTRON  PROTON ALPHA DEUTERON TRITON HE-3
MEV MB/MEV
0.400 1.25E+01 9.22E-09 7.47E-18 2.13E-12 8.61E-15 1.43E-14
0.800 2.18E+01 9.52E-07 2.39E-16 9.85E-10 1.08E-11 2.06E-13
1.200 2.75E+01 7.18BE-05 b5.76E-15 3.29E-07 9.65E-09 2.24E-12
1.600 3.06E+01 2.30E-03 1.24E-13 3.48E-05 2.24E-06 2.16E-11
2.000 3.24E+01 1.85E-02 2.50E-12 5.47E-04 5.44E-05 1.94E-10
2.400 3.37E+01 8.25E-02 4.88E-11 3.93E-03 5.24E-04 1.67E-09
2.800 3.50E+01 2.46E-01 9.29E-10 1.69E-02 2.82E-03 1.38E-08
3.200 3.61E+01 5.31E-01 1.73E-08 4.90E-02 9.78E-03 1.11E-07
3.600 3.69E+01 9.20E-01 2.88E-07 1.08E-01 2.44E-02 7.83E-07
4.000 3.73E+01 1.36E+00 3.48E-06 1.94E-01 4.63E-02 4.12E-06
4.400 3.72E+01 1.82E+00 2.65E-05 2.97E-01 7.22E-02 1.42E-05
4.800 3.66E+01 2.27E+00 1.39E-04 4.08E-01 9.83E-02 3.46E-05
5.200 3.58E+01 2.66E+00 5.80E-04 5.20E-01 1.22E-01 6.61E-05
5.600 3.48E+01 3.01E+00 2.08E-03 6.28E-01 1.41E-01 9.19E-05
6.000 3.36E+01 3.29E+00 6.43E-03 7.32E-01 1.55E-01 1.36E-04
6.400 3.25E+01 3.52E+00 1.73E-02 8.31E-01 1.64E-01 0.00E+00
6.800 3.13E+01 3.69E+00 4.09E-02 9.24E-01 1.67E-01 0.00E+00
7.200 3.02E+01 3.84E+00 8.64E-02 1.01E+00 1.64E-01 0.00E+00
7.600 2.91E+01 3.95E+00 1.64E-01 1.10E+00 1.56E-01 0.00E+00
8.000 2.80E+01 4.03E+00 2.80E-01 1.18E+00 1.43E-01 0.00E+00
8.400 2.69E+01 4.08E+00 4.31E-01 1.26E+00 1.25E-01 0.00E+00
8.800 2.59E+01 4.10E+00 6.05E-01 1.34E+00 1.01E-01 0.00E+00
9.200 2.49E+01 4.09E+00 7.85E-01 1.42E+00 7.25E-02 0.00E+00
9.600 2.39E+01 4.05E+00 9.54E-01 1.50E+00 3.85E-02 0.00E+00
10.000 2.29E+01 3.98E+00 1.10E+00 1.58E+00 3.81E-02 0.00E+00
10.400 2.19E+01 3.89E+00 1.23E+00 1.66E+00 0.00E+00 0.00E+00
10.800 2.09E+01 3.77E+00 1.32E+00 1.75E+00 0.00E+00 0.00E+00
11.200 1.99E+01 3.63E+00 1.39E+00 1.83E+00 0.00E+00 0.00E+00
11.600 1.90E+01 3.48E+00 1.43E+00 1.92E+00 0.00E+00 0.00E+00
12.000 1.80E+01 3.32E+00 1.44E+00 0.00E+00 0.00E+00 0.00E+00
12.400 1.70E+01 3.15E+00 1.43E+00 0.00E+00 0.00E+00 0.00E+00
12.800 1.60E+01 2.96E+00 1.40E+00 0.00E+00 0.00E+00 0.00E+00
13.200 1.51E+01 2.77E+00 1.35E+00 0.00E+00 0.00E+00 0.00E+00
13.600 1.41E+01 2.57E+00 1.28E+00 0.00E+00 0.00E+00 0.00E+00
14.000 1.31E+01 2.35E+00 1.20E+00 0.00E+00 0.00E+00 0.00E+00
14.400 1.21E+01 2.13E+00 1.11E+00 0.00E+00 0.00E+00 0.00E+00
14.800 1.12E+01 1.90E+00 1.01E+00 0.00E+00 0.00E+00 0.00E+00
15.200 1.01E+01 1.65E+00 9.05E-01 0.00E+00 0.00E+00 0.00E+00
15.600 9.11E+00 1.40E+00 7.95E-01 0.00E+00 0.00E+00 0.00E+00
16.000 8.06E+00 1.13E+00 6.84E-01 0.00E+00 0.00E+00 0.00E+00
16.400 6.99E+00 8.47E-01 5.74E-01 0.00E+00 0.00E+00 0.00E+00
16.800 5.88E+00 5.52E-01 4.68E-01 0.00E+00 0.00E+00 0.00E+00
17.200 4.75E+00 2.43E-01 3.67E-01 0.00E+00 0.00E+00 0.00E+00
17.600 3.58E+00 0.00E+00 2.75E-01 0.00E+00 0.00E+00 0.00E+00
18.000 2.37E+00 0.00E+00 1.94E-01 0.00E+00 0.00E+00 0.00E+00
18.400 0.00E+00 0.00E+00 1.26E-01 0.00E+00 0.00E+00 0.00E+00
18.800 0.00E+00 0.00E+00 7.39E-02 0.00E+00 0.00E+00 0.00E+00
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19.200 0.00E+00 0.00E+00 3.08E-02 0.00E+00 0.00E+00 0.00E+00
19.600 0.00E+00 0.00E+00 1.74E-02 0.00E+00 0.00E+00 0.00E+00
TOTAL 4,03E+02 3.89E+01 9.83E+00 8.91E+00 7.37E-01 1.39E-04

PREEQUILIBRIUM ANGULAR DISTRIBUTION

ENERGY NEUTRON  PROTON ALPHA DEUTERON TRITON HE-3

MEV MB/SR

0.000 5.89E+01 6.63E+00 1.85E+00 1.92E+00 1.61E-01 3.14E-05

5.000 5.88E+01 6.61E+00 1.85E+00 1.91E+00 1.60E-01 3.12E-05
10.000 5.83E+01 6.54E+00 1.82E+00 1.88E+00 1.58E-01 3.07E-05
15.000 5.75E+01 6.43E+00 1.79E+00 1.84E+00 1.54E-01 3.00E-05
20.000 5.64E+01 6.28E+00 1.74E+00 1.78E+00 1.49E-01 2.90E-05
25.000 5.51E+01 6.09E+00 1.68E+00 1.71E+00 1.43E-01 2.77E-05
30.000 5.36E+01 5.87E+00 1.61E+00 1.62E+00 1.36E-01 2.63E-05
35.000 5.18E+01 5.63E+00 1.53E+00 1.53E+00 1.28E-01 2.47E-05
40.000 4,99E+01 5.36E+00 1.45E+00 1.43E+00 1.20E-01 2.31E-05
45.000 4,79E+01 5.08E+00 1.36E+00 1.33E+00 1.11E-01 2.13E-056
50.000 4 .58E+01 4.80E+00 1.27E+00 1.23E+00 1.02E-01 1.96E-05
55.000 4.37E+01 4.51E+00 1.18E+00 1.13E+00 9.38E-02 1.79E-05
60.000 4.15E+01 4.22E+00 1.10E+00 1.03E+00 8.54E-02 1.63E-05
65.000 3.93E+01 3.94E+00 1.01E+00 9.35E-01 7.75E-02 1.47E-05
70.000 3.72E+01 3.67E+00 9.32E-01 8.46E-01 7.00E-02 -1.32E-05
75.000 3.562E+01 3.41E+00 8.56E-01 7.64E-01 6.30E-02 1.18E-05
80.000 3.32E+01 3.16E+00 7.84E-01 6.88E-01 5.66E-02 1.06E-05
85.000 3.13E+01 2.93E+00 7.18E-01 6.18E-01 b5.07E-02 9.45E-06
90.000 2.96E+01 2.71E+00 6.57E-01 §&5.55E-01 4.55E-02 8.43E-06
95.000 2.79E+01 2.52E+00 6.02E-01 4.99E-01 4.08E-02 7.52E-06
100.000 2.63E+01 2.33E+00 5.51E-01 4.49E-01 3.66E-02 6.71E-06
105.000 2.49E+01 2.17E+00 5.06E-01 4.05E-01 3.29E-02 6.00E-06
110.000 2.36E+01 2.02E+00 4.66E-01 3.66E-01 2.96E-02 5.38E-06
115.000 2.24E+01 1.88E+00 4.30E-01 3.31E-01 2.68E-02 4.84E-06
120.000 2.13E+01 1.76E+00 3.98E-01 3.02E-01 2.43E-02 4.37E-06
125.000 2.03E+01 1.66E+00 3.70E-01 2.76E-01 2.22E-02 3.97E-06
130.000 1.94E+01 1.56E+00 3.46E-01 2.54E-01 2.03E-02 3.63E-06
135.000 1.86E+01 1.48E+00 3.24E-01 2.35E-01 1.88E-02 3.33E-06
140.000 1.79E+01 1.41E+00 3.06E-01 2.19E-01 1.75E-02 3.09E-06
145.000 1.73E+01 1.35E+00 2.91E-01 2.05E-01 1.63E-02 2.88E-06
160.000 1.68E+01 1.29E+00 2.78E-01 1.94E-01 1.54E-02 2.71E-06
155.000 1.64E+01 1.25E+00 2.67E-01 1.85E-01 1.47E-02 2.57E-06
160.000 1.61E+01 1.22E+00 2.58E-01 1.77E-01 1.41E-02 2.46E-06
165.000 1.68E+01 1.19E+00 2.52E-01 1.72E-01 1.36E-02 2.37E-06
170.000 1.56E+01 1.17E+00 2.47E-01 1.68E-01 1.33E-02 2.32E-06
175.000 1.55E+01 1.16E+00 2.44E-01 1.66E-01 1.31E-02 2.28E-06
180.000 1.55E+01 1.16E+00 2.44E-01 1.65E-01 1.30E-02 2.27E-06
TOTAL 4.02E+02 3.89E+01 9.82E+00 8.91E+00 7.36E-01 1.39E-04

Fig.5 Preequilibrium cross sections for n+55Cu collision at E; 45 =15 and 20 MeV
calculated with the options IPRECO=6 and JPRECO=0
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Fig.6 Input data to calculate preequilibrium cross sections for n+2%9Bi collision at
Erap =20 MeV with the options IPRECO=5 and JPRECO=0

PROJECTILE CHARGE = 0.00 MASS NUMBER = 1.00 SPIN = 0.50
TARGET CHARGE = 83.00 MASS NUMBER = 209.00
IP1 = 0 NR = 153
IPRECO = 5 JPRECO = O
PRECO1 = 1.000 PRECO2 = 0.500 PRECO3 = 1.000
DELPRE = 0.400
+++ ENTER L101 +++
ELAB = 20.000 MEV ECM = 19.904 MEV WAVE NUMBER = 0.97772
RHOM = 13.485 LMAX = 22 COULOMB PARAMETER = 0.000
ANGLE DIFFERENTIAL CROSS SECTION FOR ELASTIC SCATTERING
CM ANGLE CROSS SECTION ANALYZING
DEG MB/SR POWER
0.00 2.098E+04 0.000E+00
5.00 1.802E+04 -2.118E-03
10.00 1.119E+04 -6.906E-03
15.00 4.639E+03 -2.046E-02
20.00 1.027E+03 -6.066E-02
25.00 1.094E+02 1.420E-01
30.00 2.596E+02 3.414E-01
35.00 3.562E+02 2.937E-01
40.00 2.318E+02 2.626E-01
45.00 8.785E+01 7 .598E-02
50.00 2.339E+01 -4 .537E-01
55.00 1.456E+01 4.772E-01
60.00 2.683E+01 8.008E-01
65.00 4.123E+01 2.577E-01
70.00 4.203E+01 -2.560E-01
75.00 2.732E+01 -6.724E-01
80.00 1.382E+01 -6.952E-01
85.00 1.418E+01 2.446E-02
90.00 2.105E+01 5.102E-02
95.00 2.175E+01 -2.197E-01
100.00 1.610E+01 -5.844E-01
105.00 1.125E+01 -7.331E-01
110.00 9.206E+00 -3.051E-01
116.00 8.321E+00 1.262E-01
120.00 9.061E+00 =7.027E-02
125.00 1.063E+01 -4.632E-01
130.00 9.130E+00 -6.609E-01
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135.00 4.791E+00 ~6.653E-01
140.00 3.437E+00 -8.574E-02
145.00 - 6.177E+00 7.115E-02
150.00 6.859E+00 -2.380E-02
155.00 4.102E+00 -3.755E-01
160.00 4.896E+00 -6.620E-01
165.00 1.082E+01 -3.067E-01
170.00 1.273E+01 -8.588E-02
175.00 6.523E+00 1.005E-01
180.00 1.910E+00 0.000E+00

SHAPE ELASTIC CROSS SECTION = 3.3589E+03 MB
REACTION CROSS SECTION = 2.5218E+03 MB

+++ ENTER L301 +++

PREEQUILIBRIUM ENERGY SPECTRA
ENL = 20.000 NPARTX = 17  MXPART = 10 MTMAX = 12478

ENERGY NEUTRON  PROTON ALPHA DEUTERON TRITON HE-3
MEV MB/MEV
0.400 2.45E+01 9.55E-16 8.15E-27 4.06E-18 2.24E-22
0.800 4.55E+01 2.39E-14 8.02E-26 1.55E-16 1.44E-20
1.200 6.83E+01 4.53E-13 5.91E-25 4.44E-15 6.94E-19
1.600 9.79E+01 7.65E-12 3.86E-24 1.14E-13 2.99E-17
2.000 1.26E+02 1.22E-10 2.35E-23 2.76E-12 1.22E-15
2.400 1.43E+02 1.88E-09 1.38E-22 6.45E-11 4.77E-14
2.800 1.49E+02 2.84E-08 7.81E-22 1.47E-09 1.83E-12
3.200 1.51E+02 4.17E-07 4.33E-21 3.27E-08 6.83E-11
3.600 1.52E+02 4.81E-06 2.35E-20 5.33E-07 1.77E-09
4.000 1.54E+02 3.49E-05 1.26E-19 4.84E-06 2.27E-08
4.400 1.53E+02 1.87E-04 6.68E-19 3.04E-05 1.90E-07
4.800 1.51E+02 7.95E-04 3.50E-18 1.43E-04 1.13E-06
5.200 1.48E+02 2.78E-03 1.81E-17 5.32E-04 5.10E-06
5.600 1.44E+02 8.24E-03 9.32E-17 1.64E-03 1.86E-05
6.000 1.40E+02 2.13E-02 4.75E-16 4.33E-03 5.72E-05
6.400 1.37E+02 4.90E-02 2.41E-15 1.04E-02 1.51E-04
6.800 1.35E+02 1.02E-01 1.21E-14 2.27E-02 3.58E-04
7.200 1.34E+02 1.94E-01 6.06E-14 4.57E-02 7.95E-04
7.600 1.33E+02 3.41E-01 3.02E-13 8.46E-02 1.68E-03
8.000 1.31E+02 65.57E-01 1.49E-12 1.45E-01 3.29E-03
8.400 1.30E+02 8.56E-01 7.35E-12 2.30E-01 5.90E-03
8.800 1.27E+02 1.24E+00 3.61E-11 3.43E-01 9.68E-03
9.200 1.25E+02 1.72E+00 1.76E-10 4.81E-01 1.48E-02
9.600 1.22E+02 2.28E+00 8.12E-10 6.41E-01 2.10E-02
10.000 1.18E+02 2.91E+00 3.24E-09 8.15E-01 2.80E-02
10.400 1.15E+02 3.60E+00 1.07E-08 9.98E-01 3.51E-02
10.800 1.11E+02 4.33E+00 3.38E-08 1.18E+00 4.17E-02
11.200 1.07E+02 5.07E+00 1.23E-07 1.37E+00 4.75E-02
11.600 1.04E+02 5.79E+00 4.94E-07 1.55E+00 5.22E-02
12.000 1.00E+02 6.48E+00 1.64E-06 1.73E+00 5.56E-02
12.400 9.63E+01 7.11E+00 3.70E-06 1.90E+00 §5.77E-02
12.800 9.26E+01 7.65E+00 6.44E-06 2.08E+00 5.84E-02
13.200 8.88E+01 8.09E+00 1.09E-05 2.24E+00 §5.78E-02
13.600 8.49E+01 8.41E+00 1.94E-05 2.40E+00 §5.58E-02
14.000 8.08E+01 8.62E+00 3.47E-05 2.56E+00 5.24E-02
14.400 7.65E+01 8.69E+00 6.02E-05 2.72E+00 4.78E-02
14.800 7.20E+01 8.65E+00 1.01E-04 2.88E+00 4.20E-02
15.200 6.73E+01 8.48E+00 1.69E-04 3.04E+00 3.48E-02
165.600 6.25E+01 8.20E+00 2.82E-04 3.21E+00 2.64E-02
16.000 5.76E+01 7.82E+00 4.70E-04 3.37E+00 1.66E-02
16.400 5.24E+01 7.33E+00 7.84E-04 3.54E+00 7.44E-03
16.800 4.72E+01 6.74E+00 1.30E-03 3.72E+00 0.00E+00
17.200 4.18E+01 6.05E+00 2.11E-03 3.90E+00 0.00E+00
17.600 3.62E+01 5.25E+00 3.36E-03 0.00E+00 0.00E+00
18.000 3.05E+01 4.35E+00 5.23E-03 0.00E+00 0.00E+00
18.400 2.46E+01 3.35E+00 7.97E-03 0.00E+00 0.00E+00
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18.800 1.85E+01 2.23E+00 1.18E-02 0.00E+00 0.00E+00
19.200 1.22E+01 1.01E+00 1.69E-02 0.00E+00 0.00E+00
19.600 5.69E+00 0.00E+00 2.34E-02 0.00E+00 0.00E+00
20.000 0.00E+00 0.00E+00 3.12E-02 0.00E+00 0.00E+00
20.400 0.00E+00 - 0.00E+00 3.98E-02 0.00E+00 0.00E+00
20.800 0.00E+00 0.00E+00 4.90E-02 0.00E+00 0.00E+00
21.200 0.00E+00 0.00E+00 5.81E-02 0.00E+00 0.00E+00
21.600 0.00E+00 0.00E+00 6.68E-02 0.00E+00 0.00E+00
22.000 0.00E+00 0.00E+00 7.47E-02 0.00E+00 0.00E+00
22.400 0.00E+00 0.00E+00 8.15E-02 0.00E+00 0.00E+00
22.800 0.00E+00 O0.00E+00 8.69E-02 0.00E+00 0.00E+00
23.200 0.00E+00 0.00E+00 9.08E-02 0.00E+00 0.00E+00
23.600 0.00E+00 0.00E+00 9.32E-02 0.00E+00 0.00E+00
24.000 0.00E+00 0.00E+00 9.42E-02 0.00E+00 0.00E+00
24.400 0.00E+00 0.00E+00 9.38E-02 0.00E+00 0.00E+00
24.800 0.00E+00 0.00E+00 9.21E-02 0.00E+00 0.00E+00
25.200 0.00E+00 O0.00E+00 8.92E-02 0.00E+00 0.00E+00
25.600 0.00E+00 0.00E+00 8.50E-02 0.00E+00 0.00E+00
26.000 0.00E+00 0.00E+00 7.98E-02 0.00E+00 0.00E+00
26.400 0.00E+00 0.00E+00 7.35E-02 0.00E+00 0.00E+00
26.800 0.00E+00 0.00E+00 6.63E-02 0.00E+00 0.00E+00
27.200 0.00E+00 0.00E+00 5.82E-02 0.00E+00 0.00E+0Q0
27.600 0.00E+00 0.00E+00 4.94E-02 0.00E+00 0.00E+00
28.000 0.00E+00 0.00E+00 3.98E-02 0.00E+00 0.00E+00
28.400 0.00E+00 0.00E+00 2.97E-02 0.00E+00 0.00E+00
28.800 0.00E+00 0.00E+00 1.91E-02 0.00E+00 0.00E+00
29.200 0.00E+00 0.00E+00 8.09E-03 0.00E+00 0.00E+00
29.600 0.00E+00 0.00E+00 2.57E-04 0.00E+00 0.00E+00
TOTAL 1.89E+03 6.14E+01 6.50E-01 1.89E+01 3.10E-01
PREEQUILIBRIUM ANGULAR DISTRIBUTION
ENERGY NEUTRON  PROTON ALPHA DEUTERON TRITON HE-3
MEV MB/SR
0.000 2.63E+02 1.10E+01 1.28E-01 4.08E+00 6.15E-02
5.000 2.62E+02 1.10E+01 1.27E-01 4.06E+00 6.12E-02
10.000 2.60E+02 1.08E+01 1.26E-01 4.01E+00 6.04E-02
15.000 2.57E+02 1.07E+01 1.23E-01 3.91E+00 5.92E-02
20.000 2.53E+02 1.04E+01 1.19E-01 3.78E+00 5.75E-02
25.000 2.47E+02 1.01E+01 1.15E-01 3.63E+00 5.53E-02
30.000 2.41E+02 9.66E+00 1.10E-01 3.45E+00 5.29E-02
35.000 2.34E+02 9.23E+00 1.04E-01 3.25E+00 5.02E-02
40.000 2.26E+02 8.77E+00 9.83E-02 3.04E+00 4.73E-02
45.000 2.18E+02 8.28E+00 9.21E-02 2.83E+00 4.43E-02
50.000 2.09E+02 7.78E+00 8.57E-02 2.61E+00 4.12E-02
55.000 2.00E+02 7.28E+00 7.94E-02 2.39E+00 3.82E-02
60.000 1.91E+02 6.78E+00 7.33E-02 2.18E+00 3.52E-02
65.000 1.82E+02 6.29E+00 6.73E-02 1.98E+00 3.23E-02
70.000 1.73E+02 5.83E+00 6.16E-02 1.79E+00 2.95E-02
75.000 1.65E+02 5.38E+00 6.63E-02 1.62E+00 2.69E-02
80.000 1.56E+02 4.96E+00 5.13E-02 1.46E+00 2.45E-02
85.000 1.48E+02 4.57E+00 4.68E-02 1.31E+00 2.23E-02
90.000 1.41E+02 4.20E+00 4.26E-02 1.17E+00 2.02E-02
95.000 1.33E+02 3.87E+00 3.88E-02 1.06E+00 1.84E-02
100.000 1.27E+02 3.57E+00 3.54E-02 9.49E-01 1.67E-02
105.000 1.20E+02 3.29E+00 3.23E-02 8.56E-01 1.52E-02
110.000 1.15E+02 3.04E+00 2.96E-02 7.73E-01 1.39E-02
115.000 1.09E+02 2.82E+00 2.72E-02 7.01E-01 1.27E-02
120.000 1.05E+02 2.62E+00 2.50E-02 6.38E-01 1.17E-02
125.000 1.00E+02 2.45E+00 2.32E-02 5.83E-01 1.08E-02
130.000 9.63E+01 2.30E+00 2.16E-02 5.37E-01 1.00E-02
135.000 9.28E+01 2.16E+00 2.02E-02 4.96E-01 9.32E-03
140.000 8.97E+01 2.05E+00 1.90E-02 4.62E-01 8.75E-03
145.000 8.70E+01 1.95E+00 1.79E-02 4.34E-01 8.25E-03
150.000 8.48E+01 1.87E+00 1.71E-02 4.10E-01 7.85E-03
155.000 8.29E+01 1.80E+00 1.64E-02 3.91E-01 7.51E-03
160.000 8.13E+01 1.74E+00 1.58E-02 3.75E-01 7.24E-03
165.000 8.01E+01 1.70E+00 1.54E-02 3.64E-01 7.04E-03
170.000 7.93E+01 1.67E+00 1.51E-02 3.56E-01 6.90E-03
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175.000 7.88E+01 1.65E+00 1.49E-02 3.51E-01 6.81E-03
180.000 7.86E+01 1.65E+00 1.49E-02 3.49E-01 6.78E-03

TOTAL 1.89E+03 6.14E+01 6.49E-01 1.89E+01 3.10E-01

Fig.7 Preequilibrium cross sections for n+2%9Bi collision at E; 4 =20 MeV calculated

with the options IPRECO=5 and JPRECO=0
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Fig.8 Input data to calculate preequilibrium cross sections for n+2%9Bi collision at
Erap =20 MeV with the options IPRECO=5 and JPRECO=1

PROJECTILE CHARGE = 0.00 MASS NUMBER = 1.00 SPIN = 0.50
TARGET CHARGE = 83.00 MASS NUMBER = 209.00
IPL = ONR= 153
IPRECO = 5 JPRECO = 1
PRECO1 = 1.000 PRECO2 = 0.500 PRECO3 = 1.000
DELPRE =  0.400
+++ ENTER L101 +++
ELAB = 20.000 MEV ECM = 19.904 MEV WAVE NUMBER = 0.97772
RHOM = 13.485 LMAX = 22 COULOMB PARAMETER =  0.000
ANGLE DIFFERENTIAL CROSS SECTION FOR ELASTIC SCATTERING
CM ANGLE CROSS SECTION ANALYZING
DEG MB/SR POWER
0.00 2.098E+04 0.000E+00
5.00 1.802E+04 -2.118E-03
10.00 1.119E+04 * -6.906E-03
15.00 4.639E+03 -2.046E-02
20.00 1.027E+03 -6.066E-02
25.00 1.094E+02 1.420E-01
30.00 2.596E+02 3.414E-01
35.00 3.562E+02 2.937E-01
40.00 2.318E+02 2.625E-01
45.00 8.785E+01 7.598E-02
50.00 2.339E+01 -4.537E-01
55.00 1.456E+01 4.772E-01
60.00 2.683E+01 8.008E-01
65.00 4.123E+01 2.577E-01
70.00 4.203E+01 -2.560E-01
75.00 2.732E+01 -6.724E-01
80.00 1.382E+01 -6.952E-01
85.00 1.418E+01 2.446E-02
90.00 2.105E+01 5.102E-02
95.00 2.175E+01 -2.197E~01
100.00 1.610E+01 -5.844E-01
105.00 1.126E+01 -7.331E-01
110.00 9.206E+00 -3.051E-01
115.00 8.321E+00 1.262E-01
120.00 9.061E+00 -7.027E-02
125.00 1.063E+01 -4 .632E-01
130.00 9.130E+00 -6.609E-01



SHAPE ELASTIC CROSS SECTION

HORPPRPROOWH

.7T91E+00
.437E+00
.177E+00
.859E+00
.102E+00
.896E+00
.082E+01
.273E+01
.523E+00
.910E+00

REACTION CROSS SECTION

+++ ENTER L301 +++

ENL =

2

0.000
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= 3.3589E+03 MB
= 2.5218E+03 MB

-6.653E-01
-8.574E-02

7.115E-02
-2.380E-02
~-3.755E-01
-6.620E-01
-3.067E-01
-8.588E-02

1.005E-01

0.000E+00

PREEQUILIBRIUM ENERGY SPECTRA

MXPART = 10

MTMAX = 12478

MEV

NWWHR BTN 00WWF = = b = = = b b b b b b e b e e e b b = O OD D N

.33E+01
.34E+01
.55E+01
.41E+01
.22E+02
.38E+02
.45E+02
ATE+02
.49E+02
.51E+02
.51E+02
.49E+02
.4TE+02
.43E+02
.39E+02
.37E+02
.35E+02
.33E+02
.32E+02
.31E+02
.29E+02
.27E+02
.25E+02
.22E+02
.18E+02
.15E+02
.11E+02
.08E+02
.04E+02
.Q0E+02
.65E+01
.28E+01
.90E+01
.51E+01
.10E+01
.B67E+01
.22E+01
.T5E+01
.27E+01
TTE+01
.26E+01
.73E+01
.19E+01
.63E+01
.06E+01
ATE+01

NPARTX = 17
PROTON ALPHA
MB/MEV
9.02E-16 1.28E-26
2.26E-14 1.25E-25
4.29E-13 9.17E-25
7.27E-12 §5.95E-24
1.16E-10 3.61E-23
1.80E-09 2.09E-22
2.73E-08 1.18E-21
4.03E-07 6.48E-21
4.66E-06 3.50E-20
3.39E-05 1.86E-19
1.82E-04 9.76E-19
7.79E-04 5.06E-18
2.73E-03 2.60E-17
8.12E-03 1.32E-16
2.10E-02 6.68E-16
4.85E-02 3.35E-15
1.01E-01 1.66E-14
1.93E-01 8.23E-14
3.39E-01 4.04E-13
5.55E-01 1.97E-12
8.53E-01 9.58E-12
1.24E+00 4.63E-11
1.72E+00 2.22E-10
2.28E+00 1.01E-09
2.91E+00 3.97E-09
3.60E+00 1.29E-08
4.33E+00 3.99E-08
5.07E+00 1.43E-07
5.80E+00 5.62E-07
6.49E+00 1.84E-06
7.12E+00 4.04E-06
7.66E+00 6.92E-06
8.10E+00 1.15E-05
8.43E+00 2.01E-05
8.63E+00 3.54E-05
8.71E+00 6.058E-05
8.67E+00 1.01E-04
8.50E+00 1.67E-04
8.23E+00 2.77E-04
7.84E+00 4.60E-04
7.35E+00 7.65E~04
6.76E+00 1.27E-03
6.07E+00 2.06E-03
5.27E+00 3.29E-03
4.37E+00 5.14E-03
3.36E+00 7.85E-03

COOWWWWWWNNNNNNFPHPEPRERRPROORWNFOPRNNRPHORNDPAAWRONR® W

.80E-18
.45E-16
.20E-15
.08E-13
.63E-12
.17E-11
.42E-09
.16E-08
.17E-07
.71E-06
.97E-05
.40E-04
.23E-04
.61E-03
.28E-03
.03E-02
.26E-02
.55E-02
.42E-02
.44E-01
.30E-01
.42E-01
.81E-01
.40E-01
.15E-01
.98E-01
.18E+00
.37E+00
.55E+00
.T3E+00
.91E+00
.08E+00
.25E+00
.41E+00
.57E+00
.7T3E+00
.89E+00
.05E+00
.22E+00
.38E+00
.55E+00
.T3E+00
.92E+00
.00E+00
.00E+00
.00E+00

COOOONFHNWRPLPNNTNNTANEBRWNNFROOIWENWHEARBREEDEDOHEBRENDO N

.00E+00
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18.800 1.86E+01 2.24E+00 1.17E-02 0.00E+00 0.00E+00
19.200 1.23E+01 1.01E+00 1.68E-02 0.00E+00 0.00E+00
19.600 5.71E+00 0.00E+00 2.32E-02 0.00E+00 0.00E+00
20.000 0.00E+00 O0.00E+00 3.10E-02 0.00E+00 0.00E+00
20.400 0.00E+00 0.00E+00 3.96E-02 0.00E+00 0.00E+00
20.800 0.00E+00 0.00E+00 4.88E-02 0.00E+00 0.00E+00
21.200 0.00E+00 0.00E+00 5.79E-02 0.00E+00 0.00E+00
21.600 0.00E+00 O.00E+00 6.67E-02 0.00E+00 0.00E+00
22.000 0.00E+00 0.00E+00 7.46E-02 0.00E+00 0.00E+00
22.400 0.00E+00 0.00E+00 8.14E-02 0.00E+00 0.00E+00
22.800 0.00E+00 0.00E+00 8.68E-02 0.00E+00 0.00E+00
23.200 0.00E+00 0.00E+00 9.08E-02 0.00E+00 0.00E+00
23.600 0.00E+00 0.00E+00 9.32E-02 O0.00E+00 0.00E+00
24.000 0.00E+00 0.00E+00 9.41E-02 0.00E+00 0.00E+00
24.400 0.00E+00 0.00E+00 9.38E-02 0.00E+00 0.00E+00
24.800 0.00E+00 0.00E+00 9.21E-02 0.00E+00 0.0Q0E+00
25.200 0.00E+00 0.00E+00 8.92E-02 0.00E+00 0.00E+00
25.600 0.00E+00 0.00E+00 8.50E-02 0.00E+00 0.00E+00
26.000 0.00E+00 0.00E+00 7.98E-02 0.00E+00 0.00E+00
26.400 0.00E+00 0.00E+00 7.35E-02 0.00E+00 0.00E+00
26.800 0.00E+00 0.00E+00 6.63E-02 0.00E+00 0.00E+00
27.200 0.00E+00 0.00E+00 5.82E-02 0.00E+00 0.00E+00
27.600 0.00E+00 0.00E+00 4.94E-02 0.00E+00 0.00E+00
28.000 0.00E+00 0.00E+00 3.98E-02 0.00E+00 0.00E+00
28.400 0.00E+00 0.00E+00 2.97E-02 0.00E+00 0.00E+00
28.800 0.00E+00 0.00E+00 1.91E-02 0.00E+00 0.00E+00
29.200 0.00E+00 0.00E+00 8.09E-03 0.00E+00 0.00E+00
29.600 0.00E+00 0.00E+00 2.57E-04 0.00E+00 0.00E+00
TOTAL 1.87E+03 6.15E+01 6.49E-01 1.89E+01 3.09E-01
PREEQUILIBRIUM ANGULAR DISTRIBUTION
ENERGY NEUTRON  PROTON ALPHA DEUTERON TRITON HE-3
MEV MB/SR
0.000 2.61E+02 1.10E+01 1.27E-01 4.09E+00 6.13E-02
5.000 2.61E+02 1.10E+01 1.27E-01 4.07E+00 6.11E-02
10.000 2.59E+02 1.09E+01 1.25E-01 4.02E+00 6.03E-02
15.000 2.55E+02 1.07E+01 1.23E-01 3.92E+00 5.90E-02
20.000 2.51E+02 1.04E+01 1.19E-01 3.79E+00 5.73E-02
25.000 2.46E+02 1.01E+01 1.15E-01 3.64E+00 5.52E-02
30.000 2.39E+02 9.68E+00 1.10E-01 3.46E+00 5.28E-02
35.000 2.32E+02 9.25E+00 1.04E-01 3.26E+00 5.01E-02
40.000 2.25E+02 8.79E+00 9.82E-02 3.05E+00 4.72E-02
45.000 2.16E+02 8.30E+00 9.19E-02 2.83E+00 4.42E-02
50.000 2.08E+02 7.80E+00 8.56E-02 2.61E+00 4.11E-02
55,000 1.99E+02 7.29E+00 7.93E-02 2.40E+00 3.81E-02
60.000 1.90E+02 6.79E+00 7.32E-02 2.19E+00 3.51E-02
65.000 1.81E+02 6.31E+00 6.72E-02 1.99E+00 3.22E-02
70.000 1.72E+02 5.84E+00 6.16E-02 1.80E+00 2.94E-02
75.000 1.63E+02 5.39E+00 5.62E-02 1.62E+00 2.69E-02
80.000 1.65E+02 4.97E+00 5.13E-02 1.46E+00 2.44E-02
85.000 1.47E+02 4.58E+00 4.67E-02 1.31E+00 2.22E-02
90.000 1.39E+02 4.21E+00 4.25E-02 1.18E+00 2.02E-02
95.000 1.32E+02 3.88E+00 3.87E-02 1.06E+00 1.83E-02
100.000 1.25E+02 3.57E+00 3.53E-02 9.51E-01 1.67E-02
105.000 1.19E+02 3.30E+00 3.22E-02 8.57E-01 1.52E-02
110.000 1.14E+02 3.05E+00 2.95E-02 7.74E-01 1.39E-02
115.000 1.08E+02 2.83E+00 2.71E-02 7.02E-01 1.27E-02
120.000 1.03E+02 2.63E+00 2.50E-02 6.39E-01 1.17E-02
125.000 9.92E+01 2.45E+00 2.31E-02 5.85E-01 1.08E-02
130.000 9.53E+01 2.30E+00 2.15E-02 5.38E-01 9.97E-03
135.000 9.18E+01 2.17E+00 2.01E-02 4.97E-01 9.30E-03
140.000 8.87E+01 2.05E+00 1.89E-02 4.63E-01 8.72E-03
145.000 8.61E+01 1.95E+00 1.79E-02 4.35E-01 8.23E-03
150.000 8.38E+01 1.87E+00 1.71E-02 4.11E-01 7.82E-03
165.000 8.19E+01 1.80E+00 1.64E-02 3.91E-01 7.49E-03
160.000 8.04E+01 1.74E+00 1.58E-02 3.76E-01 7.22E-03
165.000 7.92E+01 1.70E+00 1.54E-02 3.64E-01 7.02E-03
170.000 7.84E+01 1.67E+00 1.51E-02 3.56E-01 6.88E-03
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175.000 7.79E+01 1.66E+00 1.49E-02 3.51E-01 6.79E-03
180.000 7.77E+01 1.65E+00 1.49E-02 3.50E-01 6.76E-03
TOTAL 1.87E+03 6.15E+01 6.48E-01 1.89E+01 3.09E-01

Fig.9 Preequilibrium cross sections for n+2%Bi collision at E 45 =20 MeV calculated
with the options IPRECO=5 and JPRECO=1
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