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Abstract

The Fortran 77 code CEMO03.01 is an extended and improved version of the earlier code
CEM2k+GEM?2, which is based in turn on its predecessor codes CEM2k, CEM97, CEM95,
CEM92M, CEM92, and MARIAG, which implement versions of the Cascade-Exciton Model
(CEM) of nuclear reactions. CEMO03.01 calculates total reaction and fission cross-sections,
nuclear fissilities, excitation functions, nuclide distributions (yields) of all produced isotopes
separately as well as their A- and Z-distributions, energy and angular spectra, double-differential
cross-sections, mean multiplicities, i.e. the number of ejectiles per inelastic interaction of the
projectile with the target, ejectile yields and their mean energies for n, p, d, t, 3He, *He, 7,
7, and 7°. In addition, CEM03.01 provides in its output separately the yields of Forward
(F) and Backward (B) produced isotopes, their mean kinetic energies, A- and Z-distributions
of the mean emission angle, their parallel velocities, and the F/B ratio of all products in the
laboratory system, distributions of the mean angle between two fission fragments, of neutron
multiplicity, of the excitation energy, of momentum and angular momentum, and of mass and
charge numbers of residual nuclei after the INC and preequilibrium stages of reactions, as well
as for fissioning nuclei before and after fission.

CEMO03.01 calculates reactions induced by nucleons, pions, bremsstrahlung and monochro-
matic photons on not too light targets at incident energies from ~10 MeV (~ 30 MeV, in the
case of v+ A) up to several GeV. This Manual describes the basic assumptions of the improved
CEM as realized in the code CEMO03.01, essential technical details of the code such as the
description of the input and output files, and provides the user with necessary information for
practical use of and for possible modification of the CEM03.01 output, if required.
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1. Introduction

The Cascade-Exciton Model (CEM) of nuclear reactions was proposed 25 years ago at
the Laboratory of Theoretical Physics, Joint Institute for Nuclear Reserach, Dubna, USSR
by Gudima, Mashnik, and Toneev [1, 2]. Is is based on the Dubna IntraNuclear Cascade
(INC) [3, 4] and the Modified Exciton Model (MEM) [5, 6]. It was extended to consider
photonuclear reactions [7] and to describe fission cross sections using different options for nuclear
masses, fission barriers, and level densities [8] and its 1995 version, CEM95, was released to the
public via NEA /OECD, Paris as the code [AEA1247, and via the Radiation Safety Information
Computational Center (RSICC) at Oak Ridge, USA, as the RSICC code packege PSR-357 [9].

The International Code Comparison for Intermediate Energy Nuclear Data [10, 11] orga-
nized during 1993-1994 at NEA/OECD in Paris to address the subject of codes and models
used to calculate nuclear reactions from 20 to 1600 MeV showed that CEM95 had one of the
best predictive powers to describe nucleon-induced reactions at energies above about 150 MeV
when compared to other models and codes available at that time.

CEM95 and/or its predecessors and its successors CEM97 [12, 13], CEM2k [14],
CEM2k+GEM2 [15]-[17], CEMO03 [18, 19], and the latest version, CEM03.01 [20], are used
as stand-alone codes to study different nuclear reactions for applications and fundamental nu-
clear physics (see, e.g., [21]-[27] and references therein). Parts of different versions of the
CEM code are used in many other stand-alone codes, like PICA95 [28], PICA3 [29], CAS-
CADO [30], CAMO [31], MCFX [32], ECM [33], and NUCLEUS [34]. CEM95 and
some of its predecessor or successor versions are incorporated wholly, or in part in differ-
ent transport codes used in many applications, like CASCADE [35], MARS [36], MC-
NPX [37] GEANT4 [38, 39], SHIELD [40], RTS&T [41], SONET [42], CALOR [43],
HETC-3STEP [44], CASCADE/INPE [45], HADRON [46], and others.

All CEM code versions still have some problems to be solved, just as all similar models do.
Following an increased interest in intermediate-energy nuclear data in relation to such projects
as the Accelerator Transmutation of nuclear Wastes (ATW), the Accelerator Production of
Tritium (APT), the Spallation Neutron Source (SNS), the Rare Isotope Accelerator (RIA),
Proton Radiography (PRAD) as a radiographic probe for the Advanced Hydro-test Facility,
and others, for several years the US Department of Energy has supported our work on the
development of an improved version of the CEM which has led to the code CEMO03.01 described
here.

2. A Brief Survey of CEMO03.01 Physics

The CEMO03.01 code calculates nuclear reactions induced by nucleons, pions, and photons.
It assumes that the reactions occur generally in three stages. The first stage is the IntraNuclear
Cascade (INC), in which primary particles can be re-scattered and produce secondary particles
several times prior to absorption by, or escape from the nucleus. When the cascade stage of
a reaction is completed, CEMO03.01 uses the coalescence model to “create” high-energy d, t,
3He, and *He by final-state interactions among emitted cascade nucleons, already outside of
the target. The emission of the cascade particles determines the particle-hole configuration,
Z, A, and the excitation energy that is the starting point for the second, preequilibrium stage
of the reaction. The subsequent relaxation of the nuclear excitation is treated in terms of an
improved version of the modified exciton model of preequilibrium decay followed by the equilib-
rium evaporation/fission stage of the reaction. Generally, all four components may contribute
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to experimentally measured particle spectra and other distributions. But if the residual nuclei
after the INC have atomic numbers with A < 12, CEMO03.01 uses the Fermi break-up model
to calculate their further disintegration instead of using the preequilibrium and evaporation
models. Fermi break-up is much faster to calculate and gives results very similar to the con-
tinuation of the more detailed models to much lighter nuclei. In the following we highlight the
main assumptions of the models contained in CEMO03.01.

2.1. The INC

The intranuclear cascade model in CEMO03.01 is based on the standard (non-time-dependent)
version of the Dubna cascade model [3, 4]. All the cascade calculations are carried out in a three-
dimensional geometry. The nuclear matter density p(r) is described by a Fermi distribution
with two parameters taken from the analysis of electron-nucleus scattering, namely

p(r) = pp(r) + pu(r) = po{1 + exp[(r —c)/al} , (1)

where ¢ = 1.07A'/3 fm, A is the mass number of the target, and a = 0.545 fm. For simplicity,
the target nucleus is divided by concentric spheres into seven zones in which the nuclear density
is considered to be constant. The energy spectrum of the target nucleons is estimated in the
perfect Fermi-gas approximation with the local Fermi energy Tr(r) = h2[372p(r)]*3/(2my),
where my is the nucleon mass. The influence of intranuclear nucleons on the incoming projectile
is taken into account by adding to its laboratory kinetic energy an effective real potential V/,
as well as by considering the Pauli principle which forbids a number of intranuclear collisions
and effectively increases the mean free path of cascade particles inside the target. For incident
nucleons V' = Vy(r) = Tr(r) + €, where Tx(r) is the corresponding Fermi energy and ¢ is the
binding energy of the nucleons. For pions, CEM03.01 uses a square-well nuclear potential with
the depth V, ~ 25 MeV, independently of the nucleus and pion energy, as was done in the
initial Dubna INC [3, 4].

The interaction of the incident particle with the nucleus is approximated as a series of suc-
cessive quasifree collisions of the fast cascade particles (IV, 7, or ) with intranuclear nucleons:

NN = NN, NN—=zNN, NN, mNN, 2)
7N — 7N, TN — -, mN (i>2). (3)

In the case of pions, besides the elementary processes (3), CEM03.01 also takes into account
pion absorption on nucleon pairs
TNN — NN. (4)

The momenta of the two nucleons participating in the absorption are chosen randomly from
the Fermi distribution, and the pion energy is distributed equally between these nucleons in
the center-of-mass system of the three particles participating in the absorption. The direction
of motion of the resultant nucleons in this system is taken as isotropically distributed in space.
The effective cross section for absorption is related (but not equal) to the experimental cross
sections for pion absorption by deuterons.

In the case of photonuclear reactions, CEM03.01 follows [19] the ideas of the photonuclear
version of the Dubna INC proposed initially 35 years ago by one of us (KKG) in collaboration
with Iljinov and Toneev [47] to describe photonuclear reactions at energies above the Giant
Dipole Resonance (GDR) region [48]. [At photon energies T, = 10-40 MeV, the de Broglie



wavelength /27 is of the order of 20-5 fm, greater than the average inter-nucleonic distance
in the nucleus; the photons interact with the nuclear dipole resonance as a whole, thus the INC
is not applicable.] Below the pion-production threshold, the Dubna INC considers absorption
of photons on only “quasi-deuteron” pairs according to the Levinger model [49]:

Z(A—Z
OyA = L%%d ) (5)

where A and Z are the mass and charge numbers of the nucleus, L ~ 10, and 0,4 is the total
photoabsorption cross section on deuterons as defined from experimental data.

At photon energies above the pion-production threshold, the Dubna INC considers produc-
tion of one or two pions; the specific mode of the reaction is chosen by the Monte-Carlo method
according to the partial cross sections (defined from available experimental data):

v+p = pt7, (6)
— n47, (7)
= pH+Tri 4T, (8)
— p+r 4, (9)
- n+7rt+70. (10)

The cross sections of v + n interactions are derived from consideration of isotopic invariance,
i.e. it is assumed that o(y +n) = o(y + p). The Compton effect on intranuclear nucleons is
neglected, as its cross section is less than ~ 2% of other reaction modes (see, e.g. Fig. 6.13 in
Ref. [50]). The Dubna INC does not consider processes involving production of three and more
pions; this limits the model’s applicability to photon energies 7', < 1.5 GeV [for T, higher than
the threshold for three-pion production, the sum of the cross sections (8)—(10) is assumed to be
equal to the difference between the total inelastic v + p cross section and the sum of the cross
sections of the two-body reactions (6)—(7)].

The integral cross sections for the free NN, 7N, and yN interactions (2)—(10) are approxi-
mated in the Dubna INC model [3] used in CEM95 and its predecessors using a special algorithm
of interpolation/extrapolation through a number of picked points, mapping as well as possible
the experimental data. This was done very accurately by the group of Prof. Barashenkov using
all experimental data available at that time, about 35 years ago. Currently the experimental
data on cross sections is much more complete than at that time; therefore we have revised
the approximations of all the integral elementary cross sections used in CEM95 and its pre-
decessors. We started by collecting all published experimental data from all available sources.
Then we developed an improved, as compared with the standard Dubna INC [3], algorithm for
approximation of cross sections and developed simple and fast approximations for elementary
cross sections which fit very well presently available experimental data not only to 5 GeV, the
upper recommended energy for the present version of the CEM, but up to 50-100 GeV and
higher, depending on availability of data (see details in [12, 19]). So far, we have in CEMO03.01
new approximations for 34 different types of elementary cross sections induced by nucleons,
pions, and gammas. Integral cross sections for other types of interactions taken into account
in CEMO03.01 are calculated from isospin considerations using the former as input.

The kinematics of two-body elementary interactions and absorption of photons and pions by
a pair of nucleons is completely defined by a given direction of emission of one of the secondary
particles. The cosine of the angle of emission of secondary particles in the c.m. system is



calculated by the Dubna INC [3] as a function of a random number ¢, distributed uniformly in
the interval [0,1] as

N N
cos ) = 2¢1/2 Zan§”+(1—2an)§N“ -1, (11)
n=0 n=0
where N = M = 3,
M
a, = ZankTik ) (12)
k=0

The coefficients a,,; were fitted to the then available experimental data at a number of incident
kinetic energies 7; , then interpolated and extrapolated to other energies (see details in [3, 47, 48]
and references therein). The distribution of secondary particles over the azimuthal angle ¢ is
assumed isotropic. For elementary interactions with more than two particles in the final state,
the Dubna INC uses the statistical model to simulate the angles and energies of products (see
details in [3]).

For the improved version of the INC in CEMO03.01, we use currently available experimental
data and recently published systematics proposed by other authors and have developed new
approximations for angular and energy distributions of particles produced in nucleon-nucleon
and photon-proton interactions. So, for pp, np, and nn interactions at energies up to 2 GeV,
we did not have to develop our own approximations analogous to the ones described by Eqgs.
(11) and (12), since reliable systematics have been developed recently by Cugnon et al. for
the Liege INC [51], then improved still further by Duarte for the BRIC code [52]; we simply
incorporate into CEMO03.01 the systematics by Duarte [52]. Similarly, for vV interactions, we
take advantage of the event generators for yp and yn reactions from the Moscow INC [53]
kindly sent us by Dr. Igor Pshenichnov. In CEMO03.01, we use part of a data file with smooth
approximations through presently available experimental data, developed for the Moscow INC
[53] and have ourselves developed a simple and fast algorithm to simulate unambiguously do /dS2
and to choose the corresponding value of © for any E,, using a single random number ¢
uniformly distributed in the interval [0,1] (see details in [19]).

The analysis of experimental data has shown that the channel (8) of two-pion photoproduc-
tion proceeds mainly through the decay of the AT isobar listed in the last Review of Particle
Physics by the Particle Data Group as having the mass M = 1232 MeV

v+tp = AT+,
AT s opaat, (13)

3 é) are small and can be

whereas the production cross section of other isobar components (5, 5
neglected. The Dubna INC uses the Lindenbaum-Sternheimer resonance model [54] to simulate

the reaction (13). In this model, the mass of the isobar M is determined from the distribution

dW

qz ~ F(E M)o(M), (14)
where F is the total energy of the system, F' is the two-body phase space of the isobar and 7~
meson, and o is the isobar production cross section which is assumed to be equal to the cross
section for elastic 7" p scattering.



The c.m. emission angle of the isobar is approximated using Eqs. (11) and (12) with the
coefficients any listed in Tab. 3 of Ref. [48]; isotropy of the decay of the isobar in its c.m. system
is assumed.

In order to calculate the kinematics of the non-resonant part of the reaction (8) and the
two remaining three-body channels (9) and (10), the Dubna INC uses the statistical model.
The total energies of the two particles (pions) in the c.m. system are determined from the

distribution
dWw

dE, dE,,
and that of the third particle (nucleon, N) from conservation of energy. The actual simulation

of such reactions is done as follows: Using a random number &, we simulate in the beginning
the energy of the first pion using

(E = Er, — Ex,)Er B, [ E (15)

By = mg, +E(ED" —mg,),

where
EI = [E” +m2, — (max, + my)’]/2E.

Then, we simulate the energy of the second pion E,, according to Eq. (15) using the Monte-
Carlo rejection method. The energy of the nucleon is calculated as Ey = F — E;, — E,,
following which we check that the “triangle law” for momenta

|p7r1 - p7r2| S PN S |p7r1 + p7r2|

is fulfilled, otherwise this sampling is rejected and the procedure is repeated. The angles © and
¢ of the pions are sampled assuming an isotropic distribution of particles in the c.m. system,

cos O, =2& — 1, cos O,, = 2& — 1, Ony = 2mE3, Omy = 2mEy,

and the angles of the nucleon are defined from momentum conservation, py = —(Pr, + Pr,)-
More details on our new approximations for differential elementary cross sections may be found
in [18, 19].

The Pauli exclusion principle at the cascade stage of the reaction is handled by assuming
that nucleons of the target occupy all the energy levels up to the Fermi energy. Each simulated
elastic or inelastic interaction of the projectile (or of a cascade particle) with a nucleon of the
target is considered forbidden if the “secondary” nucleons have energies smaller than the Fermi
energy. If they do, the trajectory of the particle is traced further from the forbidden point and
a new interaction point, a new partner and a new interaction mode are simulated for the traced
particle, etc., until the Pauli principle is satisfied or the particle leaves the nucleus.

In this version of the INC, the kinetic energy of the cascade particles is increased or decreased
as they move from one of the seven potential regions (zones) to another, but their directions
remain unchanged. That is, in our calculations, refraction or reflection of cascade nucleons
at potential boundaries is neglected. CEMO03.01 allows us to take into account refractions and
reflections of cascade nucleons at potential boundaries; for this, one needs to change the value of
the parameter irefrac from 0 to 1 in the subroutine initial. But this option provides somewhat
worse overall agreement of calculations with some experimental data, therefore the option of
no refractions/reflections was chosen as the default in CEMO03.01.

This INC does not take into account the so-called “trawling” effect [3]. That is, in the
beginning of the simulation of each event, the nuclear density distributions for the protons and



neutrons of the target are calculated according to Eq. (1) and a subsequent decrease of the
nuclear density with the emission of cascade particles is not taken into account. Our detailed
analysis of different characteristics of nucleon- and pion-induced reactions for targets from C
to Am has shown that this effect may be neglected at incident energies below about 5 GeV in
the case of heavy targets like actinides and below about 1 GeV for light targets like carbon. At
higher incident energies the progressive decrease of nuclear density with the development of the
intranuclear cascade has a strong influence on the calculated characteristics and this effect has
to be taken into account [3]. Therefore, in transport codes that use as event generators both
CEMO03.01 and our high-energy code LAQGSMO03.01 [20], we recommend simulating nuclear
reactions with CEMO03.01 at incident energies up to about 1 GeV for light nuciei like C and up
to about 5 GeV for actinide nuclei, and to switch to simulations using LAQGSMO03.01, which
considers the “trawling” effect, at higher energies of transported particles.

An important ingredient of the CEM is the criterion for transition from the intranuclear
cascade to the preequilibrium model. In conventional cascade-evaporation models (like ISABEL
and Bertini’s INC used in MCNPX [37], fast particles are traced down to some minimal energy,
the cutoff energy T,,; (or one compares the duration of the cascade stage of a reaction with a
cutoff time, in “time-like” INC models, such as the Liege INC [51]). This cutoff is usually less
than ~ 10 MeV above the Fermi energy, below which particles are considered to be absorbed by
the nucleus. The CEM uses a different criterion to decide when a primary particle is considered
to have left the cascade.

An effective local optical absorptive potential Wyt moq.(7) is defined from the local interac-
tion cross section of the particle, including Pauli-blocking effects. This imaginary potential is
compared to one defined by a phenomenological global optical model Wy ¢qp. (7). We charac-
terize the degree of similarity or difference of these imaginary potentials by the parameter

P :| (Wopt. mod. — Wopt. e:vp.)/Wopt. exp. | . (16)

When P increases above an empirically chosen value, the particle leaves the cascade, and is
then considered to be an exciton. From a physical point of view, such a smooth transition from
the cascade stage of the reaction seems to be more attractive than the “sharp cut-off” method.
In addition, as was shown in Ref. [2], this improves the agreement between the calculated and
experimental spectra of secondary nucleons, especially at low incident energies and backward
angles of the detected nucleons (see e.g., Figs. 3 and 11 of Ref. [2]). More details about this
can be found in [2, 14, 55].

CEMO03.01 uses a fixed value P = 0.3 (at incident energies below 100 MeV), just as all
its predecessors did. With this value, we find that the cascade stage of the CEM is generally
shorter than that in other cascade models. This fact leads to an overestimation of preequi-
librium particle emission at incident energies above about 150 MeV, and correspondingly to
an underestimation of neutron production from such reactions, as was established in Ref. [14].
In Ref. [14], this problem was solved temporarily in a very rough way by using the transition
from the INC to the preequilibrium stage according to Eq. (16) when the incident energy of
the projectile is below 150 MeV, and by using the “sharp cut-off” method with a cutoff energy
T.,t =1 MeV for higher incident energies. This “ad hoc” rough criterion solved the problem of
underestimating neutron production at high energies, providing meanwhile a reasonably good
description of reactions below 150 MeV. But it provides an unphysical discontinuity in some
observables calculated by MCNPX using CEM2k [14] as an event generator, observed but not
undersood by Broeders and Konobeev [56]. In CEMO03.01, this problem is solved by using a



smooth transition from the first criterion to the second one in the energy interval from 75 to
225 MeV, so that no discontinuities are produced in results from CEMO03.01.

Beside the changes to the Dubna INC mentioned above, we also made in the INC a number of
other improvements and refinements, such as imposing momentum-energy conservation for each
simulated event (the Monte-Carlo algorithm previously used in the CEM provided momentum-
energy conservation only statistically, on the average, but not exactly for each simulated event)
and using real binding energies for nucleons in the cascade instead of the approximation of
a constant separation energy of 7 MeV used in previous versions of the CEM. We have also
improved many algorithms used in the Monte-Carlo simulations in many subroutines, decreasing
the computing time by up to a factor of 6 for heavy targets, which is very important when
performing practical simulations with transport codes like MCNPX or MARS.

Let us mention that in the CEM the initial configuration for the preequilibrium decay
(number of excited particles and holes, i.e. excitons ng = py + hg, excitation energy Ef, lin-
ear momentum Py, and angular momentum Ly of the nucleus) differs significantly from that
usually postulated in exciton models. Our calculations [2, 57, 58] have shown that the dis-
tributions of residual nuclei remaining after the cascade stage of the reaction, i.e. before the
preequilibrium emission, with respect to ng, po, ho, Egy, Py, and Ly are rather broad.!

2.2. The Coalescence Model

When the cascade stage of a reaction is completed, CEMO03.01 uses the coalescence model
described in Refs. [59, 60] to “create” high-energy d, ¢, 3He, and *He by final-state interactions
among emitted cascade nucleons, already outside of the target nucleus. In contrast to most
other coalescence models for heavy-ion induced reactions, where complex particle spectra are
estimated simply by convolving the measured or calculated inclusive spectra of nucleons with
corresponding fitted coefficients (see, e.g., [61] and references therein), CEM03.01 uses in its
simulation of particle coalescence real information about all emitted cascade nucleons and does
not use integrated spectra. CEMO03.01 assumes that all the cascade nucleons having differences
in their momenta smaller than p. and the correct isotopic content form an appropriate composite
particle. This means that the formation probability for, e.g. a deuteron is

W) = [ [ 5o G (003, + o~ DG~ 5y~ ) (17)
where the particle density in momentum space is related to the one-particle distribution function
[ by

W0 = [ drreE ). (18)

Here, b is the impact parameter for the projectile interacting with the target nucleus and the
superscript index C' shows that only cascade nucleons are taken into account for the coalescence

!Unfortunately, this fact was misunderstood by the authors of the code HETC-3STEP [44]. In spite of
the fact that it has been stressed explicitly, and figures with distributions of excited nuclei after the cascade
stage of a reaction with respect to the number of excitons and other characteristics were shown in a number
of publications (see, e.g., Fig. 5 in Ref. [2], Fig. 1 in Ref. [58], p. 109 in Ref. [57], and p. 706 in Ref. [22]), the
authors of Ref. [44] misstated this fact as “Gudima et al. assumed the state of two particles and one hole at
the beginning --- Hence, their assumption is not valid for the wide range of incident energy”, claiming this as
a weakness of the CEM and a priority of the code HETC-3STEP, where smooth distributions of excited nuclei
after the cascade stage of reactions with respect to ng are used. This had already been done in the CEM [1, 2].



process. The coalescence radii p. were fitted for each composite particle in Ref. [59] to describe
available data for the reaction Ne+U at 1.04 GeV /nucleon, but the fitted values turned out to
be quite universal and were subsequently found to satisfactorily describe high-energy complex-
particle production for a variety of reactions induced both by particles and nuclei at incident
energies up to about 200 GeV /nucleon, when describing nuclear reactions with the Los Alamos
version of the Quark-Gluon String Model (LAQGSM) [20, 62] or with its predecessor, the
Quark-Gluon String Model (QGSM) [63]. These parameters are:

pe(d) =90 MeV/c;  po(t) = p.(*He) = 108 MeV/c;  p.(*He) = 115 MeV/c . (19)

As the INC of CEMO03.01 is different from those of LAQGSM or QGSM, it is natural to expect
different best values for p. as well. Our recent studies show that the values of parameters p,
defined by Eq. (19) are also good for CEMO03.01 for projectile particles with kinetic energies Tj
lower than 300 MeV and equal to or above 1 GeV. For incident energies in the interval 300 MeV
< Ty < 1 GeV, a better overall agreement with the available experimental data is obtained
by using values of p. equal to 150, 175, and 175 MeV/c for d, t(®He), and *He, respectively.
These values of p. are fixed as defaults in CEMO03.01. If several cascade nucleons are chosen to
coalesce into composite particles, they are removed from the distributions of nucleons and do
not contribute further to such nucleon characteristics as spectra, multiplicities, etc.

2.3. Preequilibrium Reactions

The subsequent preequilibrium interaction stage of nuclear reactions is considered by the
CEM in the framework of an extension of the Modified Exciton Model (MEM) [5, 6]. At
the preequilibrium stage of a reaction we take into account all possible nuclear transitions
changing the number of excitons n with An = 42, -2, and 0, as well as all possible multiple
subsequent emissions of n, p, d, t, *He, and *He. The corresponding system of master equations
describing the behavior of a nucleus at the preequilibrium stage is solved by the Monte-Carlo
technique [1, 2].

For a preequilibrium nucleus with excitation energy E and number of excitons n = p + h,
the partial transition probabilities changing the exciton number by An are

2
Aan(p, h, E) = f|MAn|2wAn(p, h,E) . (20)

The emission rate of a nucleon of the type j into the continuum is estimated according to the
detailed balance principle

E—B,
Li(p,h, E) = / M(p, h, B, T)dT
‘/}C
. 2s; +1 wp—1,hE-B,—T
N(p,h,E,T) = ﬁ/ﬁj%j(pa h) ( oo ) ! )TUmU(T), (21)

where s;, Bj, Vf, and p; are the spin, binding energy, Coulomb barrier, and reduced mass
of the emitted particle, respectively. The factor R;(p, h) ensures the condition for the exciton
chosen to be the particle of type j and can easily be calculated by the Monte-Carlo technique.



Assuming an equidistant level scheme with the single-particle density g, we have the level
density of the n-exciton state as [64]

_ g(gE)rth!
MﬂmEy‘ym@+h—1y' (22)

This expression should be substituted into Eq. (21). For the transition rates (20), one needs
the number of states taking into account the selection rules for intranuclear exciton-exciton
scattering. The appropriate formulae have been derived by Williams [65] and later corrected
for the exclusion principle and indistinguishability of identical excitons in Refs. [66, 67]:

1 [gE—Alp+1L,h+ 1)) [gF —A(p+1,h+1)n-1

wilph B) = 27 n+1 gE — A(p, h) ’
ol B) = g PO ) s aph g hn 1)
o (.1 B) = Saphin—2), 23)

where A(p, h) = (p> + h*+p—h)/4— h/2. By neglecting the difference of matrix elements with
different An, M, = M_ = My = M, we estimate the value of M for a given nuclear state by
associating the A, (p, h, E) transition with the probability for quasi-free scattering of a nucleon
above the Fermi level on a nucleon of the target nucleus. Therefore, we have

< O—(Urel)'Urel > _
V;'nt

@E—A@+1m+1HPE—A@+Lh+”r1_ (24)

m 29
h|M| n+1 gE — A(p, h)
Here, Vj,; is the interaction volume estimated as Vj,; = %W(2TC + A\/27)3, with the de Broglie
wave length A\/27 corresponding to the relative velocity v, = /2Te/my. A value of the
order of the nucleon radius is used for r. in the CEM: r. = 0.6 fm.

The averaging in the left-hand side of Eq. (24) is carried out over all excited states taking
into account the Pauli principle in the approximation

< 0(Vpe)) Vet >=2< 0 (Vper) >< Vpey > - (25)

The averaged cross section < o(v,.) > is calculated by the Monte-Carlo simulation method
and by introducing a factor n effectively taking into account the Pauli principle exactly as is
done in the Fermi-gas model (see, e.g., [68])?

1
0 (Vpet) = 5[0:,,,,(1),«6;) + 0pn(Vre)1N(Tr/T) , where (26)
1— Iz if £ <0.5
— 5 — 9
() = { 1—lo+ 222152 ifz>05. (27)

Here, v, is the relative velocity of the excited nucleon (exciton) and the target nucleon in units
of the speed of light and T is the kinetic energy of the exciton. The free-particle interaction

2Unfortunately, formula (27) as presented in Ref. [2] had some misprints; in the prior publication [1], it was
correct.

10



cross sections o, (vyer) and oy, (vre) in Eq. (26) are estimated using the relations suggested by
Metropolis et al. [69]

10.63  29.92

Opp(Vrel) = — +42.9 ,
pp( rel) Uzez Vrol
34.10 82.2
Opn(Vrel) = —— — +82.2, (28)
b v2 v
rel rel

where the cross sections are given in mb.

The relative kinetic energy of colliding particles necessary to calculate < v, > and the
factor n in Eqgs. (26,27) are estimated in the so-called “right-angle collision” approximation [5],
i.e. as a sum of the mean kinetic energy of an excited particle (exciton) measured from the
bottom of the potential well T, = Tr + E/n plus the mean kinetic energy of an intranuclear
nucleon partner Ty = 37T /5, that is T, =T, + Ty = 81r/5+ E/n.

Combining (20), (22) and (24), we get finally for the transition rates:

< U(Urel)vrel >

)‘+(p7 ha E) = V. . )
M b E) = S 0 (Vrer)Uret > 1 + 1 [ gE — A(p, h) ]”“p(p — 1) +4ph + h(h - 1)
oI E) = Vint n LgE—A(p+1,h+1) gE — A(p, ) ’
o < U(Urel)vrel > gE - A(p, h’) "+1ph(n + 1)(” B 2)
A B) = = | T R Aw T (29)

CEM considers the possiblility of fast d, ¢, 3He, and *He emission at the preequilibrium
stage of a reaction in addition to the emission of nucleons. We assume that in the course
of a reaction p; excited nucleons (excitons) are able to condense with probability 7; forming
a complex particle which can be emitted during the preequilibrium state. A modification of
Eq. (21) for the complex-particle emission rates is described in detail in Refs. [1, 2]. The
“condensation” probability 7; is estimated in those references as the overlap integral of the
wave function of independent nucleons with that of the complex particle (cluster)

v =Py (Vi/V)P = pj(pi /A (30)

This is a rather crude estimate. In the usual way the values v; are taken from fitting the
theoretical preequilibrium spectra to the experimental ones, which gives rise to an additional, as
compared to (30), dependence of the factor v; on p; and excitation energy (see, e.g., Refs. [70,
71]), for each considered reaction.

The single-particle density g; for complex particle states is found in the CEM by assuming
the complex particles move freely in a uniform potential well whose depth is equal to the binding
energy of this particle in a nucleus [2]

V(2s; + 1)(2p;)%/?

9;(T) = T (T + B;)"* . (31)

As we stated previously, this is a crude approximation and it does not provide a good
prediction of emission of preequilibrium « particles (see, e.g., [55] and references therein). In
CEMO03.01, to improve the description of preequilibrium complex-particle emission, we estimate
7v; by multiplying the estimate provided by Eq. (30) by an empirical coefficient M;(A, Z, Tp)
whose values are fitted to available nucleon-induced experimental complex-particle spectra. We
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fix the fitted values of M;(A, Z,T;) in data commons of CEM03.01 and complement them with
routines gambetn and gambetp for their interpolation outside the region covered by our
fitting. As shown in one example in Fig. 6 of Appendix 3, after fitting M;(A4, Z,T,), CEM03.01
describes quite well the measured spectra of all complex particles, providing a much better
agreement with experimental data than all its predecessors did.

The CEM predicts forward peaked (in the laboratory system) angular distributions for
preequilibrium particles. For instance, CEM03.01 assumes that a nuclear state with a given
excitation energy E* should be specified not only by the exciton number n but also by the
momentum direction 2. Following Ref. [72], the master equation (11) from Ref. [2] can be
generalized for this case provided that the angular dependence for the transition rates A,, A,
and A\_ (Eq. (29)) is factorized. In accordance with Eqs. (24) and (25), in the CEM it is
assumed that

<o>—=<o>FQ), (32)
where do7e /0
o ree
F(Q) = . 33
) [ dSvdorfree JdSy (33)

The scattering cross section do/m¢/dS) is assumed to be isotropic in the reference frame of the
interacting excitons, thus resulting in an asymmetry in both the nucleus center-of-mass and
laboratory frames. The angular distributions of preequilibrium complex particles are assumed
[2] to be similar to those for the nucleons in each nuclear state.

This calculational scheme is easily realized by the Monte-Carlo technique. It provides a
good description of double differential spectra of preequilibrium nucleons and a not-so-good
but still statisfactory description of complex-particle spectra from different types of nuclear
reactions at incident energies from tens of MeV to several GeV. For incident energies below
about 200 MeV, Kalbach [73] has developed a phenomenological systematics for preequilibrium-
particle angular distributions by fitting available measured spectra of nucleons and complex
particles. As the Kalbach systematics are based on measured spectra, they describe very
well the double-differential spectra of preequilibrium particles and generally provide a better
agreement of calculated preequilibrium complex particle spectra with data than does the CEM
approach based on Egs. (32,33). This is why we have incorporated into CEM03.01 the Kalbach
systematics [73] to describe angular distributions of both preequilibrium nucleons and complex
particles at incident energies up to 210 MeV. At higher energies, we use in CEM03.01 the CEM
appproach based on Egs. (32,33).

By “preequilibrium particles” we mean particles which are emitted after the cascade stage
of a reaction but before achieving statistical equilibrium at a time ¢.,, which is fixed by the
condition A\;(neq, E) = A_(neg, E) from which we get

Neq ~ / 29E . (34)

At t > teq (or n > ng,), the behavior of the remaining excited compound nucleus is described in
the framework of both the Weisskopf-Ewing statistical theory of particle evaporation [74] and
fission competition according to Bohr-Wheeler theory [75].

The parameter g entering into Eqs. (29) and (34) is related to the level-density parameter
of single-particle states a = m2g/6. At the preequilibrium stage, we calculate the level-density
parameter a with our own approximation [13] in the form proposed initially by Ignatyuk et al.
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[76], following the method by Iljinov et al. [77]:

a(Z, N, B*) = a(A) {1 W2, N)%} | (35)
where

a(A) = aA + BAY3B, (36)

is the asymptotic Fermi-gas value of the level density parameter at high excitation energies.
Here, By is the ratio of the surface area of the nucleus to the surface area of a sphere of the
same volume (for the ground state of a nucleus, B; ~ 1), and

f(E) =1—exp(—yE) . (37)

E* is the total excitation energy of the nucleus, related to the “thermal” energy U by: U =
E* — Er — A, where EFr and A are the rotational and pairing energies, respectively.

We use the shell correction 6Wys(Z, N) by Moller et al. [78] and the pairing energy shifts
from Moller, Nix, and Kratz [79]. The values of the parameters «, (3, and v were derived in
Ref. [13] by fitting the the same data analyzed by Iljinov et al. [77] (we discovered that Iljinov
et al. used 11/ VA for the pairing energies A in deriving their level-density systematics instead
of the value of 12/v/A stated in Ref. [77] and we also found several misprints in the nuclear
level-density data shown in their Tables. 1 and 2 used in the fit). We find:

o = 0.1463, B = —0.0716, and v = 0.0542 .

As mentioned in Section 2.2, the standard version of the CEM [2] provides an overestimation
of preequilibrium particle emission from different p+A and A+A reactions we have analyzed
(see more details in [14, 15]). One way to solve this problem suggested in Ref. [14] is to change
the criterion for the transition from the cascade stage to the preequilibrium one, as described
in Section 2.2. Another easy way suggested in Ref. [14] to shorten the preequilibrium stage of a
reaction is to arbitrarily allow only transitions that increase the number of excitons, An = +2,
i.e., only allow the evolution of a nucleus toward the compound nucleus. In this case, the time
of the equilibration will be shorter and fewer preequilibrium particles will be emitted, leaving
more excitation energy for the evaporation. Such a “never-come-back” approach is used by
some other exciton models, for instance, by the Multistage Preequilibrium Model (MPM) used
in LAHET [80] and by FLUKA [81]. This approach was used in the CEM2k [14] version of the
CEM and it allowed us to describe much better the p+A reactions measured at GSI in inverse
kinematics at energies around 1 GeV /nucleon. Nevertheless, the “never-come-back” approach
seems unphysical, therefore we no longer use it. We now address the problem of emitting fewer
preequilibrium particles in the CEM by following Veselsky [82]. We assume that the ratio of
the number of quasiparticles (excitons) n at each preequilibrium reaction stage to the number
of excitons in the equilibrium configuration n.,, corresponding to the same excitation energy,
to be a crucial parameter for determining the probability of preequilibrium emission P,.. This
probability for a given preequilibrium reaction stage is evaluated using the formula

Ppre(n/neg) =1 — exp(—w> (38)

2
20p,e

for n < n., and equal to zero for n > n.,. The basic assumption leading to Eq. (38) is that
P,.. depends exclusively on the ratio n/n., as can be deduced from the results of Bohning [83]
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where the density of particle-hole states is approximately described using a Gaussian centered
at ne,. The parameter oy, is a free parameter and we assume no dependence on excitation
energy [82]. Our calculations of several reactions using different values of 0,,. show that an
overall reasonable agreement with available data can be obtained using o,,. = 0.4-0.5 (see Fig.
11 in Ref. [15]). In CEMO03.01, we choose the fixed value 0,,, = 0.4 and use Eqgs. (34,38) as
criteria for the transition from the preequilibrium stage of reactions to evaporation, instead of
using the “never-come-back” approach along with Eq. (34), as was done in CEM2k.

2.4. Evaporation

CEMO03.01 uses an extension of the Generalized Evaporation Model (GEM) code GEM2
by Furihata [84]-[86] after the preequilibrium stage of reactions to describe evaporation of
nucleons, complex particles, and light fragments heavier than ‘He (up to 2Mg) from excited
compound nuclei and to describe their fission, if the compound nuclei are heavy enough to
fission (Z > 65). The GEM is an extension by Furihata of the Dostrovsky evaporation model
[87] as implemented in LAHET [80] to include up to 66 types of particles and fragments that
can be evaporated from an excited compound nucleus plus a modification of the version of
Atchison’s fission model [88, 89] used in LAHET. Many of the parameters were adjusted by
Furihata for a better description of fission reactions when using it in conjunction with the
extended evaporation model.

A very detailed description of the GEM, together with a large amount of results obtained
for many reactions using the GEM coupled either with the Bertini or ISABEL INC models in
LAHET may be found in [84, 85]. Therefore, we present here only the main features of the
GEM, following mainly [85] and using as well information obtained in private communications
with Dr. Furihata.

Furihata did not change in the GEM the general algorithms used in LAHET to simulate
evaporation and fission. The decay widths of evaporated particles and fragments are estimated
using the classical Weisskopf-Ewing statistical model [74]. In this approach, the decay proba-
bility P; for the emission of a particle j from a parent compound nucleus ¢ with the total kinetic
energy in the center-of-mass system between e and € + de is

pa(E —Q —¢€)
pi(E)

where E [MeV] is the excitation energy of the parent nucleus i with mass A; and charge Z;,
and d denotes a daughter nucleus with mass Ay and charge Z; produced after the emission
of ejectile 7 with mass A; and charge Z; in its ground state. o0j,, is the cross section for
the inverse reaction, p; and p, are the level densities [MeV]™!' of the parent and the daughter
nucleus, respectively. g¢; = (25; + 1)m;/7?h?, where S; is the spin and m; is the reduced
mass of the emitted particle j. The @Q-value is calculated using the excess mass M (A, Z) as
Q = M(A;,Z;) + M(Aq, Zg) — M(A;, Z;). In GEM2, four mass tables are used to calculate
(Q-values, according to the following priorities, where a lower priority table is only used outside
the range of validity of the higher priority one: (1) the Audi-Wapstra mass table [90], (2)
theoretical masses calculated by Moller et al. [78], (3) theoretical masses calculated by Comay
et al. [91], (4) the mass excess calculated using the old Cameron formula [92]. As does LAHET,
GEM2 uses Dostrovsky’s formula [87] to calculate the inverse cross section 0y, for all emitted

P;i(€)de = g;0iny(€) ede, (39)
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particles and fragments

which is often written as

Tim(€) = o4cn(1+b/€)  for neutrons
M | ogei(1 = V/e)  for charged particles

where 0, = mR? [fm?] is the geometrical cross section, and
V =k;Z; Z4¢*| R, (41)

is the Coulomb barrier in MeV.

One new ingredient in GEM2 in comparison with LAHET, which considers evaporation of
only 6 particles (n, p, d, t, *He, and “He), is that Furihata includes the possibility of evaporation
of up to 66 types of particles and fragments and incorporates into GEM2 several alternative
sets of parameters b, ¢;, k;, Ry, and R, for each particle type.

The 66 ejectiles considered by GEM2 for evaporation are selected to satisfy the following
criteria: (1) isotopes with Z; < 12; (2) naturally existing isotopes or isotopes near the stability
line; (3) isotopes with half-lives longer than 1 ms. All the 66 ejectiles considered by GEM2 are
shown in Table 1.

Table 1. The evaporated particles considered by GEM?2

Ejectiles

n

p d t

SHe “He SHe ®He

614 i 814 i

"Be  “‘Be 0Be "Be !’Be

SB IOB 11B 12B 13B

IOC IIC 12C 13C 14C 15C IBC
12N 13N 14N 15N 16N 17N

140 150 160 170 180 190 200
17F 18F 19F 20F 21F

10 Ne ""Ne 2Ne 2INe 22Ne 2Ne ?*Ne
11 2'Na ?°Na Na ?Na ?Na

12 22Mg ZSMg 24Mg 251\/{g 26Mg 27Mg 281\/[g

@OO\]OJOT»-P-OJMI—‘OQ.N

GEM2 includes several options for the parameter set in expressions (40,41):

1) The “simple” parameter set is given as ¢, = ¢; = k; =1, b =0, and R, = R, =
TO(A;/?) + A}i/?’) [fm]; users need to input 7.

2) The “precise” parameter set is used in GEM2 as the default, and we use this set in our
present work.

A) For all light ejectiles up to o (A; < 4), the parameters determined by Dostrovsky et al.
[87] are used in GEM2, namely: ¢, = 0.76 + c,A; /%, b = (b A;** — 0.050)/(0.76 + co A7 '*)
(and b = 0 for Ay > 192), where ¢, = 1.93 and b, = 1.66, ¢, =1+¢, cq =14¢/2, ¢, = 1+ ¢/3,
Cigre = Cq = 0, by, =k, kg = k+0.06, by = k +0.12, ksy, = ko — 0.06, where ¢, k, and k,
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are listed in Table 2 for a set of Z;. Between the Z; values listed in Table 2, ¢, k, and k, are
interpolated linearly. The nuclear distances are given by R, = 1.5A'3 for neutrons and protons,
and 1.5(A(11/3 + AJI-/?’) for d, t, 3He, and a.

Table 2. k, k., and ¢ parameters used in GEM2

Zd k ka Cc
<20 0.51 0.81 0.0

30 0.60 0.85 -0.06

40 0.66 0.89 -0.10
> 50 0.68 0.93 -0.10

The nuclear distance for the Coulomb barrier is expressed as R, = Ry + R;, where Rq =
reAY3 ré = 1.7, and R; = 0 for neutrons and protons, and R; = 1.2 for d, t, *He, and *He. We
note that several of these parameters are similar to the original values published by Dostrovsky
et al. [87] but not exactly the same. Dostrovsky et al. [87] had ¢, = 2.2, b, = 2.12, and r§ = 1.5.
Also, for the k, k., and ¢ parameters shown in Table 2, they had slightly different values, shown
in Table 3.

Table 3. ky, ¢, ko, and ¢, parameters from Ref. [87]

Zq k, Cp ke, Co,
10 0.42 0.50 0.68 0.10
20 0.58 0.28 0.82 0.10
30 0.68 0.20 0.91 0.10
50 0.77 0.15 0.97 0.08
> 70 0.80 0.10 0.98 0.06

B) For fragments heavier than a (A; > 4), the “precise” parameters of GEM2 use values
by Matsuse et al. [93], namely: ¢; =k =1, R, = Ry(A;) + Ro(Aq) + 2.85 [fm], R. = Ro(4;) +
Ro(Ay) + 3.75 [fm], where Ry(A) = 1.124'3 —0.86A471/3.

3) The code GEM2 contains two other options for the parameters of the inverse cross
sections.

A) A set of parameters due to Furihata for light ejectiles in combination with Matsuse’s
parameters for fragments heavier than «. Furihata and Nakamura determined k; for p, d, t,
3He, and « as follows [86]:

kj = c1log(Zs) + c2log(Aq) + c5.
The coefficients ¢, ¢o, and c3 for each ejectile are shown in Table 4.

Table 4. ¢y, ¢y, and ¢3 for p, d, t, *He, and a from [86]

Ejectile C1 Cy C3
p 0.0615 0.0167 0.3227
d 0.0556 0.0135 0.4067
t 0.0530 0.0134 0.4374
3He 0.0484 0.0122 0.4938
o 0.0468 0.0122 0.5120
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When these parameters are chosen in GEM2, the following nuclear radius R is used in the
calculation of V' and oy:

(0 for A=1,
1.2 for2<A<4,
2.02 forb < A<6,
R =< 242 for A=7,
2.83 for A=8,
3.25 for A=9,
(1.4144° +1 for A>10.

B) The second new option in GEM2 is to use Furihata’s parameters for light ejectiles up to
« and the Botvina et al. [94] parameterization for inverse cross sections for heavier ejectiles.
Botvina et al. [94] found that 0;,, can be expressed as

o {(1—V/€) for e >V 4+ 1 [MeV],
inv — Ug

explafe =V =1)]/(V +1) fore<V +1 [MeV], (42)

where
a=0.869+9.91/7;,

. Z]Zd
A+ AL
14+6.103 x 10_3ZjZd

—~ [fm].
149.443 x 107372,

The expression of 0;,, for ¢ < V 4 1 shows the fusion reaction in the sub-barrier region.
When using Eq. (42) instead of Eq. (40), the total decay width for a fragment emission can
not be calculated analytically. Therefore, the total decay width must be calculated numerically
and takes much CPU time.

The total decay width I'; is calculated by integrating Eq. (39) with respect to the total
kinetic energy € from the Coulomb barrier V' up to the maximum possible value, (£ — @). The
good feature of Dostrovsky’s approximation for the inverse cross sections, Eq. (40), is its simple
energy dependence that allows the analytic integration of Eq. (39). By using Eq. (40) for o;,,,
the total decay width for the particle emission is

I = ij?g; /VE_Q e(l + g)pd(E — Q — €)de. (43)

The level density p(F) is calculated in GEM2 according to the Fermi-gas model using the
expression [95]

ry =2.173

al/4(E — §)5/
where a is the level density parameter and 0 is the pairing energy in MeV. As does LAHET,
GEM2 uses the § values evaluated by Cook et al. [96]. For those values not evaluated by
Cook et al., §’s from Gilbert and Cameron [95] are used instead. The simplest option for the
level-density parameter in GEM2 is a = A4/8 [MeV~!], but the default is the Gilbert-Cameron-
Cook-Ignatyuk (GCCI) parameterization from LAHET [80]:

1 — e U 1 —e U
a=a—" +a1<1— ‘ ), (45)
u u

(44)




where u = 0.05(E — ¢), and
ar = (0.1375 — 8.36 x 10 °Ay) x Ay,

G Aq/8 for Zy <9 or Ny <9,
| Ag(d’ +0.00917S)  for others.

For deformed nuclei with 54 < Z; < 78, 86 < Z; < 98, 86 < N; < 122, or 130 < N, < 150,
a' = 0.12 while o’ = 0.142 for other nuclei. The shell corrections S is expressed as a sum of
separate contributions from neutrons and protons, i.e. S = S(Z4) + S(Ny) from [95, 96] and
are tabulated in [84].

The level density is calculated using Eq. (44) only for high excitation energies, E > E,,
where E, = U, + 60 and U, = 2.5 4+ 150/A, (all energies are in MeV). At lower excitation
energies, the following [95] is used for the level density:

p(B) = 2 expl(E — Eo)/T), (46)

where T is the nuclear temperature defined as 1/T = /a/U, — 1.5/U,. To provide a smooth
connection of Eqgs. (44) and (46) at E = E,, Ej is defined as Ey = E, — T(logT — 0.25loga —
1.25log U, + 2v/aUy,).
For F — Q — V < E,, substituting Eq. (46) into Eq. (44) we can calculate the integral
analytically, if we neglect the dependence of the level density parameter a on E:
_ T9j09%

)= Tom gy 1)+ (3 + V)0, (47)

where Iy(t) and I;(t,t,) are expressed as

Lt) = e Po/T(el —1),
Ltty) = e PPt —t, + 1)et —t — 1},

where t = (E—-Q—V)/T and t, = E,/T. For E—Q—V > E,, the integral of Eq. (43) cannot
be solved analytically because of the denominator in Eq. (44). However, it is approximated as

_ Tgjoqx

Jj— 12p7,(E) [Il(ta tm’) + [3(5, Sx)es + (6 + V){Io(tx) — [2(8, Sx)es}], (48)

where I5(s, s;) and I3(s, s;) are given by

Iy(s,85) = 2V2{s™? + 1.5575/2 4 3.75577/2 — (s73/% +1.557%/% + 37557 /?)e>+7°},

I3(s,8:) = (V2a)7'[257"2 445732 4 13.5572 4+ 60.0s~ /% + 325.12557%/2
— {(s* = 52)s73? + (1.55% +0.552)s5°/% 4 (3.755> + 0.2552)s5 /% + (12.8755>

T

+ 0.62552)s.%2 + (59.06255% + 0.937552) s, 11/2 + (324.85% + 3.2852) s, 13/2}es 77,

with s = 2\/a(E —Q —V —0) and s, = 2y/a(E, — §).

The particle type j to be evaporated is selected in GEM2 by the Monte-Carlo method
according to the probability distribution calculated as P; = T';/ ) i [';, where I'; is given by
Eqgs. (47) or (48). The total kinetic energy e of the emitted particle j and the recoil energy of
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the daughter nucleus is chosen according to the probability distribution given by Eq. (39). The
angular distribution of ejectiles is simulated to be isotropic in the center-of-mass system.

According to Friedman and Lynch [97], it is important to include excited states in the
particle emitted via the evaporation process along with evaporation of particles in their ground
states, because it greatly enhances the yield of heavy particles. Taking this into consideration,
GEM2 includes evaporation of complex particles and light fragments both in the ground states
and excited states. An excited state of a fragment is included in calculations if its half-lifetime
T'/5(s) satisfies the following condition:

Ty

h
m2 Ty (49)
where I'} is the decay width of the excited particle (resonance). GEM2 calculates I'} in the
same manner as for a ground-state particle emission. The ()-value for the resonance emission is
expressed as " = ) + E7, where E7 is the excitation energy of the resonance. The spin state
of the resonance S} is used in the calculation of g;, instead of the spin of the ground state S;.
GEM2 uses the ground state masses m; for excited states because the difference between the
masses is negligible.

Instead of treating a resonance as an independent particle, GEM2 simply enhances the
decay width T'; of the ground state particle emission as follows:

L; =9+ 17, (50)

where F? is the decay width of the ground state particle emission, and I'} is that of the nth
excited state of the particle j emission which satisfies Eq. (49).

The total-kinetic-energy distribution of the excited particles is assumed to be the same
as that of the ground-state particle. S7, EY, and Tj/, used in GEM2 are extracted from the
Evaluated Nuclear Structure Data File (ENSDF) database maintained by the National Nuclear
Data Center at Brookhaven National Laboratory [98].

Note that when including evaporation of up to 66 particles in GEM2, its running time in-
creases significantly compared to the case when evaporating only 6 particles, up to *He. The
major particles emitted from an excited nucleus are n, p, d, t, >He, and *He. For most cases,
the total emission probability of particles heavier than « is negligible compared to those for the
emission of light ejectiles. Our detailed study of different reactions (see, e.g., [99] and references
therein) shows that if we study only nucleon and complex-particle spectra or only spallation
and fission products and are not interested in light fragments, we can consider evaporation of
only 6 types of particles in GEM2 and save much time, getting results very close to the ones
calculated with the more time consuming “66” option. In CEMO03.01, we have introduced an
input parameter called nevtype that defines the number of types of particles to be considered
at the evaporation stage. The index of each type of particle that can be evaporated corresponds
to the particle arangement in Table 1, with values, e.g., of 1, 2, 3, 4, 5, and 6 for n, p, d, t,
SHe, and *He, with succeeding values up to 66 for 2Mg. All 66 particles that can possibly
evaporate are listed in CEMO03.01 together with their mass number, charge, and spin values in
the block data bdejc. For all ten examples of inputs and outputs of CEMO03.01 included in
Appendices 1 and 2, whose results are plotted in the figures in Appendix 3, we have performed
calculations taking into account only 6 types of evaporated particles (nevtype = 6) as well
as with the “66” option (nevtype = 66) and we provide the corresponding computing time
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for these examples in the captions to the appropriate figures shown in Appendix 3. The “6”
option can be up to several times faster than the “66” option, providing meanwhile almost the
same results. Therefore we recommend that users of CEM03.01 use 66 for the value of the input
parameter nevtype only when they are interested in all fragments heavier than *He; otherwise,
we recommend the default value of 6 for nevtype, saving computing time. Alternatively, users
may choose intermediate values of nevtype, for example 9 if one wants to calculate the produc-
tion of SLi, or 14 for modeling the production of Be and lighter fragments and nucleons only,
while still saving computing time compared to running the code with the maximum value of 66.

2.5. Fission

The fission model used in GEM2 is based on Atchison’s model [88, 89] as implemented in
LAHET [80], often referred in the literature as the Rutherford Appleton Laboratory (RAL)
fission model, which is where Atchison developed it. In GEM2 there are two choices of pa-
rameters for the fission model: one of them is the original parameter set by Atchison [88, 89]
as implemented in LAHET [80], and the other is a parameter set developed by Furihata [84, 85].

2.5.1. Fission Probability. The Atchison fission model is designed to describe only fission of
nuclei with Z > 70. It assumes that fission competes only with neutron emission, i.e., from the
widths ['; of n, p, d, t, *He, and *He, the RAL code calculates the probability of evaporation
of any particle. When a charged particle is selected to be evaporated, no fission competition is
taken into account. When a neutron is selected to be evaporated, the code does not actually
simulate its evaporation, instead it considers that fission may compete, and chooses either fission
or evaporation of a neutron according to the fission probability P;. This quantity is treated by
the RAL code differently for the elements above and below Z = 89. The reasons Atchison split
the calculation of the fission probability Py are: (1) there is very little experimental information
on fission in the region Z = 85 to 88, (2) the marked rise in the fission barrier for nuclei with
Z?/A below about 34 (see Fig. 2 in [89]) together with the disappearance of asymmetric mass
splitting, indicates that a change in the character of the fission process occurs. If experimental
information were available, a split between regions around Z?/A ~ 34 would be more sensible
[89].

1) 70 < Z; < 88. For fissioning nuclei with 70 < Z; < 88, GEM2 uses the original
Atchison calculation of the neutron emission width I';, and fission width I'f to estimate the
fission probability as

P = by 1

I'p+T, 141,/

Atchison uses [88, 89] the Weisskopf and Ewing statistical model [74] with an energy-independent

pre-exponential factor for the level density (see Eq. (44)) and Dostrovsky’s [87] inverse cross
section for neutrons and estimates the neutron width I, as

(51)

I, = 0.352(1.68.Jy + 1.93A 7, + A3(0.76.J, — 0.05.)), (52)
where Jy and J; are functions of the level density parameter a, and s, (= 2\/an(E —Qn —9)),
J[] = (8” — 1)68n + 17
2a,,

(252 — 65, + 6)en + 52 — 6

—
! 8a?
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Note that the RAL model uses a fixed value for the level density parameter a,, namely
a, = (A; — 1)/8, (53)

and this approximation is kept in GEM2 when calculating the fission probability according to
Eq. (51), although it differs from the GCCI parameterization (45) used in GEM2 to calculate
particle evaporation widths. The fission width for nuclei with 70 < Z; < 88 is calculated in the
RAL model and in the GEM as

(sf —1)e’r +1

'y =
f ay

, (54)

where s; = 2y/a;(E — By — 6) and the level density parameter in the fission mode a; is fitted
by Atchison to describe the measured I'f/I", to be [89]:

a; = ap (1.08926 +0.01098(x — 31.08551)2>, (55)

and x = Z2/A. The fission barriers B; [MeV] are approximated by

72 72\ 2
By =Q,+321.2 - 16.7— + 0.218( -+ | . 56
o % +oas( %) 0
Note that neither the angular momentum nor the excitation energy of the nucleus are taken
into account in finding the fission barriers.

2) Z; > 89. For heavy fissioning nuclei with Z; > 89 GEM2 follows the RAL model [88, 89]
and does not calculate at all the fission width I'y and does not use Eq. (51) to estimate the
fission probability P;. Instead, the following semi-empirical expression obtained by Atchison
(88, 89] by approximating the experimental values of I',,/T'; published by Vandenbosch and
Huizenga [100] is used to calculate the fission probability:

log([/Ty) = C(Zi)(Ai — Ao(Z:)), (57)

where C(Z) and Ay(Z) are constants depending on the nuclear charge Z only. The values of
these constants are those used in the current version of LAHET [80] and are tabulated in Table
5 (note that some adjustments of these values have been done since Atchison’s papers [88, 89]
were published).

In this approach the fission probability Ps is independent of the excitation energy of the
fissioning nucleus and its angular momentum.

2.5.2. Mass Distribution. The selection of the mass of the fission fragments depends on
whether the fission is symmetric or asymmetric. For a pre-fission nucleus with Z2/A; < 35,
only symmetric fission is allowed. For Z?/A; > 35, both symmetric and asymmetric fission are
allowed, depending on the excitation energy of the fissioning nucleus. No new parameters were
determined for asymmetric fission in GEM2.

For nuclei with Z?/A; > 35, whether the fission is symmetric or not is determined by the
asymmetric fission probability Py,

_ 4870670.36E
TV 1+ 48700368

(58)
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Table 5. C'(Z) and Ay(Z) values used in GEM2

Z C(2) 10(2)
89 0.23000 219.40
90 0.23300 226.90
91 0.12225 229.75
92 0.14727 234.04
93 0.13559 238.88
94 0.15735 241.34
95 0.16597 243.04
96 0.17589 245.52
97 0.18018 246.84
98 0.19568 250.18
99 0.16313 254.00
100 0.17123 257.80
101 0.17123 261.30
102 0.17123 264.80
103 0.17123 268.30
104 0.17123 271.80
105 0.17123 275.30
106 0.17123 278.80

2.5.2.a. Asymmetric fission. For asymmetric fission, the mass of one of the post-fission
fragments A, is selected from a Gaussian distribution of mean Ay = 140 and width o); = 6.5.
The mass of the second fragment is A, = A; — A;.

2.5.2.b. Symmetric fission. For symmetric fission, A; is selected from the Gaussian distri-
bution of mean Ay = A;/2 and two options for the width o, as described below.
The first option for choosing o, is the original Atchison approximation:

_ { 3.97 + 0.425(F — By) — 0.00212(F — By)?,

M =1 25.27, (59)

for (E — By) below or above 100 MeV, respectively. In this expression all values are in MeV
and the fission barriers By are calculated according to Eq. (56) for nuclei with Z; < 88. For
nuclei with Z; > 88, the expression by Neuzil and Fairhall [101] is used:

By =C —0.36(Z7/A)), (60)

where C' = 18.8,18.1,18.1, and 18.5 [MeV] for odd-odd, even-odd, odd-even, and even-even
nuclei, respectively.

The second option in GEM2 for oy (used here) was found by Furihata3™ a

S
on = Cs(Z2JA)? + Cu(Z} ] 4;) + Cs5(E — By) + Cs. (61)

The constants Cs = 0.122, C;, = —7.77, Cs = 3.32 x 1072, and Cg = 134.0 were obtained by
fitting with GEM2 the recent Russian collection of experimental fission-fragment mass distri-
butions [102]. In this expression, the fission barriers B; by Myers and Swiatecki [103] are used.
More details may be found in Ref. [85].
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2.5.3. Charge Distribution. The charge distribution of fission fragments is assumed to be
a Gaussian distribution of mean Z; and width 0. Z; is expressed as

Zi+ 2y~ 7

Zy 5 ,

(62)

where 65.54
Zl’:'i;/g,lzlor 2. (63)

131 + A,
The original Atchison model uses o7 = 2.0. An investigation by Furihata [85] suggests that
oz = 0.75 provides a better agreement with data; therefore o, = 0.75 is used in GEM2 and in

our code.

2.5.4. Kinetic Energy Distribution. The kinetic energy of fission fragments [MeV] is
determined by a Gaussian distribution with mean €; and width o, .
The original parameters in the Atchison model are:

;= 0.13322/A)% — 11.4,
o, = 0.084¢;.

Furihata’s parameters in the GEM, which we also use, are:

_ {0.13122/A),
= 2/ 41/3 (64)
0.104Z77 /A, + 24.3,
for ZZ?/A;/3 < 900 and 900 < ZE/A;/3 < 1800, respectively, according to Rusanov et al. [102].
By fitting the experimental data by Itkis et al. [104], Furihata found the following expression
for o, ;
1/3
o {2 JAY® —1000) + Cy, (65)
! 027

for ZZ?/A;/3 above and below 1000, respectively, and the values of the fitted constants are
C; = 5.70 x 10~* and C, = 86.5. The experimental data used by Furihata for fitting are the
values extrapolated to the nuclear temperature 1.5 MeV by Itkis et al. [104]. More details may
be found in [85].

We note that Atchison has also modified his original version using recent data and published
[105] improved (and more complicated) parameterizations for many quantities and distributions
in his model, but these modifications [105] have not been included either in LAHET or in GEM2.

2.5.5. Modifications to GEMZ2 in CEMO03.01. First, we fixed several observed uncer-
tainties and small errors in the 2002 version of GEM2 Dr. Furihata kindly sent us. Then, we
extended GEM2 to describe fission of lighter nuclei, down to Z > 65, and modified it [17] so
that it provides a good description of fission cross sections when it is used after our INC and
preequilibrium models.

If we had merged GEM2 with the INC and preequilibrium-decay modules of CEM03.01
without any modifications, the new code would not describe correctly fission cross sections
(and the yields of fission fragments). This is because Atchison fitted the parameters of his
RAL fission model when it followed the Bertini INC [106] which differs from ours. In addition,
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Atchison did not model preequilibrium emission. Therefore, the distributions of fissioning
nuclei in A, Z, and excitation energy E* simulated by Atchison differ significantly from the
distributions we get; as a consequence, all the fission characteristics are also different. Furihata
used GEM2 coupled either with the Bertini INC [106] or with the ISABEL [107] INC code,
which also differs from our INC, and did not include preequilibrium particle emission. Therefore
the distributions of fissioning nuclei simulated by Furihata differ from those in our simulations,
so the parameters adjusted by Furihata to work well with her INC are not appropriate for us.
To get a good description of fission cross sections (and fission-fragment yields) we have modified
at least two parameters in GEM2 as used in CEM03.01 (see more details in [15, 16]).

The main parameters that determine the fission cross sections calculated by GEM2 are the
level density parameter in the fission channel, a; (or more exactly, the ratio ar/a, as calculated
by Eq. (55)) for preactinides, and parameter C'(Z) in Eq. (57) for actinides. The sensitivity
of results to these parameters is much higher than to either the fission barrier heights used
in a calculation or other parameters of the model. Therefore we choose [17] to adjust only
these two parameters in our merged code. We do not change the form of systematics (55)
and (57) derived by Atchison. We only introduce additional coefficients both to a; and C(Z),
replacing a; — C, X ay in Eq. (55) and C(Z;) — C. x C(Z;) in Eq. (57) and fit C, and C. to
experimental proton-induced fission cross sections covered by Prokofiev’s systematics [108]. No
other parameters in GEM2 have been changed. For preactinides, we fit only C,. The values of
C, found in our fit to Prokofiev’s systematics are close to one and vary smoothly with the proton
energy and the charge or mass number of the target. This result gives us some confidence in our
procedure, and allows us to interpolate the values of C, for nuclei and incident proton energies
not analyzed by Prokofiev. For actinides, as described in [15, 16], we have to fit both C, and
C.. The values of C, we find are also very close to one, while the values of C, are more varied,
but both of them change smoothly with the proton energy and Z or A of the target, which
again allows us to interpolate them for nuclei and energies outside Prokofiev’s systematics.

We fix the fitted values of C, and C. in data blocks in our code and use the routines fitafpa
and fitafac to interpolate to nuclei not covered by Prokofiev’s systematics. We believe that
such a procedure provides a reasonably accurate fission cross section calculation, at least for
proton energies and target nuclei not too far from the ones covered by the systematics.

2.6. The Fermi Break-Up Model

After calculating the coalescence stage of a reaction, CEM03.01 moves to the description of
the last slow stages of the interaction, namely to preequilibrium decay and evaporation, with
a possible competition of fission. But as mentioned above, if the residual nuclei have atomic
numbers with A < 13, CEM03.01 uses the Fermi break-up model [109] to calculate their further
disintegration instead of using the preequilibrium and evaporation models.

All formulas and details of the algorithms used in the version of the Fermi break-up model
developed in the former group of Prof. Barashenkov at Joint Institute for Nuclear Research
(JINR), Dubna, Russia and released in CEM03.01 may be found in [38]. All the information
needed to calculate the break-up of an excited nucleus is its excitation energy U and the mass
and charge numbers A and Z. The total energy of the nucleus in the rest frame will be
E =U+ M(A,Z), where M is the mass of the nucleus. The total probability per unit time
for a nucleus to break up into n components in the final state (e.g., a possible residual nucleus,
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nucleons, deuterons, tritons, alphas, etc.) is given by
W(E,n) = (V/Q)" pu(E), (66)

where p,, is the density of final states, V' is the volume of the decaying system and Q2 = (27h)3
is the normalization volume. The density p,(E) can be defined as a product of three factors:

pu(E) = M,(E)S,G,. (67)

The first one is the phase space factor defined as

:/;w"'/;mé(bzn;ﬁb>5(E_bzn;m>bﬁld?’pb, )

where pj, are fragment momenta. The second one is the spin factor

n

So=[]@s+1), (69)

b=1

which gives the number of states with different spin orientations. The last one is the permuta-

tion factor
b 1
— 70

which takes into account identical particles in the final state (n; is the number of components
of j-type particles and k is defined by n = Z?ﬂ n;). For example, if we have in the final state
six particles (n = 6) and two of them are alphas, three are nucleons, and one is a deuteron,
then Gg = 1/(2!3!1!) = 1/12. For the non-relativistic case, the integration in Eq. (68) can be
evaluated analytically (see, e.g., [38]) and the probability for a nucleus to disintegrate into n
fragments with masses my,, where b=1,2,3,...,nis

_ 3/2
\" 1 1 n (27.‘.)3(71,71)/2 B
W(E,n) = S,G, (—) — TIm| 2~ Gy 71

(5:m) g (z . ) TG —1)72) =

where I'(z) is the gamma function.

The angular distribution of n emitted fragments is assumed to be isotropic in the c.m.
system of the disintegrating nucleus and their kinetic energies are calculated from momentum-
energy conservation. The Monte-Carlo method is used to randomly select the decay channel
according to probabilities defined by Eq. (71). Then, for a given channel, CEM03.01 calculates
kinematical quantities for each fragment according to the n-body phase space distribution using
Kopylov’s method [110]. Generally, CEM03.01 considers formation of fragments only in their
ground and those low-lying states which are stable for nucleon emission. However, several
unstable fragments with large lifetimes: °He, °Li, ®Be, B, etc. are considered as well. The
randomly chosen channel will be allowed to decay only if the total kinetic energy FEj;, of all
fragments at the moment of break-up is positive, otherwise a new simulation will be performed
and a new channel will be selected. The total kinetic energy FEy;, can be calculated according

to the equation:
n

Epin = U + M(A, Z) = Ecouoms — »_(my + 1), (72)
b1
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where m; and €, are masses and excitation energies of fragments, respectively, and Ecouioms 18
the Coulomb barrier for the given channel. It is approximated by

3¢? v\ 22 & 22
E oulomb = =— | 1 I 172 b R 73
Coulomb 5r0< +V0> A1/3 ZA;/?ﬁ (73)

b=1

where A, and Z, are the mass number and the charge of the b-th particle of a given channel,
respectively. Vj is the volume of the system corresponding to normal nuclear density and
V = kV} is the decaying system volume (we assume £ =1 in CEMO03.01).

Thus, the Fermi break-up model used here has only one free parameter, V' or Vj, the volume
of decaying system, which is estimated as follows:

V =47R*/3 = 4nrj A/3, (74)

where we use ro = 1.4 fm. This parameter is used to calculate the quantity bl in the routine
gitab.

There is no limitation on the number n of fragments a nucleus may break up into in our
version of the break-up model, in contrast to implementations in other codes, such as n < 3 in
MCNPX, or n < 7 in LAHET.

2.7. Total Reaction Cross Sections (Normalization)

CEMO03.01 (just like many other INC-based models) calculates the total reaction cross sec-
tion, 0;y,, by the Monte-Carlo method using the geometrical cross section, 0 geom, and the number
of inelastic, N;,, and elastic, N, simulated events, namely: o, = 0geomNin/(Nin + Net). The
value of the total reaction cross section calculated this way is printed in the beginning of the
CEMO03.01 output labeled as Monte Carlo inelastic cross section. This approach provides a
good agreement with available data for reactions induced by nucleons, pions, and photons at
incident energies above about 100 MeV, but is not reliable enough at energies below 100 MeV
(see, e.g., Fig. 4 and Ref. [16] and Figs. 4 and 5 in Ref. [19]).

To address this problem, we have incorporated [16] into CEM03.01 the NASA systemat-
ics by Tripathi et al. [111] for all incident protons and for neutrons with energies above the
maximum in the NASA reaction cross sections, and the Kalbach systematics [112] for neutrons
of lower energy. For reactions induced by monochromatic and bremsstrahlung photons, we
incorporate into CEMO03.01 [19] the recent systematics by Kossov [113]. Details on these sys-
tematics together with examples of several total inelastic cross sections calculated with them
compared with available experimental data may be found in [16, 19]. Our analysis of many
different reactions has shown that at incident energies below about 100 MeV these system-
atics generally describe the total inelastic cross sections better that the Monte-Carlo method
does, and no worse than the Monte-Carlo method at higher energies. Therefore we choose
these systematics as the default for normalization of all CEMO03.01 results. The total reaction
cross sections calculated by these systematics are printed in the CEM03.01 output labeled as
Inelasic cross section used here. (Of course, users may renormalize all the CEM03.01 results
to the Monte-Carlo total reaction cross sections by making a small change to the code in the

subroutine typeout).
3. Storage of Simulation Results

Although we have extended significantly the variety of characteristics printed in the CEM03.01
output as compared to its predecessors, no predetermined outputs can satisfy the needs of all
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users. Therefore we provide below the necessary information to help users to modify the output
according to their specific needs.

Almost all information about all particles, light fragments, and residual nuclei (there may
be two residual nuclei in the case of fission) from every inelastic simulated event is stored in
two arrays, spt(5,150) and parz(6,150). The second index of both these arrays shows the
serial number k of a particular particle or nucleus stored in these arrays. These arrays contain
physical information only for 1 < k < k4., Where k4, is the number of all products from
a particular inelastic event; all their elements for k£ > k., are equal to zero. For historical
reasons, there is some redundancy in the arrays; for example O, T}, and Z are available from
more than one array element. The contents of the arrays spt(i,k) and parz(j,k) are as follows
(all values are in the laboratory system; all energies and masses are in MeV; all angles are in
degrees):

) spt(1,k) = sin © of particle k

) spt(2,k) = cos © of particle k

3) spt(3,k) = Tk, kinetic energy of particle k
) spt(4,k) = electric charge (Z) of particle k
) spt(5,k) =1

est mass of particle k

1) parz(1,k) = particle type (index), defined as:

1=n
2=p
3=d
4=t
5 = 3He
6 = ‘He
T =7~
8 =m0
9 =gt

1000Z+N = A + 999Z, for products heavier than *He

2) parz(2,k) = T}, kinetic energy of particle k

3) parz(3,k) = © of particle k

4) parz(4,k) = ¢ of particle k

5) parz(5,k) = reaction mechanism type (index), as following:

if < 100, the “k” particle was emitted at the INC stage of reaction; the value
stored here is equal to the number of successive interaction acts n. before
emission of particle k (see more details in [22])

= 100 for preequilibrium emission

= 200 for particles produced via coalescence

= 1000 for evaporation from spallation residue (and for residue itself)

= 1500 for Fermi breakup

= 2000 for evaporation from fission product (and for fragments themselves)

6) parz(6,k) = electric charge of particle k.

The code does not store the value of k,,,. for each simulated event. To retrieve information

about the products from an inelastic event, users should read (in vlobd) either array in a loop
over k from 1 to 150 looking, e.g., at the mass of products stored in spt(5,k) until they get

27



for k = (kmes + 1) a zero value, indicating that there are no more products from this event,
thereby determining k4.

CEMO03.01 does not describe emission of 7’s from residual nuclei with an excitation energy
below the threshold of particle evaporation, i.e. a few MeV. (It neglects also emission of ¥’s
with higher energy, as a competitor to evaporation and preequilibrium-particle emission, since
the cross sections of such processes are insignificant compared to those of particle emission.)
When using CEMO03.01 as an event generator in a transport code, it should be supplemented
by a module with the same function as the PHT code from LAHET [80], which can describe
the cooling of such excited nuclei via v emission. For this, one needs to know the excitation
energy of all residual nuclei provided by CEM03.01.

Note that in the case of Fermi break-up, we have no excited residual nuclei; it is assumed
that all fragments are already in their ground states (unstable fragments are allowed to decay
before filling the arrays spt and parz. For such events, we do not have to look for a residual
nucleus to deposit its excitation energy via y-emission. To know if this is the case, we have to
look at the value of the parameter fusion stored in the common block: common /dele/ sfu,
wf, fusion, sigfw. If fusion = 0, this is an event that ended with Fermi break-up and we
have no excited residual nuclei.

If fusion = -1, this is an event without Fermi break-up and without fission and we have
only one residual nucleus. Its excitation energy, ut (in MeV), is stored in the common block:
common /bl1003/ ut, at, zt.

If fusion = +1, this is an event that ended with fission, so that we have two excited residual
nuclei. Their excitation energy (in MeV) are equal to ex12(1) and ex12(2), their mass and
charge numbers are equal to af12(1) and afl12(2), and zf12(1) and zf12(2), respectively,
and their kinetic energy (in MeV) are equal to tf12(1) and tf12(2), correspondingly. All
this information is stored in the common block: common /ifiss/ af12(2), zf12(2), tf12(2),
ex12(2), bf12(2,3), ifiss. In the case of fission, the parameter ifiss has a values of 1 (ifiss
= 0 for events without fission); its value can be also used to determine if fission occurred in a
particular event, in addition to checking the parameter fusion.

Unfortunately, GEM2 as used in CEMO03.01 does not consider at all the angular momenta
of evaporated particles, the residual nucleus, and fission fragments. This is why the code does
not provide values of angular momenta for the final reaction products. This is one problem
we plan to address in the next version of CEM. We do calculate angular momenta of excited
nuclei after the cascade and preequilibrium stages of reactions. After the cascade stage, their
values (in units of &), L, = amnucl(1), L, = amnucl(2), and L, = amnucl(3) are provided as
output of the subroutine cascad (enext, atwght, charge, pnucl, amnucl, kstart, obr,
nel). After the preequilibrium stage, their values L, = angmom(1), L, = angmom(2), and
L, = angmom(3) are stored in the common block: common /resid/ angmom(3), v(3),
remn. These values are used to build several distributions printed in the CEM03.01 output.
They are presently of only “academic” interest to study nuclear reactions but are not ready for
applications, as GEM2 does not consider angular momenta and CEMO03.01 does not provide
angular momenta for the final reaction products.

With this information and our routines vlobd, resdist, opandis, and disnmul as examples
of how to build the histograms of needed characteristics and our routines prinp and typeout
that write them into our output file, users should be able to write their own customized output
tables.
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4. Input File

CEMO03.01 has four data files: mass.tbl, level.tbl, gamman.tbl, and level.tbl, which
should not be changed by users. It uses one user-specified input file called cem03.inp that
must be prepared to define a calculation. It has 24 obligatory lines that describe the reaction
to be calculated and the desired format of the output, and can contain also up to 10 lines of
text with comments to be printed near the beginning of the output file.

4.1. 1st Input Line

This line defines the name of an auxiliary output file where some diagnostic information is
printed (no results of calculations are stored in this file; the information printed in it is very
useful if we uncounter an unexpected problem in calculation of a specific reaction, like a “bug”).
This name may contain up to 30 characters.

4.2. 2nd Input Line
This line defines the name for the CEMO03.01 output file, again with up to 30 characters.

4.3. 3rd to 5th Input Lines

The 3rd line defines the projectile. Use prot for protons, neut for neutrons, pipl for 7, pimi
for 7=, pize for 7°, gamm for monochromatic +’s, and gamb for bremsstrahlung v’s. The 4th
and 5th lines continue the description of the line 3 input, which is too long to fit entirely on
the 3rd line.

4.4. 6th Input Line

This line defines the projectile kinetic energy in MeV, tOmev, for the case where we need to
calculate only one energy and the reaction is not induced by bremsstrahlung v’s. When we need
to calculate a reaction at several energies (with a step defined by the 10th line and the final
energy by the 11th line), tOmev is the initial energy. For reactions induced by bremsstrahlung
(only), we recomend using 30.0 on this line; it is the value of E,,;,, the minimum energy of
the bremsstrahlung ~ spectrum to be considered in calculations (above the GDR region), as
described in [19].

4.5. 7th Input Line
This line defines the mass number of the target nucleus.
4.6. 8th Input Line

This line defines the atomic number of the target nucleus.

4.7. 9th Input Line
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This line defines the number of inelastic events to be simulated for this particular reaction.
The appropriate value for this number depends on the characteristics of a reaction in which we
are interested, as well as on the target and projectile: To calculate only fission cross sections of
actinides or the mean multiplicities of nucleons from any reaction, 5000 inelastic events would
be more than enough. To get double differential spectra of particles with small energy and
angle bins, we may need to simulatee 1,000,000 inelastic events. To have statisfactory statistics
for the cross sections for production of isotopes in regions between spallation and fission and
between fission and fragmentation (whose yields are very small) and for their mean energies and
angles of emission, we may need to simulate 10,000,000 or even more inelastic events. The 10 ex-
amples shown in Appendix 3 may give guidance on choosing this number for different reactions.

4.8. 10th Input Line

This line defines the step of the projectile kinetic energy in MeV for calculating several
incident energies in a single run. For only one incident energy, use a negative number, for
example -5.0 for this parameter.

4.9. 11th Input Line

This line defines the maximum (final) kinetic energy of the projectile in MeV when we
calculate a reaction at several energies, with a step defined on line 10 and the initial energy
on line 6. Alternatively, for reactions induced by bremsstrahlung photons only, this parameter
defines the end-point (maximum) energy in MeV of the bremsstrahlung v spectrum, usually
denoted in the literature as Ey; see details on bremsstrahlung reactions in [19] and in our
Example 10 below.

Important Hint:

The code stops at energies higher than this number, therefore users should check that this
number is not less than the initial projectile energy defined by the line 6, otherwise CEM03.01
will not run.

Useful Hints:

When we need to calculate only one incident energy, e.g., 100 MeV, we suggest using for
the tOmev parameter on the 6th line the value 100.0, for the parameter dt0 on the 10th line,
any negative number, like -5.0, and for the parameter tOmax on this line, any number bigger
than 100.0, e.g., 5000.0.

If we need to calculate a reaction at three incident energies, e.g., 100, 200, and 300 MeV,
use for tOmev on the 6th line the value 100.0, for the parameter dt0 on the 10th line, use the
value 100.0, and for tOmax on this line, use the values 300.5: The code will run in a loop at
100, 200, and 300 MeV, and will stop after 300 MeV, as with the incident energy step of 100
MeV the next incident energy would be 400 MeV, which is higher than 300.5 MeV given by
the tOmax on this line, so the code will stop.

4.10. 12th Input Line
This line defines the step-size A© in degrees in the ejectile angular spectra do/d€) [mb/sr].

It is used only when we calulate do/dS2, which is selected by the input parameter mang defined
on the 18th line having the value 1 or 2.
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4.11. 13th Input Line

This line defines whether we wish or not to calculate the angle-integrated energy spectra
of ejectiles do/dT in mb/MeV. Use 0 for the parameter mspec on this line to not calculate the
energy spectra, and 1 to calculate them. When we use mspec = 1, the code provides do/dT
for particles produced by all nuclear-reaction mechanisms considered in CEMO03.01 labeled as
Total, as well as their components from particles emitted at the intranuclear cascade (or pro-
duced via coalescence, in the case of complex particles), preequilibrium, and evaporation stages
of reactions labeled as Cascade, Precompound, and Total Evaporation, respectively. Particles
produced via Fermi break-up are included into the Total Evaporation component; in case of
evaporation from heavy nuclei that fission, this component includes particles evaporated both
before fission (often called in the literature “pre-fission”) and evaporated from fission fragments
after fission (called in the literature “post-fission”). At the end of each spectrum, its integral
over the entire energy range (i.e. particle “yield” in mb) is provided, labeled as Integrated.

There is an additional option for this parameter, namely having it equal to 2 instead of 1, to
study in more detail fission reactions: If we choose the value 2 for mspec, the code will provide
energy spectra of ejectiles only from events that do fission (particles from events of this reaction
that do not fission will be not included into do/dT calculated with the option mspec = 2) and
the normalization of spectra is made to the fissioning events only and not to the total number
of simulated events as is done for mspec = 1. These spectra do not represent the spectra of
all emitted particles and they can not be compared directly with the measured spectra that
include all particles produced from events both with and without fission. This option is useful
for comparing to coincidence experiments, where particles are measured in coincidence with
fission fragments.

In adition to do/dT in mb/MeV, the option mspec = 2 provides also spectra of particles
normalized to one (i.e. probability spectra), often used in the literature when studying fission
induced by low energy projectiles. The option mspec = 2 provides separately “pre-fission” and
“post-fission” components of particle spectra labeled as Prefission and Fission Fragments, in
addition to the Total, Cascade, Precompound, and Total Evaporation components of the spectra.

4.12. 14th Input Line

This line defines whether we wish or not to calculate secondary-particle multiplicities, yields
(in mb), and mean kinetic energies (in MeV). If we use 0 for the parameter mpyld on this line,
these charactertistics will not be calculated. When mpyld = 1, these characteristics will be cal-
culated and printed in a table near the beginning of the output. This table contains the total
(labeled as T) mean multiplicity, yield, and kinetic energy of n, p, d, t, He, *He, 7—, 7%, and
7+, when these values are non-zero, as well as their components from cascade, preequilibrium,
evaporation from events without fission (spallation), evaporation events that will fission just
before fission, evaporation from fission fragments, the sum of all evaporated particles, and from
coalescence, labeled as C, P, Sp, Pf, F, E, and Co, respectively. Particles produced via Fermi
Break-up are included in “evaporation” (E). As in the case of the parameter mspec defined
on the 13th line, there is an aditional option for this parameter, mpyld = 2, to study in more
detail fission. In this case, only events with fission will be consided and the mean multiplicities,
yields, and kinetic energies of particles produced only in fission events will be included in this
table; their normalization is done to the fission events only. As mentioned above about particle
spectra, these characteristics obtained with the option mpyld = 2 can be compared directly
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only with models or data from coincidence measurements which select fission reactions.
4.13. 15th Input Line

This line defines whether we wish or not to calculate cross sections of 192 possible spe-
cific “channels” of reactions that contribute to the production of final isotopes. Knowledge of
excitation functions for such “channels” are of mainly “academic” interest rather than for ap-
plications, as it splits the conributions to the production of a specific final isotope into different
reaction channels. The y-spectrometry method frequently used to measure nuclide production
cross sections from, let us say, a photonuclear reaction on a target [Z,A], provides us only the
cross section (yield) of a final isotope, e.g., [(Z-y),(A-x-y)] considering it to be produced via
a (v,xnyp) reaction, without any information about the emitted x neutrons and y protons;
have they been emitted as independent nucleons or contained in emitted complex particles?
The option mchy = 1 of CEMO03.01 defined on this line helps us to address this question, as
it provides cross sections for different possible “channels” of a reaction that lead to the same
final product nuclide. The option mchy = 1 requires significant additional computing time, so
we recommend using it only when the contributions to the production of final isotopes from
different processes need to be studied in detail. When not needed, use the faster option mchy
= 0, in order to ignore such “channel” cross sections.

4.14. 16th Input Line

This line defines whether we wish or not to calculate cross sections (“yields”) in mb of all
nuclide products. The option misy = 0 does not provide such yields.

With the option misy = 1, CEMO03.01 calculates yields of all isotopes produced in a reaction,
as well as the integrated mass and charge yields in mb and the mass and charge distributions
of their mean kinetic energies and their variances in MeV. In all cases, lines with all zero values
not written to the output file.

The option misy = 2 provides the same as misy = 1, plus:

it provides also yields of all nuclei, mass and charge distributions of cross sections and of
mean kinetic energy of products emitted separately in the forward and backward directions in
the laboratory system:;

the average kinetic energy in MeV of all products;

mass yield and mean and variance of the laboratory emission angle in degrees as functions
of the product mass number;

mean and variance of the z-velocity (parallel to the projectile beam) of all products in
units of v/c and the ratio of the mass yields of products emitted in the forward direction in
the laboratory system to those for the backward direction (the F/B ratio) and its variance as
functions of product mass numbers;

similar distributions as functions of the atomic number of the products.

Finally, the most detailed option misy = 3 provides the same as misy = 2, plus:

mass distributions of excited nuclei after the cascade and preequilibrium stages of a reaction
and distributions at the beginning of the evaporation stage of nuclei that will not fission, of ones
that will fission, and of all nuclei just prior to fission, after any possible prefission evaporation;

similar distributions of nuclei as functions of their atomic number;

excitation energy distributions in 1/MeV of nuclei after the cascade and preequilibrium
stages and distributions at the beginning of the evaporation stage of nuclei that will not fission,
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of ones that will fission, and of all nuclei just prior to fission;

similar distributions for linear momentum of nuclei in 1/MeV/c;

similar distributions for angular momentum of nuclei in 1/#;

distrubutions of fission-fragment opening angles in the laboratory system in 1/degrees in
different bins of neutron multiplicity < n >, namely, for < n >=0—-5, < n >= 6 — 8§,
<n>=9—-12,<n>=13—-15, <n>=16—19, and < n >> 20, respectively;

neutron-multiplicity probabilities for all events, as well as for the emission of neutrons only
during the cascade and preequilibrium stages of reaction, and for evaporation from events
without fission (labeled in the output as Evap. res., from evaporation before fission for events
that will fission (labeled in the output as Pre-fiss, and from evaporation from fission fragments
after fission (labeled in the output as Post-fiss).

At the end of tables with these distributions, the mean values (labeled as < ... >), their
standard deviations (labeled as St dv), and the corresponding normalization factor (labeled as
norm.) are printed in the output, respectively.

4.15. 17th Input Line

The parameter mdubl on this line defines whether to calculate or not double-differential
spectra of ejectiles d?c/(dTdS?) in mb/(MeV sr). Use for the parameter mdubl values of 0, 1, or
2 to not calculate, to calculate, or to calculate only for fission events d?c/(dTdS?) of ejectiles,
in the same manner as described above for the parameter mspec defined on the 13th line.

4.16. 18th Input Line

The parameter mang on this line defines whether to calculate or not energy-integrated an-
gular spectra of ejectiles do/d€2 in mb/sr. Use for the parameter mang values of 0, 1, or 2 to
not calculate, to calculate, or to calculate only for fission events do/dS2 of ejectiles, in the same
manner as described above for the parameter mspec defined on the 13th line.

4.17. 19th Input Line

The parameters iparl and ipar2 on this line define the range of the ejectile types for cal-
culations of spectra do/dT, do/dQ2, and d?c/(dTdS?), with the notation of the particle “type”
(ID) as described above: 1, 2, 3, 4, 5, 6, 7, 8, and 9 for n, p, d, t, 3He, *He, 7, 7°, and 7,
respectively. Note that the code does not allow us to calculate electively spectra of only several
particles when their ID are not ordered: E.g., if we need spectra of only n, d, and 7, we will
have to calulate in a loop spectra of all 9 types of particles, using iparl = 1 and iparl = 9. To
calculate spectra (and multiplicities) of fragments heavier than *He, users will have to modify
the writing to the output file for themselves.

4.18. 20th Input Line

This line defines up to 10 angle bins O(j) from O;(j) to O(j) in degrees for double-
differential spectra calculations (when mdubl = 1). The code calculates in a loop either 10
spectra starting with j = 1 to j = 10, or until a value of ©(j) read from this line is negative.
If we need, e.g., d*c/(dTdQ) for only two angles (©(1) < ©(2)), define on this line the cor-
responding values of ©(1), ©5(1), and ©1(2), O2(2), and use any negative number for ©,(3),
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like -5.0, then include values for the rest of ©1(j), ©2(j), up to j = 10 as well, since the code
expects to encounter all 20 values.

4.19. 21st Input Line

This line defines energy bins AT'(j) for four energy regions j, from T7(j) to T2(j) (j = 1,4)
in MeV for angle-integrated energy spectra do/dT and double-differential spectra d*c/(dTdS2)
calculations (when mspec > 1 or/and mdubl > 1). Take care that the whole possible en-
ergy region is covered by the four energy regions chosen on this line, so that T»(1) = 71(2),
T5(2) = T1(3), and T»(3) = T1(4), as is done in our examples of inputs shown in Appendix 1.
It is also important that the value of T5(4) be as large as the maximum energy particle to be
encountered.

4.20. 22nd Input Line

The parameter nevtype on this line defines the number of up to 66 different types of parti-
cles to be possibly evaporated, as described above in Section 2.4. We recommend using for the
parameter nevtype on this line values in the range 7-66 only when fragments heavier than *He,
need to be considered; otherwise, we suggest using a default value of 6, saving much computing
time. See more details at the end of Section 2.4.

4.21. 23rd Input Line

The parameter nh on this line defines the number of up to 10 lines of commentary text to
be printed in the beginning of the output as a header describing the given calculation. It could
be zero, if users do not need to have any comments in their output.

4.22. Input Lines from 24 to 33

Here, users put up to 10 lines of commentary text to be printed in the beginning of the
output as a header, as described above (up to 72 characters per line).

4.23. Input lines from 23 + nh + 1 to ...

All lines from 3 to 23 + nh may be repeated (with appropriately changed input values) as
many times as desired in order to study other energy ranges, target isotopes, projectiles, etc.

4.24. The Last Input Line

On the last line of the input should be: stop.

5. Output File

The CEMO03.01 output has plenty of captions and descriptions of all quantities printed,
therefore we hope that users will have few problems in understanding it, given the information
in the previous Section. We mention here only a few points about the output.

34



In the beginning of the output, all CEM03.01 input parameters and appoximations for the
level-density parameters used at the preequilibrium stage of the reaction are listed.

Then the total reaction cross section is listed, as described in Section 2.7.

The total number of inelastic and elastic simulated events are printed. Note that the elastic
cross section printed after that is only to give users an idea about its order of magnitude:
CEMO03.01, like many other INC-based models does not pretend to describe reliably elastic
cross sections.

Following this are several tables with statistical information about the mean values of the
excitation energy, charge, mass, and angular momentum of nuclei after the cascade and pree-
quilibrium stages of reactions, as well as similar distributins (plus a little more) for fissioning
nuclei. Possible negative values for the minimum excitation energy of nuclei after the INC
labeled as E¥min may occur for some reactions. This does not indicate that CEM03.01 met a
problem in calculating that specific reaction or something was wrong. A negative “excitation
energy” may appear in occasional cases at the beginning of the preequilibrium stage of a re-
action, when the real excitation energy of a nucleus after the INC is positive but very small.
We subtract from it at the preequilibrium stage the pairing energy and the rotational energy
(which are ignored by the classical INC). These rare cases are handled internally by counting
them the same as any other case exiting from the cascade with an excitation energy less than a
particle binding energy (listed as a residual nucleus with only cascade particles in the particle
arrays spt and parz).

Following these tables, the fission probability (labeled as Fissility) and the fission crosss
section in mb, if the target was heavy enough to fission, are presented. CEMO03.01 calculates the
fission probability and cross section in two different ways: by the direct Monte-Carlo method
and using the statistical weight-function method (see details in [9]), and results from both
methods are printed in the output. All the yields of all products are calculated in CEM03.01
using the direct Monte-Carlo method, using the fission cross section calculated by this method.
Therefore, we suggest that users use the fission probability and cross section calculated by
the direct Monte-Carlo method, if the statistics of the calculation are high enough so that
the fission cross section provided by the Monte-Carlo method is not too small, and greater
than its statistical error printed in the output. At low incident energies, for reactions on light
preactinide nuclei, the fission cross sections calculated by the Monte-Carlo method may be too
small (or even zero), with big statistical errors. In such cases, users should instead use the
fission probabilities and cross sections calulated by the statistical weight-function method.

We would like to emphasize that all results provided by CEMO03.01 for reactions induced by
bremsstrahlung 7’s are normalized to the so-called “equivalent v quanta”, as is usually done in
the literature (see details on bremsstrahlung reactions in [19]). This point is mentioned in the
CEMO03.01 output, but the situation is different from all other types of reactions considered by
the code, so we wish to again remind users about this. The output and the figures for Example
10 in the Appendices illustrate this difference.

Finally, for the input parameters mspec, mpyld, mdubl, and mang having the value 2 instead
of 1, the spectra, particle multiplicities and the mean kinetic energies printed in the output are
for events with fission only but not for all simulated events.
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Appendix 1

CEMO03.01 Input Example 1

p500Ni6.inf /File name for diagnostic output. (30 char.)
p500Ni6.res /File name for results of calculation. (30 char.)
prot /pname/ projectile particle name:

prot - proton, neut - neutron, pipl - pi+, pimi - pi-, pize - piO,

gamm - gamma with fixed energy, gamb - bremss. gamma, stop - no more calc.
500.0 /tOmev/ minimum (initial) projectile kinetic energy in MeV; [tgmin for gamb]
58. /anucl/ target mass number

28. /znucl/ target atomic number

10000 /limc/ total number of inelastic events, normally 2000-500000

-20. /dt0/ projectile kinetic energy step-size in MeV [Only 1 energy if <0.]
500.5 /tOmax/ maximum (final) projectile kinetic energy in MeV, [tgmax for gamb]
10. /dteta/ step-size (degrees) in ejectile angular distributions [mang > 0]

/mspec/ (0/1,2) if ejectile energy spectra (are not/are) needed

/mpyld/ (0/1,2) if particle yield tables (are not/are) needed

/mchy/  (0/1) if particle channel yields (are not/are) needed

/misy/ (0/1,2,3) if isotope yields (are not/are) needed

/mdubl/ (0/1,2) if double differential spectra (are not/are) needed

/mang/  (0/1,2) if angular distributions (are not/are) needed

2 2 /iparl,ipar2/ range of ejectile types for spectrum calcs. [Below, ang. bins for mdubl > 0]

60.0 70.0 85.0 95.0 115.0 125.0 155.0 165.0 -5.0 65.0 75.0 85.0 95.0 105.0 115.0 125.0 135.0 145.0 155.0 165.0
0. 22. 1. 22. 100. 3. 100. 500. 10. 500. 5000. 200. /tmin, tmax, dt, j=1-4/

O+ OO O

6 /nevtype/ number of evaporated particle types (see table in bldatgem.f).

1 /nh/ Lines of text (<11) to be read in; printed on results file (line 2).
Example No. 1: Proton spectra from 500 MeV p + Ni58; 10,000 events

stop

CEMO03.01 Input Example 2

pim500Cu. inf /File name for diagnostic output. (30 char.)
pimb00Cu.res /File name for results of calculation. (30 char.)
pimi /pname/ projectile particle name:

prot - proton, neut - neutron, pipl - pi+, pimi - pi-, pize - piO,

gamm - gamma with fixed energy, gamb - bremss. gamma, stop - no more calc.
500.0 /tOmev/ minimum (initial) projectile kinetic energy in MeV; [tgmin for gamb]
64. /anucl/ target mass number

29. /znucl/ target atomic number

10000 /limc/ total number of inelastic events, normally 2000-500000

-20. /dt0/ projectile kinetic energy step-size in MeV [Only 1 energy if <0.]
500.5 /tOmax/ maximum (final) projectile kinetic energy in MeV, [tgmax for gamb]
10. /dteta/ step-size (degrees) in ejectile angular distributions [mang > 0]

1 /mspec/ (0/1,2) if ejectile energy spectra (are not/are) needed

1 /mpyld/ (0/1,2) if particle yield tables (are not/are) needed

0 /mchy/  (0/1) if particle channel yields (are not/are) needed

0 /misy/ (0/1,2,3) if isotope yields (are not/are) needed

1 /mdubl/ (0/1,2) if double differential spectra (are not/are) needed

0 /mang/  (0/1,2) if angular distributions (are not/are) needed

8 8 /iparl,ipar2/ range of ejectile types for spectrum calcs. [Below, ang. bins for mdubl > 0]
25.0 35.0 45.0 55.0 65.0 75.0 -55.0 165.0 55.0 65.0 75.0 85.0 95.0 105.0 115.0 125.0 135.0 145.0 155.0 165.0
0. 500. 10. 500. 600. 10. 600. 700. 10. 700. 5000. 20. /tmin, tmax, dt, j=1-4/

6 /nevtype/ number of evaporated particle types (see table in bldatgem.f).

1 /nh/ Lines of text (<11) to be read in; printed on results file (line 2).
Example No. 2: pi0 spectra from 500 MeV pim + Cu64; 10,000 events

stop
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CEMO03.01 Input Example 3

n562cu.inf /File name for diagnostic output. (30 char.)
nb62cu.res /File name for results of calculation. (30 char.)
neut /pname/ projectile particle name:

prot - proton, neut - neutron, pipl - pi+, pimi - pi-, pize - piO,

gamm - gamma with fixed energy, gamb - bremss. gamma, stop - no more calc.
562.5 /tOmev/ minimum (initial) projectile kinetic energy in MeV; [tgmin for gamb]
64. /anucl/ target mass number

29. /znucl/ target atomic number

10000 /limc/  total number of inelastic events, normally 2000-500000

-10. /dt0/ projectile kinetic energy step-size in MeV [Only 1 energy if <0.]
600.5 /tOmax/ maximum (final) projectile kinetic energy in MeV, [tgmax for gamb]
10. /dteta/ step-size (degrees) in ejectile angular distributions [mang > 0]

0 /mspec/ (0/1,2) if ejectile energy spectra (are not/are) needed

1 /mpyld/ (0/1,2) if particle yield tables (are not/are) needed

0 /mchy/  (0/1) if particle channel yields (are not/are) needed

0 /misy/  (0/1,2,3) if isotope yields (are not/are) needed

1 /mdubl/ (0/1,2) if double differential spectra (are not/are) needed

0 /mang/  (0/1,2) if angular distributions (are not/are) needed

9 9 /iparl,ipar2/ range of ejectile types for spectrum calcs. [Below, ang. bins for mdubl > 0]

25.0 35.0 55.0 65.0 75.0 85.0 115.0 125.0 -5.0 65.0 75.0 85.0 95.0 105.0 115.0 125.0 135.0 145.0 155.0 165.0
0. 500. 20. 500. 600. 20. 600. 700. 20. 700. 5000. 20. /tmin, tmax, dt, j=1-4/

6 /nevtype/ number of evaporated particle types (see table in bldatgem.f).

1 /nh/ Lines of text (<11) to be read in; printed on results file (line 2).
Example No. 3: pip spectra from 562.5 MeV n + Cu64; 10,000 events

stop

CEMO03.01 Input Example 4

pipl_b6fe.inf /File name for diagnostic output. (30 char.)
pipl_bfe.res /File name for results of calculation. (30 char.)
pipl /pname/ projectile particle name:

prot - proton, neut - neutron, pipl - pi+, pimi - pi-, pize - piO,

gamm - gamma with fixed energy, gamb - bremss. gamma, stop - no more calc.
1500.0 /tOmev/ minimum (initial) projectile kinetic energy in MeV; [tgmin for gamb]
56. /anucl/ target mass number

26. /znucl/ target atomic number

10000 /limc/ total number of inelastic events, normally 2000-500000

-10. /dt0o/ projectile kinetic energy step-size in MeV [Only 1 energy if <0.]
1600.5 /tOmax/ maximum (final) projectile kinetic energy in MeV, [tgmax for gamb]
10. /dteta/ step-size (degrees) in ejectile angular distributions [mang > 0]

0 /mspec/ (0/1,2) if ejectile energy spectra (are not/are) needed

1 /mpyld/ (0/1,2) if particle yield tables (are not/are) needed

0 /mchy/  (0/1) if particle channel yields (are not/are) needed

0 /misy/ (0/1,2,3) if isotope yields (are not/are) needed

1 /mdubl/ (0/1,2) if double differential spectra (are not/are) needed

0 /mang/  (0/1,2) if angular distributions (are not/are) needed

1 1 /iparl,ipar2/ range of ejectile types for spectrum calcs. [Below, ang. bins for mdubl > 0]

25.0 35.0 85.0 95.0 145.0 155.0 -15.0 125.0 -5.0 65.0 75.0 85.0 95.0 105.0 115.0 125.0 135.0 145.0 155.0 165.0
0. 10. 1. 10. 100. 10. 100. 1500. 100. 1500. 5000. 200. /tmin, tmax, dt, j=1-4/

6 /nevtype/ number of evaporated particle types (see table in bldatgem.f).

1 /nh/ Lines of text (<11) to be read in; printed on results file (line 2).
Example N. 4: n spectra from 1.5 GeV pip + Feb56; 10,000 events

stop
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CEMO03.01 Input Example 5

nAu6. inf /File name for diagnostic output. (30 char.)
nAu6.res /File name for results of calculation. (30 char.)
neut /pname/ projectile particle name:

prot - proton, neut - neutron, pipl - pi+, pimi - pi-, pize - piO,

gamm - gamma with fixed energy, gamb - bremss. gamma, stop - no more calc.
30.0 /tOmev/ minimum (initial) projectile kinetic energy in MeV; [tgmin for gamb]
197. /anucl/ target mass number

79. /znucl/ target atomic number

10000 /limc/  total number of inelastic events, normally 2000-500000

10. /dt0/ projectile kinetic energy step-size in MeV [Only 1 energy if <0.]
300.5 /tOmax/ maximum (final) projectile kinetic energy in MeV, [tgmax for gamb]
10. /dteta/ step-size (degrees) in ejectile angular distributions [mang > 0]
0 /mspec/ (0/1,2) if ejectile energy spectra (are not/are) needed

1 /mpyld/ (0/1,2) if particle yield tables (are not/are) needed

0 /mchy/  (0/1) if particle channel yields (are not/are) needed

0 /misy/  (0/1,2,3) if isotope yields (are not/are) needed

0 /mdubl/ (0/1,2) if double differential spectra (are not/are) needed

0 /mang/  (0/1,2) if angular distributions (are not/are) needed

2 2 /iparl,ipar2/ range of ejectile types for spectrum calcs. [Below, ang. bins for mdubl > 0]

25.0 35.0 45.0 55.0 65.0 75.0 -55.0 165.0 55.0 65.0 75.0 85.0 95.0 105.0 115.0 125.0 135.0 145.0 155.0 165.0
0. 500. 10. 500. 600. 10. 600. 700. 10. 700. 5000. 20. /tmin, tmax, dt, j=1-4/

6 /nevtype/ number of evaporated particle types (see table in bldatgem.f).

2 /nh/ Lines of text (<11) to be read in; printed on results file (line 2).

Example No. 5: fission cross section of Aul97 bumbarded with

neutrons from 30 to 300 MeV with a step of 10 MeV; 10,000 events

stop

CEMO03.01 Input Example 6

p62_9Pb6 . inf /File name for diagnostic output. (30 char.)
p62_9Pb6.res /File name for results of calculation. (30 char.)
prot /pname/ projectile particle name:

prot - proton, neut - neutron, pipl - pi+, pimi - pi-, pize - piO,

gamm - gamma with fixed energy, gamb - bremss. gamma, stop - no more calc.
62.9 /tOmev/ minimum (initial) projectile kinetic energy in MeV; [tgmin for gamb]
208. /anucl/ target mass number

82. /znucl/ target atomic number

10000 /limc/ total number of inelastic events, normally 2000-500000

-10. /dt0/ projectile kinetic energy step-size in MeV [Only 1 energy if <0.]
200.5 /tOmax/ maximum (final) projectile kinetic energy in MeV, [tgmax for gamb]
10. /dteta/ step-size (degrees) in ejectile angular distributions [mang > 0]

1 /mspec/ (0/1,2) if ejectile energy spectra (are not/are) needed

1 /mpyld/ (0/1,2) if particle yield tables (are not/are) needed

0 /mchy/ (0/1) if particle channel yields (are not/are) needed

0 /misy/  (0/1,2,3) if isotope yields (are not/are) needed

1 /mdubl/ (0/1,2) if double differential spectra (are not/are) needed

1 /mang/  (0/1,2) if angular distributions (are not/are) needed

1 6 /iparl,ipar2/ range of ejectile types for spectrum calcs. [Below, ang. bins for mdubl > 0]

22.5 27.5 52.5 57.5 72.5 77.5 92.5 97.5 112.5 117.5 152.5 157.5 -5.0 105.0 115.0 125.0 135.0 145.0 155.0 165.0
0. 22. 1. 22. 120. 2. 120. 400. 10. 400. 1000. 20. /tmin, tmax, dt, j=1-4/

6 /nevtype/ number of evaporated particle types (see table in bldatgem.f).

2 /nh/ Lines of text (<11) to be read in; printed on results file (line 2).

Example No. 6: energy, angular, and double-differential spectra

of n to He from 62.9 MeV p + Pb208; 10,000 events

stop
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CEMO03.01 Input Example 7

p800Au6. inf /File name for diagnostic output. (30 char.)
p800Aub.res /File name for results of calculation. (30 char.)
prot /pname/ projectile particle name:

prot - proton, neut - neutron, pipl - pi+, pimi - pi-, pize - piO,

gamm - gamma with fixed energy, gamb - bremss. gamma, stop - no more calc.
800.0 /tOmev/ minimum (initial) projectile kinetic energy in MeV; [tgmin for gamb]
197. /anucl/ target mass number

79. /znucl/ target atomic number

10000 /limc/  total number of inelastic events, normally 2000-500000

-20. /dt0/ projectile kinetic energy step-size in MeV [Only 1 energy if <0.]
1000.5 /tOmax/ maximum (final) projectile kinetic energy in MeV, [tgmax for gamb]
10. /dteta/ step-size (degrees) in ejectile angular distributions [mang > 0]

0 /mspec/ (0/1,2) if ejectile energy spectra (are not/are) needed

1 /mpyld/ (0/1,2) if particle yield tables (are not/are) needed

0 /mchy/  (0/1) if particle channel yields (are not/are) needed

1 /misy/  (0/1,2,3) if isotope yields (are not/are) needed

0 /mdubl/ (0/1,2) if double differential spectra (are not/are) needed

0 /mang/  (0/1,2) if angular distributions (are not/are) needed

2 2 /iparl,ipar2/ range of ejectile types for spectrum calcs. [Below, ang. bins for mdubl > 0]

25.0 35.0 45.0 55.0 65.0 75.0 -55.0 165.0 55.0 65.0 75.0 85.0 95.0 105.0 115.0 125.0 135.0 145.0 155.0 165.0
0. 500. 10. 500. 600. 10. 600. 700. 10. 700. 5000. 20. /tmin, tmax, dt, j=1-4/

6 /nevtype/ number of evaporated particle types (see table in bldatgem.f).

2 /nh/ Lines of text (<11) to be read in; printed on results file (line 2).

Example No. 7: xsec and kinetic energy of all products measued

at GSI in inverse kinematics for 800 MeV p + Aul97; 10,000 events

stop

CEMO03.01 Input Example 8

p1000Fe6. inf /File name for diagnostic output. (30 char.)
pl000Fe6.res /File name for results of calculation. (30 char.)
prot /pname/ projectile particle name:

prot - proton, neut - neutron, pipl - pi+, pimi - pi-, pize - piO,

gamm - gamma with fixed energy, gamb - bremss. gamma, stop - no more calc.
1000.0 /tOmev/ minimum (initial) projectile kinetic energy in MeV; [tgmin for gamb]
56. /anucl/ target mass number

26. /znucl/ target atomic number

10000 /limc/ total number of inelastic events, normally 2000-500000

-20. /dt0/ projectile kinetic energy step-size in MeV [Only 1 energy if <0.]
1000.5 /tOmax/ maximum (final) projectile kinetic energy in MeV, [tgmax for gamb]
10. /dteta/ step-size (degrees) in ejectile angular distributions [mang > 0]

0 /mspec/ (0/1,2) if ejectile energy spectra (are not/are) needed

1 /mpyld/ (0/1,3) if particle yield tables (are not/are) needed

0 /mchy/ (0/1) if particle channel yields (are not/are) needed

3 /misy/  (0/1,2,3) if isotope yields (are not/are) needed

0 /mdubl/ (0/1,2) if double differential spectra (are not/are) needed

0 /mang/  (0/1,2) if angular distributions (are not/are) needed

2 2 /iparl,ipar2/ range of ejectile types for spectrum calcs. [Below, ang. bins for mdubl > 0]

25.0 35.0 45.0 55.0 65.0 75.0 -55.0 165.0 55.0 65.0 75.0 85.0 95.0 105.0 115.0 125.0 135.0 145.0 155.0 165.0
0. 500. 10. 500. 600. 10. 600. 700. 10. 700. 5000. 20. /tmin, tmax, dt, j=1-4/

6 /nevtype/ number of evaporated particle types (see table in bldatgem.f).

3 /nh/ Lines of text (<11) to be read in; printed on results file (line 2).

Example No. 8: yields, mean kinetic energy, angle of emission,

and much more (the most complete output) of all products measured

at GSI in inverse kinematics for 1000 MeV p + Feb6; 10,000 events

stop
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CEMO03.01 Input Example 9

g300Cu. inf /File name for diagnostic output. (30 char.)
g300Cu.res /File name for results of calculation. (30 char.)
gamm /pname/ projectile particle name:

prot - proton, neut - neutron, pipl - pi+, pimi - pi-, pize - piO,

gamm - gamma with fixed energy, gamb - bremss. gamma, stop - no more calc.
300.0 /tOmev/ minimum (initial) projectile kinetic energy in MeV; [tgmin for gamb]
64. /anucl/ target mass number

29. /znucl/ target atomic number

10000 /limc/  total number of inelastic events, normally 2000-500000

-5. /dt0/ projectile kinetic energy step-size in MeV [Only 1 energy if <0.]
300.5 /tOmax/ maximum (final) projectile kinetic energy in MeV, [tgmax for gamb]
10. /dteta/ step-size (degrees) in ejectile angular distributions [mang > 0]
0 /mspec/ (0/1,2) if ejectile energy spectra (are not/are) needed

1 /mpyld/ (0/1,2) if particle yield tables (are not/are) needed

0 /mchy/  (0/1) if particle channel yields (are not/are) needed

0 /misy/  (0/1,2,3) if isotope yields (are not/are) needed

1 /mdubl/ (0/1,2) if double differential spectra (are not/are) needed

0 /mang/  (0/1,2) if angular distributions (are not/are) needed

2 2 /iparl,ipar2/ range of ejectile types for spectrum calcs. [Below, ang. bins for mdubl > 0]

42.5 47.5 87.5 92.5 132.5 137.5 -55.0 165.0 55.0 65.0 75.0 85.0 95.0 105.0 115.0 125.0 135.0 145.0 155.0 165.0
0. 22. 1. 22. 120. 2. 120. 400. 10. 400. 1000. 20. /tmin, tmax, dt, j=1-4/

6 /nevtype/ number of evaporated particle types (see table in bldatgem.f).

2 /nh/ Lines of text (<11) to be read in; printed on results file (line 2).

Example No. 9: p spectra from monochromatic 300 MeV gamma + 64Cu;

10,000 events

stop

CEMO03.01 Input Example 10

b1000Au6. inf /File name for diagnostic output. (30 char.)
b1000Au6.res /File name for results of calculation. (30 char.)
gamb /pname/ projectile particle name:

prot - proton, neut - neutron, pipl - pi+, pimi - pi-, pize - piO,

gamm - gamma with fixed energy, gamb - bremss. gamma, stop - no more calc.
30.0 /tOmev/ minimum (initial) projectile kinetic energy in MeV; [tgmin for gamb]
197. /anucl/ target mass number

79. /znucl/ target atomic number

10000 /limc/ total number of inelastic events, normally 2000-500000

-20. /dt0/ projectile kinetic energy step-size in MeV [Only 1 energy if <0.]
1000.0 /tOmax/ maximum (final) projectile kinetic energy in MeV, [tgmax for gamb]
10. /dteta/ step-size (degrees) in ejectile angular distributions [mang > 0]

0 /mspec/ (0/1,2) if ejectile energy spectra (are not/are) needed

1 /mpyld/ (0/1,2) if particle yield tables (are not/are) needed

0 /mchy/ (0/1) if particle channel yields (are not/are) needed

3 /misy/  (0/1,2,3) if isotope yields (are not/are) needed

0 /mdubl/ (0/1,2) if double differential spectra (are not/are) needed

0 /mang/  (0/1,2) if angular distributions (are not/are) needed

2 2 /iparl,ipar2/ range of ejectile types for spectrum calcs. [Below, ang. bins for mdubl > 0]

25.0 35.0 45.0 55.0 65.0 75.0 -55.0 165.0 55.0 65.0 75.0 85.0 95.0 105.0 115.0 125.0 135.0 145.0 155.0 165.0
0. 500. 10. 500. 600. 10. 600. 700. 10. 700. 5000. 20. /tmin, tmax, dt, j=1-4/

6 /nevtype/ number of evaporated particle types (see table in bldatgem.f).

4 /nh/ Lines of text (<11) to be read in; printed on results file (line 2).

Example No. 10: yields, mean kinetic energy, emission andle,

neutron multiplicities, Forward/Backward ratios, and much more

(the most complete output) of all products from E_max = 1000 MeV

bremsstrahlung gammas + 197Au; 10,000 events

stop
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Appendix 2

To save space, parts of long tables shown in all 10 examples of the CEMO03.01 output are
deleted and replaced here with a dashed line, keeping only the first two and the last two lines
of each table. We also deleted the information about the level-density parameter used in the
preequilibrium calculations in all examples except the first one.

CEMO03.01 Output Example 1

Sun Aug 21 11:48:33 2005
Example No. 1: Proton spectra from 500 MeV p + Ni58; 10,000 events

Number of types of evaporated particles = 6
M TO A Z Q B limc idel

0.9383 0.5000 58. 28. 1 1 10000 1

dt0 = -20.0, tOmax = b500.5, dteta = 10.0

nnnp mspec mpyld mchy misy mdubl mang iparl ipar2
0 0 1 0 0 1 0 2 2

rOm = 1.2, \& cevap = 12.0.

Thetal Theta2 Theta3 Thetad Thetab Thetab
60.0 70.0 85.0 95.0 115.0 125.0 155.0 165.0 -5.0 65.0 75.0 85.0

Theta?7 Theta8 Thetad Thetall
95.0 105.0 115.0 125.0 135.0 145.0 155.0 165.0

Tmin, Tmax, dT{1};Tmin, Tmax, dT{2};Tmin, Tmax, dT{3};Tmin, Tmax, dT{4}.
0.0 22.0 1.00 22.0 100.0 3.00 100. 500. 10.0 500. 5000. 200.

lim = 100000

Geometrical cross section = 1387.69 mb.

Calculation takes into account fission and evaporation processes

using Furihata-s GEM2 code.

The following level density parameters were used in

the preequilibrium part of this calculation:

a(z,N,E) was calculated with Moller, Nix, Myers \& Swiatecki microscopic
corrections; [Atomic Data Nucl. Data Tables, 59, 185 (1995)];

Level density is from a shifted Fermi-gas formula, with the shift given by
0, delta-p, delta-n, or delta-p + delta-n, for odd-odd; odd-n, even-p;

odd-p, even-n; and even-even nuclei, respectively for the compound

nucleus, and similarly using deltaM-p and deltaM-n for the saddle point.

delta-n and delta-p are tabulated by Moller, Nix \& Kratz and

deltaM-n and deltaM-p are 4.80 MeV * Bs * {1/N*%(1/3) or 1/Zxx(1/3)}.

Bs is the surface area of the saddle-point shape with respect to a sphere.

Inelastic cross section used here = 684.39 mb
Monte Carlo inelastic cross section = 699.16 mb

Sun Aug 21 11:48:33 2005

500.0 MeV (z = 1, A =1) + (Z =28., A = B58.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 9848,
Reaction cross section = 684.39 mb, Elastic cross section = 673.99 mb.

The mean excitation energy, charge, mass, and angular momentum
of the 10000 nuclei after the
cascade and before preequilibrium decay are:

Exav = 84.4 +/- 74.2 MeV; E#min = -3.5; E*max = 410.7
Zav = 27.2 +/- 1.1; Zmin = 22.; Zmax = 30.
Aav = B5.7 +/- 1.6; Amin = 48.; Amax = 58.
Lav = 5.3 +/- 3.4 h-bar; Lmin = 0.; Lmax = 26.

The mean charge, mass, and angular momentum

of the 580 residual nuclei with less than

3 MeV of excitation energy after the cascade are:

Zav = 28.1 +/- 0.3; Zmin = 28.; Zmax = 29.
Aav = 57.1 +/- 0.5; Amin = B55.; Amax = 58.
Lav = 2.5 +/- 1.5 h-bar; Lmin = 0.; Lmax = 11.

The mean excitation energy, charge, mass, and angular momentum

of the 9420 nuclei after preequilibrium

decay and before the start of statistical decay are:

Exav = 73.4 +/- 62.9 MeV; E*min = 1.1; E*max = 398.6
Zav = 26.7 +/- 1.3; Zmin = 20.; Zmax = 30.
Aav = 54.9 +/- 2.2; Amin = 43.; Amax = 58.
Lav = 6.2 +/- 4.1 h-bar; Lmin = 0.; Lmax = 35.

The mean kinetic energy, charge, mass, and angular momentum
of the 10000 residual nuclei are:

Ekav = 2.6 +/- 3.5 MeV; Ekmin = 0.0; Ekmax = 49.3
Zav = 23.7 +/- 3.4; Zmin = 10.; Zmax = 29.
Aav = 49.5 +/- 6.8; Amin = 20.; Amax = 58.
Lav = 6.0 +/- 4.1 h-bar; Lmin = 0.; Lmax = 35.
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Number of coalesced d, t, He3, He4 =

2479 444

349

174

Mean multiplicities, yields, and mean energies of ejected particles:
(Notation: T -

Sp - from spallation residues,

all production

h

isms, C -

de, P - preequilibrium,
Pf - from nuclei before fission,

F - from fission fragments, E - total evaporation = Sp + Pf + F,
Co - Coalescence from cascade;
Values which are identically zero are not printed.

Precompound

.000E+00 +/- 0.00E+00
.000E+00 +/- 0.00E+00

.000E+00 +/- 0.00E+00
.000E+00 +/- 0.00E+00

.T22E+00 +/- 8.19E-01

Precompound

.000E+00 +/- 0.00E+00
.000E+00 +/- 0.00E+00

.000E+00 +/- 0.00E+00
.000E+00 +/- 0.00E+00

874E+00 +/- 7.01E-01

Precompound

.000E+00 +/- 0.00E+00
.000E+00 +/- 0.00E+00

.000E+00 +/- 0.00E+00
.000E+00 +/- 0.00E+00

195E+00 +/- 6.12E-01

Precompound

.000E+00 +/- 0.00E+00

1

1.

1.

1.

Total Evaporation

.379E-01 +/- 9.75E-02
.620E+00 +/- 4.25E-01

.000E+00 +/- 0.00E+00
.000E+00 +/- 0.00E+00

.154E+02 +/- 2.82E+00

Total Evaporation

.999E-01 +/- 1.77E-01
.687E+00 +/- 4.80E-01

.000E+00 +/- 0.00E+00
.000E+00 +/- 0.00E+00

0BBE+02 +/- 2.57E+00

Total Evaporation

.051E-01 +/- 1.91E-01
.041E+00 +/- 5.40E-01

.000E+00 +/- 0.00E+00
.000E+00 +/- 0.00E+00

00BE+02 +/- 2.69E+00

Total Evaporation
827E-01 +/- 1.83E-01

Part. Multiplicities Yields [mb] <TKE> [MeV]
T n 2.4754 +/- 0.0157 1694.140 +/- 10.768 53.75
C n 1.0704 +/- 0.0103 732.572 +/- 7.081 117.07
P n 0.0995 +/- 0.0032 68.097 +/- 2.159 17.37
Sp n 1.3055 +/- 0.0114 893.472 +/- 7.820 4.60
E n 1.3055 +/- 0.0114 893.472 +/- 7.820 4.60
T p 3.4962 +/- 0.0187 2392.766 +/- 12.797 66.51
C p 1.4179 +/- 0.0119 970.397 +/- 8.149 151.55
P p 0.1362 +/- 0.0037 93.214 +/- 2.526 19.53
Sp p 1.9421 +/- 0.0139 1329.155 +/- 9.538 7.72
E p 1.9421 +/- 0.0139 1329.155 +/- 9.538 7.72
T d 0.5950 +/- 0.0077 407.212 +/- 5.279 31.10
P d 0.0818 +/- 0.0029 55.983 +/- 1.957 22.87
Sp d 0.2653 +/- 0.0052 181.569 +/- 3.525 9.89
E d 0.2653 +/- 0.0052 181.569 +/- 3.525 9.89
Co d 0.2479 +/- 0.0050 169.660 +/- 3.408 56.52
T t 0.1029 +/- 0.0032 70.424 +/- 2.195 23.19
P t 0.0266 +/- 0.0016 18.205 +/- 1.116 26.41
Sp t 0.0319 +/- 0.0018 21.832 +/- 1.222 10.52
E ¢t 0.0319 +/- 0.0018 21.832 +/- 1.222 10.52
Co t 0.0444 +/- 0.0021 30.387 +/- 1.442 30.37
T He3 0.1111 +/- 0.0033 76.036 +/- 2.281 26.83
P He3 0.0308 +/- 0.0018 21.079 +/- 1.201 29.34
SpHe3 0.0454 +/- 0.0021 31.071 +/- 1.458 14.24
E He3 0.0454 +/- 0.0021 31.071 +/- 1.458 14.24
CoHe3 0.0349 +/- 0.0019 23.885 +/- 1.279 41.00
T He4 0.4213 +/- 0.0065 288.334 +/- 4.442 14.18
P He4 0.0251 +/- 0.0016 17.178 +/- 1.084 39.07
SpHed 0.3788 +/- 0.0062 259.247 +/- 4.212 11.93
E He4 0.3788 +/- 0.0062 259.247 +/- 4.212 11.93
CoHe4 0.0174 +/- 0.0013 11.908 +/- 0.903 27.14
pi- 0.0194 +/- 0.0014 13.277 +/- 0.953 49.83
pio 0.0638 +/- 0.0025 43.664 +/- 1.729 54.43
pi+ 0.0429 +/- 0.0021 29.360 +/- 1.418 53.90
protons
Double differential cross sections [mb/MeV/srl;
Lab. angle = 60.0 to 70.0 degrees.
Tp [MeV] Total Cascade
1.0- 2.0 1.379E-01 +/- 9.75E-02 0.000E+00 +/- 0.00E+00 0
2.0- 3.0 2.620E+00 +/- 4.25E-01 0.000E+00 +/- 0.00E+00 0
350.0- 360.0 6.895E-03 +/- 6.89E-03 6.895E-03 +/- 6.89E-03 0
360.0- 370.0 6.895E-03 +/- 6.89E-03 6.895E-03 +/- 6.89E-03 0
Integrated: 2.241E+02 +/- 3.93E+00 9.901E+01 +/- 2.61E+00 9
Double differential cross sections [mb/MeV/srl;
Lab. angle = 85.0 to 95.0 degrees.
Tp [MeV] Total Cascade
1.0- 2.0 4.999E-01 +/- 1.77E-01 0.000E+00 +/- 0.00E+00 0
2.0- 3.0 3.687E+00 +/- 4.80E-01 0.000E+00 +/- 0.00E+00 0
200.0- 210.0 6.249E-03 +/- 6.25E-03 6.249E-03 +/- 6.25E-03 0
220.0- 230.0 6.249E-03 +/- 6.25E-03 6.249E-03 +/- 6.25E-03 0
Integrated: 1.556E+02 +/- 3.12E+00 4.218E+01 +/- 1.62E+00 7.
Double differential cross sections [mb/MeV/srl;
Lab. angle = 115.0 to 125.0 degrees.
Tp [MeV] Total Cascade
1.0- 2.0 5.051E-01 +/- 1.91E-01 0.000E+00 +/- 0.00E+00 0
2.0- 3.0 4.041E+00 +/- 5.40E-01 0.000E+00 +/- 0.00E+00 0
150.0- 160.0 7.216E-03 +/- 7.22E-03 7.216E-03 +/- 7.22E-03 0
160.0- 170.0 1.443E-02 +/- 1.02E-02 1.443E-02 +/- 1.02E-02 0
Integrated: 1.198E+02 +/- 2.94E+00 1.407E+01 +/- 1.01E+00 5.
Double differential cross sections [mb/MeV/srl;
Lab. angle = 155.0 to 165.0 degrees.
Tp [MeV] Total Cascade
0.0- 1.0 1.827E-01 +/- 1.83E-01 0.000E+00 +/- 0.00E+00 0O
1.0- 2.0 1.644E+00 +/- 5.48E-01 0.000E+00 +/- 0.00E+00 0

.000E+00 +/- 0.00E+00

o4

1.

644E+00 +/- 5.48E-01



120.0- 130.0 1.827E-02 +/- 1.83E-02 1.827E-02 +/- 1.83E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
150.0- 160.0 1.827E-02 +/- 1.83E-02 1.827E-02 +/- 1.83E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00

Integrated: 1.045E+02 +/- 4.37E+00 6.943E+00 +/- 1.13E+00 4.750E+00 +/- 9.32E-01 9.281E+01 +/- 4.12E+00

Elapsed cpu time = 0. min and 23.450 sec.

CEMO03.01 Output Example 2

Sun Aug 21 11:50:11 2005

Example No. 2: pi0 spectra from 500 MeV pim + Cu64; 10,000 events
Number of types of evaporated particles = 6

M TO A Z Q B limc idel
0.1396 0.5000 64. 29. -1 0 10000 1

dt0 = -20.0, tOmax = 500.5, dteta = 10.0

nnnp mspec mpyld mchy misy mdubl mang iparl ipar2
0 1 1 0 0 1 0 8 8

rOm = 1.2, & cevap = 12.0.

Thetal Theta2 Theta3 Thetad Thetab Thetab
25.0 35.0 45.0 b55.0 65.0 75.0 -55.0 165.0 55.0 65.0 75.0 85.0

Theta7 Theta8 Theta9 Thetal0
95.0 105.0 115.0 125.0 135.0 145.0 155.0 165.0
Tmin, Tmax, dT{1};Tmin, Tmax, dT{2};Tmin, Tmax, dT{3};Tmin, Tmax, dT{4}.
0.0 500.0 10.00 500.0 600.0 10.00 600. 700. 10.0 700. 5000. 20.
lim = 100000 .
Geometrical cross section = 1445.99 mb.

Inelastic cross section used here = 673.37 mb
Monte Carlo inelastic cross section = 673.37 mb

Sun Aug 21 11:50:11 2005

500.0 MeV (Z = -1, A = 0) + (2 =29., A = 64.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 11474,
Reaction cross section = 673.37 mb, Elastic cross section = 772.62 mb.

The mean excitation energy, charge, mass, and angular momentum
of the 10000 nuclei after the
cascade and before preequilibrium decay are:

Exav = 103.9 +/- 91.4 MeV; E#min = -3.2; E*max = 488.3
Zav = 27.7 +/- 1.2; Zmin = 21.; Zmax = 30.
Aav = 60.8 +/- 2.4; Amin = 52.; Amax = 64.
Lav = 5.2 +/- 3.2 h-bar; Lmin = 0.; Lmax = 24,

The mean charge, mass, and angular momentum

of the 453 residual nuclei with less than

3 MeV of excitation energy after the cascade are:

Zav = 29.0 +/- 0.2; Zmin = 27.; Zmax = 29.
Aav = 62.9 +/- 0.5; Amin = B59.; Amax = 64.
Lav = 2.5 +/- 1.5 h-bar; Lmin = 0.; Lmax = 12.

The mean excitation energy, charge, mass, and angular momentum

of the 9546 nuclei after preequilibrium

decay and before the start of statistical decay are:
Exav = 89.9 +/- 79.6 MeV; E*min = 0.2; E*max = 483.5
Zav = 27.2 +/- 1.6; Zmin = 18.; Zmax = 30.
Aav = 59.9 +/- 3.1; Amin = 47.; Amax = 64.
Lav = 6.2 +/- 4.2 h-bar; Lmin = 0.; Lmax = 37.

The mean kinetic energy, charge, mass, and angular momentum
of the 10000 residual nuclei are:

Ekav = 2.3 +/- 3.0 MeV; Ekmin = 0.0; Ekmax = 30.4
Zav = 24.7 +/- 3.8; Zmin = 10.; Zmax = 30.
Aav = 53.3 +/- 8.5; Amin = 20.; Amax = 64.
Lav = 6.1 +/- 4.2 h-bar; Lmin = 0.; Lmax = 37.
Number of coalesced d, t, He3, He4 = 2310 688 172 141

Mean multiplicities, yields, and mean energies of ejected particles:
(Notation: T - all production hanisms, C - de, P - preequilibrium,
Sp - from spallation residues, Pf - from nuclei before fission,

F - from fission fragments, E - total evaporation = Sp + Pf + F,

Co - Coalescence from cascade;

Values which are identically zero are not printed.

Part. Multiplicities Yields [mb] <TKE> [MeV]
T n 4.9621 +/- 0.0223 3341.317 +/- 15.000 27.36
C n 1.9518 +/- 0.0140 1314.279 +/-  9.407 60.88

95



P n 0.1825 +/- 0.0043 122.890 +/-  2.877 17.41
Sp n 2.8278 +/- 0.0168 1904.149 +/- 11.323 4.87
E n 2.8278 +/- 0.0168 1904.149 +/- 11.323 4.87
T p 1.8339 +/- 0.0135 1234.889 +/-  9.119 30.11
C p 0.4837 +/- 0.0070 325.708 +/-  4.683 87.55
P p 0.1183 +/- 0.0034 79.659 +/-  2.316 21.51
Spp 1.2319 +/- 0.0111 829.521 +/-  7.474 8.39
E p 1.2319 +/- 0.0111 829.521 +/-  7.474 8.39
T d 0.6772 +/- 0.0082 456.004 +/-  5.541 24.55
P d 0.0929 +/- 0.0030 62.556 +/-  2.052 24.50
Sp d 0.3566 +/- 0.0060 240.123 +/-  4.021 10.22
E d 0.3566 +/- 0.0060 240.123 +/-  4.021 10.22
Co d 0.2277 +/- 0.0048 163.326 +/-  3.213 47.02
T ¢t 0.1861 +/- 0.0043 125.314 +/-  2.905 22.02
P t 0.0399 +/- 0.0020 26.867 +/- 1.345 29.02
Sp t 0.0783 +/- 0.0028 52.725 +/- 1.884 10.78
E ¢t 0.0783 +/- 0.0028 52.725 +/- 1.884 10.78
Co t 0.0679 +/- 0.0026 45.722 +/-  1.755 30.86
T He3 0.0870 +/- 0.0029 58.583 +/- 1.986 24.85
P He3 0.0317 +/- 0.0018 21.346 +/- 1.199 31.28
SpHe3 0.0387 +/- 0.0020 26.059 +/- 1.325 14.62
E He3 0.0387 +/- 0.0020 26.059 +/- 1.325 14.62
CoHe3 0.0166 +/- 0.0013 11.178 +/-  0.868 36.43
T Hed 0.4384 +/- 0.0066 295.204 +/-  4.458 14.15
P Hed 0.0229 +/- 0.0015 16.420 +/-  1.019 40.73
SpHe4 0.4015 +/- 0.0063 270.357 +/-  4.267 12.43
E Hed 0.4015 +/- 0.0063 270.357 +/-  4.267 12.43
CoHe4 0.0140 +/- 0.0012 9.427 +/-  0.797 19.89
pi- 0.5451 +/- 0.0074 367.053 +/-  4.972 285.58
pio 0.2729 +/- 0.0052 183.762 +/-  3.518 151.40
pi+ 0.0636 +/- 0.0025 42.826 +/- 1.698 75.34
neut pions
Energy Spectrum [mb/MeV]
Energy spectrum from 0.0 to 570.0 MeV (zero values suppressed).
TpiO[MeV] Total = Cascade
0.0- 10.0 7.878E-01 +/- 7.28E-02
10.0- 20.0 1.205E+00 +/- 9.01E-02
480.0- 490.0 1.145E-01 +/- 2.78E-02
490.0- 500.0 2.693E-02 +/- 1.35E-02
Integrated:  1.838E+02 +/- 3.52E+00

Double differential cross sections [mb/MeV/srl;

Lab. angle = 2

TpiO[MeV]

0.0- 10.0

10.0- 20.0
480.0- 490.0
490.0- 500.0

Integrated:

Double differential cross sections [mb/MeV/srl;

Lab. angle = 4

TpiO[MeV]

0.0- 10.0

10.0- 20.0
430.0- 440.0
450.0- 460.0

Integrated:

Double differential cross sections [mb/MeV/srl;

Lab. angle = 6

TpiO[MeV]

0.0- 10.0

10.0- 20.0
410.0- 420.0
430.0- 440.0

Integrated:

Elapsed cpu tim

5.0 to 35.0 degrees.
Total = Cascade
4.919E-02 +/- 2.46E-02
6.148E-02 +/- 2.75E-02
2.459E-02 +/- 1.T4E-02
1.230E-02 +/- 1.23E-02

3.197E+01 +/- 1.98E+00

5.0 to 55.0 degrees.
Total = Cascade
7.223E-02 +/- 2.41E-02
6.421E-02 +/- 2.27E-02
1.605E-02 +/- 1.14E-02
1.605E-02 +/- 1.14E-02

1.541E+01 +/- 1.11E+00

5.0 to 75.0 degrees.
Total = Cascade
3.926E-02 +/- 1.60E-02
1.374E-01 +/- 3.00E-02
1.309E-02 +/- 9.25E-03
6.543E-03 +/- 6.54E-03
1.354E+01

+/- 9.41E-01

e =

0. min and 27.110 sec.
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CEMO03.01 Output Example

Sun Aug 21 11:51:55 2005

Example No. 3: pip spectra from 562.5 MeV n

Number of types of evaporated particles =

M

TO A

0.9396 0.5625  64.

dt0 =

-10.0, tOmax

nnnp mspec mpyld

0

rOm =

0

1.2

Thetal

25.0 35.0 55.0 65.

Theta7
95.0 105.0 115.0 125.0 135.0 145.0 155.0 165.0

Tmin, Tmax, dT{1};Tmin, Tmax, dT{2};Tmin, Tmax, dT{3};Tmin, Tmax, dT{4}.
0.0 500.0 20.00 500.0 600.0 20.00 600.

lim =

1

,» & cevap

mchy misy mdubl mang

Theta2

Theta8

100000

A
29.

Q B limc
0 1 10000

600.5, dteta =

0

12.0.

Theta3

Theta9

Geometrical cross section

= 1445.99

Th

The

Inelastic cross section used here =
Monte Carlo inelastic cross section =

Sun Aug 21 11:51:55 2005

562.5 MeV (Z = 0, A =

Number of inelastic interactions =
Number of elastic interactions =

Reaction cross section =

807.64 mb, Elastic cross section = 728.49 mb.

+ Cub4;
6

idel

1

10.0

etad

tal0

0 75.0 85.0 115.0 125.0

700.

The

807.64 mb
760.25 mb

1) + (Z

10000,
9020,

= 29.

iparl ipar2

9

tab

, A=

10,000 events

Theta6

-5.0 65.0 75.0 85.0

20.0 700. 5000.

64.)

The mean excitation energy, charge, mass, and angular momentum

of the 10000 nuclei after the

cascade and before preequilibrium
Exav = 95.5 +/- 80.4 MeV; E*min
Zav = 28.0 +/- 1.0; Zmin
Aav = 61.3 +/- 1.9; Amin
Lav = 5.8 +/- 3.7 h-bar; Lmin

The mean charge, mass, and angular momentum

of the
Zav = 2
Aav = 6
Lav =

decay are:

-2.0;

0.;

E*max

471 residual nuclei with less than
3 MeV of excitation energy after the cascade are:

9.0 +/-
3.0 +/-
2.4 +/-

0.
0.

0;
3;

Zmin
Amin

1.3 h-bar; Lmin

29.;

Zmax
Amax
Lmax

Zmax
Amax
Lmax

= 496.5

= 64.
= 29.

= 29.
= 64.
= 10.

The mean excitation energy, charge, mass, and angular momentum

decay and before

of the
Exav = 8
Zav = 2
Aav = 6
Lav =

9529 nuclei after preequilibrium

2.0 +/-
7.6 +/-
0.4 +/-
6.7 +/-

69.1 MeV; E*min

1.
2.

3;
6;

Zmin
Amin

4.6 h-bar; Lmin

0.1;
20.;
48.;

0.;

E:

*max

Zmax
Amax
Lmax

the start of statistical decay are:

= 422.4
= 30.
= 64.
= 39.

The mean kinetic energy, charge, mass, and angular moment

of the

Ekav

2
5

10000 residual nuclei are:

2.6 +/-
5.2 +/-
4.3 +/-
6.5 +/-

3.5 MeV;

3.

2;

7.4;
4.6 h-bar; Lmin

Ekmin
Zmin
Amin

Number of coalesced d, t, He3, Hed

Mean multiplicities,
(Notation:
Sp - from spallation residues, Pf - from nuclei before fission,

F - from fission fragments, E - total evaporation = Sp + Pf + F,
Co - Coalescence from cascade;
Values which are identically zero are not printed.

T - all production

0.0; Ekmax
12.; Zmax
25.; Amax
0.; Lmax
2551

yields, and mean energies of

isms, C

h

= 31.6
= 30.
= 64.
= 39.

679

ejected particles:

4

um

229

Part. Multiplicities Yields [mb] <TKE> [MeV]
T n 4.9771 +/- 0.0223 4019.691 +/- 18.018 59.11
C n 2.2029 +/- 0.0148 1779.144 +/- 11.987 126.92
P n 0.1659 +/- 0.0041 133.987 +/-  3.290 17.21
Sp n 2.6083 +/- 0.0162 2106.560 +/- 13.044 4.51
E n 2.6083 +/- 0.0162 2106.560 +/- 13.044 4.51
T p 2.0408 +/- 0.0143 1648.226 +/- 11.538 52.33
c p 0.6940 +/- 0.0083 560.500 +/-  6.728 135.95
P p 0.1146 +/- 0.0034 92.555 +/- 2.734 20.65
Sp p 1.2322 +/- 0.0111 995.171 +/-  8.965 8.17
E p 1.2322 +/- 0.0111 995.171 +/-  8.965 8.17

, P - preequilibrium,
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T 4 0.6466 +/- 0.0080 522.218 +/-  6.494 32.07
P d 0.0956 +/- 0.0031 77.210 +/-  2.497 22.78
Sp d 0.2960 +/- 0.0054 239.061 +/- 4.394 9.71
E d 0.2960 +/- 0.0054 239.061 +/-  4.394 9.71
Co d 0.2550 +/- 0.0050 205.947 +/-  4.078 61.49
T ¢ 0.1654 +/- 0.0041 133.583 +/-  3.285 23.62
P t 0.0369 +/- 0.0019 29.802 +/- 1.551 28.35
Sp t 0.0606 +/- 0.0025 48.943 +/- 1.988 10.13
E t 0.0606 +/- 0.0025 48.943 +/- 1.988 10.13
Co t 0.0679 +/- 0.0026 54.839 +/-  2.105 33.10
T He3 0.0809 +/- 0.0028 65.338 +/-  2.297 28.29
P He3 0.0284 +/- 0.0017 22.937 +/- 1.361 29.35
SpHe3 0.0296 +/- 0.0017 23.906 +/- 1.390 14.61
E He3 0.0296 +/- 0.0017 23.906 +/- 1.390 14.61
CoHe3 0.0229 +/- 0.0015 18.495 +/- 1.222 44.65
T He4 0.4224 +/- 0.0065 341.146 +/-  5.249 14.65
P He4 0.0229 +/- 0.0015 18.495 +/- 1.222 41.56
SpHe4 0.3818 +/- 0.0062 308.356 +/-  4.990 12.33
E Hed 0.3818 +/- 0.0062 308.356 +/-  4.990 12.33
CoHe4 0.0177 +/- 0.0013 14.295 +/- 1.074 29.80
pi- 0.0925 +/- 0.0030 74.706 +/-  2.456 66.51
pio 0.0886 +/- 0.0030 71.557 +/-  2.404 60.81
pi+ 0.0161 +/- 0.0013 13.003 +/- 1.025 62.49

Double differential cross sections [mb/MeV/srl;

Lab. angle =

Tpi+[MeV]
20.0- 40.
60.0- 80.

100.0- 120.
160.0- 180.
180.0- 200.

Integrated:

Double differential cross sections [mb/MeV/srl;

Lab. angle =

Tpi+[MeV]

0.0- 20.
20.0- 40.
40.0- 60.
60.0- 80.
100.0- 120
120.0- 140.
220.0- 240
240.0- 260

Integrated:

Double differential cross sections [mb/MeV/srl;

Lab. angle =

Tpi+[MeV]

0.0- 20.
20.0- 40.
40.0- 60
60.0- 80.
100.0- 120.
120.0- 140.

Integrated:

Double differential cross sections [mb/MeV/srl;

ocooo0oocooo

25
0
0
]
]
]

8
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1

75

1

N N N NI NI NN

W W W~ N

pos. pions

-0 to 35.0 degrees.

Total = Cascade

.4T5E-02 +/-
.374E-03 +/-
.374E-03 +/-
.374E-03 +/-
.374E-03 +/-

.849E-01 +/-

1
7
7
7
7

3

.04E-02
.37E-03
.37E-03
.37E-03
.37E-03

.61E-01

-0 to 65.0 degrees.

Total = Cascade

TO3E-02 +/-
554E-02 +/-
257E-03 +/-
257E-03 +/-
257E-03 +/-
257E-03 +/-
257E-03 +/-
257E-03 +/-

.362E+00 +/-

8.

3.

1
4
4
4.
4
4
4

51E-03
.04E-02
.26E-03
.26E-03
26E-03
.26E-03
.26E-03
.26E-03

41E-01

-0 to 85.0 degrees.

Total = Cascade

498E-02 +/-
246E-02 +/-
488E-03 +/-
T44E-03 +/-
T44E-03 +/-
T44E-03 +/-

.123E+00 +/-

7.

2.

9
5
3.
3
3

49E-03
.17E-03
.29E-03
T74E-03
.T4E-03
.T4E-03

90E-01

Lab. angle = 115.0 to 125.0 degrees.

Tpi+[MeV]

0.0- 20.
20.0- 40
40.0- 60.
60.0- 80.
80.0- 100.
Integrated:

Elapsed cpu

ocoooo

time

Total = Cascade

L277E-02 +/-
.515E-03 +/-
.257E-03 +/-
.277E-02 +/-
.515E-03 +/-

.366E-01 +/-

7.

2.

6
4
7.
6

37E-03
.02E-03
.26E-03
37E-03
.02E-03

82E-01

= 0. min and 26.160 sec.

28



CEMO03.01 Output Example 4

Sun Aug 21 11:53:34 2005

Example N. 4: n spectra from 1.5 GeV pip + Feb6;
Number of types of evaporated particles =

M

TO A

0.1396 1.5000 56.

dt0 =

-10.0, tOmax

nnnp mspec mpyld

mchy misy mdubl mang

] 0 1
rOm = 1.2, & cevap =
Thetal Theta2

25.0 35.0 85.0 95

Theta7
95.0 105.0 115.0 125.0 135.0 145.0 155.0 165.0

Tmin, Tmax, dT{1};Tmin, Tmax, dT{2};Tmin, Tmax, dT{3};Tmin, Tmax, dT{4}.
100.0 1500. 5000.

0.0

lim =

10.

Theta8

0 1.00

100000

A
26.

Q
1

B limc
0 10000

1600.5, dteta =

0

12.0.

Theta3
.0 145.0 155.0

Theta9

Th

-15.0 125.0

The

10.0 100.0 10.00 1

Geometrical cross section

= 1367.65

Inelastic cross section used here =
Monte Carlo inelastic cross section =

Sun Aug 21 11:53:34 2005

1500.0 MeV (Z = 1, A =

Number of inelastic interactions =
Number of elastic interactions =

Reaction cross section =

idel

1

10.0

etad

tal0

00. 1500.

6

The

684.17 mb
684.17 mb

0) + (z

10000,
9990,

= 26.

iparl ipar2

1

tab

, A=

684.17 mb, Elastic cross section

10,000 events

Theta6

-5.0 65.0 75.0 85.0

56.)

= 683.48 mb.

The mean excitation energy, charge, mass, and angular momentum

of the 10000 nuclei after the
cascade and before preequilibrium
Exav = 214.4 +/-165.6 MeV; E*min
Zav = 23.9 +/- 1.9; Zmin
Aav = 50.2 +/- 4.1; Amin
Lav = 7.2 +/- 4.6 h-bar; Lmin

The mean charge, mass, and angular momentum
174 residual nuclei with less than

decay are:

-3.4;

14.;

34.;
0.;

E*max

Zmax
Amax
Lmax

3 MeV of excitation energy after the cascade are:

of the
Zav = 2
Aav = b
Lav =

6.0 +/-
5.0 +/-
2.4 +/-

0.

2;

0.4;
1.7 h-bar; Lmin

Zmin
Amin

24.;
53.

Zmax
Amax
Lmax

= 898.7
= 29.
= 56.
= 32.

= 27.
= b56.
= 14.

The mean excitation energy, charge, mass, and angular momentum
of the

decay and before

Exav
Zav
Aav
Lav

19
2
4

9826 nuclei after preequilibrium

0.5 +/- 159.7 MeV; Exmin

3.4 +/-
9.1 +/-
8.4 +/-

-

2.
4.

2;
5;

Zmin
Amin

5.3 h-bar; Lmin

1.3;
13.;
32.;

0.;

E*max

Zmax =

Amax
Lmax

the start of statistical decay are:

= 879.9

The mean kinetic energy, charge, mass, and angular moment

of the

Ekav

1

10000 residual nuclei are:

5.6 +/-
7.0 +/-

6.9 MeV;

6.

5;

35.8 +/- 14.0;
5.3 h-bar; Lmin

8.3 +/-

Ekmin
Zmin
Amin

Number of coalesced d, t, He3, Hed

Mean multiplicities,
(Notation:

0.0; Ekmax =
1.; Zmax
3.; Amax
0.; Lmax

3970

yields, and mean energies of
T - all production h
Sp - from spallation residues, Pf - from nuclei before fission,
F - from fission fragments, E - total evaporation = Sp + Pf + F,
Co - Coalescence from cascade;
Values which are identically zero are not printed.

685

ejected particles:

4

isms, C

355

Part. Multiplicities Yields [mb] <TKE> [MeV]
T n 6.0528 +/- 0.0246 4141.138 +/- 16.832 43.38
C n 2.5470 +/- 0.0160 1742.579 +/- 10.919 90.94
P n 0.1473 +/- 0.0038 100.778 +/-  2.626 21.63
Sp n 3.3585 +/- 0.0183 2297.782 +/- 12.538 8.26
E n 3.3585 +/- 0.0183 2297.782 +/- 12.538 8.26
T p 5.0726 +/- 0.0225 3470.516 +/- 15.409 56.65
c p 2.1066 +/- 0.0145 1441.271 +/-  9.930 119.09
P p 0.1416 +/- 0.0038 96.878 +/-  2.575 24.94
Sp p 2.8244 +/- 0.0168 1932.367 +/- 11.498 11.67
E p 2.8244 +/- 0.0168 1932.367 +/- 11.498 11.67

,» P - preequilibrium,
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T 4 1.7409 +/- 0.0132 1191.070 +/-  9.027 22.20
P d 0.1177 +/- 0.0034 80.527 +/-  2.347 27.57
Sp d 1.2325 +/- 0.0111 843.238 +/-  7.596 13.40
E d 1.2325 +/- 0.0111 843.238 +/-  7.596 13.40
Co d 0.3907 +/- 0.0063 267.305 +/-  4.276 48.33
T ¢ 0.3590 +/- 0.0060 245.617 +/-  4.099 19.50
P t 0.0524 +/- 0.0023 35.850 +/- 1.566 32.57
Sp t 0.2397 +/- 0.0049 163.995 +/-  3.350 13.38
E ¢t 0.2397 +/- 0.0049 163.995 +/-  3.350 13.38
Co t 0.0669 +/- 0.0026 45.771 +/- 1.770 31.18
T He3 0.3233 +/- 0.0057 221.192 +/-  3.890 23.03
P He3 0.0538 +/- 0.0023 36.808 +/- 1.587 36.52
SpHe3 0.2349 +/- 0.0048 160.711 +/-  3.316 16.94
E He3 0.2349 +/- 0.0048 160.711 +/-  3.316 16.94
CoHe3 0.0346 +/- 0.0019 23.672 +/- 1.273 43.36
T He4 0.8910 +/- 0.0094 609.595 +/-  6.458 14.72
P He4 0.0473 +/- 0.0022 32.361 +/- 1.488 48.53
SpHe4 0.8207 +/- 0.0091 561.498 +/-  6.198 12.46
E Hed 0.8207 +/- 0.0091 561.498 +/-  6.198 12.46
CoHe4 0.0230 +/- 0.0015 15.736 +/- 1.038 25.92
pi- 0.3517 +/- 0.0059 240.622 +/-  4.057 227.02
pio 0.7005 +/- 0.0084 479.260 +/- 5.726 228.28
pi+ 0.7732 +/- 0.0088 529.000 +/- 6.016 461.74
neutrons

Double differential cross sections [mb/MeV/srl;
Lab. angle = 25.0 to 35.0 degrees.

Tn [MeV] Total Cascade
0.0- 1.0 1.562E+01 +/- 1.40E+00 0.000E+00 +/- 0.00E+00
1.0- 2.0 2.399E+01 +/- 1.73E+00 4.997E+00 +/- 7.90E-01

Total Evaporation

.549E+01
.887E+01

+/- 1.39E+00
+/- 1.54E+00

900.0-1000.0 8.746E-03 +/- 3.31E-03 8.746E-03 +/- 3.31E-03
1000.0-1100.0 2.499E-03 +/- 1.77E-03 2.499E-03 +/- 1.77E-03

Integrated: 4.957E+02 +/- 7.87E+00 2.701E+02 +/- 5.81E+00

Double differential cross sections [mb/MeV/srl;
Lab. angle = 85.0 to 95.0 degrees.

Tn [MeV] Total Cascade
0.0- 1.0 1.393E+01 +/- 9.33E-01 0.000E+00 +/- 0.00E+00
1.0- 2.0 2.168E+01 +/- 1.16E+00 3.311E+00 +/- 4.55E-01
2.0- 3.0 1.961E+01 +/- 1.11E+00 3.561E+00 +/- 4.72E-01
3.0- 4.0 2.186E+01 +/- 1.17E+00 2.998E+00 +/- 4.33E-01
4.0- 5.0 1.880E+01 +/- 1.08E+00 2.936E+00 +/- 4.28E-01
5.0- 6.0 1.580E+01 +/- 9.94E-01 3.436E+00 +/- 4.63E-01
6.0- 7.0 1.449E+01 +/- 9.51E-01 2.249E+00 +/- 3.75E-01
7.0- 8.0 1.018E+01 +/- 7.98E-01 2.374E+00 +/- 3.85E-01
8.0- 9.0 1.162E+01 +/- 8.52E-01 2.998E+00 +/- 4.33E-01
9.0- 10.0 9.308E+00 +/- 7.63E-01 2.061E+00 +/- 3.59E-01
10.0- 20.0 5.872E+00 +/- 1.92E-01 1.955E+00 +/- 1.11E-01
20.0- 30.0 2.430E+00 +/- 1.23E-01 1.281E+00 +/- 8.94E-02
30.0- 40.0 1.331E+00 +/- 9.12E-02 9.807E-01 +/- 7.83E-02
40.0- 50.0 1.018E+00 +/- 7.98E-02 8.808E-01 +/- 7.42E-02
50.0- 60.0 6.747E-01 +/- 6.49E-02 6.497E-01 +/- 6.37E-02
60.0- 70.0 5.310E-01 +/- 5.76E-02 4.997E-01 +/- 5.59E-02
70.0- 80.0 4.997E-01 +/- 5.59E-02 4.873E-01 +/- 5.52E-02
80.0- 90.0 3.998E-01 +/- 5.00E-02 3.811E-01 +/- 4.88E-02
90.0- 100.0 3.623E-01 +/- 4.76E-02 3.561E-01 +/- 4.72E-02
100.0- 200.0 1.412E-01 +/- 9.39E-03 1.406E-01 +/- 9.37E-03
200.0- 300.0 2.249E-02 +/- 3.75E-03 2.249E-02 +/- 3.75E-03
300.0- 400.0 4.997E-03 +/- 1.77E-03 4.997E-03 +/- 1.77E-03

Integrated: 3.053E+02 +/- 4.37E+00 1.174E+02 +/- 2.71E+00

Double differential cross sections [mb/MeV/srl;
Lab. angle = 145.0 to 155.0 degrees.

Tn [MeV] Total Cascade
0.0- 1.0 1.337E+01 +/- 1.29E+00 0.000E+00 +/- 0.00E+00
1.0- 2.0 1.849E+01 +/- 1.52E+00 1.999E+00 +/- 5.00E-01
2.0- 3.0 1.974E+01 +/- 1.57E+00 2.749E+00 +/- 5.86E-01
3.0- 4.0 1.774E+01 +/- 1.49E+00 1.374E+00 +/- 4.14E-01
4.0- 5.0 1.487E+01 +/- 1.36E+00 2.249E+00 +/- 5.30E-01
5.0- 6.0 1.212E+01 +/- 1.23E+00 1.749E+00 +/- 4.67E-01
6.0- 7.0 1.262E+01 +/- 1.26E+00 1.874E+00 +/- 4.84E-01
7.0- 8.0 1.012E+01 +/- 1.12E+00 3.123E+00 +/- 6.25E-01
8.0- 9.0 8.496E+00 +/- 1.03E+00 1.749E+00 +/- 4.67E-01
9.0- 10.0 6.247E+00 +/- 8.83E-01 7.496E-01 +/- 3.06E-01
10.0- 20.0 4.198E+00 +/- 2.29E-01 1.249E+00 +/- 1.25E-01
20.0- 30.0 1.462E+00 +/- 1.35E-01 5.497E-01 +/- 8.29E-02
30.0- 40.0 8.621E-01 +/- 1.04E-01 6.622E-01 +/- 9.10E-02
40.0- 50.0 6.996E-01 +/- 9.35E-02 5.497E-01 +/- 8.20E-02
50.0- 60.0 4.123E-01 +/- 7.18E-02 3.873E-01 +/- 6.96E-02
60.0- 70.0 3.998E-01 +/- 7.07E-02 3.748E-01 +/- 6.84E-02
70.0- 80.0 3.248E-01 +/- 6.37E-02 3.248E-01 +/- 6.37E-02
80.0- 90.0 2.998E-01 +/- 6.12E-02 2.998E-01 +/- 6.12E-02
90.0- 100.0 8.746E-02 +/- 3.31E-02 8.746E-02 +/- 3.31E-02
100.0- 200.0 7.746E-02 +/- 9.84E-03 7.T46E-02 +/- 9.84E-03

1.

7.

D
]

Precompound
.249E-01 +/- 1.25E-01
.249E-01 +/- 1.25E-01
.000E+00 +/- 0.00E+00
.000E+00 +/- 0.00E+00
074E+01 +/- 1.16E+00

Precompound
000E+00 +/- 0.00E+00
247E-02 +/- 6.25E-02
874E-01 +/- 1.08E-01
499E-01 +/- 1.2B5E-01
499E-01 +/- 1.25E-01
874E-01 +/- 1.08E-01
499E-01 +/- 1.25E-01
874E-01 +/- 1.08E-01
748E-01 +/- 1.53E-01
247E-01 +/- 1.98E-01
249E-01 +/- 3.75E-02

187E-01 +/- 2.72E-02
370E-02 +/- 2.42E-02
622E-02 +/- 1.87E-02
247E-03 +/- 6.25E-03
874E-02 +/- 1.08E-02
000E+00 +/- 0.00E+00
249E-02 +/- 8.83E-03
247E-03 +/- 6.25E-03
247E-04 +/- 6.25E-04
000E+00 +/- 0.00E+00
000E+00 +/- 0.00E+00
808E+00 +/- 6.98E-01

Precompound
000E+00 +/- 0.00E+00
000E+00 +/- 0.00E+00
249E-01 +/- 1.25E-01
499E-01 +/- 1.77E-01
000E+00 +/- 0.00E+00
000E+00 +/- 0.00E+00
499E-01 +/- 1.77E-01
000E+00 +/- 0.00E+00
496E-01 +/- 3.06E-01
000E+00 +/- 0.00E+00
499E-01 +/- 4.33E-02
997E-02 +/- 2.50E-02
748E-02 +/- 2.16E-02
746E-02 +/- 3.31E-02
249E-02 +/- 1.25E-02
249E-02 +/- 1.25E-02
000E+00 +/- 0.00E+00
000E+00 +/- 0.00E+00
000E+00 +/- 0.00E+00
000E+00 +/- 0.00E+00

2.

.000E+00
.000E+00

149E+02

+/- 0.00E+00
+/- 0.00E+00

+/- 5.18E+00

Total Evaporation

-393E+01
-830E+01
-B87E+01
-862E+01

562E+01

.218E+01
.199E+01

621E+00

.246E+00
.622E+00

692E+00

.031E+00
-561E-01
-121E-02
-8T4E-02
-249E-02
-249E-02
-247E-03
-000E+00
-000E+00
-000E+00
.000E+00

.801E+02

+/- 9.33E-01
+/- 1.07E+00
+/- 9.96E-01
+/- 1.08E+00
+/- 9.88E-01
+/- 8.72E-01
+/- 8.66E-01
+/- 6.90E-01
+/- T.18E-01
+/- 6.43E-01
+/- 1.52E-01
+/- 8.02E-02
+/- 4.00E-02
+/- 2.2B5E-02
+/- 1.08E-02
+/- 8.83E-03
+/- 8.83E-03
+/- 6.25E-03
+/- 0.00E+00
+/- 0.00E+00
+/- 0.00E+00
+/- 0.00E+00
+/- 3.3BE+00

Total Evaporation

337E+01

-649E+01
-687E+01
-612E+01
-262E+01
-037E+01
-049E+01
-996E+00
-997E+00
.497E+00

799E+00

.621E-01
.624E-01

247E-02

.249E-02
.249E-02

000E+00

.000E+00
-000E+00
-000E+00

+/- 1.29E+00
+/- 1.44E+00
+/- 1.45E+00
+/- 1.42E+00
+/- 1.26E+00
+/- 1.14E+00
+/- 1.1BE+00
+/- 9.35E-01
+/- 8.66E-01
+/- 8.29E-01
+/- 1.87E-01
+/- 1.04E-01
+/- 4.50E-02
+/- 2.T9E-02
+/- 1.25E-02
+/- 1.25E-02
+/- 0.00E+00
+/- 0.00E+00
+/- 0.00E+00
+/- 0.00E+00



200.0- 300.0 4.997E-03 +/- 2.50E-03 4.997E-03 +/- 2.50E-03 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
Integrated: 2.295E+02 +/- 5.35E+00 7.071E+01 +/- 2.97E+00 4.873E+00 +/- 7.80E-01 1.539E+02 +/- 4.39E+00

Elapsed cpu time = 0. min and 41.350 sec.
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CEMO03.01 Output Example 5

Sun Aug 21 11:55:02 2005

Example No. 5: fission cross section of Aul97 bumbarded with
neutrons from 30 to 300 MeV with a step of 10 MeV; 10,000 events

Number of types of evaporated particles = 6
M TO A Z Q B limc idel

0.9396 0.0300 197. 79. 0 1 10000 1

dt0 = 10.0, tOmax = 300.5, dteta = 10.0

nnnp mspec mpyld mchy misy mdubl mang iparl ipar2
0 0 1 0 0 0 0 2 2

rOm = 1.2, & cevap = 12.0.
lim = 100000
Geometrical cross section = 2394.46 mb.

Inelastic cross section used here = 2333.73 mb
Monte Carlo inelastic cross section = 1646.70 mb

Sun Aug 21 11:55:02 2005
30.0 MeV (z = 0, A =1) + (2 =79., A =197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 4541,

Reaction cross section = 2333.73 mb, Elastic cross section = 1059.75 mb.
The mean excitation energy, charge, mass, and angular momentum

of the 10000 nuclei after the
cascade and before preequilibrium decay are:

Exav = 34.7 +/- 5.4 MeV; E*min = 0.0; Exmax = 36.3
Zav = 79.0 +/- 0.0; Zmin = 78.; Zmax = 79.
Aav = 197.9 +/- 0.3; Amin = 195.; Amax = 198.
Lav = 6.1 +/- 2.4 h-bar; Lmin = 0.; Lmax = 11.

The mean charge, mass, and angular momentum

of the 52 residual nuclei with less than

3 MeV of excitation energy after the cascade are:

Zav = 79.0 +/- 0.0; Zmin = 79.; Zmax = 79.
Aav = 196.4 +/- 0.5; Amin = 195.; Amax = 197.
Lav = 2.8 +/- 1.8 h-bar; Lmin = 0.; Lmax = 8.

The mean excitation energy, charge, mass, and angular momentum
of the 9946 nuclei after preequilibrium
decay and before the start of statistical decay are:

Exav = 28.0 +/- 10.7 MeV; E*min = Exmax = 36.2
Zav = 79.0 +/- 0.2; Zmin = Zmax = T79.
Aav = 197.5 +/- 0.6; Amin = Amax = 198.
Lav = 6.5 +/- 2.7 h-bar; Lmin = Lmax = 20.

The mean kinetic energy, charge, mass, and angular momentum
of the 10000 residual nuclei are:

Ekav = 0.2 +/- 0.1 MeV; Ekmin = 0.0; Ekmax = 1.1
Zav = 79.0 +/- 0.2; Zmin = T77.; Zmax = 79.
Aav = 194.8 +/- 0.8; Amin = 192.; Amax = 197.
Lav = 6.5 +/- 2.7 h-bar; Lmin = 0.; Lmax = 20.

Statistical Weight Functions Method:
Fissility = 0.0000,
Fission cross section = 1.35184E-02 mb.

Number of coalesced d, t, He3, He4 = 0 0 0 0

Mean multiplicities, yields, and mean energies of ejected particles:
(Notation: T - all production hanisms, C - de, P - preequilibrium,
Sp - from spallation residues, Pf - from nuclei before fission,

F - from fission fragments, E - total evaporation = Sp + Pf + F,

Co - Coalescence from cascade;

Values which are identically zero are not printed.

Part. Multiplicities Yields [mb] <TKE> [MeV]
T n 3.1273 +/- 0.0177 7298.286 +/- 41.270 2.73
C n 0.0813 +/- 0.0029 189.733 +/- 6.654 9.56
P n 0.3078 +/- 0.0055 718.323 +/- 12.947 10.93
Spn 2.7382 +/- 0.0165 6390.230 +/- 38.617 1.60
E n 2.7382 +/- 0.0165 6390.230 +/- 38.617 1.60
T p 0.0305 +/- 0.0017 71.179 +/-  4.076 16.99
C p 0.0002 +/- 0.0001 0.467 +/- 0.330 8.92
P p 0.0299 +/- 0.0017 69.779 +/-  4.035 17.15
Sp p 0.0004 +/- 0.0002 0.933 +/- 0.467 8.80
E p 0.0004 +/- 0.0002 0.933 +/- 0.467 8.80
T d 0.0110 +/- 0.0010 25.671 +/- 2.448 17.00
P d 0.0109 +/- 0.0010 25.438 +/- 2.436 17.07
Sp d 0.0001 +/- 0.0001 0.233 +/- 0.233 9.46
E d 0.0001 +/- 0.0001 0.233 +/- 0.233 9.46
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T ¢ 0.0024 +/- 0.0005 5.601 +/- 1.143 15.30
P t 0.0023 +/- 0.0005 5.368 +/- 1.119 15.59
Sp t 0.0001 +/- 0.0001 0.233 +/-  0.233 8.75
E ¢t 0.0001 +/- 0.0001 0.233 +/-  0.233 8.75
T He4 0.0027 +/- 0.0005 6.301 +/- 1.213 25.25
P He4 0.0025 +/- 0.0005 5.834 +/- 1.167 25.79
SpHed 0.0002 +/- 0.0001 0.467 +/-  0.330 18.43
E Hed 0.0002 +/- 0.0001 0.467 +/-  0.330 18.43

Geometrical cross section = 2394.46 mb.

Inelastic cross section used here = 2222.93 mb
Monte Carlo inelastic cross section = 1650.33 mb

Sun Aug 21 11:55:31 2005
40.0 MeV (z = 0, A =1) + (Z =79., A =197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 4509,
Direct Monte Carlo Simulation Method:
Fissility = 0.0001 +/- 0.0001,
Fission cross section = 2.22293E-01 +/- 2.22E-01 mb.

Statistical Weight Functions Method:
Fissility = 0.0000,
Fission cross section = 8.63675E-02 mb.

Inelastic cross section used here = 2135.39 mb
Monte Carlo inelastic cross section = 1585.84 mb

Sun Aug 21 11:56:04 2005
50.0 MeV (z = 0, A =1) + (Z=79., A =197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 5099,
Direct Monte Carlo Simulation Method:
Fissility = 0.0001 +/- 0.0001,
Fission cross section = 2.13539E-01 +/- 2.14E-01 mb.

Statistical Weight Functions Method:
Fissility = 0.0001,
Fission cross section = 1.97457E-01 mb.

Inelastic cross section used here = 2066.02 mb
Monte Carlo inelastic cross section = 1564.39 mb

Sun Aug 21 11:56:39 2005
60.0 MeV (Z = 0, A =1) + (Z=79., A =197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 5306,
Direct Monte Carlo Simulation Method:
Fissility = 0.0003 +/- 0.0002,
Fission cross section = 6.19806E-01 +/- 3.58E-01 mb.

Statistical Weight Functions Method:
Fissility = 0.0002,
Fission cross section = 4.36174E-01 mb.

Inelastic cross section used here = 2010.61 mb
Monte Carlo inelastic cross section = 1551.22 mb

Sun Aug 21 11:57:15 2005
70.0 MeV (Z = 0, A =1) + (Z=79., A =197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 5436,
Direct Monte Carlo Simulation Method:
Fissility = 0.0006 +/- 0.0002,
Fission cross section = 1.20637E+00 +/- 4.92E-01 mb.

Statistical Weight Functions Method:
Fissility = 0.0003,
Fission cross section = 6.60330E-01 mb.

Inelastic cross section used here = 1966.01 mb
Monte Carlo inelastic cross section = 1526.40 mb
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Sun Aug 21 11:57:53 2005
80.0 MeV (z = 0, A =1) + (Z=79., A =197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 5687,
Direct Monte Carlo Simulation Method:
Fissility = 0.0005 +/- 0.0002,
Fission cross section = 9.83003E-01 +/- 4.40E-01 mb.

Statistical Weight Functions Method:
Fissility = 0.0005,
Fission cross section = 1.04597E+00 mb.

Inelastic cross section used here = 1929.85 mb
Monte Carlo inelastic cross section = 1534.81 mb

Sun Aug 21 11:58:31 2005
90.0 MeV (Z = 0, A =1) + (Z=79., A =197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 5601,
Direct Monte Carlo Simulation Method:
Fissility = 0.0007 +/- 0.0003,
Fission cross section = 1.35090E+00 +/- 5.11E-01 mb.

Statistical Weight Functions Method:
Fissility = 0.0007,
Fission cross section = 1.40912E+00 mb.

Inelastic cross section used here = 1900.36 mb
Monte Carlo inelastic cross section = 1499.91 mb

Sun Aug 21 11:59:10 2005
100.0 MeV (Z = 0, A =1) + (2 =79., A = 197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 5964,
Direct Monte Carlo Simulation Method:
Fissility = 0.0010 +/- 0.0003,
Fission cross section = 1.90036E+00 +/- 6.01E-01 mb.

Statistical Weight Functions Method:
Fissility = 0.0010,
Fission cross section = 1.95842E+00 mb.

Inelastic cross section used here = 1876.16 mb
Monte Carlo inelastic cross section = 1484.48 mb

Sun Aug 21 11:59:50 2005
110.0 MeV (Z = 0, A =1) + (Z =79., A = 197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 6130,
Direct Monte Carlo Simulation Method:
Fissility = 0.0014 +/- 0.0004,
Fission cross section = 2.62662E+00 +/- 7.02E-01 mb.

Statistical Weight Functions Method:
Fissility = 0.0013,
Fission cross section = 2.35115E+00 mb.

Inelastic cross section used here = 1856.20 mb
Monte Carlo inelastic cross section = 1458.88 mb

Sun Aug 21 12:00:30 2005
120.0 MeV (Z = 0, A =1) + (Z=79., A =197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 6413,
Direct Monte Carlo Simulation Method:
Fissility = 0.0010 +/- 0.0003,
Fission cross section = 1.85620E+00 +/- 5.87E-01 mb.

Statistical Weight Functions Method:
Fissility = 0.0016,
Fission cross section = 2.89276E+00 mb.
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Inelastic cross section used here = 1839.67 mb
Monte Carlo inelastic cross section = 1494.76 mb

Sun Aug 21 12:01:09 2005
130.0 MeV (Z = 0, A =1) + (Z =79., A = 197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 6019,
Direct Monte Carlo Simulation Method:
Fissility = 0.0019 +/- 0.0004,
Fission cross section = 3.49537E+00 +/- 8.02E-01 mb.

Statistical Weight Functions Method:
Fissility = 0.0021,
Fission cross section = 3.94922E+00 mb.

Inelastic cross section used here = 1825.92 mb
Monte Carlo inelastic cross section = 1473.60 mb

Sun Aug 21 12:01:47 2005
140.0 MeV (Z = 0, A =1) + (Z=79., A = 197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 6249,
Direct Monte Carlo Simulation Method:
Fissility = 0.0022 +/- 0.0005,
Fission cross section = 4.01703E+00 +/- 8.56E-01 mb.

Statistical Weight Functions Method:
Fissility = 0.0025,
Fission cross section = 4.47416E+00 mb.

Inelastic cross section used here = 1814.46 mb
Monte Carlo inelastic cross section = 1456.57 mb

Sun Aug 21 12:02:25 2005
150.0 MeV (Z = 0, A =1) + (Z=79., A = 197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 6439,
Direct Monte Carlo Simulation Method:
Fissility = 0.0025 +/- 0.0005,
Fission cross section = 4.53616E+00 +/- 9.07E-01 mb.

Statistical Weight Functions Method:
Fissility = 0.0029,
Fission cross section = 5.21324E+00 mb.

Inelastic cross section used here = 1804.90 mb
Monte Carlo inelastic cross section = 1448.47 mb

Sun Aug 21 12:03:01 2005
160.0 MeV (Z = 0, A =1) + (2 =79., A = 197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 6531,
Direct Monte Carlo Simulation Method:
Fissility = 0.0034 +/- 0.0006,
Fission cross section = 6.13666E+00 +/- 1.05E+00 mb.

Statistical Weight Functions Method:
Fissility = 0.0034,
Fission cross section = 6.21793E+00 mb.

Inelastic cross section used here = 1796.92 mb
Monte Carlo inelastic cross section = 1452.95 mb

Sun Aug 21 12:03:35 2005
170.0 MeV (z = 0, A = 1) + (Z = 79., A = 197.)
Number of inelastic interactions = 10000,

Number of elastic interactions = 6480,

Direct Monte Carlo Simulation Method:
Fissility = 0.0042 +/- 0.0006,
Fission cross section = 7.54706E+00 +/- 1.16E+00 mb.

Statistical Weight Functions Method:
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Fissility = 0.0040,
Fission cross section = 7.18882E+00 mb.

Inelastic cross section used here = 1790.27 mb
Monte Carlo inelastic cross section = 1437.16 mb

Sun Aug 21 12:04:08 2005
180.0 MeV (Z = 0, A =1) + (2 =79., A = 197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 6661,
Direct Monte Carlo Simulation Method:
Fissility = 0.0051 +/- 0.0007,
Fission cross section = 9.13037E+00 +/- 1.28E+00 mb.

Statistical Weight Functions Method:
Fissility = 0.0048,
Fission cross section = 8.51760E+00 mb.

Inelastic cross section used here = 1784.75 mb
Monte Carlo inelastic cross section = 1448.29 mb

Sun Aug 21 12:04:38 2005
190.0 MeV (Z = 0, A =1) + (2 =79., A = 197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 6533,
Direct Monte Carlo Simulation Method:
Fissility = 0.0055 +/- 0.0007,
Fission cross section = 9.81610E+00 +/- 1.32E+00 mb.

Statistical Weight Functions Method:
Fissility = 0.0053,
Fission cross section = 9.53862E+00 mb.

Inelastic cross section used here = 1780.19 mb
Monte Carlo inelastic cross section = 1452.95 mb

Sun Aug 21 12:05:07 2005
200.0 MeV (2 = 0, A =1) + (Z=79., A = 197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 6480,
Direct Monte Carlo Simulation Method:
Fissility = 0.0063 +/- 0.0008,
Fission cross section = 1.12152E+01 +/- 1.41E+00 mb.

Statistical Weight Functions Method:
Fissility = 0.0061,
Fission cross section = 1.08604E+01 mb.

Inelastic cross section used here = 1776.46 mb
Monte Carlo inelastic cross section = 1443.49 mb

Sun Aug 21 12:05:35 2005
210.0 MeV (Z = 0, A =1) + (Z =79., A = 197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 6588,
Direct Monte Carlo Simulation Method:
Fissility = 0.0059 +/- 0.0008,
Fission cross section = 1.04811E+01 +/- 1.36E+00 mb.

Statistical Weight Functions Method:
Fissility = 0.0070,
Fission cross section = 1.23665E+01 mb.

Inelastic cross section used here = 1773.46 mb
Monte Carlo inelastic cross section = 1433.72 mb

Sun Aug 21 12:06:03 2005
220.0 MeV (Z = 0, A =1) + (2 =79., A = 197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 6701,

Direct Monte Carlo Simulation Method:
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Fissility = 0.0081 +/- 0.0009,
Fission cross section = 1.43650E+01 +/- 1.60E+00 mb.

Statistical Weight Functions Method:
Fissility = 0.0074,
Fission cross section = 1.30941E+01 mb.

Inelastic cross section used here = 1771.09 mb
Monte Carlo inelastic cross section = 1448.99 mb

Sun Aug 21 12:06:31 2005
230.0 MeV (2 = 0, A =1) + (Z=79., A =197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 6525,
Direct Monte Carlo Simulation Method:
Fissility = 0.0087 +/- 0.0009,
Fission cross section = 1.54085E+01 +/- 1.65E+00 mb.

Statistical Weight Functions Method:
Fissility = 0.0081,
Fission cross section = 1.44286E+01 mb.

Inelastic cross section used here = 1769.28 mb
Monte Carlo inelastic cross section = 1429.36 mb

Sun Aug 21 12:06:59 2005
240.0 MeV (z = 0, A =1) + (z2 =79., A =197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 6752,
Direct Monte Carlo Simulation Method:
Fissility = 0.0081 +/- 0.0009,
Fission cross section = 1.43311E+01 +/- 1.59E+00 mb.

Statistical Weight Functions Method:
Fissility = 0.0090,
Fission cross section = 1.59599E+01 mb.

Inelastic cross section used here = 1767.95 mb
Monte Carlo inelastic cross section = 1445.49 mb

Sun Aug 21 12:07:27 2005
250.0 MeV (Z = 0, A =1) + (2 =79., A = 197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 6565,
Direct Monte Carlo Simulation Method:
Fissility = 0.0085 +/- 0.0009,
Fission cross section = 1.50276E+01 +/- 1.63E+00 mb.

Statistical Weight Functions Method:
Fissility = 0.0095,
Fission cross section = 1.68672E+01 mb.

Inelastic cross section used here = 1767.06 mb
Monte Carlo inelastic cross section = 1458.17 mb

Sun Aug 21 12:07:56 2005
260.0 MeV (z = 0, A =1) + (Z =79., A = 197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 6421,

Direct Monte Carlo Simulation Method:
Fissility = 0.0092 +/- 0.0010,
Fission cross section = 1.62570E+01 +/- 1.69E+00 mb.

Statistical Weight Functions Method:
Fissility = 0.0098,

Fission cross section = 1.73745E+01 mb.

Inelastic cross section used here = 1766.56 mb
Monte Carlo inelastic cross section = 1444.01 mb

Sun Aug 21 12:08:25 2005

270.0 MeV (2 = 0, A =1) + (2 =79., A = 197.)
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Number of inelastic interactions = 10000,
Number of elastic interactions = 6582,
Direct Monte Carlo Simulation Method:
Fissility = 0.0101 +/- 0.0010,
Fission cross section = 1.78423E+01 +/- 1.78E+00 mb.

Statistical Weight Functions Method:
Fissility = 0.0111,
Fission cross section = 1.96704E+01 mb.

Inelastic cross section used here = 1766.41 mb
Monte Carlo inelastic cross section = 1427.06 mb

Sun Aug 21 12:08:55 2005
280.0 MeV (z = 0, A =1) + (Z =79., A =197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 6779,
Direct Monte Carlo Simulation Method:
Fissility = 0.0106 +/- 0.0010,
Fission cross section = 1.87239E+01 +/- 1.82E+00 mb.

Statistical Weight Functions Method:
Fissility = 0.0117,
Fission cross section = 2.05921E+01 mb.

Inelastic cross section used here = 1766.57 mb
Monte Carlo inelastic cross section = 1447.24 mb

Sun Aug 21 12:09:24 2005
290.0 MeV (Z = 0, A =1) + (2 =79., A = 197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 6545,
Direct Monte Carlo Simulation Method:
Fissility = 0.0124 +/- 0.0011,
Fission cross section = 2.19055E+01 +/- 1.97E+00 mb.

Statistical Weight Functions Method:
Fissility = 0.0122,

Fission cross section = 2.15995E+01 mb.

Inelastic cross section used here = 1767.01 mb
Monte Carlo inelastic cross section = 1449.43 mb

Sun Aug 21 12:09:55 2005
300.0 MeV (z = 0, A =1) + (Z =79., A =197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 6520,

Reaction cross section = 1767.01 mb, Elastic cross section = 1152.09 mb.
The mean excitation energy, charge, mass, and angular momentum

of the 10000 nuclei after the
cascade and before preequilibrium decay are:

Exav = 100.3 +/- 67.7 MeV; E#min = -0.9; E*max = 304.6
Zav = 78.6 +/- 0.6; Zmin = 75.; Zmax = 80.
Aav = 195.0 +/- 1.3; Amin = 189.; Amax = 198.
Lav = 8.3 +/- 4.7 h-bar; Lmin = 0.; Lmax = 33.

The mean charge, mass, and angular momentum

of the 302 residual nuclei with less than

3 MeV of excitation energy after the cascade are:

Zav = 79.0 +/- 0.0; Zmin = 79.; Zmax = 79.
Aav = 196.0 +/- 0.4; Amin = 194.; Amax = 197.
Lav = 3.4 +/- 1.9 h-bar; Lmin = 0.; Lmax = 11.

The mean excitation energy, charge, mass, and angular momentum

of the 9698 nuclei after preequilibrium

decay and before the start of statistical decay are:
Exav = 81.3 +/- 54.2 MeV; E#min = 0.8; E*max = 293.1
Zav = 78.2 +/- 0.9; Zmin = 74.; Zmax = 80.
Aav = 194.0 +/- 2.0; Amin = 184.; Amax = 198.
Lav = 9.4 +/- 5.6 h-bar; Lmin = 0.; Lmax = 46.

The mean kinetic energy, charge, mass, and angular momentum

of the 9842 residual nuclei are:

Ekav = 0.7 +/- 0.8 MeV; Ekmin = 0.0; Ekmax = 11.3
Zav = 77.8 +/- 1.2; Zmin = T71.; Zmax = 80.
Aav = 186.9 +/- 6.0; Amin = 165.; Amax = 197.
Lav = 9.2 +/- 5.6 h-bar; Lmin = 0.; Lmax = 46.

The mean excitation energy, charge, mass, angular momentum, and

68



fission barrier height of the 158 fissioning nuclei are:
Exav = 137.1 +/- 48.2 MeV; E*min = 42.7; E*max = 247.6
Zav = 78.3 +/- 0.8; Zmin = 75.; Zmax = 80.

Aav = 190.4 +/- 3.5; Amin 178.; Amax = 196.

Lav = 12.1 +/- 5.9 h-bar; Lmin 1.; Lmax = 28.
Bfav = 18.7 +/- 1.5 MeV; Bfmin = 15.1; Bfmax = 22.2

The mean total fission product kinetic energy after neutron emission is 129.44 MeV.

Direct Monte Carlo Simulation Method:
Fissility = 0.0158 +/- 0.0013,
Fission cross section = 2.79188E+01 +/- 2.22E+00 mb.

Statistical Weight Functions Method:
Fissility = 0.0151,
Fission cross section = 2.66336E+01 mb.

Number of coalesced d, t, He3, He4 = 1054 398 40 22

Mean multiplicities, yields, and mean energies of ejected particles:
(Notation: T - all production hanisms, C - de, P - preequilibrium,
Sp - from spallation residues, Pf - from nuclei before fission,

F - from fission fragments, E - total evaporation = Sp + Pf + F,

Co - Coalescence from cascade;

Values which are identically zero are not printed.

Part. Multiplicities Yields [mb] <TKE> [MeV]
T n 9.3677 +/- 0.0306 16552.824 +/- 54.082 17.88
C n 2.4158 +/- 0.0155 4268.744 +/- 27.464 59.20
P n 0.4518 +/- 0.0067 798.335 +/- 11.877 15.04
Sp n 6.2866 +/- 0.0251 11108.488 +/- 44.304 2.68
Pf n 0.0461 +/- 0.0021 81.459 +/- 3.794 4.92
F n 0.1674 +/- 0.0041 295.798 +/- 7.230 3.66
E n 6.5001 +/- 0.0255 11485.744 +/- 45.050 2.72
T p 0.6789 +/- 0.0082 1199.623 +/- 14.559 53.72
C p 0.2768 +/- 0.0053 489.108 +/- 9.297 106.70
P p 0.1826 +/- 0.0043 322.656 +/- 7.551 24.71
Sp p 0.2138 +/- 0.0046 377.787 +/- 8.170 11.09
Pf p 0.0025 +/- 0.0005 4.418 +/- 0.884 12.18
F p 0.0032 +/- 0.0006 5.654 +/- 1.000 7.87
E p 0.2195 +/- 0.0047 387.859 +/- 8.279 11.05
T d 0.2532 +/- 0.0050 447.407 +/- 8.891 28.78
P d 0.0920 +/- 0.0030 162.565 +/- 5.360 26.52
Sp d 0.0538 +/- 0.0023 95.065 +/-  4.099 11.62
Pf d 0.0009 +/- 0.0003 1.590 +/- 0.530 13.62
F d 0.0011 +/- 0.0003 1.944 +/- 0.586 11.19
E d 0.0558 +/- 0.0024 98.599 +/- 4.174 11.64
Co d 0.1054 +/- 0.0032 186.243 +/- 5.737 39.82
T ¢ 0.0827 +/- 0.0029 146.132 +/- 5.081 23.72
P t 0.0217 +/- 0.0015 38.344 +/- 2.603 29.46
Sp t 0.0199 +/- 0.0014 35.164 +/- 2.493 12.15
Pf ¢ 0.0007 +/- 0.0003 1.237 +/- 0.468 13.03
F t 0.0006 +/- 0.0002 1.060 +/- 0.433 14.24
E ¢t 0.0212 +/- 0.0015 37.461 +/- 2.573 12.24
Co t 0.0398 +/- 0.0020 70.327 +/- 3.525 26.70
T He3 0.0167 +/- 0.0013 29.509 +/- 2.283 37.29
P He3 0.0118 +/- 0.0011 20.851 +/- 1.919 38.06
SpHe3 0.0009 +/- 0.0003 1.590 +/- 0.530 26.17
E He3 0.0009 +/- 0.0003 1.590 +/- 0.530 26.17
CoHe3 0.0040 +/- 0.0006 7.068 +/- 1.118 37.51
T He4 0.1013 +/- 0.0032 178.998 +/- 5.624 22.80
P He4 0.0040 +/- 0.0006 7.068 +/- 1.118 42.41
SpHe4 0.0935 +/- 0.0031 165.215 +/- 5.403 22.09
PfHe4 0.0003 +/- 0.0002 0.530 +/- 0.306 23.68
F He4d 0.0013 +/- 0.0004 2.297 +/- 0.637 14.50
E Hed 0.0951 +/- 0.0031 168.043 +/- 5.449 21.99
CoHe4 0.0022 +/- 0.0005 3.887 +/- 0.829 21.95
pi- 0.0107 +/- 0.0010 18.907 +/- 1.828 34.27
pio0 0.0043 +/- 0.0007 7.598 +/- 1.159 24.32
pi+ 0.0007 +/- 0.0003 1.237 +/- 0.468 27.61

Elapsed cpu time = 15. min and 16.160 sec.
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CEMO03.01 Output Example 6

Sun Aug 21 12:13:40 2005

Example No. 6: energy, angular, and double-differential spectra
of n to He from 62.9 MeV p + Pb208; 10,000 events

Number of types of evaporated particles = 6
M TO A Z Q B limc idel

0.9383 0.0629 208. 82. 1 1 10000 1

dt0 = -10.0, tOmax = 200.5, dteta = 10.0

nnnp mspec mpyld mchy misy mdubl mang iparl ipar2
0 1 1 0 0 1 1 1 6

rOm = 1.2, & cevap = 12.0.

Thetal Theta2 Theta3 Thetad Thetab Theta6
22.5 27.5 52.5 57.5 72.5 77.5 92.5 97.5 112.5 117.5 152.5 157.5

Theta7 Theta8 Theta9 Thetal0
-5.0 105.0 115.0 125.0 135.0 145.0 155.0 165.0
Tmin, Tmax, dT{1};Tmin, Tmax, dT{2};Tmin, Tmax, dT{3};Tmin, Tmax, dT{4}.
0.0 22.0 1.00 22.0 120.0 2.00 120. 400. 10.0 400. 1000. 20.
lim = 100000
Geometrical cross section = 2457.28 mb.

Inelastic cross section used here = 1962.23 mb
Monte Carlo inelastic cross section = 1639.39 mb

Sun Aug 21 12:13:40 2005

62.9 MeV (Z = 1, A =1) + (Z = 82., A = 208.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 4989,
Reaction cross section = 1962.23 mb, Elastic cross section = 978.96 mb.

The mean excitation energy, charge, mass, and angular momentum
of the 10000 nuclei after the
cascade and before preequilibrium decay are:

Exav = 47.9 +/- 22.0 MeV; E#*min = -1.2; E*max = 65.5
Zav = 82.7 +/- 0.5; Zmin = 81.; Zmax = 83,
Aav = 208.5 +/- 0.6; Amin = 206.; Amax = 209.
Lav = 6.6 +/- 3.1 h-bar; Lmin = 0.; Lmax = 16.

The mean charge, mass, and angular momentum

of the 355 residual nuclei with less than

3 MeV of excitation energy after the cascade are:

Zav = 82.2 +/- 0.4; Zmin = 82.; Zmax = 83.
Aav = 207.4 +/- 0.5; Amin = 206 Amax = 208.
Lav = 3.1 +/- 2.1 h-bar; Lmin = 0.; Lmax = 11.

The mean excitation energy, charge, mass, and angular momentum

of the 9640 nuclei after preequilibrium

decay and before the start of statistical decay are:

Exav = 33.6 +/- 18.9 MeV; E*min = 0.1; E*max = 65.1
Zav = 82.5 +/- 0.6; Zmin = 81.; Zmax = 83.
Aav = 207.8 +/- 0.8; Amin = 203.; Amax = 209.
Lav = 7.7 +/- 3.9 h-bar; Lmin = 0.; Lmax = 30.

The mean kinetic energy, charge, mass, and angular momentum

of the 9948 residual nuclei are:

Ekav = 0.3 +/- 0.2 MeV; Ekmin = 0.0; Ekmax = 2.3
Zav = 82.5 +/- 0.6; Zmin = 81.; Zmax = 83.
Aav = 204.8 +/- 1.6; Amin = 200.; Amax = 208.
Lav = 7.5 +/- 3.9 h-bar; Lmin = 0.; Lmax = 30.

The mean excitation energy, charge, mass, angular momentum, and

fission barrier height of the 52 fissioning nuclei are:
Exav = 57.0 +/- 7.2 MeV; Exmin = 36.8; E¥max = 65.1
Zav = 83.0 +/- 0.0; Zmin = 83.; Zmax = 83.

Aav = 208.2 +/- 0.7; Amin = 207.; Amax = 209.

Lav = 8.3 +/- 3.0 h-bar; Lmin = 1.; Lmax = 13.

Bfav = 23.6 +/- 0.2 MeV; Bfmin = 23.0; Bfmax = 23.9

The mean total fission product kinetic energy after neutron emission is 193.70 MeV.
Direct Monte Carlo Simulation Method:

Fissility = 0.0052 +/- 0.0007,

Fission cross section = 1.02036E+01 +/- 1.41E+00 mb.
Statistical Weight Functions Method:

Fissility = 0.0052,

Fission cross section = 1.01413E+01 mb.

Number of coalesced d, t, He3, He4 = 37 0 0 0

Mean multiplicities, yields, and mean energies of ejected particles:
(Notation: T - all production hanisms, C - de, P - preequilibrium,
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Sp - from spallation residues, Pf - from nuclei before fission,
F - from fission fragments, E - total evaporation = Sp + Pf + F,
Co - Coalescence from cascade;

Values which are identically zero are not printed.

Part. Multiplicities Yields [mb] <TKE> [MeV]
T n 3.6235 +/- 0.0190 7110.150 +/- 37.352 4.64
C n 0.2756 +/- 0.0052 540.791 +/- 10.301 22.30
P n 0.2977 +/- 0.0055 584.157 +/- 10.706 15.10
Sp n 3.0217 +/- 0.0174 5929.279 +/- 34.110 2.02
Pf n 0.0033 +/- 0.0006 6.475 +/- 1.127 2.47
F n 0.0252 +/- 0.0016 49.448 +/- 3.115 2.35
E n 3.0502 +/- 0.0175 5985.202 +/- 34.270 2.02
T p 0.4700 +/- 0.0069 922.249 +/- 13.452 29.39
[ 0.2483 +/- 0.0050 487.222 +/-  9.778 32.31
P p 0.2143 +/- 0.0046 420.506 +/-  9.084 26.67
Sp p 0.0074 +/- 0.0009 14.521 +/- 1.688 10.30
E p 0.0074 +/- 0.0009 14.521 +/- 1.688 10.30
T d 0.0434 +/- 0.0021 85.161 +/-  4.088 26.61
P d 0.0391 +/- 0.0020 76.723 +/-  3.880 27.45
Sp d 0.0006 +/- 0.0002 1.177 +/-  0.481 9.55
E d 0.0006 +/- 0.0002 1.177 +/-  0.481 9.55
Co d 0.0037 +/- 0.0006 7.260 +/- 1.194 20.50
T t 0.0107 +/- 0.0010 20.996 +/-  2.030 21.89
Pt 0.0101 +/- 0.0010 19.819 +/-  1.972 22.55
Sp t 0.0006 +/- 0.0002 1.177 +/-  0.481 10.73
E t 0.0006 +/- 0.0002 1.177 +/-  0.481 10.73
T He3 0.0011 +/- 0.0003 2.158 +/-  0.651 40.05
P He3 0.0011 +/- 0.0003 2.158 +/-  0.651 40.05
T Hed 0.0089 +/- 0.0009 17.464 +/- 1.851 29.19
P Hed 0.0075 +/- 0.0009 14.717 +/-  1.699 30.53
SpHe4 0.0014 +/- 0.0004 2.747 +/- 0.734 22.01
E Hed 0.0014 +/- 0.0004 2.747 +/- 0.734 22.01
neutrons

Energy Spectrum [mb/MeV]
Energy spectrum from 0.0 to 64.0 MeV (zero values suppressed).

Tn [MeV] Total Cascade Precompound Total Evaporation
0.0- 1.0 1.846E+03 +/- 1.90E+01 0.000E+00 +/- 0.00E+00 8.830E+00 +/- 1.32E+00 1.837E+03 +/- 1.90E+01
1.0- 2.0 1.826E+03 +/- 1.89E+01 3.002E+01 +/- 2.43E+00 1.511E+01 +/- 1.72E+00 1.781E+03 +/- 1.87E+01
56.0- 58.0 4.317E+00 +/- 6.51E-01 4.121E+00 +/- 6.36E-01 1.962E-01 +/- 1.39E-01 0.000E+00 +/- 0.00E+00
58.0- 60.0 2.257E+00 +/- 4.71E-01 2.158E+00 +/- 4.60E-01 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00

Integrated: 7.110E+03 +/- 3.74E+01 5.408E+02 +/- 1.03E+01 5.842E+02 +/- 1.07E+01 5.985E+03 +/- 3.43E+01

———————————————— Normalized Energy Probability Spectrum [1/MeV] ----------------
Energy spectrum from 0.0 to 64.0 MeV (zero values suppressed).

Tn [MeV] Total Cascade Precompound Total Evaporation
0.0- 1.0 2.596E-01 +/- 2.68E-03 0.000E+00 +/- 0.00E+00 1.242E-03 +/- 1.85E-04 2.583E-01 +/- 2.67E-03
1.0- 2.0 2.569E-01 +/- 2.66E-03 4.222E-03 +/- 3.41E-04 2.125E-03 +/- 2.42E-04 2.505E-01 +/- 2.63E-03
56.0- 58.0 6.071E-04 +/- 9.15E-05 5.796E-04 +/- 8.94E-05 2.760E-05 +/- 1.95E-05 0.000E+00 +/- 0.00E+00
58.0- 60.0 3.174E-04 +/- 6.62E-05 3.036E-04 +/- 6.47E-05 1.380E-05 +/- 1.38E-05 0.000E+00 +/- 0.00E+00

Integrated: 1.000E+00 +/- 5.25E-03 7.606E-02 +/- 1.45E-03 8.216E-02 +/- 1.51E-03 8.418E-01 +/- 4.82E-03

Angular Distributions [mb/srl
Ang.n Total Cascade Precompound Total Evaporation

5.0  6.948E+02 +/- 3.78E+01 9.250E+01 +/- 1.38E+01 1.110E+02 +/- 1.51E+01 4.913E+02 +/- 3.18E+01
15.0 7.365E+02 +/- 2.26E+01 1.329E+02 +/- 9.59E+00 8.237E+01 +/- 7.55E+00 5.212E+02 +/- 1.90E+01

165.0  4.659E+02 +/- 1.80E+01 2.077E+00 +/- 1.20E+00 2.146E+01 +/- 3.8BE+00 4.423E+02 +/- 1.75E+01
175.0 5.057E+02 +/- 3.22E+01 2.056E+00 +/- 2.06E+00 1.850E+01 +/- 6.17E+00 4.851E+02 +/- 3.16E+01

Integ. 7.110E+03 +/- 3.74E+01 5.408E+02 +/- 1.03E+01 5.842E+02 +/- 1.07E+01 5.985E+03 +/- 3.43E+01

Double differential cross sections [mb/MeV/srl;
Lab. angle = 22.5 to 27.5 degrees.

Tn [MeV] Total Cascade Precompound Total Evaporation
0.0- 1.0 1.720E+02 +/- 1.21E+01 0.000E+00 +/- 0.00E+00 1.694E+00 +/- 1.20E+00 1.703E+02 +/- 1.20E+01
1.0- 2.0 1.533E+02 +/- 1.14E+01 1.694E+00 +/- 1.20E+00 1.694E+00 +/- 1.20E+00 1.499E+02 +/- 1.13E+01

56.0- 58.0 3.812E+00 +/- 1.27E+00 3.812E+00 +/- 1.27E+00 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
58.0- 60.0 1.694E+00 +/- 8.47E-01 1.694E+00 +/- 8.47E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00

Integrated: 7.666E+02 +/- 2.55E+01 1.482E+02 +/- 1.12E+01 1.042E+02 +/- 9.39E+00 5.142E+02 +/- 2.09E+01

Double differential cross sections [mb/MeV/srl;
Lab. angle = 52.5 to 57.5 degrees.

Tn [MeV] Total Cascade Precompound Total Evaporation
0.0- 1.0 1.468E+02 +/- 8.01E+00 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.468E+02 +/- 8.01E+00
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1.473E+02 +/- 8.02E+00

4.370E+00 .38E+00

1.748E+00 +/- 8.74E-01

.412E+02

+/- T.85E+00

1.0- 2.0
56.0- 58.0
58.0- 60.0

Integrated:

2.185E-01
6.555E-01

+/- 2.19E-01
+/- 3.78E-01

6.376E+02 +/- 1.6TE+01

2.185E-01
6.555E-01

8.391E+01 .0B6E+00

Double differential cross sections [mb/MeV/srl;

Lab. angle =

72.5 to

77.5 degrees.

Total
1.549E+02 +/- 7.58E+00
1.468E+02 +/- 7.38E+00

Cascade
0.000E+00 +/- 0.00E+00
2.965E+00 +/- 1.0BE+00

0.000E+00
0.000E+00

+/- 0.00E+00
+/- 0.00E+00

6.861E+01 +/- 5.48E+00

Precompound
7.412E-01 +/- 5.24E-01
1.112E+00 +/- 6.42E-01

.000E+00
.000E+00

.851E+02

-B42E+02
-427E+02

+/- 0.00E+00
+/- 0.00E+00

+/- 1.46E+01

Total Evaporation
+/- 7.56E+00
+/- T.27E+00

48.0-
50.0-

50.0
52.0

Integrated:

1.853E-01 +/- 1.85E-01
1.853E-01 +/- 1.85E-01

5.693E+02 +/- 1.45E+01

0.000E+00 +/- 0.00E+00
0.000E+00 +/- 0.00E+00

3.780E+01 +/- 3.74E+00

Double differential cross sections [mb/MeV/srl;

Lab. angle =

92.5 to

97.5 degrees.

Total
+/-
+/-

1.383E+02
1.459E+02

7.05E+00
7.24E+00

Cascade
0.000E+00 +/- 0.00E+00
7.187E-01 +/- 5.08E-01

1.853E-01
1.853E-01

+/- 1.85E-01
+/- 1.85E-01

4.633E+01 +/- 4.14E+00

Precompound
1.078E+00 +/- 6.22E-01
2.515E+00 +/- 9.51E-01

4.

-000E+00
-000E+00

.373E+02
L427E+02

+/- 0.00E+00
+/- 0.00E+00

851E+02 +/- 1.34E+01

Total Evaporation
+/- T.02E+00
+/- T.16E+00

Integrated:

1.797E-01
3.593E-01

1.80E-01
2.54E-01

5.261E+02 1.37E+01

0.000E+00 +/- 0.00E+00
0.000E+00 +/- 0.00E+00

1.797E+01 +/- 2.54E+00

Double differential cross sections [mb/MeV/srl;

Lab. angle =

112.5 to 117.5 degrees.

Total
1.458E+02 +/- 7.59E+00
1.450E+02 +/- 7.57E+00

Cascade
0.000E+00 +/- 0.00E+00
2.370E+00 +/- 9.68E-01

1.797E-01
3.593E-01

+/- 1.80E-01
+/- 2.54E-01

3.917E+01 +/- 3.75E+00

Precompound
7.900E-01 +/- 5.59E-01
3.950E-01 +/- 3.95E-01

4.

-000E+00
-000E+00

.450E+02
.422E+02

+/-
+/-

0.00E+00
0.00E+00
690E+02

+/- 1.30E+01

Total Evaporation
+/- T.57E+00
+/- T.49E+00

Integrated:

1.975E-01 +/- 1.97E-01
1.975E-01 +/- 1.97E-01

4.910E+02 +/- 1.39E+01

0.000E+00 +/- 0.00E+00
0.000E+00 +/- 0.00E+00

7.50BE+00 +/- 1.72E+00

Double differential cross sections [mb/MeV/srl;

1.975E-01
1.975E-01

+/- 1.97E-01
+/- 1.97E-01

2.409E+01 +/- 3.08E+00

Precompound
0.000E+00 +/- 0.00E+00
1.694E+00 +/- 1.20E+00

4.

1

.000E+00
.000E+00

-338E+02
1.

+/- 0.00E+00
+/- 0.00E+00

B94E+02 +/- 1.35E+01

Total Evaporation
+/- 1.06E+01

262E+02 +/- 1.03E+01

8.471E-01
4.235E-01

+/- 8.47E-01
+/- 4.24E-01

1.694E+01 +/- 3.79E+00

Lab. angle = 152.5 to 157.5 degrees.

Tn [MeV] Total Cascade

0.0- 1.0 1.338E+02 +/- 1.06E+01 0.000E+00 +/- 0.00E+00

1.0- 2.0 1.288E+02 +/- 1.04E+01 8.471E-01 +/- 8.47E-01
21.0- 22.0 8.471E-01 +/- 8.47E-01 0.000E+00 +/- 0.00E+00
46.0- 48.0 4.235E-01 +/- 4.24E-01 0.000E+00 +/- 0.00E+00
Integrated: 4.515E+02 +/- 1.96E+01 8.471E-01 +/- 8.47E-01

protons

Energy Spectrum [mb/MeV]

4.

-000E+00
.000E+00

+/-
+/-

0.00E+00
0.00E+00
337E+02

+/- 1.92E+01

Energy spectrum from 0.0 to 64.0 MeV (zero values suppressed).
Tp [MeV] Total Cascade Precompound Total Evaporation
7.0- 8.0 1.962E-01 +/- 1.96E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.962E-01 +/- 1.96E-01
8.0- 9.0 1.786E+01 +/- 1.87E+00 1.393E+01 +/- 1.65E+00 1.962E-01 +/- 1.96E-01 3.728E+00 +/- 8.55E-01
60.0- 62.0 2.551E+00 +/- 5.00E-01 2.453E+00 +/- 4.91E-01 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00
62.0- 64.0 1.962E-01 +/- 1.39E-01 1.962E-01 +/- 1.39E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
Integrated: 9.222E+02 +/- 1.3BE+01 4.872E+02 +/- 9.78E+00 4.205E+02 +/- 9.08E+00 1.452E+01 +/- 1.69E+00
Angular Distributions [mb/sr]
Ang.p Total Cascade Precompound Total Evaporation
[deg.]
5.0 2.117E+02 +/- 2.09E+01 1.233E+02 +/- 1.59E+01 8.223E+01 +/- 1.30E+01 6.167E+00 +/- 3.56E+00
15.0  3.288E+02 +/- 1.51E+01 2.333E+02 +/- 1.27E+01 9.484E+01 +/- 8.10E+00 6.922E-01 +/- 6.92E-01
165.0  8.307E+00 +/- 2.40E+00 0.000E+00 +/- 0.00E+00 7.614E+00 +/- 2.30E+00 6.922E-01 +/- 6.92E-01
175.0  1.64BE+01 +/- 5.81E+00 0.000E+00 +/- 0.00E+00 1.645E+01 +/- 5.81E+00 0.000E+00 +/- 0.00E+00
Integ. 9.222E+02 +/- 1.3BE+01 4.872E+02 +/- 9.78E+00 4.205E+02 +/- 9.08E+00 1.452E+01 +/- 1.69E+00

Double differential cross sections [mb/MeV/srl;
27.5 degrees.

Lab. angle = 22.5 to

2.541E+00
4.235E+00

Total

Cascade

+/- 1.47E+00 1.694E+00 +/- 1.20E+00
+/- 1.89E+00 3.388E+00 +/- 1.69E+00

Precompound
0.000E+00 +/- 0.00E+00
0.000E+00 +/- 0.00E+00

Total Evaporation

.471E-01 +/- 8.47E-01
.471E-01

+/- 8.47E-01

62.0

Integrated:

2.541E+00
4.235E-01

3.185E+02

+/- 1.64E+01

4.235E-01 +/- 4.

2.440E+02 +/- 1.

Double differential cross sections [mb/MeV/srl;
57.5 degrees.

Lab. angle = 52.5 to

+/- 1.04E+00 1.694E+00 +/- 8.47E-01
+/- 4.24E-01

24E-01

44E+01

8.471E-01
0.000E+00

+/- 5.99E-01
+/- 0.00E+00

7.285E+01 +/- 7.86E+00
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.000E+00
.000E+00

+/- 0.00E+00
+/- 0.00E+00

694E+00 +/- 1.20E+00



[MeV]
9.0
10.0

Tp
8.0-
9.0-

2.185E+00
3.933E+00

9.77E-01
1.31E+00

Cascade
2.185E+00 +/- 9.
3.496E+00 +/- 1.

77E-01
24E+00

Prec:
0.000E+00
0.000E+00

ompound
+/- 0.00E+00
+/- 0.00E+00

Total Evaporation

.000E+00
.370E-01

+/-
+/-

0.00E+00
4.37E-01

56.0-
58.0-

58.0
60.0

Integrated:

6.555E-01
2.185E-01

3.78E-01
2.19E-01

1.180E+02 7.18E+00

4,370E-01 +/- 3.
0.000E+00 +/- 0.

6.686E+01 +/- 5.

Double differential cross sections [mb/MeV/srl;

Lab. angle =

Tp [MeV]

72.5 to

77.5 degrees.

Total
3.706E-01 +/- 3.T1E-01
1.112E+00 +/- 6.42E-01

Cascade
3.706E-01 +/- 3.
7.412E-01 +/- 5.

09E-01
00E+00

41E+00

71E-01
24E-01

2.185E-01
2.185E-01

5.026E+01

Prec:
0.000E+00
0.000E+00

+/- 2.19E-01
+/- 2.19E-01

+/- 4.69E+00

ompound
+/- 0.00E+00
+/- 0.00E+00

8.

.000E+00
.000E+00

T40E-01

+/-
+/-

0.00E+00
0.00E+00

+/- 6.18E-01

Total Evaporation

-000E+00
-7T06E-01

+/- 0.00E+00
+/- 3.T1E-01

Integrated:

1.853E-01 +/- 1.85E-01
1.853E-01 +/- 1.85E-01

4.633E+01 +/- 4.14E+00

0.000E+00 +/- 0.
0.000E+00 +/- 0.

9.636E+00 +/- 1.

Double differential cross sections [mb/MeV/srl;

Lab. angle =

[MeV]
10.0

Tp

92.5 to

97.5 degrees.

Total
1.437E+00 +/-

2.156E+00

7.19E-01
8.80E-01

Cascade
3.593E-01 +/- 3.
3.593E-01 +/- 3.

00E+00
00E+00

89E+00

59E-01
59E-01

1.853E-01
1.853E-01

3.521E+01

Prec:
7.187E-01
1.797E+00

+/- 1.85E-01
+/- 1.85E-01

+/- 3.61E+00

ompound
+/- 5.08E-01
+/- 8.04E-01

1.

.000E+00
.000E+00

482E+00

+/- 0.00E+00
+/- 0.00E+00

+/- T.41E-01

Total Evaporation

-593E-01
-000E+00

+/-
+/-

3.59E-01
0.00E+00

Integrated:

1.797E-01
1.797E-01

1.80E-01
1.80E-01

2.659E+01 3.09E+00

0.000E+00 +/- 0.
0.000E+00 +/- 0.

1.797E+00 +/- 8.

Double differential cross sections [mb/MeV/srl;
Lab. angle = 112.5 to 117.5 degrees.

Total
+/- 3.95E-01

3.95E-01

Cascade
0.000E+00 +/- 0.
0.000E+00 +/- 0.

00E+00
00E+00

04E-01

00E+00
00E+00

1.797E-01
1.797E-01

2.408E+01

Prec:
0.000E+00
3.950E-01

+/- 1.80E-01
+/- 1.80E-01

+/- 2.94E+00

ompound
+/- 0.00E+00
+/- 3.95E-01

7.

3.
.000E+00

-000E+00
-000E+00

187E-01

+/-
+/-

0.00E+00
0.00E+00

+/- 5.08E-01

Total Evaporation

950E-01

+/-
+/-

3.95E-01
0.00E+00

Integrated:

1.975E-01
1.975E-01

1.97E-01
1.97E-01

1.540E+01 2.47E+00

0.000E+00
0.000E+00

+/- 0.
+/- 0.

1.185E+00 +/- 6.

Double differential cross sections [mb/MeV/srl;
Lab. angle = 152.5 to 157.5 degrees.

[MeV]
11.0
15.0

Tp

Total
1.694E+00 +/-

8.471E-01

1.20E+00
8.47E-01

Cascade
0.000E+00 +/- 0.
0.000E+00 +/- 0.

00E+00
00E+00

84E-01

00E+00
00E+00

1.975E-01
1.975E-01

1.343E+01

Prec:
8.471E-01
8.471E-01

+/- 1.97E-01
+/- 1.97E-01

+/- 2.30E+00

ompound
+/- 8.47E-01
+/- 8.47E-01

7.

8.
-000E+00

.000E+00
.000E+00

900E-01

0.00E+00
0.00E+00

+/-
+/-

+/- 5.59E-01

Total Evaporation

471E-01

+/-
+/-

8.47E-01
0.00E+00

Integrated:

4.235E-01
4.235E-01

4.24E-01
4.24E-01

7.624E+00 2.54E+00

0.000E+00 +/- 0.
0.000E+00 +/- 0.

0.000E+00 +/- 0.

00E+00
00E+00

00E+00

4.235E-01
4.235E-01

6.776E+00

+/- 4.24E-01
+/- 4.24E-01

+/- 2.40E+00

8.

.000E+00
.000E+00

4T71E-01

+/-
+/-

0.00E+00
0.00E+00

+/- 8.47E-01

deuterons

Energy Spectrum [mb/MeV]

Energy spectrum from 0.0 to 64.0 MeV (zero values suppressed)
Td [MeV] Total Coalescence Precompound Total Evaporation
6.0- 7.0 3.924E-01 +/- 2.78E-01 3.924E-01 +/- 2.78E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
7.0- 8.0 3.924E-01 +/- 2.78E-01 3.924E-01 +/- 2.78E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
64.0- 56.0 2.943E-01 +/- 1.70E-01 0.000E+00 +/- 0.00E+00 2.943E-01 +/- 1.70E-01 0.000E+00 +/- 0.00E+00
66.0- 58.0 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00
Integrated: 8.516E+01 +/- 4.09E+00 7.260E+00 +/- 1.19E+00 7.672E+01 +/- 3.88E+00 1.177E+00 +/- 4.81E-01
Angular Distributions [mb/sr]
Ang.d Total Coalescence Precompound Total Evaporation
[deg.]
5.0  3.906E+01 +/- 8.96E+00 1.850E+01 +/- 6.17E+00 2.056E+01 +/- 6.50E+00 0.000E+00 +/- 0.00E+00
15.0  2.284E+01 +/- 3.98E+00 2.769E+00 +/- 1.38E+00 2.007E+01 +/- 3.73E+00 0.000E+00 +/- 0.00E+00
165.0  2.544E+00 +/- 1.04E+00 0.000E+00 +/- 0.00E+00 2.544E+00 +/- 1.04E+00 0.000E+00 +/- 0.00E+00
165.0 6.922E-01 +/- 6.92E-01 0.000E+00 +/- 0.00E+00 6.922E-01 +/- 6.92E-01 0.000E+00 +/- 0.00E+00
Integ. 8.516E+01 +/- 4.09E+00 7.260E+00 +/- 1.19E+00 7.672E+01 +/- 3.88E+00 1.177E+00 +/- 4.81E-01

Double differential cross sections [mb/MeV/srl;

Lab. angle = 22.5 to 27.5 degrees.

Td [MeV] Total Coalescence Precompound Total Evaporation
11.0- 12.0 1.694E+00 +/- 1.20E+00 8.471E-01 +/- 8.47E-01 8.471E-01 +/- 8.47E-01 0.000E+00 +/- 0.00E+00
13.0- 14.0 1.694E+00 +/- 1.20E+00 8.471E-01 +/- 8.47E-01 8.471E-01 +/- 8.47E-01 0.000E+00 +/- 0.00E+00

44.0- 46.0 4.235E-01 +/- 4.24E-01 0.000E+00 +/- 0.00E+00 4.235E-01 +/- 4.24E-01 0.000E+00 +/- 0.00E+00
52.0- 54.0 4.235E-01 +/- 4.24E-01 0.000E+00 +/- 0.00E+00 4.235E-01 +/- 4.24E-01 0.000E+00 +/- 0.00E+00

Integrated: 1.948E+01 +/- 4.06E+00 2.541E+00 +/- 1.4TE+00 1.694E+01 +/- 3.79E+00 0.000E+00 +/- 0.00E+00

Double differential cross sections [mb/MeV/srl;
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Lab. angle = 52.5 to 57.5 degrees.

Td [MeV] Total Coalescence Precompound Total Evaporation

7.0- 8.0 4.370E-01 +/- 4.37E-01 4.370E-01 +/- 4.37E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
12.0- 13.0 8.740E-01 +/- 6.18E-01 0.000E+00 +/- 0.00E+00 8.740E-01 +/- 6.18E-01 0.000E+00 +/- 0.00E+00
44.0- 46.0 2.185E-01 +/- 2.19E-01 0.000E+00 +/- 0.00E+00 2.185E-01 +/- 2.19E-01 0.000E+00 +/- 0.00E+00
48.0- 50.0 2.185E-01 +/- 2.19E-01 0.000E+00 +/- 0.00E+00 2.185E-01 +/- 2.19E-01 0.000E+00 +/- 0.00E+00

Integrated: 1.005E+01 +/- 2.10E+00 8.740E-01 +/- 6.18E-01 9.177E+00 +/- 2.00E+00 0.000E+00 +/- 0.00E+00
Double differential cross sections [mb/MeV/srl;
Lab. angle = 72.5 to 77.5 degrees.

Td [MeV] Total Coalescence Precompound Total Evaporation
10.0- 11.0 3.706E-01 +/- 3.71E-01 0.000E+00 +/- 0.00E+00 3.706E-01 +/- 3.71E-01 0.000E+00 +/- 0.00E+00
16.0- 17.0 3.706E-01 +/- 3.71E-01 0.000E+00 +/- 0.00E+00 3.706E-01 +/- 3.71E-01 0.000E+00 +/- 0.00E+00
36.0- 38.0 1.853E-01 +/- 1.85E-01 0.000E+00 +/- 0.00E+00 1.853E-01 +/- 1.85E-01 0.000E+00 +/- 0.00E+00
38.0- 40.0 1.853E-01 +/- 1.85E-01 0.000E+00 +/- 0.00E+00 1.853E-01 +/- 1.85E-01 0.000E+00 +/- 0.00E+00

Integrated: 4.447E+00 +/- 1.28E+00 0.000E+00 +/- 0.00E+00 4.447E+00 +/- 1.28E+00 0.000E+00 +/- 0.00E+00
Double differential cross sections [mb/MeV/srl;
Lab. angle = 92.5 to 97.5 degrees.

Td [MeV] Total Coalescence Precompound Total Evaporation
16.0- 16.0 3.593E-01 +/- 3.59E-01 0.000E+00 +/- 0.00E+00 3.593E-01 +/- 3.59E-01 0.000E+00 +/- 0.00E+00
16.0- 17.0 3.593E-01 +/- 3.59E-01 0.000E+00 +/- 0.00E+00 3.593E-01 +/- 3.59E-01 0.000E+00 +/- 0.00E+00
42.0- 44.0 1.797E-01 +/- 1.80E-01 0.000E+00 +/- 0.00E+00 1.797E-01 +/- 1.80E-01 0.000E+00 +/- 0.00E+00
44.0- 46.0 3.593E-01 +/- 2.54E-01 0.000E+00 +/- 0.00E+00 3.593E-01 +/- 2.54E-01 0.000E+00 +/- 0.00E+00

Integrated: 4.672E+00 +/- 1.30E+00 0.000E+00 +/- 0.00E+00 4.672E+00 +/- 1.30E+00 0.000E+00 +/- 0.00E+00
Double differential cross sections [mb/MeV/srl;
Lab. angle = 112.5 to 117.5 degrees.

Td [MeV] Total Coalescence Precompound Total Evaporation
17.0- 18.0 3.950E-01 +/- 3.95E-01 0.000E+00 +/- 0.00E+00 3.950E-01 +/- 3.95E-01 0.000E+00 +/- 0.00E+00
20.0- 21.0 3.950E-01 +/- 3.95E-01 0.000E+00 +/- 0.00E+00 3.950E-01 +/- 3.95E-01 0.000E+00 +/- 0.00E+00
22.0- 24.0 1.975E-01 +/- 1.97E-01 0.000E+00 +/- 0.00E+00 1.975E-01 +/- 1.97E-01 0.000E+00 +/- 0.00E+00
46.0- 48.0 1.975E-01 +/- 1.97E-01 0.000E+00 +/- 0.00E+00 1.975E-01 +/- 1.97E-01 0.000E+00 +/- 0.00E+00

Integrated: 1.580E+00 +/- 7.90E-01 0.000E+00 +/- 0.00E+00 1.580E+00 +/- 7.90E-01 0.000E+00 +/- 0.00E+00
Double differential cross sections [mb/MeV/srl;
Lab. angle = 152.5 to 157.5 degrees.

Td [MeV] Total Coalescence Precompound Total Evaporation
19.0- 20.0 8.471E-01 +/- 8.47E-01 0.000E+00 +/- 0.00E+00 8.471E-01 +/- 8.47E-01 0.000E+00 +/- 0.00E+00
24.0- 26.0 4.235E-01 +/- 4.24E-01 0.000E+00 +/- 0.00E+00 4.235E-01 +/- 4.24E-01 0.000E+00 +/- 0.00E+00
26.0- 28.0 4.235E-01 +/- 4.24E-01 0.000E+00 +/- 0.00E+00 4.235E-01 +/- 4.24E-01 0.000E+00 +/- 0.00E+00
28.0- 30.0 4.235E-01 +/- 4.24E-01 0.000E+00 +/- 0.00E+00 4.235E-01 +/- 4.24E-01 0.000E+00 +/- 0.00E+00
34.0- 36.0 4.235E-01 +/- 4.24E-01 0.000E+00 +/- 0.00E+00 4.235E-01 +/- 4.24E-01 0.000E+00 +/- 0.00E+00

Integrated: 4.235E+00 +/- 1.89E+00 0.000E+00 +/- 0.00E+00 4.235E+00 +/- 1.89E+00 0.000E+00 +/- 0.00E+00
tritons

Energy Spectrum [mb/MeV]

Energy spectrum from 0.0 to 64.0 MeV (zero values suppressed)

Tt [MeV] Total Coalescence Precompound Total Evaporation

8.0- 9.0 1.962E-01 +/- 1.96E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.962E-01 +/- 1.96E-01
10.0- 11.0 7.849E-01 +/- 3.92E-01 0.000E+00 +/- 0.00E+00 1.962E-01 +/- 1.96E-01 5.887E-01 +/- 3.40E-01
40.0- 42.0 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00
50.0- 52.0 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00
Integrated: 2.100E+01 +/- 2.03E+00 0.000E+00 +/- 0.00E+00 1.982E+01 +/- 1.97E+00 1.177E+00 +/- 4.81E-01

Angular Distributions [mb/sr]

Ang.t Total Coalescence Precompound Total Evaporation
[deg.]
5.0 2.056E+00 +/- 2.06E+00 0.000E+00 +/- 0.00E+00 2.056E+00 +/- 2.06E+00 0.000E+00 +/- 0.00E+00
16.0  2.769E+00 +/- 1.38E+00 0.000E+00 +/- 0.00E+00 2.769E+00 +/- 1.38E+00 0.000E+00 +/- 0.00E+00
115.0  9.884E-01 +/- 4.42E-01 0.000E+00 +/- 0.00E+00 9.884E-01 +/- 4.42E-01 0.000E+00 +/- 0.00E+00
125.0 8.7T49E-01 +/- 4.37E-01 0.000E+00 +/- 0.00E+00 6.561E-01 +/- 3.79E-01 2.187E-01 +/- 2.19E-01
Integ. 2.100E+01 +/- 2.03E+00 0.000E+00 +/- 0.00E+00 1.982E+01 +/- 1.97E+00 1.177E+00 +/- 4.81E-01

Double differential cross sections [mb/MeV/srl;

Lab. angle = 22.5 to 27.5 degrees.

Tt [MeV] Total Coalescence Precompound Total Evaporation
13.0- 14.0 8.471E-01 +/- 8.47E-01 0.000E+00 +/- 0.00E+00 8.471E-01 +/- 8.47E-01 0.000E+00 +/- 0.00E+00
18.0- 19.0 8.471E-01 +/- 8.47E-01 0.000E+00 +/- 0.00E+00 8.471E-01 +/- 8.47E-01 0.000E+00 +/- 0.00E+00

26.0- 28.0 4.235E-01 +/- 4.24E-01 0.000E+00 +/- 0.00E+00 4.235E-01 +/- 4.24E-01 0.000E+00 +/- 0.00E+00
34.0- 36.0 4.235E-01 +/- 4.24E-01 0.000E+00 +/- 0.00E+00 4.235E-01 +/- 4.24E-01 0.000E+00 +/- 0.00E+00

Integrated: 6.776E+00 +/- 2.40E+00 0.000E+00 +/- 0.00E+00 6.776E+00 +/- 2.40E+00 0.000E+00 +/- 0.00E+00
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Double differential cross sections [mb/MeV/srl;

Lab. angle = 52.5 to 57.5 degrees.

Tt [MeV] Total Coalescence Precompound Total Evaporation
16.0- 17.0 8.740E-01 +/- 6.18E-01 0.000E+00 +/- 0.00E+00 8.740E-01 +/- 6.18E-01 0.000E+00 +/- 0.00E+00
18.0- 19.0 4.370E-01 +/- 4.37E-01 0.000E+00 +/- 0.00E+00 4.370E-01 +/- 4.37E-01 0.000E+00 +/- 0.00E+00

28.0- 30.0 2.185E-01 +/- 2.19E-01 0.000E+00 +/- 0.00E+00 2.185E-01 +/- 2.19E-01 0.000E+00 +/- 0.00E+00
50.0- 52.0 2.185E-01 +/- 2.19E-01 0.000E+00 +/- 0.00E+00 2.185E-01 +/- 2.19E-01 0.000E+00 +/- 0.00E+00

Integrated: 4.370E+00 +/- 1.38E+00 0.000E+00 +/- 0.00E+00 4.370E+00 +/- 1.38E+00 0.000E+00 +/- 0.00E+00

Double differential cross sections [mb/MeV/srl;

Lab. angle = 72.5 to 77.5 degrees.

Tt [MeV] Total Coalescence Precompound Total Evaporation
12.0- 13.0 3.706E-01 +/- 3.71E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 3.706E-01 +/- 3.71E-01
21.0- 22.0 3.706E-01 +/- 3.71E-01 0.000E+00 +/- 0.00E+00 3.706E-01 +/- 3.71E-01 0.000E+00 +/- 0.00E+00
22.0- 24.0 1.853E-01 +/- 1.85E-01 0.000E+00 +/- 0.00E+00 1.853E-01 +/- 1.85E-01 0.000E+00 +/- 0.00E+00
30.0- 32.0 1.853E-01 +/- 1.85E-01 0.000E+00 +/- 0.00E+00 1.853E-01 +/- 1.85E-01 0.000E+00 +/- 0.00E+00

Integrated: 1.482E+00 +/- 7.41E-01 0.000E+00 +/- 0.00E+00 1.112E+00 +/- 6.42E-01 3.706E-01 +/- 3.71E-01

Double differential cross sections [mb/MeV/srl;

Lab. angle = 92.5 to 97.5 degrees.

Tt [MeV] Total Coalescence Precompound Total Evaporation
11.0- 12.0 3.593E-01 +/- 3.59E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 3.593E-01 +/- 3.59E-01
17.0- 18.0 3.593E-01 +/- 3.59E-01 0.000E+00 +/- 0.00E+00 3.593E-01 +/- 3.59E-01 0.000E+00 +/- 0.00E+00
18.0- 19.0 3.593E-01 +/- 3.59E-01 0.000E+00 +/- 0.00E+00 3.593E-01 +/- 3.59E-01 0.000E+00 +/- 0.00E+00
24.0- 26.0 1.797E-01 +/- 1.80E-01 0.000E+00 +/- 0.00E+00 1.797E-01 +/- 1.80E-01 0.000E+00 +/- 0.00E+00
40.0- 42.0 1.797E-01 +/- 1.80E-01 0.000E+00 +/- 0.00E+00 1.797E-01 +/- 1.80E-01 0.000E+00 +/- 0.00E+00

Integrated: 1.797E+00 +/- 8.04E-01 0.000E+00 +/- 0.00E+00 1.437E+00 +/- 7.19E-01 3.593E-01 +/- 3.59E-01
Double differential cross sections [mb/MeV/srl;
Lab. angle = 112.5 to 117.5 degrees.

Tt [MeV] Total Coalescence Precompound Total Evaporation
18.0- 19.0 3.950E-01 +/- 3.95E-01 0.000E+00 +/- 0.00E+00 3.950E-01 +/- 3.95E-01 0.000E+00 +/- 0.00E+00
21.0- 22.0 3.950E-01 +/- 3.95E-01 0.000E+00 +/- 0.00E+00 3.950E-01 +/- 3.95E-01 0.000E+00 +/- 0.00E+00
22.0- 24.0 1.975E-01 +/- 1.97E-01 0.000E+00 +/- 0.00E+00 1.975E-01 +/- 1.97E-01 0.000E+00 +/- 0.00E+00

Integrated: 1.185E+00 +/- 6.84E-01 0.000E+00 +/- 0.00E+00 1.185E+00 +/- 6.84E-01 0.000E+00 +/- 0.00E+00

Helium-3

Energy Spectrum [mb/MeV]

Energy spectrum from 0.0 to 64.0 MeV (zero values suppressed)

THe3 [MeV] Total Coalescence Precompound Total Evaporation
30.0- 32.0 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00
32.0- 34.0 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00
48.0- 50.0 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00
50.0- 52.0 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00

Integrated: 2.168E+00 +/- 6.51E-01 0.000E+00 +/- 0.00E+00 2.158E+00 +/- 6.51E-01 0.000E+00 +/- 0.00E+00
Angular Distributions [mb/srl

Ang.He3 Total Coalescence Precompound Total Evaporation

[deg.]

5.0  2.056E+00 +/- 2.06E+00 0.000E+00 +/- 0.00E+00 2.056E+00 +/- 2.06E+00 0.000E+00 +/- 0.00E+00
35.0  6.247E-01 +/- 4.42E-01 0.000E+00 +/- 0.00E+00 6.247E-01 +/- 4.42E-01 0.000E+00 +/- 0.00E+00
95.0  1.798E-01 +/- 1.80E-01 0.000E+00 +/- 0.00E+00 1.798E-01 +/- 1.80E-01 0.000E+00 +/- 0.00E+00

116.0  1.977E-01 +/- 1.98E-01 0.000E+00 +/- 0.00E+00 1.977E-01 +/- 1.98E-01 0.000E+00 +/- 0.00E+00
Integ. 2.168E+00 +/- 6.51E-01 0.000E+00 +/- 0.00E+00 2.158E+00 +/- 6.51E-01 0.000E+00 +/- 0.00E+00
alphas
Energy Spectrum [mb/MeV]

Energy spectrum from 0.0 to 64.0 MeV (zero values suppressed).

THe4 [MeV] Total Coalescence Precompound Total Evaporation
19.0- 20.0 5.887E-01 +/- 3.40E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 5.887E-01 +/- 3.40E-01
20.0- 21.0 5.887E-01 +/- 3.40E-01 0.000E+00 +/- 0.00E+00 1.962E-01 +/- 1.96E-01 3.924E-01 +/- 2.78E-01
50.0- 52.0 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00
56.0- 58.0 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00 9.811E-02 +/- 9.81E-02 0.000E+00 +/- 0.00E+00

Integrated: 1.746E+01 +/- 1.85E+00 0.000E+00 +/- 0.00E+00 1.472E+01 +/- 1.70E+00 2.747E+00 +/- 7.34E-01
Angular Distributions [mb/sr]

Ang.He4 Total Coalescence Precompound Total Evaporation

[deg.]

5.0 6.167E+00 +/- 3.56E+00 0.000E+00 +/- 0.00E+00 4.111E+00 +/- 2.91E+00 2.056E+00 +/- 2.06E+00

15.0  1.384E+00 +/- 9.79E-01 0.000E+00 +/- 0.00E+00 1.384E+00 +/- 9.79E-01 0.000E+00 +/- 0.00E+00
155.0  1.272E+00 +/- 7.34E-01 0.000E+00 +/- 0.00E+00 4.239E-01 +/- 4.24E-01 8.479E-01 +/- 6.00E-01
165.0  2.077E+00 +/- 1.20E+00 0.000E+00 +/- 0.00E+00 1.384E+00 +/- 9.79E-01 6.922E-01 +/- 6.92E-01

Integ. 1.746E+01 +/- 1.85E+00 0.000E+00 +/- 0.00E+00 1.472E+01 +/- 1.70E+00 2.747E+00 +/- 7.34E-01
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Double differential cross sections [mb/MeV/srl;

Lab. angle =

THe4 [MeV]
28.0- 30.0

Integrated:

22.5 to

Total
4.235E-01 +/-
4.235E-01 +/-
4.235E-01 +/-

2.541E+00 +/-

27.5 degrees.

Coalescence

4.24E-01 0.000E+00
4.24E-01 0.000E+00
4.24E-01 0.000E+00

1.47E+00 0.000E+00

Double differential cross sections [mb/MeV/srl;

Lab. angle =
THe4 [MeV]
22.0- 24.0
26.0- 28.0
30.0- 32.0
32.0- 34.0
Integrated:

52.5 to

Total
2.185E-01 +/-
2.185E-01 +/-
2.185E-01 +/-
4.370E-01 +/-

2.185E+00 +/-

57.5 degrees.

+/- 0.00E+00
+/- 0.00E+00
+/- 0.00E+00

+/- 0.00E+00

Coalescence

2.19E-01
2.19E-01
2.19E-01
3.09E-01

0.000E+00
0.000E+00
0.000E+00
0.000E+00

9.77E-01 0.000E+00

Double differential cross sections [mb/MeV/srl;

Lab. angle =
THe4 [MeV]
24.0- 26.0
28.0- 30.0

Integrated:

72.5 to

Total
1.853E-01 +/-
1.853E-01 +/-

7.412E-01 +/-

77.5 degrees.

+/- 0.00E+00
+/- 0.00E+00
+/- 0.00E+00
+/- 0.00E+00

+/- 0.00E+00

Coalescence

1.85E-01 0.000E+00
1.85E-01 0.000E+00

5.24E-01 0.000E+00

Double differential cross sections [mb/MeV/srl;

Lab. angle =

THe4 [MeV]

Integrated:

92.5 to

Total
3.593E-01 +/-
1.797E-01 +/-
1.797E-01 +/-

1.078E+00 +/-

97.5 degrees.

+/- 0.00E+00
+/- 0.00E+00

+/- 0.00E+00

Coalescence

3.59E-01 0.000E+00
1.80E-01 0.000E+00
1.80E-01 0.000E+00

6.22E-01 0.000E+00

Double differential cross sections [mb/MeV/srl;

Lab. angle =

THe4 [MeV]
26.0- 28.0

Integrated:

Total

112.5 to 117.5 degrees.

+/- 0.00E+00
+/- 0.00E+00
+/- 0.00E+00

+/- 0.00E+00

Coalescence
1.9756E-01 +/- 1.97E-01 0.000E+00 +/- 0.00E+00

3.950E-01 +/- 3.95E-01 0.000E+00 +/- 0.00E+00

Double differential cross sections [mb/MeV/srl;

Lab. angle =

THe4 [MeV]
24.0-

Integrated:

Elapsed cpu time =

Total

152.5 to 157.5 degrees.

Coalescence

26.0 4.235E-01 +/- 4.24E-01 0.000E+00 +/- 0.00E+00

8.471E-01 +/- 8.47E-01 0.000E+00 +/- 0.00E+00

0. min and 29.940 sec.

4.
4.
4.

2

2.

1.
1.

7.

0.
0.
1.

3.

1.

3.

0

0.

-541E+00

Precompound
235E-01 +/- 4.24E-01
235E-01 +/- 4.24E-01
235E-01 +/- 4.24E-01

+/- 1.47E+00

Precompound
185E-01 +/- 2.19E-01
185E-01 +/- 2.19E-01
185E-01 +/- 2.19E-01
370E-01 +/- 3.09E-01

185E+00 +/- 9.77E-01

Precompound
853E-01 +/- 1.8BE-01
853E-01 +/- 1.8BE-01

412E-01 +/- 5.24E-01

Precompound
000E+00 +/- 0.00E+00
000E+00 +/- 0.00E+00
797E-01 +/- 1.80E-01

593E-01 +/- 3.59E-01

Precompound
976E-01 +/- 1.97E-01

950E-01 +/- 3.95E-01

Precompound

.000E+00 +/- 0.00E+00

000E+00 +/- 0.00E+00
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0.
0.
0.

0.

ocooo

0.

0.

3.
.T7T97E-01
0.

7.

0.

0.

4

8.

-000E+00

.000E+00
.000E+00

Total Evaporation

000E+00 +/- 0.00E+00
000E+00 +/- 0.00E+00
000E+00 +/- 0.00E+00

000E+00 +/- 0.00E+00

Total Evaporation

+/- 0.00E+00
+/- 0.00E+00
+/- 0.00E+00
+/- 0.00E+00

000E+00

000E+00 +/- 0.00E+00

Total Evaporation

.000E+00 +/- 0.00E+00
.000E+00 +/- 0.00E+00

000E+00 +/- 0.00E+00

Total Evaporation

B93E-01 +/- 3.59E-01
+/- 1.80E-01
000E+00 +/- 0.00E+00

187E-01 +/- 5.08E-01

Total Evaporation
000E+00 +/- 0.00E+00

000E+00 +/- 0.00E+00

Total Evaporation

.235E-01 +/- 4.24E-01

4T1E-01 +/- 8.47E-01



CEMO03.01 Output Example 7

Sun Aug 21 12:17:56 2005

Example No. 7: xsec and kinetic energy of all products measued
at GSI in inverse kinematics for 800 MeV p + Aul97; 10,000 events

Number of types of evaporated particles = 6
M TO A Z Q B limc idel

0.9383 0.8000 197. 79. 1 1 10000 1

dt0 = -20.0, tOmax = 1000.5, dteta = 10.0

nnnp mspec mpyld mchy misy mdubl mang iparl ipar2
0 0 1 0 1 0 0 2 2

rOm = 1.2, & cevap = 12.0.

lim = 100000

Geometrical cross section = 2394.46 mb.

" Inelastic cross section used here - 1629.65 Wb
Monte Carlo inelastic cross section = 1594.82 mb

Sun Aug 21 12:17:56 2005

800.0 MeV (z = 1, A =1) + (2 =79., A = 197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 5014,
Reaction cross section = 1629.65 mb, Elastic cross section = 817.11 mb.

The mean excitation energy, charge, mass, and angular momentum
of the 10000 nuclei after the
cascade and before preequilibrium decay are:

Exav = 228.5 +/-148.0 MeV; E#*min = -1.0; E*max = 727.4
Zav = 78.6 +/- 1.1; Zmin = 73.; Zmax = 82.
Aav = 192.7 +/- 2.6; Amin = 181.; Amax = 198.
Lav = 12.7 +/- 7.4 h-bar; Lmin = 0.; Lmax = 47.

The mean charge, mass, and angular momentum

of the 197 residual nuclei with less than

3 MeV of excitation energy after the cascade are:

Zav = 79.1 +/- 0.3; Zmin = 79.; Zmax = 80.
Aav = 196.1 +/- 0.4; Amin = 195.; Amax = 197.
Lav = 3.7 +/- 2.2 h-bar; Lmin = 0.; Lmax = 12.

The mean excitation energy, charge, mass, and angular momentum
of the 9803 nuclei after preequilibrium
decay and before the start of statistical decay are:

Exav = 183.6 +/- 126.6 MeV; E*min = Exmax = 679.5
Zav = T7.7 +/- 1.7; Zmin = Zmax = 82.
Aav = 190.6 +/- 4.1; Amin = Amax = 197.
Lav = 14.9 +/- 9.0 h-bar; Lmin = Lmax = 68.

The mean kinetic energy, charge, mass, and angular momentum

of the 9552 residual nuclei are:

Ekav = 2.1 +/- 2.6 MeV; Ekmin = 0.0; Ekmax = 27.1
Zav = 74.8 +/- 3.8; Zmin = 60.; Zmax = 82.
Aav = 175.6 +/- 13.1; Amin = 136.; Amax = 197.
Lav = 14.5 +/- 9.1 h-bar; Lmin = 0.; Lmax = 68.

The mean excitation energy, charge, mass, angular momentum, and

fission barrier height of the 448 fissioning nuclei are:
Exav = 248.6 +/-106.4 MeV; E*min = 38.7; E*max = 575.2
Zav = 76.7 +/- 2.6; Zmin = 66.; Zmax = 82.

Aav = 183.9 +/- 6.6; Amin = 160.; Amax = 196.

Lav = 17.1 +/- 8.0 h-bar; Lmin 2.; Lmax = 47.
Bfav = 16.1 +/- 2.7 MeV; Bfmin = 7.7; Bfmax = 27.8

The mean total fission product kinetic energy after neutron emission is 167.92 MeV.

Direct Monte Carlo Simulation Method:
Fissility = 0.0448 +/- 0.0021,
Fission cross section = 7.30083E+01 +/- 3.45E+00 mb.

Statistical Weight Functions Method:
Fissility = 0.0434,
Fission cross section = 7.06993E+01 mb.

Number of coalesced d, t, He3, He4 = 3717 1131 191 288
Mean multiplicities, yields, and mean energies of ejected particles:

(Notation: T - all production hanisms, C - de, P - preequilibrium,
Sp - from spallation residues, Pf - from nuclei before fission,

F - from fission fragments, E - total evaporation = Sp + Pf + F,
Co - Coalescence from cascade;
Values which are identically zero are not printed.

Part. Multiplicities Yields [mb] <TKE> [MeV]
T n 14.5496 +/- 0.0381 23710.740 +/- 62.161 20.39
C n 3.2178 +/- 0.0179 5243.884 +/- 29.233 75.54
P n 0.5958 +/- 0.0077 970.945 +/- 12.579 19.33
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Sp n 9.9679 +/- 0.0316  16244.177 +/- 51.451 3.84
Pf n 0.1258 +/- 0.0035 205.010 +/- 5.780 6.55
F n 0.6423 +/- 0.0080 1046.723 +/- 13.061 4.74
E n 10.7360 +/- 0.0328  17495.911 +/- 53.397 3.92
T p 2.3858 +/- 0.0154 3888.016 +/- 25.172 79.75
¢ p 0.8876 +/- 0.0094 1446.476 +/- 15.353 187.42
P p 0.3509 +/- 0.0059 571.844 +/-  9.654 28.60
Sp p 1.0689 +/- 0.0103 1741.932 +/- 16.849 12.16
Pf p 0.0200 +/- 0.0014 32.593 +/-  2.305 15.35
F p 0.0584 +/- 0.0024 95.171 +/-  3.938 9.54
E p 1.1473 +/- 0.0107 1869.696 +/- 17.456 12.08
T d 1.0844 +/- 0.0104 1767.191 +/- 16.970 36.45
P d 0.2560 +/- 0.0051 417.190 +/-  8.245 30.74
Sp d 0.4235 +/- 0.0065 690.156 +/- 10.605 13.28
Pf d 0.0161 +/- 0.0013 26.237 +/-  2.068 14.85
F d 0.0176 +/- 0.0013 28.682 +/-  2.162 10.85
E d 0.4572 +/- 0.0068 745.075 +/- 11.019 13.24
Co d 0.3712 +/- 0.0061 604.926 +/-  9.929 68.97
T t 0.3831 +/- 0.0062 624.318 +/- 10.087 26.62
P t 0.0827 +/- 0.0029 134.772 +/-  4.686 37.34
Sp t 0.1715 +/- 0.0041 279.485 +/-  6.749 13.95
Pf t 0.0065 +/- 0.0008 10.593 +/- 1.314 15.41
F t 0.0096 +/- 0.0010 15.645 +/-  1.597 11.73
E t 0.1876 +/- 0.0043 305.722 +/-  7.058 13.88
Co t 0.1128 +/- 0.0034 183.824 +/-  5.473 39.93
T He3 0.0921 +/- 0.0030 150.091 +/-  4.946 44.53
P He3 0.0557 +/- 0.0024 90.771 +/-  3.846 43.53
SpHe3 0.0158 +/- 0.0013 25.748 +/-  2.048 23.43
PfHe3 0.0010 +/- 0.0003 1.630 +/- 0.515 27.90
F He3 0.0005 +/- 0.0002 0.815 +/-  0.364 22.02
E He3 0.0173 +/- 0.0013 28.193 +/-  2.143 23.64
CoHe3 0.0191 +/- 0.0014 31.126 +/-  2.252 66.34
T He4 0.6188 +/- 0.0079 1008.427 +/- 12.819 25.08
P He4 0.0299 +/- 0.0017 48.727 +/- 2.818 54.52
SpHe4 0.5206 +/- 0.0072 848.395 +/- 11.758 23.13
PfHed 0.0102 +/- 0.0010 16.622 +/- 1.646 24.78
F He4 0.0293 +/- 0.0017 47.749 +/-  2.790 17.61
E He4 0.5601 +/- 0.0075 912.766 +/- 12.196 22.87
CoHe4 0.0288 +/- 0.0017 46.934 +/-  2.766 37.39
pi- 0.1109 +/- 0.0033 180.728 +/-  5.427 75.67
pio 0.1839 +/- 0.0043 299.692 +/-  6.989 83.19
pi+ 0.0870 +/- 0.0029 141.779 +/-  4.807 111.42

sookkokkkookkkkk Nuclide yields [mb] (zero values suppressed) kskskkkikkkkkokkkkk

Z = 84. Z = 83. Z = 82,
A = 188 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.630E-01 +/- 1.63E-01
S 1 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.630E-01 +/- 1.63E-01

Z = 81. Z = 80. Z = T79.
A = 197 0.000E+00 +/- 0.00E+00 6.193E+00 +/- 1.00E+00 2.444E+00 +/- 6.31E-01
A = 196 0.000E+00 +/- 0.00E+00 7.007E+00 +/- 1.07E+00 4.253E+01 +/- 2.63E+00
A = 184 0.000E+00 +/- 0.00E+00 8.148E-01 +/- 3.64E-01 8.148E-01 +/- 3.64E-01
A = 183 0.000E+00 +/- 0.00E+00 3.259E-01 +/- 2.30E-01 1.630E-01 +/- 1.63E-01
S = 15 4.889E-01 +/- 2.82E-01 7.170E+01 +/- 3.42E+00 1.946E+02 +/- 5.63E+00

Z= T8. Z= TT7. Z= 1T6.
A = 196 4.889E-01 +/- 2.82E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 195 1.043E+01 +/- 1.30E+00 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 169 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 3.259E-01 +/- 2.30E-01
A = 168 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.630E-01 +/- 1.63E-01
S = 29 2.412E+02 +/- 6.27E+00 1.377E+02 +/- 4.74E+00 1.649E+02 +/- 5.18E+00

Z = T5. Z= T74. Z = T73.
A = 185 1.630E-01 +/- 1.63E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 184 4.889E-01 +/- 2.82E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 163 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.630E+00 +/- 5.15E-01
A = 162 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 6.519E-01 +/- 3.26E-01
S = 24 1.014E+02 +/- 4.06E+00 1.401E+02 +/- 4.78E+00 8.735E+01 +/- 3.77E+00

Z= T2. Z= T1. Z = T0.
A = 176 3.259E-01 +/- 2.30E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 174 1.630E-01 +/- 1.63E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 153 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 3.259E-01 +/- 2.30E-01
A = 152 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.630E-01 +/- 1.63E-01
S = 24 9.648E+01 +/- 3.97E+00 9.093E+01 +/- 3.85E+00 8.246E+01 +/- 3.67E+00

Z = 69. Z = 68. Z = 67.
A = 166 1.630E-01 +/- 1.63E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 165 1.630E-01 +/- 1.63E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 149 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 8.148E-01 +/- 3.64E-01
A = 148 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 3.259E-01 +/- 2.30E-01
S = 19 3.129E+01 +/- 2.26E+00 4.970E+01 +/- 2.85E+00 1.711E+01 +/- 1.67E+00
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.630E-01
.630E-01

A

.000E+00
.000E+00

.00E+00
.00E+00

.000E+00
.000E+00

.00E+00
.00E+00

.000E+00
.000E+00
.972E+01

V4

.630E-01
.TT8E-01

.00E+00
.00E+00
.7T9E+00

.000E+00
.000E+00
.059E+01

A

-000E+00
-000E+00

.00E+00
.00E+00
.31E+00

-00E+00
-00E+00

.467E+00
.630E-01
.076E+01

A

.000E+00
.000E+00

-00E+00

=

.000E+00
.000E+00
.585E+00

z
630E-01
259E-01
630E-01
519E-01

z

.000E+00
.000E+00

V4

.000E+00
.000E+00

-00E+00
-00E+00
.64E-01

.63E-01
.30E-01
.63E-01
.26E-01

.00E+00
.00E+00

-00E+00
-00E+00

0.
0.

-000E+00
-000E+00
.282E+00

A
000E+00
000E+00

A

-630E-01
-630E-01

-00E+00
-00E+00
-10E-01

.00E+00
.00E+00

1.
1.

.630E-01
.630E-01
.T93E+00

A
630E-01
630E-01

A

.000E+00
.000E+00

.63E-01
.63E-01

-00E+00
-00E+00

.000E+00
.000E+00
.000E+00

Z

.630E-01
.630E-01

-00E+00
-00E+00
-00E+00

-000E+00
-000E+00
-259E-01

A

.000E+00
.000E+00

-00E+00
-00E+00
-30E-01

.00E+00
.00E+00

.630E-01
.2B59E-01
.TT8E-01

A
000E+00

.000E+00

.00E+00
.00E+00

000E+00

.000E+00
.304E+00

V4

.630E-01
.630E-01

.00E+00
.00E+00
.61E-01

.000E+00
.000E+00
.304E+00

A

-000E+00
-000E+00

.00E+00
.00E+00
.61E-01

-00E+00
-00E+00

.630E-01
.630E-01
.148E-01

A

.000E+00
.000E+00

-00E+00
-00E+00

.000E+00
.000E+00
.378E+00

V4

.630E-01
.630E-01

-00E+00
-00E+00
-36E-01

-000E+00
-000E+00
-119E+00

A

.000E+00
.630E-01

-00E+00
-00E+00
-88E-01

.00E+00
.63E-01

.889E-01
.630E-01
.889E+00

A
000E+00

.000E+00

.00E+00
.00E+00

000E+00

.000E+00
.563E+00

Z

.630E-01
.2B59E-01

.00E+00
.00E+00
.62E-01

.630E-01
.000E+00
.356E+00

A

-000E+00
-000E+00

.02E+00

-00E+00
-00E+00

259E-01

.630E-01
.422E+00

A

.000E+00
.000E+00

-00E+00
-00E+00

.000E+00
.000E+00
. TO4E+00

V4

.630E-01
.519E-01

-00E+00
-00E+00
.64E-01

-000E+00
-000E+00
-889E+00

A

-000E+00
.000E+00

-00E+00
-00E+00
-93E-01

-00E+00
.00E+00

.889E-01
.630E-01
.985E+00

A

.000E+00
.000E+00

-00E+00
.00E+00

000E+00

.000E+00
.659E+00

z

.259E-01
.630E-01

.00E+00
.00E+00
.12E+00

.000E+00
.000E+00
.289E+00

A

.630E-01
.000E+00

.00E+00
.00E+00
.23E+00

.630E-01
.630E-01
.496E+00

A

.000E+00
.000E+00

.11E+00

.00E+00
.00E+00

.000E+00
.000E+00
.027E+01

V4

.630E-01
.630E-01

-00E+00
-00E+00
.29E+00

-000E+00
-000E+00
-126E+00

A

-000E+00
-000E+00

-00E+00
-00E+00
.22E+00

-00E+00
-00E+00

.141E+00
.2B59E-01
.867E+00

A

.000E+00
.000E+00

-00E+00
-00E+00

000E+00

.000E+00
.356E+00

z

.630E-01
.630E-01

.00E+00
.00E+00
.02E+00

.630E-01
.000E+00
.356E+00

A

.000E+00
.000E+00

.02E+00

.00E+00
.00E+00

.141E+00
.T78E-01
. T48E+00

A

.000E+00
.000E+00

.00E+00

A = 157
A = 156
A =143
A = 142
S= 15
A = 146
A = 145
A =137
A = 136
s = 11
A =137
A =136
A =135
s= 3
A =122
S = 1
A =123
A =121
A = 116
A = 115
s= 7
A =120
A =117
A =108
A =105
S = 10
A = 117
A = 115
A = 100
A= 98
S = 16
A =109
A = 106
A= 94
A= 93
S= 15
A = 100
A= 98
A= 87
A= 86
S 14
A 91
A 90
A 79
A= 78
S = 14
A 85
A 84
A= 74
A= 73
S 13
A 81
A 79
A 68
A= 67
S = 14
A 73
A 70
A = 60
A = 59

.000E+00
.000E+00

-00E+00
-00E+00

-000E+00
-000E+00

-00E+00
-00E+00

.304E+00
.630E-01
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[

.356E+00

z
.630E-01
.630E-01

1.02E+00

4.

237E+00

A
.000E+00
.000E+00

.31E-01 4

.00E+00 0.
.00E+00 0.

.237E+00 +/- 8.

Z = 25.
000E+00 +/- 0.
000E+00 +/- 0.

31E-01

00E+00
00E+00

000E+00
.000E+00
.607E+00

zZ
.519E-01
.519E-01

0.00E+00
0.00E+00
6.52E-01

.630E-01
-000E+00
-467E+00

A
-630E-01
-259E-01

.889E-01 +/- 2.
.259E-01 +/- 2.
.282E+00 +/- 6.

Z = 22.

.000E+00 +/- 0.
.000E+00 +/- 0.

00E+00
00E+00

.000E+00
.000E+00
.119E+00

z
.630E-01
.630E-01

0.00E+00
0.00E+00
5.88E-01

-000E+00
-630E-01
.T93E+00

A
.000E+00
.000E+00

-00E+00 3.
.63E-01 1.
.40E-01 1.

.00E+00 0.
.00E+00 0.

259E-01 +/- 2.
630E-01 +/- 1.
630E+00 +/- 5.

000E+00 +/- 0.
000E+00 +/- 0.

00E+00
00E+00

[ N [
1 1

[
1

INESECHTIFS
o OO oo

1

[

OO R

N

H O OoRrOo

000E+00
.000E+00
.519E-01

V4
630E-01
000E+00
000E+00
630E-01

V4
000E+00
630E-01
000E+00
000E+00
630E-01

z
000E+00
000E+00
000E+00
000E+00
000E+00

zZ
.371E+04

1 2.371E+04

+/-
+/-
+/-
+/-
+/-

+/-
+/-

0.00E+00
0.00E+00
3.26E-01

1.63E-01
0.00E+00
0.00E+00
1.63E-01

0.00E+00
1.63E-01
0.00E+00
0.00E+00
1.63E-01

00E+00
00E+00
00E+00
00E+00
00E+00

oo o oow

o o

22E+01
.22E+01

[

End of nuclide yields.

Mass yield [mb] and the mean and

of residual nuclei:
197 8.637E+00
196 5.003E+01
2 1.767E+03
1 2.760E+04
154 3.28BE+04

A=

+/-
+/-

+/-
+/-
+/-

Charge yield [mb] and
of residual nuclei:
.630E-01

= 82

[

889E-01

+/-

1.19E+00
2.86E+00

1.70E+01
6.71E+01
7.32E+01

the mean and

1.63E-01
2.82E-01

= RO o

.630E-01
.000E+00
.519E-01

A
000E+00
000E+00
630E-01
-630E-01

A
630E-01
000E+00
000E+00
000E+00
630E-01

A
008E+03
501E+02
000E+00
000E+00
159E+03

variance

1.146E-01
6.661E-02

3.645E+01
2.875E+01
2.797E+01

-137E+00
-285E+00

OO PR KRN

-00E+00
-00E+00
.63E-01
.63E-01

.63E-01 0
.00E+00 0
00E+00 1
.00E+00 1
.63E-01 3

.28E+01
.95E+00

-00E+00
.37E+01

of the kinetic

+/-
+/-

+/-
+/-
+/-

variance of

+/-

8.21E-02
7.69E-02

5.20E+01
8.42E+01
7.86E+01

O r O

3
.000E+00 +/- 0
.000E+00 +/- 0.
.630E-01 +/- 1
.630E-01 +/- 1
\259E-01 +/- 2

.000E+00 +/-
\243E+02 +/-

.888E+03 +/-

(]
6
-00E+00 1.
3
6.280E+03 +/-

.000E+00 +/- 0.
.630E-01 +/- 1.
.630E-01 +/- 1.

Z = 16.
000E+00 +/- 0.
630E-01 +/- 1.
000E+00 +/- 0.
630E-01 +/- 1.

Z = 13.

7 =

1
0
1
T67TE+03 +/- 1.
2
3

energy [MeV]

00E+00
63E-01
63E-01

00E+00
63E-01
00E+00
63E-01

.00E+00

00E+00

.63E-01
.63E-01
.30E-01

.00E+00
.01E+01

TOE+01

.52E+01
.20E+01

the kinetic energy [MeV]

-00E+00
-06E+00

169E+03
280E+03
371E+04
285E+04

Elapsed cpu time

1.37E+01
3.20E+01
6.22E+01
7.32E+01

T60E+01
228E+01
039E+01
797E+01

0. min and 48.400 sec.

-88E+01
-16E+02
.T6E+01
.86E+01
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CEMO03.01 Output Example 8

Sun Aug 21 12:21:13 2005

Example No. 8: yields, mean kinetic energy, angle of emission,
and much more (the most complete output) of all products measured
at GSI in inverse kinematics for 1000 MeV p + Feb56; 10,000 events

Number of types of evaporated particles = 6
M TO A Z Q B limc idel

0.9383 1.0000 56. 26. 1 1 10000 1

dt0 = -20.0, tOmax = 1000.5, dteta = 10.0

nnnp mspec mpyld mchy misy mdubl mang iparl ipar2
0 0 1 0 3 0 0 2 2

Om = 1.2, & cevap = 12.0.
lim = 100000
Geometrical cross section = 1367.65 mb.

Inelastic cross section used here = 735.39 mb
Monte Carlo inelastic cross section = 741.36 mb

Sun Aug 21 12:21:13 2005

1000.0 MeV (Zz = 1, A =1) + (Z =26., A = 56.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 8448,
Reaction cross section = 735.39 mb, Elastic cross section = 621.25 mb.

The mean excitation energy, charge, mass, and angular momentum
of the 10000 nuclei after the
cascade and before preequilibrium decay are:

Exav = 146.9 +/-119.5 MeV; E#*min = -3.8; E*max = 654.4
Zav = 24.7 +/- 1.4; Zmin = 18.; Zmax = 28.
Aav = 52.1 +/- 2.8; Amin = 41.; Amax = 56.
Lav = 6.6 +/- 4.3 h-bar; Lmin = 0.; Lmax = 30.

The mean charge, mass, and angular momentum

of the 313 residual nuclei with less than

3 MeV of excitation energy after the cascade are:

Zav = 26.1 +/- 0.3; Zmin = 26.; Zmax = 27.
Aav = 55.1 +/- 0.4; Amin = B53.; Amax = 56.
Lav = 2.2 +/- 1.2 h-bar; Lmin = 0.; Lmax = 7.

The mean excitation energy, charge, mass, and angular momentum

of the 9687 nuclei after preequilibrium

decay and before the start of statistical decay are:
Exav = 126.8 +/- 108.4 MeV; E*min = 0.6; E*max = 633.8
Zav = 24.2 +/- 1.8; Zmin = 15.; Zmax = 28.

Aav = 51.1 +/- 3.4; Amin Amax = B6.
Lav = 7.7 +/- 5.0 h-bar; Lmin = 0.; Lmax = 33.

1
w
o

The mean kinetic energy, charge, mass, and angular momentum
of the 10000 residual nuclei are:

Ekav = 4.4 +/- 5.7 MeV; Ekmin = 0.0; Ekmax = 58.6
Zav = 19.8 +/- 4.9; Zmin = 2.; Zmax = 27.
Aav = 41.8 +/- 10.6; Amin = 4.; Amax = 56.
Lav = 7.5 +/- 5.0 h-bar; Lmin = 0.; Lmax = 33.
Number of coalesced d, t, He3, He4 = 4403 907 577 575

Mean multiplicities, yields, and mean energies of ejected particles:
(Notation: T - all production hanisms, C - de, P - preequilibrium,
Sp - from spallation residues, Pf - from nuclei before fission,

F - from fission fragments, E - total evaporation = Sp + Pf + F,

Co - Coalescence from cascade;

Values which are identically zero are not printed.

Part. Multiplicities Yields [mb] <TKE> [MeV]
T n 4.6774 +/- 0.0216 3439.694 +/- 15.904 67.54
C n 1.9034 +/- 0.0138 1399.734 +/- 10.146 155.80
P n 0.1426 +/- 0.0038 104.866 +/- 2.777 20.31
Spn 2.6314 +/- 0.0162 1935.095 +/- 11.929 6.25
E n 2.6314 +/- 0.0162 1935.095 +/- 11.929 6.25
T p 3.8332 +/- 0.0196 2818.882 +/- 14.398 85.04
C p 1.5456 +/- 0.0124 1136.613 +/- 9.142 195.40
P p 0.1502 +/- 0.0039 110.455 +/- 2.850 23.90
Sp p 2.1374 +/- 0.0146 1571.814 +/- 10.751 9.54
E p 2.1374 +/- 0.0146 1571.814 +/- 10.751 9.54
T d 1.2426 +/- 0.0111 913.791 +/- 8.197 34.12
P d 0.1102 +/- 0.0033 81.040 +/- 2.441 25.89
Sp d 0.6930 +/- 0.0083 509.622 +/- 6.122 11.61
E d 0.6930 +/- 0.0083 509.622 +/- 6.122 11.61
Co d 0.4394 +/- 0.0066 323.129 +/-  4.875 71.67
T t 0.2649 +/- 0.0051 194.804 +/- 3.785 27.99
P t 0.0446 +/- 0.0021 32.798 +/- 1.553 33.35
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Sp t 0.1299 +/- 0.0036 95.527 +/-  2.650 12.36
E ¢t 0.1299 +/- 0.0036 95.527 +/-  2.650 12.36
Co t 0.0904 +/- 0.0030 66.479 +/-  2.211 47.79
T He3 0.2202 +/- 0.0047 161.932 +/-  3.451 30.58
P He3 0.0468 +/- 0.0022 34.416 +/- 1.591 34.29
SpHe3 0.1158 +/- 0.0034 85.158 +/-  2.502 16.02
E He3 0.1158 +/- 0.0034 85.158 +/-  2.502 16.02
CoHe3 0.0576 +/- 0.0024 42.358 +/- 1.765 56.83
T Hed 0.7205 +/- 0.0085 529.846 +/-  6.242 15.29
P He4d 0.0374 +/- 0.0019 27.503 +/- 1.422 44.19
SpHed 0.6258 +/- 0.0079 460.205 +/-  5.817 12.12
E Hed 0.6258 +/- 0.0079 460.205 +/-  5.817 12.12
CoHe4 0.0573 +/- 0.0024 42.138 +/- 1.760 30.99
pi- 0.1359 +/- 0.0037 99.939 +/-  2.711 112.85
pio 0.2635 +/- 0.0051 193.774 +/-  3.775 123.36
pi+ 0.1860 +/- 0.0043 136.782 +/-  3.172 147.89

wokkkokkkookkkkk Nuclide yields [mb]l (zero values suppressed) *kskkkxkkkkkkkxxxx

Z = 28. Z = 27. Z = 26.
A = 56 0.000E+00 +/- 0.00E+00 3.824E+00 +/- 5.30E-01 5.442E+00 +/- 6.33E-01
A = 55 0.000E+00 +/- 0.00E+00 1.618E+00 +/- 3.45E-01 3.228E+01 +/- 1.54E+00
A = 52 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 2.942E-01 +/- 1.47E-01
S = 5 0.000E+00 +/- 0.00E+00 5.736E+00 +/- 6.49E-01 5.729E+01 +/- 2.05E+00

o

Z = 25. Z = 24. Z = 23.
A = 55 1.588E+01 +/- 1.08E+00 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 54 1.353E+01 +/- 9.98E-01 1.103E+00 +/- 2.85E-01 0.000E+00 +/- 0.00E+00
A = 46 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.618E+00 +/- 3.45E-01
S = 10 8.229E+01 +/- 2.46E+00 7.817E+01 +/- 2.40E+00 5.008E+01 +/- 1.92E+00

Z = 22, Z= 21. Z = 20.
A = 50 1.030E+00 +/- 2.75E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 49 2.721E+00 +/- 4.47E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 40 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 5.515E+00 +/- 6.37E-01
S = 11 6.060E+01 +/- 2.11E+00 4.089E+01 +/- 1.73E+00 4.846E+01 +/- 1.89E+00

Z= 19. Z = 18. Z = 17.
A = 45 7.354E-02 +/- 7.35E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 44 2.942E-01 +/- 1.47E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 33 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 7.354E-02 +/- 7.35E-02
S = 13 3.934E+01 +/- 1.70E+00 3.898E+01 +/- 1.69E+00 3.677E+01 +/- 1.64E+00

Z = 16. Z = 15. Z = 14.
A = 37 7.354E-02 +/- 7.35E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 36 1.177E+00 +/- 2.94E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 27 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.471E-01 +/- 1.04E-01
S = 11 3.912E+01 +/- 1.70E+00 3.221E+01 +/- 1.54E+00 3.633E+01 +/- 1.63E+00

Z = 13. Z = 12. Z = 11.
A = 30 1.471E-01 +/- 1.04E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 29 1.618E+00 +/- 3.4BE-01 7.354E-02 +/- 7.35E-02 0.000E+00 +/- 0.00E+00
A = 21 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 2.942E-01 +/- 1.47E-01
S = 10 2.169E+01 +/- 1.26E+00 2.169E+01 +/- 1.26E+00 1.235E+01 +/- 9.53E-01

Z = 10. Z= 9. Z= 8.
A = 23 7.354E-02 +/- 7.35E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 22 3.383E+00 +/- 4.99E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 15 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 4.412E-01 +/- 1.80E-01
S = 9 1.441E+01 +/- 1.03E+00 5.442E+00 +/- 6.33E-01 6.398E+00 +/- 6.86E-01

z A . A
A = 16 7.354E-02 +/- 7.35E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 15 1.397E+00 +/- 3.21E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00

A = 10 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.471E-01 +/- 1.04E-01

S = 7 3.603E+00 +/- 5.15E-01 2.353E+00 +/- 4.16E-01 2.942E-01 +/- 1.47E-01
Z= 4. Z= 3. Z= 2.

A = 7 0.000E+00 +/- 0.00E+00 7.354E-02 +/- 7.35E-02 0.000E+00 +/- 0.00E+00

A = 6 0.000E+00 +/- 0.00E+00 7.354E-02 +/- 7.35E-02 0.000E+00 +/- 0.00E+00

A = 4 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 5.298E+02 +/- 6.24E+00

A = 3 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.619E+02 +/- 3.45E+00

S = 4 0.000E+00 +/- 0.00E+00 1.471E-01 +/- 1.04E-01 6.918E+02 +/- 7.13E+00
Z = 1. Z= 0.

A = 3 1.948E+02 +/- 3.78E+00 0.000E+00 +/- 0.00E+00

A = 2 9,138E+02 +/- 8.20E+00 0.000E+00 +/- 0.00E+00

A= 1 2.819E+03 +/- 1.44E+01 3.440E+03 +/- 1.59E+01

S 3 3.927E+03 +/- 1.70E+01 3.440E+03 +/- 1.59E+01

End of nuclide yields.

Mass yield [mb] and the mean and variance of the kinetic energy [MeV]
of residual nuclei:
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A = 56 9.266E+00 +/- 8.25E-01 3.374E-01 +/- 3.13E-01
A = 55 4,979E+01 +/- 1.91E+00 2.243E-01 +/- 3.40E-01
.259E+03 +/- 2.1BE+01 7.542E+01 +/- 1.63E+02
.7T94E+03 +/- 2.54E+01 5.970E+01 +/- 1.41E+02

® o

Charge yield [mb] and the mean and variance of the kinetic energy [MeV]
of residual nuclei:

Z = 2T 5.736E+00 +/- 6.49E-01 5.467E-01 +/- 5.86E-01

Z = 26 5.729E+01 +/- 2.05E+00 3.519E-01 +/- 5.32E-01

.440E+03 +/- 1.59E+01 6.754E+01 +/- 1.56E+02

.T94E+03 +/- 2.54E+01 5.970E+01 +/- 1.41E+02

sikkkkkkkk Nuclide yields [mb] in forward direction (theta_lab < 90) skxikkikskx
(zero values suppressed)

Z = 28. Z = 27. Z = 26.
A = 56 0.000E+00 +/- 0.00E+00 3.824E+00 +/- 5.30E-01 5.442E+00 +/- 6.33E-01
A = 55 0.000E+00 +/- 0.00E+00 1.250E+00 +/- 3.03E-01 1.949E+01 +/- 1.20E+00
A = 52 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 2.206E-01 +/- 1.27E-01
.000E+00 +/- 0.00E+00 5.368E+00 +/- 6.28E-01 3.809E+01 +/- 1.67E+00

©n
&
o

Z = 25. Z = 24. Z = 23.
A = 55 1.022E+01 +/- 8.67E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 54 8.310E+00 +/- 7.82E-01 7.354E-01 +/- 2.33E-01 0.000E+00 +/- 0.00E+00
A = 46 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.250E+00 +/- 3.03E-01
S = 10 5.567E+01 +/- 2.02E+00 5.699E+01 +/- 2.05E+00 3.861E+01 +/- 1.68E+00

Z = 22, Z= 21. Z = 20.
A = 50 8.089E-01 +/- 2.44E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 49 1.838E+00 +/- 3.68E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 40 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 4.265E+00 +/- 5.60E-01
S = 11 4.618E+01 +/- 1.84E+00 3.177E+01 +/- 1.53E+00 3.853E+01 +/- 1.68E+00

Z = 19. Z = 18. Z = 17.
A = 45 7.354E-02 +/- 7.35E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 44 7.354E-02 +/- 7.35E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 33 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 7.354E-02 +/- 7.35E-02
S = 13 3.081E+01 +/- 1.51E+00 3.052E+01 +/- 1.50E+00 2.875E+01 +/- 1.45E+00

Z = 16. Z = 15. Z = 14.
A = 37 7.354E-02 +/- 7.35E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 36 1.030E+00 +/- 2.75E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 27 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.471E-01 +/- 1.04E-01
S = 11 3.155E+01 +/- 1.52E+00 2.780E+01 +/- 1.43E+00 2.993E+01 +/- 1.48E+00

Z = 13. Z = 12. Z = 11.
A = 30 1.471E-01 +/- 1.04E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 29 1.177E+00 +/- 2.94E-01 7.354E-02 +/- 7.35E-02 0.000E+00 +/- 0.00E+00
A = 21 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.471E-01 +/- 1.04E-01
S = 10 1.838E+01 +/- 1.16E+00 1.816E+01 +/- 1.16E+00 1.022E+01 +/- 8.67E-01

Z = 10. Z = 9. Z= 8.
A = 23 7.354E-02 +/- 7.35E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 22 2.574E+00 +/- 4.35E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 15 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 2.942E-01 +/- 1.47E-01
S = 9 1.177E+01 +/- 9.30E-01 4.118E+00 +/- 5.50E-01 5.221E+00 +/- 6.20E-01

V4 A . A
A = 16 7.354E-02 +/- 7.35E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 15 1.177E+00 +/- 2.94E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00

A = 10 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 7.354E-02 +/- 7.35E-02

S = 7 3.236E+00 +/- 4.88E-01 1.912E+00 +/- 3.75E-01 1.471E-01 +/- 1.04E-01
Z= 4. Z= 3. Z= 2

A = 7 0.000E+00 +/- 0.00E+00 7.354E-02 +/- 7.35E-02 0.000E+00 +/- 0.00E+00

A = 6 0.000E+00 +/- 0.00E+00 7.354E-02 +/- 7.35E-02 0.000E+00 +/- 0.00E+00

A = 4 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 3.114E+02 +/- 4.79E+00

A = 3 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.065E+02 +/- 2.80E+00

S = 4 0.000E+00 +/- 0.00E+00 1.471E-01 +/- 1.04E-01 4.179E+02 +/- 5.54E+00
Z = 1. Z= 0.

A = 3 1.320E+02 +/- 3.12E+00 0.000E+00 +/- 0.00E+00

A = 2 5.846E+02 +/- 6.56E+00 0.000E+00 +/- 0.00E+00

A= 1 1.877E+03 +/- 1.17E+01 2.254E+03 +/- 1.29E+01

S 3 2.594E+03 +/- 1.38E+01 2.254E+03 +/- 1.29E+01

End of nuclide yields (forward direction).

Mass yield [mb] and the mean and variance of the kinetic energy [MeV]
of residual nuclei in the forward direction:

A = 56 9.266E+00 +/- 8.25E-01 3.374E-01 +/- 3.13E-01

A = 55 3.096E+01 +/- 1.51E+00 2.714E-01 +/- 4.06E-01

4.131E+03 +/- 1.74E+01 1.059E+02 +/- 1.92E+02

5.830E+03 +/- 2.07E+01 8.227E+01 +/- 1.68E+02

@ -

s=5
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Charge yield [mb] and the mean and variance of the kinetic energy [MeV]
of residual nuclei in the forward direction:

Z = 27 5.368E+00 +/- 6.28E-01 5.506E-01 +/- 9.42E-01

Z = 26 3.809E+01 +/- 1.67E+00 4.199E-01 +/- 1.06E+00

.254E+03 +/- 1.20E+01 9.535E+01 +/- 9.29E+01

.830E+03 +/- 2.07E+01 8.227E+01 +/- 1.68E+02

[S ]

*xxxxxx%x%*% Nuclide yields [mb] in backward direction (theta_lab > 90)
(zero values suppressed)

Z = 28. Z = 27. Z= 26.
A = 55 0.000E+00 +/- 0.00E+00 3.677E-01 +/- 1.64E-01 1.280E+01 +/- 9
A = 54 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 5.442E+00 +/- 6
A = 53 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 8.825E-01 +/- 2.
A = 52 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 7.354E-02 +/- 7
S 4 0.000E+00 +/- 0.00E+00 3.677E-01 +/- 1.64E-01 1.919E+01 +/- 1

Z = 25. Z = 24. Z = 23.

A = 55 5.662E+00 +/- 6.45E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.
A = 54 5.221E+00 +/- 6.20E-01 3.677E-01 +/- 1.64E-01 0.000E+00 +/- 0.

A = 46 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 3.677E-01 +/- 1
S = 10 2.662E+01 +/- 1.40E+00 2.118E+01 +/- 1.25E+00 1.147E+01 +/- 9.

Z = 22. Z= 21. Z = 20.
A = 50 2.206E-01 +/- 1.27E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.
A = 49 8.825E-01 +/- 2.55E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.

A = 40 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.250E+00 +/- 3.
S = 11 1.441E+01 +/- 1.03E+00 9.119E+00 +/- 8.19E-01 9.928E+00 +/- 8.

Z= 19. Z = 18. Z = 17.
A = 44 2.206E-01 +/- 1.27E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.
A = 43 7.354E-02 +/- 7.35E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.

A = 34 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 2.206E-01 +/- 1
S = 11 8.530E+00 +/- 7.92E-01 8.457E+00 +/- 7.89E-01 8.016E+00 +/- 7.

Z = 16. Z = 15. Z = 14,
A = 36 1.471E-01 +/- 1.04E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.

A = 35 2.942E-01 +/- 1.47E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.
A = 28 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.471E+00 +/- 3.
S = 9 7.574E+00 +/- 7.46E-01 4.412E+00 +/- 5.70E-01 6.398E+00 +/- 6.

Z = 13. Z = 12. Z= 11.

A = 29 4.412E-01 +/- 1.80E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.
A = 28 5.883E-01 +/- 2.08E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.

A = 21 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.471E-01 +/- 1
S = 9 3.309E+00 +/- 4.93E-01 3.530E+00 +/- 5.09E-01 2.133E+00 +/- 3.

Zz = 10. A . A
A = 22 8.089E-01 +/- 2.44E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.
A = 21 4.412E-01 +/- 1.80E-01 7.354E-02 +/- 7.35E-02 0.000E+00 +/- 0.

A = 15 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.471E-01 +/- 1
S = 7 2.64TE+00 +/- 4.41E-01 1.324E+00 +/- 3.12E-01 1.177E+00 +/- 2.

zZ A - A
A = 15 2.206E-01 +/- 1.27E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.
A = 14 1.471E-01 +/- 1.04E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.

A = 10 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 7.354E-02 +/- 7.

S = 6 3.677TE-01 +/- 1.64E-01 4.412E-01 +/- 1.80E-01 1.471E-01 +/- 1
Z= 4. Z= 3. Z= 2

A = 4 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 2.184E+02 +/- 4

A = 3 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 5.545E+01 +/- 2.

S 2 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 2.739E+02 +/- 4
Z = 1. Z= 0.

A 3 6.280E+01 +/- 2.15E+00 0.000E+00 +/- 0.00E+00

A = 2 3.292E+02 +/- 4.92E+00 0.000E+00 +/- 0.00E+00

A= 1 9.419E+02 +/- 8.32E+00 1.185E+03 +/- 9.34E+00

S 3 1.334E+03 +/- 9.90E+00 1.185E+03 +/- 9.34E+00

End of nuclide yields (backward direction).

Mass yield [mb] and the mean and variance of the kinetic energy [MeV]
of residual nuclei in the backward direction:

A = 55 1.883E+01 +/- 1.18E+00 1.469E-01 +/- 1.60E-01

A = 54 1.103E+01 +/- 9.01E-01 3.156E-01 +/- 3.89E-01

.127E+03 +/- 1.25E+01 1.624E+01 +/- 2.72E+01

.964E+03 +/- 1.48E+01 1.530E+01 +/- 2.47E+01

koo ok Rk ok

.TOE-01
.33E-01

B5E-01

.3BE-02
.19E+00

00E+00
00E+00

00E+00
00E+00

00E+00
00E+00

00E+00

00E+00

00E+00
00E+00

00E+00
00E+00

.01E+00

02E+00

.49E+00

Charge yield [mb] and the mean and variance of the kinetic energy [MeV]

of residual nuclei in the backward direction:

Z = 27 3.677E-01 +/- 1.64E-01 4.903E-01 +/- 4.57E-01
Z = 26 1.919E+01 +/- 1.19E+00 2.169E-01 +/- 2.74E-01
.185E+03 +/- 9.34E+00 1.462E+01 +/- 2.66E+01
.964E+03 +/- 1.48E+01 1.530E+01 +/- 2.47E+01

©n
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xxxkkkxx Nuclide average kinetic energies [MeV] (zero yield suppressed) ¥ xxkkkx

Z = 28. Z = 27. Z = 26.
0.000E+00 +/- 0.00E+00 4.146E-01 +/- 3.53E-01 2.832E-01 +/- 2.69E-01
.000E+00 +/- 0.00E+00 6.183E-01 +/- 5.05E-01 2.591E-01 +/- 3.74E-01

A = 52 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.129E+00 +/- 1.13E+00
S = 5 0.000E+00 +/- 0.00E+00 5.467E-01 +/- 5.86E-01 3.519E-01 +/- 5.32E-01

==
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Z = 25. Z = 24. Z = 23.
A = 55 1.134E-01 +/- 1.46E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 54 3.504E-01 +/- 3.60E-01 3.117E-01 +/- 2.84E-01 0.000E+00 +/- 0.00E+00
A = 46 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 3.328E+00 +/- 3.44E+00
S = 10 5.262E-01 +/- 7.56E-01 1.178E+00 +/- 1.39E+00 1.884E+00 +/- 1.97E+00

Z = 22, Z= 21. Z = 20.
A = 50 1.388E+00 +/- 1.68E+00 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 49 2.,056E+00 +/- 1.56E+00 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 40 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 4.453E+00 +/- 3.71E+00
S = 11 2.732E+00 +/- 2.42E+00 3.342E+00 +/- 2.88E+00 4.392E+00 +/- 3.79E+00

Z = 19. Z = 18. Z = 17.
A = 45 1,913E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 44 1.797E+00 +/- 3.19E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 33 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 6.434E+00 +/- 0.00E+00
S = 13 5.188E+00 +/- 4.51E+00 5.753E+00 +/- 4.81E+00 6.609E+00 +/- 5.70E+00

Z = 16. Z = 15. Z= 14.
A = 37 9.657E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 36 8.417E+00 +/- 8.94E+00 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 27 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 3.112E+00 +/- 1.83E+00
S = 11 7.564E+00 +/- 5.88E+00 7.922E+00 +/- 6.42E+00 8.752E+00 +/- 6.84E+00

Z = 13. Z = 12. Z = 11.
A = 30 7.844E+00 +/- 1.61E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 29 5.701E+00 +/- 4.7O0E+00 8.359E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 21 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 7.789E+00 +/- 5.98E+00
S = 10 9.743E+00 +/- 8.11E+00 1.021E+01 +/- 8.06E+00 1.126E+01 +/- 8.19E+00

Z = 10. A - A
A = 23 1.448E+01 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 22 9.206E+00 +/- 7.50E+00 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 15 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 8.855E+00 +/- 6.63E+00
S = 9 1.120E+01 +/- 9.27E+00 1.225E+01 +/- 9.02E+00 1.159E+01 +/- 7.73E+00

Z A A
A = 16 2.872E+01 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 15 1.080E+01 +/- 7.07E+00 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00

A = 10 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 2.002E+01 +/- 7.67E+00

S = 7 1.086E+01 +/- 7.01E+00 1.054E+01 +/- 7.75E+00 1.506E+01 +/- 9.50E+00
Z= 4. Z= 3. Z= 2

A = 7 0.000E+00 +/- 0.00E+00 5.884E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00

A = 6 0.000E+00 +/- 0.00E+00 4.818E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00

A = 4 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.529E+01 +/- 1.50E+01

A = 3 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 3.058E+01 +/- 3.64E+01

S = 4 0.000E+00 +/- 0.00E+00 5.351E+00 +/- 5.33E-01 1.887E+01 +/- 2.29E+01
Z = 1. Z= 0.

A 3 2.799E+01 +/- 3.86E+01 0.000E+00 +/- 0.00E+00

A = 2 3.412E+01 +/- 5.96E+01 0.000E+00 +/- 0.00E+00

A= 1 8.504E+01 +/- 1.70E+02 6.754E+01 +/- 1.56E+02

S = 3 7.036E+01 +/- 1.49E+02 6.754E+01 +/- 1.56E+02

End of nuclide average kinetic energies.

Mass yield [mb] and the mean and variance of the emission angle [deg.]
of residual nuclei:

A = 56 9.266E+00 +/- 8.25E-01  8.263E+01 +/- 1.94E+00

A = 55 4.979E+01 +/- 1.91E+00  8.346E+01 +/- 3.46E+01

A= 1 6.259E+03 +/- 2.15E+01 7.363E+01 +/- 4.06E+01

S = 53 8.794E+03 +/- 2.54E+01 7.374E+01 +/- 3.99E+01

The mean and variance of the z velocity [v/c] of residual nuclei,
and the forward/backward ratio:

A = 56 4.158E-04 +/- 2.18E-04 1.000E+00 +/- 0.00E+00

A = 55 2.945E-04 +/- 1.19E-03 1.645E+00 +/- 1.83E-01

A= 1 1.113E-01 +/- 2.26E-01 1.942E+00 +/- 1.96E-02

S = 53 8.722E-02 +/- 2.00E-01 1.967E+00 +/- 1.68E-02

Charge yield [mb] and the mean and variance of the emission angle [deg.]
of residual nuclei:

Z = 2T 5.T36E+00 +/- 6.49E-01  8.209E+01 +/- 1.19E+01

Z = 26 5.729E+01 +/- 2.05E+00  8.219E+01 +/- 3.26E+01

0 3.440E+03 +/- 1.59E+01 7.391E+01 +/- 4.06E+01

= 27 8.T94E+03 +/- 2.54E+01 7.374E+01 +/- 3.99E+01

v N
]
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prior to
fission
000E+00
000E+00

000E+00
000E+00
000E+00
000E+00

prior to
fission
000E+00
000E+00

000E+00
000E+00
000E+00
000E+00

just prior to

fission
0.000E+00
0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00

just prior to

fission
0.000E+00
0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00

t prior to
fission
000E+00
000E+00

000E+00
000E+00
000E+00
000E+00

Post-fiss.
0.000E+00
0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00

The mean and variance of the z velocity [v/c] of residual nuclei,
and the forward/backward ratio:
Z = 27 6.596E-04 +/- 1.38E-03  1.640E+01 +/- 1.31E+01
Z = 26 5.461E-04 +/- 1.61E-03  3.841E+00 +/- 7.71E-01
Z 0 1.017E-01 +/- 2.17E-01 1.241E+01 +/- 3.28E-02
S = 27 8.722E-02 +/- 2.00E-01 1.967E+00 +/- 1.68E-02
Mass distributions of nuclei:
at start of evap, which: just
after cascade after preeq evap.\ only fission
A 56 3.870E-02 3.100E-02 3.100E-02 0.000E+00 0.
A 55 1.919E-01 1.509E-01 1.509E-01 0.000E+00 0.
A= 35 0.000E+00 3.000E-04 3.000E-04 0.000E+00 0.
<A> = 5.201E+01 5.104E+01 5.104E+01 0.000E+00 0.
St Dv A = 2.769E+00 3.447E+00 3.447E+00 0.000E+00 0.
norm = 1.000E+00 1.000E+00 1.000E+00 0.000E+00 0.
Charge distributions of nuclei:
at start of evap, which: just
after cascade after preeq evap.\ only fission
A 28 2.800E-03 1.800E-03 1.800E-03 0.000E+00 0.
A 27 5.860E-02 4.190E-02 4.190E-02 0.000E+00 0.
Z = 15 0.000E+00 1.000E-04 1.000E-04 0.000E+00 0.
<Z> = 2.466E+01 2.417E+01 2.417E+01 0.000E+00 0.
St Dv Z = 1.440E+00 1.754E+00 1.754E+00 0.000E+00 0.
norm = 1.000E+00 1.000E+00 1.000E+00 0.000E+00 0.
Excitation energy distributions [1/MeV] of nuclei:
at start of evap, which:
Ex(MeV)  after cascade after preeq evap.\ only fission
0.- 10. 4.450E-03 5.020E-03 5.020E-03 0.000E+00
10.- 20. 4.380E-03 5.890E-03 5.890E-03 0.000E+00
630.- 640. 2.000E-05 2.000E-05 2.000E-05 0.000E+00
<Ex> = 1.474E+02 1.266E+02 1.266E+02 0.000E+00
St dev Ex = 1.147E+02 1.081E+02 1.081E+02 0.000E+00
norm = 1.000E+00 1.000E+00 1.000E+00 0.000E+00
Linear momentum distributions [1/MeV/c] of nuclei:
at start of evap, which:
P(MeV/c) after cascade after preeq evap.\ only fission
0.- 20. 7.000E-05 5.000E-05 5.000E-05 0.000E+00
20.- 40. 3.100E-04 2.950E-04 2.950E-04 0.000E+00
1940.-1960. 5.000E-06 5.000E-06 5.000E-06 0.000E+00
<P> = 5.076E+02 5.039E+02 5.039E+02 0.000E+00
St dev P = 3.428E+02 3.399E+02 3.399E+02 0.000E+00
norm = 1.000E+00 1.000E+00 1.000E+00 0.000E+00
Angular momentum distributions [1/hbar] of nuclei:
at start of evap, which: jus
L after cascade after preeq evap.\ only fission
0.- 1. 6.100E-03 5.400E-03 5.400E-03 0.000E+00 0.
1.- 2. 5.170E-02 4.450E-02 4.450E-02 0.000E+00 0.
33.- 34 0.000E+00 1.000E-04 1.000E-04 0.000E+00 0.
<L> = 6.740E+00 7.665E+00 7.665E+00 0.000E+00 0.
St dv L = 4.251E+00 5.015E+00 5.015E+00 0.000E+00 0.
norm = 1.000E+00 1.000E+00 1.000E+00 0.000E+00 0.
Neutron-multiplicity probability:
Nn Total Cascade Preequil. Evap.\ res. Pre-fiss.
0 3.330E-02 1.608E-01 8.723E-01 1.452E-01 0.000E+00
1 9.480E-02  3.275E-01 1.147E-01 1.970E-01  0.000E+00
16 1.000E-04  0.000E+00  0.000E+00  0.000E+00  0.000E+00
<n> 4.677E+00 1.903E+00  1.426E-01  2.631E+00  0.000E+00
St dv n = 2.712E+00 1.557E+00  3.961E-01  2.043E+00  0.000E+00
norm = 1.000E+00 1.000E+00  1.000E+00  1.000E+00  0.000E+00
Elapsed cpu time = 0. min and 32.430 sec.
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CEMO03.01 Output Example

Sun Aug 21 12:24:57 2005

Example No. 9: p spectra from monochromatic 300 MeV gamma + 64Cu;
10,000 events
Number of types of evaporated particles =

M

TO A

0.0000 0.3000 64.

dt0 =

2

-5.0, tOmax =

z Q
9. 0

B 1i
0 10

mc id
000 1

300.5, dteta = 10.0

nnnp mspec mpyld mchy misy mdubl mang

0

rOm =

0

1.2

Thetal

42.5 47.5 87.5 92.5 132.5 137.5 -55.0 165.0 55.0 65.0 75.0 85.0

Theta7
95.0 105.0 115.0 125.0 135.0 145.0 155.0 165.0

Tmin, Tmax, dT{1};Tmin, Tmax, dT{2};Tmin, Tmax, dT{3};Tmin, Tmax, dT{4}.

1

,» & cevap

0

Theta2

Theta8

0

12.0.

Thet

Thet

1

a3

a9

0.0 22.0 1.00 22.0 120.0 2.00

lim =

6

000000

Geometrical cross section = 1445.99

Inelastic cross section used here
Monte Carlo inelastic cross section

Sun Aug 21 12:24:57 2005

300.0 MeV (Z =

0, A

Number of inelastic interactions =

Number of elastic interactions =

Reaction cross section

= 26

.58 mb, Elastic cross section

0

Thetad

Thetal0

120.

6

el

iparl ipar2

40

2

0.

2

Thetab

= 26.58 mb
= 27.40 mb

=0) +

(z

= 29.

10000,
517695,

, A=

Theta6

10.0 400. 1000.

64.)

= 1376.12 mb.

The mean excitation energy, charge, mass, and angular momentum

of the 10000 nuclei after the
cascade and before preequilibrium
Exav = 85.5 +/- 52.3 MeV; Exmin
Zav = 28.2 +/- 0.9; Zmin
Aav = 61.8 +/- 1.4; Amin
Lav = 4.3 +/- 2.5 h-bar; Lmin

decay a:

= 1.7;

= 24.;
= 56.;
= 0.;

re:

The mean charge, mass, and angular momentum
9 residual nuclei with less than
3 MeV of excitation energy after the cascade are:

of the
Zav = 2
Aav = 6
Lav =

8.0 +/-
1.8 +/-
4.8 +/-

0.0
0.6
3.6

h-bar;

Zmin
Amin
Lmin

= 28.;
= 60
= 1.

E:

Z

*max
Zmax
Amax
Lmax

max

Amax

L

max

= 299.1
= 30.
= 64.
= 17.

The mean excitation energy, charge, mass, and angular momentum
9991 nuclei after preequilibrium

decay and before

of the
Exav = 6
Zav = 2
Aav = 6
Lav =

5.4 +/-
7.8 +/-
0.9 +/-
5.4 +/-

43.6 MeV; E*min

1.1
1.9
3.4

h-bar;

Zmin
Amin
Lmin

= 23.;
= 51.;
= 0.;

the start of statistical decay are:
= 0.3;

Exmax = 287.7
Zmax
Amax
Lmax

The mean kinetic energy, charge, mass, and angular

of the

Ekav

2
5

10000 residual nuclei are:

1.6 +/-
5.9 +/-
5.6 +/-
5.4 +/-

1.8
2.1
4.6
3.4

MeV;

h-bar;

Ekmin
Zmin
Amin
Lmin

Number of coalesced d, t, He3, Hed

Mean multiplicities,

(Notation:

T - all production
Sp - from spallation residues, Pf - from nuclei before fission,

F - from fission fragments, E - total evaporation = Sp + Pf + F,
Co - Coalescence from cascade;
Values which are identically zero are not printed.

h

= 0.0;
= 16.;
= 34.;
= 0.;

ism

Ekmax
Zmax
Amax
Lmax

754

c -

30.
64.
29.

moment

98

4

>

um

25

yields, and mean energies of ejected particles:
, P - preequilibrium,

Part. Multiplicities Yields [mb] <TKE> [MeV]
T n 4.0854 +/- 0.0202 108.597 +/-  0.537 18.70
C n 1.3215 +/- 0.0115 35.128 +/-  0.306 47.34
P n 0.2523 +/- 0.0050 6.707 +/- 0.134 17.00
Sp n 2.5116 +/- 0.0158 66.762 +/-  0.421 3.80
E n 2.5116 +/- 0.0158 66.762 +/-  0.421 3.80
T p 1.9705 +/- 0.0140 52.379 +/-  0.373 29.43
c p 0.7133 +/- 0.0084 18.961 +/-  0.225 64.63
P p 0.1841 +/- 0.0043 4.894 +/- 0.114 21.61
Sp p 1.0731 +/- 0.0104 28.525 +/-  0.275 7.37
E p 1.0731 +/- 0.0104 28.525 +/-  0.275 7.37
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2.

2.

2

Total Evaporation

.057E-02
.71BE-01

.000E+00
.000E+00

229E+00

+/- 1.19E-02
+/- 3.43E-02

+/- 0.00E+00
+/- 0.00E+00

+/- 1.24E-01

Total Evaporation

-910E-02
-649E-01

.000E+00
.000E+00

173E+00

+/- 1.19E-02
+/- 2.83E-02

+/- 0.00E+00
+/- 0.00E+00

+/- 1.03E-01

Total Evaporation

-115E-02
-018E-01

-000E+00
-000E+00

-270E+00

+/- 1.68E-02
+/- 4.55E-02

+/- 0.00E+00
+/- 0.00E+00

+/- 1.25E-01

T d 0.3555 +/- 0.0060 9.450 +/- 0.188 16.50
P d 0.1088 +/- 0.0033 2.892 +/- 0.088 23.01
Sp d 0.1719 +/- 0.0041 4.569 +/- 0.110 8.97
E d 0.1719 +/- 0.0041 4.569 +/- 0.110 8.97
Co d 0.0748 +/- 0.0027 1.988 +/- 0.073 24.33
T t 0.0711 +/- 0.0027 1.890 +/- 0.071 17.12
P t 0.0315 +/- 0.0018 0.837 +/- 0.047 26.02
Sp t 0.0298 +/- 0.0017 0.792 +/- 0.046 8.99
E ¢t 0.0298 +/- 0.0017 0.792 +/- 0.046 8.99
Co t 0.0098 +/- 0.0010 0.260 +/- 0.026 13.23
T He3 0.0386 +/- 0.0020 1.026 +/- 0.052 23.12
P He3 0.0223 +/- 0.0015 0.593 +/- 0.040 29.84
SpHe3 0.0139 +/- 0.0012 0.369 +/- 0.031 13.09
E He3 0.0139 +/- 0.0012 0.369 +/- 0.031 13.09
CoHe3 0.0024 +/- 0.0005 0.064 +/- 0.013 18.68
T He4d 0.3299 +/- 0.0057 8.769 +/- 0.153 13.12
P He4 0.0146 +/- 0.0012 0.388 +/- 0.032 39.42
SpHe4 0.3144 +/- 0.0056 8.357 +/- 0.149 11.88
E He4 0.3144 +/- 0.0056 8.357 +/- 0.149 11.88
CoHe4 0.0009 +/- 0.0003 0.024 +/- 0.008 19.01
pi- 0.1182 +/- 0.0034 3.142 +/- 0.091 56.05
pio 0.2230 +/- 0.0047 5.928 +/- 0.126 57.99
pi+ 0.0805 +/- 0.0028 2.140 +/- 0.075 48.64
protons
Double differential cross sections [mb/MeV/srl;
Lab. angle = 42.5 to 47.5 degrees.
Tp [MeV] Total Cascade Precompound
2.0- 3.0 2.057E-02 +/- 1.19E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
3.0- 4.0 1.715E-01 +/- 3.43E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
210.0- 220.0 2.743E-03 +/- 1.37E-03 2.743E-03 +/- 1.37E-03 0.000E+00 +/- 0.00E+00
230.0- 240.0 1.372E-03 +/- 9.70E-04 1.372E-03 +/- 9.70E-04 0.000E+00 +/- 0.00E+00
Integrated: 4.684E+00 +/- 1.79E-01 1.982E+00 +/- 1.17E-01 4.732E-01 +/- 5.70E-02
Double differential cross sections [mb/MeV/srl;
Lab. angle = 87.5 to 92.5 degrees.
Tp [MeV] Total Cascade Precompound
2.0- 3.0 2.910E-02 +/- 1.19E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
3.0- 4.0 1.746E-01 +/- 2.91E-02 0.000E+00 +/- 0.00E+00 9.699E-03 +/- 6.86E-03
200.0- 210.0 4.849E-04 +/- 4.85E-04 4.849E-04 +/- 4.85E-04 0.000E+00 +/- 0.00E+00
210.0- 220.0 4.849E-04 +/- 4.85E-04 4.849E-04 +/- 4.85E-04 0.000E+00 +/- 0.00E+00
Integrated: 3.623E+00 +/- 1.33E-01 1.057E+00 +/- 7.16E-02 3.928E-01 +/- 4.36E-02
Double differential cross sections [mb/MeV/srl;
Lab. angle = 132.5 to 137.5 degrees.
Tp [MeV] Total Cascade Precompound
2.0- 3.0 4.11BE-02 +/- 1.68E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
3.0- 4.0 3.018E-01 +/- 4.55E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
130.0- 140.0 2.743E-03 +/- 1.37E-03 2.057E-03 +/- 1.19E-03 6.858E-04 +/- 6.86E-04
140.0- 150.0 6.858E-04 +/- 6.86E-04 6.858E-04 +/- 6.86E-04 0.000E+00 +/- 0.00E+00
Integrated: 3.470E+00 +/- 1.54E-01 8.367E-01 +/- 7.58E-02 3.635E-01 +/- 4.99E-02
Elapsed cpu time = 1. min and 16.120 sec.
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CEMO03.01 Output Example 10

Sun Aug 21 12:28:27 2005

Example No. 10: yields, mean kinetic energy, emission andle,
neutron multiplicities, Forward/Backward ratios, and much more
(the most complete output) of all products from E_max = 1000 MeV
bremsstrahlung gammas + 197Au; 10,000 events

Number of types of evaporated particles = 6

limc idel

TO A Z Q B
0 0 10000 1

M
0.0000 0.0301 197. 79.
dt0 = -20.0, tOmax = 1000.0, dteta = 10.0

nnnp mspec mpyld mchy misy mdubl mang iparl ipar2
0 0 1 0 3 0 0 2 2

Om = 1.2, & cevap = 12.0.
lim = 6000000
Geometrical cross section = 2394.46 mb.

Number of equivalent gamma quanta = 3.235206E-01
Inelasic cross section per eqqv = 1.381499E+02
Averaged absorption cross section = 4.469434E+01
Results are normalized to eqqv.

Inelastic cross section used here = 138.15 mb
Monte Carlo inelastic cross section = 36.17 mb

Sun Aug 21 12:28:27 2005

30.1 MeV (Z = 0, A =0) + (Z2=79., A =197.)

Number of inelastic interactions = 10000,
Number of elastic interactions = 652030,
Reaction cross section = 138.15 mb, Elastic cross section = 9007.79 mb.

The mean excitation energy, charge, mass, and angular momentum
of the 10000 nuclei after the
cascade and before preequilibrium decay are:

Exav = 127.7 +/-105.3 MeV; E*min = 1.7; E*max = 767.7
Zav = 78.6 +/- 0.8; Zmin = T74.; Zmax = 81.
Aav = 194.7 +/- 2.2; Amin = 183.; Amax = 197.
Lav = 6.0 +/- 4.7 h-bar; Lmin = 0.; Lmax = 37.

The mean charge, mass, and angular momentum

of the 2 residual nuclei with less than

3 MeV of excitation energy after the cascade are:

Zav = 79.0 +/- 0.0; Zmin = 79.; Zmax = 79.
Aav = 194.5 +/- 1.5; Amin = 193.; Amax = 196.
Lav = 2.0 +/- 2.0 h-bar; Lmin = 0.; Lmax = 4.

The mean excitation energy, charge, mass, and angular momentum

of the 9998 nuclei after preequilibrium

decay and before the start of statistical decay are:
Exav = 93.3 +/- 86.0 MeV; E¥min = 0.3; Ekmax = 729.8
Zav = 78.1 +/- 1.2; Zmin = 69.; Zmax = 81.
Aav = 193.4 +/- 3.3; Amin = 168.; Amax = 197.
Lav = 8.3 +/- 6.2 h-bar; Lmin = 0.; Lmax = 53.

The mean kinetic energy, charge, mass, and angular momentum

of the 9840 residual nuclei are:

Ekav = 0.7 +/- 1.1 MeV; Ekmin = 0.0; Ekmax = 17.1
Zav = 77.2 +/- 2.5; Zmin = 60.; Zmax = 80.
Aav = 185.1 +/- 9.5; Amin = 132.; Amax = 196.
Lav = 8.2 +/- 6.1 h-bar; Lmin = 0.; Lmax = b53.

The mean excitation energy, charge, mass, angular momentum, and
fission barrier height of the 160 fissioning nuclei are:
Exav = 187.4 +/- 92.5 MeV; Exmin = 38.2; Exmax = 549.0

Zav = 77.3 +/- 2.6; Zmin = 66.; Zmax = 80.
Aav = 187.2 +/- 7.6; Amin = 155.; Amax = 196.
Lav = 10.9 +/- 6.8 h-bar; Lmin = 0.; Lmax = 36.
Bfav = 18.1 +/- 2.1 MeV; Bfmin = 11.1; Bfmax = 23.2

The mean total fission product kinetic energy after neutron emission is 163.57 MeV.

Direct Monte Carlo Simulation Method:
Fissility = 0.0160 +/- 0.0013,
Fission cross section = 2.21040E+00 +/- 1.75E-01 mb.

Statistical Weight Functions Method:
Fissility = 0.0168,
Fission cross section = 2.31715E+00 mb.

Number of coalesced d, t, He3, He4 = 1072 372 41 44

Mean multiplicities, yields, and mean energies of ejected particles:
(Notation: T - all production hanisms, C - de, P - preequilibrium,

Sp - from spallation residues, Pf - from nuclei before fission,
F - from fission fragments, E - total evaporation = Sp + Pf + F,
Co - Coalescence from cascade;
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Values which are identically zero are not printed.

Part. Multiplicities Yields [mb] <TKE> [MeV]
T n 9.1965 +/- 0.0303 1270.496 +/-  4.189 10.78
C n 1.6140 +/- 0.0127 222.974 +/-  1.755 41.47
P n 0.5663 +/- 0.0075 78.234 +/-  1.040 19.65
Sp n 6.7728 +/- 0.0260 935.662 +/-  3.595 2.94
Pf n 0.0433 +/- 0.0021 5.982 +/-  0.287 5.91
F n 0.2001 +/- 0.0045 27.644 +/-  0.618 4.22
E n 7.0162 +/- 0.0265 969.287 +/-  3.659 3.00
T p 1.0023 +/- 0.0100 138.468 +/-  1.383 42.73
[ 0.3456 +/- 0.0059 47.745 +/-  0.812 85.72
P p 0.3018 +/- 0.0055 41.694 +/-  0.759 29.97
Sp p 0.3402 +/- 0.0058 46.999 +/-  0.806 11.75
Pf p 0.0042 +/- 0.0006 0.580 +/-  0.090 14.06
F p 0.0105 +/- 0.0010 1.451 +/-  0.142 10.08
E p 0.3549 +/- 0.0060 49.029 +/- 0.823 11.72
T d 0.3534 +/- 0.0059 48.822 +/-  0.821 29.54
P d 0.1227 +/- 0.0035 16.951 +/-  0.484 31.34
Sp d 0.1171 +/- 0.0034 16.177 +/-  0.473 12,70
Pf d 0.0048 +/- 0.0007 0.663 +/-  0.096 15.44
F d 0.0032 +/- 0.0006 0.442 +/-  0.078 11.86
E d 0.1251 +/- 0.0035 17.283 +/-  0.489 12.78
Co d 0.1056 +/- 0.0032 14.589 +/-  0.449 47.30
T t 0.1162 +/- 0.0034 16.053 +/-  0.471 24.38
Pt 0.0263 +/- 0.0016 3.633 +/- 0.224 37.18
Sp t 0.0491 +/- 0.0022 6.783 +/-  0.306 13.86
Pf t 0.0020 +/- 0.0004 0.276 +/-  0.062 14.48
F t 0.0021 +/- 0.0005 0.290 +/-  0.063 11.66
E t 0.0532 +/- 0.0023 7.350 +/-  0.319 13.80
Co t 0.0367 +/- 0.0019 5.070 +/-  0.265 30.54
T He3 0.0273 +/- 0.0017 3.771 +/-  0.228 40.13
P He3 0.0194 +/- 0.0014 2.680 +/-  0.192 44.32
SpHe3 0.0037 +/- 0.0006 0.511 +/-  0.084 23.17
PfHe3 0.0002 +/- 0.0001 0.028 +/-  0.020 31.01
F He3 0.0001 +/- 0.0001 0.014 +/-  0.014 13.24
E He3 0.0040 +/- 0.0006 0.553 +/-  0.087 23.31
CoHe3 0.0039 +/- 0.0006 0.539 +/-  0.086 36.49
T Hed 0.1856 +/- 0.0043 25.641 +/-  0.595 23.75
P He4 0.0085 +/- 0.0009 1.174 +/-  0.127 49.24
SpHe4 0.1669 +/- 0.0041 23.057 +/- 0.564 22.56
PfHe4 0.0020 +/- 0.0004 0.276 +/-  0.062 25.23
F He4 0.0040 +/- 0.0006 0.553 +/-  0.087 18.10
E He4 0.1729 +/- 0.0042 23.886 +/- 0.574 22.48
CoHe4 0.0042 +/- 0.0006 0.580 +/-  0.090 24.22
pi- 0.1168 +/- 0.0034 16.136 +/-  0.472 103.23
pio 0.1357 +/- 0.0037 18.747 +/-  0.509 91.33
pi+ 0.0502 +/- 0.0022 6.935 +/-  0.310 127.77

xokkokkkookkkkk Nuclide yields [mb]l  (zero values suppressed) *kkkkxxkkkkkkxxxx

Z = 81. Z = 80. Z=T79.
A = 196 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 3.730E-01 +/- 7.18E-02
A = 195 0.000E+00 +/- 0.00E+00 1.520E-01 +/- 4.58E-02 3.136E+00 +/- 2.08E-01
A = 183 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00
S = 14 0.000E+00 +/- 0.00E+00 3.633E+00 +/- 2.24E-01 4.124E+01 +/- 7.55E-01

Z= T8. Z= TT7. Z= 1T6.
A = 196 3.592E-01 +/- 7.04E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 195 1.492E+00 +/- 1.44E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 169 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 2.763E-02 +/- 1.95E-02
S = 28 4.216E+01 +/- 7.63E-01 1.598E+01 +/- 4.70E-01 1.196E+01 +/- 4.07E-01

Z = T5. Z= T74. Z = T73.
A = 188 2.763E-02 +/- 1.95E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 187 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 163 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02
S = 26 5.208E+00 +/- 2.68E-01 4.739E+00 +/- 2.56E-01 2.749E+00 +/- 1.95E-01

Z= T2. Z= T1. Z = T0.
A = 173 2.763E-02 +/- 1.95E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 172 1.381E-02 +/- 1.38E-02 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00
A = 154 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 2.763E-02 +/- 1.95E-02
S = 20 2.031E+00 +/- 1.67E-01 1.948E+00 +/- 1.64E-01 1.409E+00 +/- 1.40E-01

Z = 69. Z = 68. Z = 67.
A = 165 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 163 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 149 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02
S = 16 6.217E-01 +/- 9.27E-02 8.013E-01 +/- 1.05E-01 3.177E-01 +/- 6.63E-02

Z = 66. Z = 65. Z = 64.
A = 153 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
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Z
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381E-02
381E-02
144E-02
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381E-02
000E+00
000E+00
381E-02

z

.000E+00
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Z
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S = 4 1.381E-02 +/- 1.38E-02 2.763E-02 +/- 1.95E-02 1.381E-02 +/- 1.38E-02
Z= 21. Z = 20. Z = 19.

A 47 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00

A = 46 2.763E-02 +/- 1.95E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00

A = 45 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02

A = 40 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02

S 4 5.526E-02 +/- 2.76E-02 0.000E+00 +/- 0.00E+00 2.763E-02 +/- 1.95E-02
Z= 3. Z= 2. Z= 1.

A = 4 0.000E+00 +/- 0.00E+00 2.564E+01 +/- 5.95E-01 0.000E+00 +/- 0.00E+00

A = 3 0.000E+00 +/- 0.00E+00 3.771E+00 +/- 2.28E-01 1.605E+01 +/- 4.T71E-01

A = 2 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 4.882E+01 +/- 8.21E-01

A= 1 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.385E+02 +/- 1.38E+00

S = 4 0.000E+00 +/- 0.00E+00 2.941E+01 +/- 6.37E-01 2.033E+02 +/- 1.68E+00
Zz= 0.

A= 1 1.270E+03 +/- 4.19E+00

S = 1 1.270E+03 +/- 4.19E+00

End of nuclide yields.

Mass yield [mb] and the mean and variance of the kinetic energy [MeV]
of residual nuclei:

A = 196 7.322E-01 +/- 1.01E-01 1.533E-01 +/- 7.94E-02

A = 195 4.780E+00 +/- 2.57E-01 1.576E-01 +/- 1.40E-01

A= 1 1.409E+03 +/- 4.41E+00 1.392E+01 +/- 3.31E+01

S = 137 1.644E+03 +/- 4.T7E+00 1.373E+01 +/- 3.17E+01

Charge yield [mb] and the mean and variance of the kinetic energy [MeV]
of residual nuclei:

Z = 80 3.633E+00 +/- 2.24E-01 3.128E-01 +/- 3.05E-01

Z =79 4.124E+01 +/- 7.55E-01 1.799E-01 +/- 2.50E-01

Z = 1 2.033E+02 +/- 1.68E+00 3.812E+01 +/- 4.89E+01

0 1.270E+03 +/- 4.19E+00 1.078E+01 +/- 2.80E+01

= 57 1.644E+03 +/- 4.77E+00 1.373E+01 +/- 3.17E+01

v N
]

xxkkkkkxkxx Nuclide yields [mb] in forward direction (theta_lab < 90) *¥¥xxkkkkx
(zero values suppressed)

Z = 81. Z = 80. Z=T79.
A = 196 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.520E-01 +/- 4.58E-02
A = 195 0.000E+00 +/- 0.00E+00 1.520E-01 +/- 4.58E-02 1.312E+00 +/- 1.35E-01
A = 184 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 2.763E-02 +/- 1.95E-02
S = 13 0.000E+00 +/- 0.00E+00 3.219E+00 +/- 2.11E-01 2.517E+01 +/- 5.90E-01

Z= T8. Z= TT7. Z= 1T6.
A = 196 8.289E-02 +/- 3.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 195 4.835E-01 +/- 8.17E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 169 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 2.763E-02 +/- 1.95E-02
S = 28 2.342E+01 +/- 5.69E-01 1.007E+01 +/- 3.73E-01 8.027E+00 +/- 3.33E-01

Z = T75. Z= T4. Z = T73.
A = 188 2.763E-02 +/- 1.95E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 186 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 164 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02 2.763E-02 +/- 1.95E-02
S = 24 3.675E+00 +/- 2.25E-01 3.606E+00 +/- 2.23E-01 1.879E+00 +/- 1.61E-01

Z= T2. Z= T1. Z = T0.
A = 172 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00
A = 171 6.907E-02 +/- 3.09E-02 2.763E-02 +/- 1.95E-02 0.000E+00 +/- 0.00E+00
A = 154 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 2.763E-02 +/- 1.95E-02
S = 19 1.368E+00 +/- 1.37E-01 1.423E+00 +/- 1.40E-01 9.670E-01 +/- 1.16E-01

Z = 69. Z = 68. Z = 67.
A = 163 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 162 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 149 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02
S = 15 4.697E-01 +/- 8.06E-02 5.664E-01 +/- 8.85E-02 2.072E-01 +/- 5.35E-02

Z = 66. Z = 65. Z = 64.
A = 153 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 152 2.763E-02 +/- 1.95E-02 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00
A = 144 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02
S = 10 3.316E-01 +/- 6.77E-02 1.381E-01 +/- 4.37E-02 2.210E-01 +/- 5.53E-02

Z = 63. Z = 62. Z = 61.
A = 145 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 143 2.763E-02 +/- 1.95E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 136 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02
S = 7 6.907E-02 +/- 3.09E-02 1.381E-02 +/- 1.38E-02 2.763E-02 +/- 1.95E-02

Z = 60.
144E-02 +/- 2.39E-02
381E-02 +/- 1.38E-02
381E-02 +/- 1.38E-02
907E-02 +/- 3.09E-02

= 136
134
= 132

L
n
SIS
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000E+00
000E+00
000E+00
000E+00
000E+00

V4

. T66E+02
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+/- 1.
+/- 0.
+/- 1.
+/- 2.

= 24.
+/- 0.
+/- 0.

= 21.
+/- 1.
+/- 1.
+/- 0.
+/- 2.

+/-
+/-
+/-
+/-
+/-

+/- 3.
+/- 3.

coooow

o

.00E+00
.38E-02

95E-02
00E+00
38E-02
39E-02

00E+00
00E+00

38E-02
95E-02
00E+00
39E-02

00E+00
00E+00
00E+00
00E+00
00E+00

0BE+00
0BE+00

V4
.37TE+01 +/-

.000E+00 +/-
.T63E-02 +/-

.00E+00
.95E-02

Z = 26.

381E-02 +/-
763E-02 +/-
381E-02 +/-
526E-02 +/-

.38E-02
.95E-02
.38E-02
.7T6E-02

Z = 23.

.381E-02 +/-
.381E-02 +/-

Z= 2
000E+00 +/-
000E+00 +/-
000E+00 +/-
000E+00 +/-

224E+00 +/-
000E+00 +/-
000E+00 +/-
600E+01 +/-

End of nuclide yields (forward direction).

.38E-02
.38E-02

00E+00
00E+00
00E+00
00E+00

36E-01
75E-01
00E+00
00E+00
T0E-01

= ® N © O

763E-02

.7T63E-02

A
000E+00
000E+00
381E-02
381E-02

A
.000E+00

325E+00
905E+01
498E+01
234E+02

Mass yield [mb] and the mean and variance of the kinetic energy
of residual nuclei in the forward
196 2.349E-01 +/- 5.70E-02
195 1.948E+00 +/- 1.64E-01

1 7.616E+02 +/- 3.24E+00
118 9.032E+02 +/- 3.53E+00

1

direction:
.979E-01 +/-
.792E-01 +/-

.7T63E+01 +/-
.B93E+01 +/-

Charge yield [mb] and the mean and variance of
of residual nuclei in the forward
Z = 80 3.219E+00 +/- 2.11E-01
Z = 79 2.517E+01 +/- 5.90E-01

direction:

8.30E-02
1.70E-01

4.06E+01
3.85E+01

the kinetic energy [MeV]

3.207E-01 +/- 7.12E-01
2.033E-01 +/- 7.54E-01

+/-

+/-
+/-

+/-
+/-

+/-
+/-

[MeV]

9.
0.00E+00
+/- 0
1
1

00E+00

.38E-02
.38E-02

1.
0.00E+00
+/- 3
6
1
1

59E-01

.34E-01
.08E+00
.31E+00
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Z = 0 6.766E+02 +/- 3.06E+00 1.338E+01 +/- 8.85E+00
S = 51 9.032E+02 +/- 3.53E+00 1.693E+01 +/- 3.85E+01

xxkkkkkxxx Nuclide yields [mb] in backward direction (theta_lab > 90) *¥kxkkkkx
(zero values suppressed)

Z = 81. A A .
A = 196 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 2.210E-01 +/- 5.53E-02
A = 195 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.824E+00 +/- 1.59E-01
A = 183 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00
S = 13 0.000E+00 +/- 0.00E+00 4.144E-01 +/- 7.57E-02 1.607E+01 +/- 4.71E-01

Z= T8. Z= TT7. Z= 1T6.
A = 196 2.763E-01 +/- 6.18E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 195 1.008E+00 +/- 1.18E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 172 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 6.907E-02 +/- 3.09E-02
S = 25 1.875E+01 +/- 5.09E-01 5.913E+00 +/- 2.86E-01 3.937E+00 +/- 2.33E-01

Z = T75. Z= T4. Z = T73.
A = 187 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 185 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 163 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02
S = 23 1.533E+00 +/- 1.46E-01 1.133E+00 +/- 1.25E-01 8.703E-01 +/- 1.10E-01

Z= T2. Z= T1. Z = T0.
A = 173 2.763E-02 +/- 1.95E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 172 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 156 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 5.526E-02 +/- 2.76E-02
18 6.631E-01 +/- 9.57E-02 5.250E-01 +/- 8.52E-02 4.421E-01 +/- 7.81E-02

©n
1

Z = 69. Z = 68. Z = 67.
A = 165 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 162 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00
A = 150 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00
S = 13 1.520E-01 +/- 4.58E-02 2.349E-01 +/- 5.70E-02 1.105E-01 +/- 3.91E-02

zZ . A . A .
A = 152 4.144E-02 +/- 2.39E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 151 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 146 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 2.763E-02 +/- 1.95E-02
S = 7 1.381E-01 +/- 4.37E-02 1.381E-02 +/- 1.38E-02 6.907E-02 +/- 3.09E-02

Z = 63. Z = 62. Z = 61.
.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00
.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02
.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02 1.381E-02 +/- 1.38E-02
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Z = 60.
A = 135 1.381E-02 +/- 1.38E-02

S 1 1.381E-02 +/- 1.38E-02
Z = B57.
A = 130 1.381E-02 +/- 1.38E-02
A = 129 1.381E-02 +/- 1.38E-02
A = 123 1.381E-02 +/- 1.38E-02
S = 3 4.144E-02 +/- 2.39E-02
Z = b54. Z = B3. Z = b2.
A = 118 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02
A = 116 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02
S = 2 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 2.763E-02 +/- 1.95E-02

Z = b51. Z = 50. Z = 49.
A = 111 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02
= .000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02

©n
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Z = 48. Z = 47T. Z = 46.
A = 112 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 111 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00
A = 102 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02
S = 9 4.144E-02 +/- 2.39E-02 5.526E-02 +/- 2.76E-02 6.907E-02 +/- 3.09E-02

Z = 45. Z = 44. Z = 43.
A = 108 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 105 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 95 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02
S = 10 8.289E-02 +/- 3.38E-02 6.907E-02 +/- 3.09E-02 6.907E-02 +/- 3.09E-02

Z = 42, Z = 41. Z = 40.
A = 98 1.381E-02 +/- 1.38E-02 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00
A = 97 2.763E-02 +/- 1.95E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 88 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02
S = 11 1.796E-01 +/- 4.98E-02 1.243E-01 +/- 4.14E-02 1.105E-01 +/- 3.91E-02

Z = 39. Z = 38. Z = 37.
92 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02
A = 91 2.763E-02 +/- 1.95E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
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A = 79 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02
S = 12 1.658E-01 +/- 4.79E-02 1.520E-01 +/- 4.58E-02 1.243E-01 +/- 4.14E-02

Z = 36. Z = 35. Z = 34.
A = 85 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 84 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 75 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02 1.381E-02 +/- 1.38E-02
S = 11 1.243E-01 +/- 4.14E-02 1.243E-01 +/- 4.14E-02 1.105E-01 +/- 3.91E-02

Z = 33. Z = 32. Z = 31.
A = 78 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02
A = 77 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 67 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02
S = 9 2.763E-02 +/- 1.95E-02 8.289E-02 +/- 3.38E-02 8.289E-02 +/- 3.38E-02

Z = 30. Z = 29. Z = 28.
A = 72 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 67 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00

A = 61 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02

S = 7 4.144E-02 +/- 2.39E-02 4.144E-02 +/- 2.39E-02 4.144E-02 +/- 2.39E-02
Z= 27. Z = 26. Z = 25.

A 59 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00

A = 57 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00

A = 56 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02 1.381E-02 +/- 1.38E-02

S 3 2.763E-02 +/- 1.95E-02 1.381E-02 +/- 1.38E-02 1.381E-02 +/- 1.38E-02
Z= 24. Z = 23. Z = 22,

A 52 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00

A = 49 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00

A = 48 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02

S 3 1.381E-02 +/- 1.38E-02 1.381E-02 +/- 1.38E-02 1.381E-02 +/- 1.38E-02
Z= 21. Z = 20. Z = 19.

A 45 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02

S 1 1.381E-02 +/- 1.38E-02 0.000E+00 +/- 0.00E+00 1.381E-02 +/- 1.38E-02
Z = 3. Z = 2. Z = 1.

A = 4 0.000E+00 +/- 0.00E+00 1.187E+01 +/- 4.05E-01 0.000E+00 +/- 0.00E+00

A= 3 0.000E+00 +/- 0.00E+00 1.547E+00 +/- 1.46E-01 6.728E+00 +/- 3.05E-01

A= 2 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.977E+01 +/- 5.23E-01

A= 1 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 5.349E+01 +/- 8.60E-01

S = 4 0.000E+00 +/- 0.00E+00 1.341E+01 +/- 4.30E-01 7.999E+01 +/- 1.05E+00
Z = 0.

A= 1 5.939E+02 +/- 2.86E+00

S = 1 5.939E+02 +/- 2.86E+00

End of nuclide yields (backward direction).

Mass yield [mb] and the mean and variance of the kinetic energy [MeV]
of residual nuclei in the backward direction:

A = 196 4.973E-01 +/- 8.29E-02 1.323E-01 +/- 6.82E-02

A = 195 2.832E+00 +/- 1.98E-01 1.428E-01 +/- 1.13E-01

A = 1 6.474E+02 +/- 2.99E+00 9.548E+00 +/- 2.03E+01

S = 119 7.405E+02 +/- 3.20E+00 9.827E+00 +/- 1.99E+01

Charge yield [mb] and the mean and variance of the kinetic energy [MeV]
of residual nuclei in the backward direction:

Z = 80 4.144E-01 +/- 7.57E-02 2.516E-01 +/- 3.06E-01

Z = 79 1.607E+01 +/- 4.71E-01 1.433E-01 +/- 1.68E-01

Z = 0 5.939E+02 +/- 2.86E+00 7.806E+00 +/- 1.79E+01

S = B5 7.405E+02 +/- 3.20E+00 9.827E+00 +/- 1.99E+01

xxxkkkxx Nuclide average kinetic energies [MeV] (zero yield suppressed) ¥¥xxkkkx

Z = 81. Z = 80. Z = T79.
A = 196 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.417E-01 +/- 6.19E-02
A = 195 0.000E+00 +/- 0.00E+00 3.395E-01 +/- 2.24E-01 1.202E-01 +/- 7.90E-02
A = 183 0.000E+00 +/- 0.00E+00 1.549E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
S = 14 0.000E+00 +/- 0.00E+00 3.128E-01 +/- 3.05E-01 1.799E-01 +/- 2.50E-01

Z= T8. Z= TT7. Z= 1T6.
A = 196 1.654E-01 +/- 9.27E-02 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 195 2.177E-01 +/- 1.86E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 169 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 2.536E+00 +/- 2.08E+00
S = 28 3.942E-01 +/- 4.23E-01 6.699E-01 +/- 6.57E-01 1.004E+00 +/- 9.03E-01

Z = T5. Z= T74. Z = T73.
A = 188 5.925E-01 +/- 4.50E-01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 187 5.707E-01 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 163 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.152E+00 +/- 0.00E+00
S = 26 1.287E+00 +/- 1.05E+00 1.481E+00 +/- 1.25E+00 1.628E+00 +/- 1.40E+00

Z= T2, Z= T1. Z = T0.
= 173 1.866E+00 +/- 1.00E+00 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 172 1.401E-01 +/- 0.00E+00 9.192E-01 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
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Z = 27. Z = 26. Z = 25.

A 59 7.085E+01 +/- 2.09E+01 6.337E+01 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 58 0.000E+00 +/- 0.00E+00 8.900E+01 +/- 1.69E+01 0.000E+00 +/- 0.00E+00
A = 57 7.233E+01 +/- 1.21E+01 8.656E+01 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 56 0.000E+00 +/- 0.00E+00 9.326E+01 +/- 0.00E+00 6.543E+01 +/- 0.00E+00
S 4 7.144E+01 +/- 1.79E+01 8.424E+01 +/- 1.51E+01 6.543E+01 +/- 0.00E+00
Z= 24. Z = 23. Z = 22,
A 52 8.528E+01 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 50 0.000E+00 +/- 0.00E+00 6.047E+01 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 49 0.000E+00 +/- 0.00E+00 7.149E+01 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 48 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 4.742E+01 +/- 0.00E+00
S 4 8.528E+01 +/- 0.00E+00 6.598E+01 +/- 5.51E+00 4.742E+01 +/- 0.00E+00
Z= 21. Z = 20. Z = 19.
A 47 9.897E+01 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 46 8.836E+01 +/- 1.38E+01 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00
A = 45 4,543E+01 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 5.407E+01 +/- 0.00E+00
A = 40 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 1.002E+02 +/- 0.00E+00
S 4 8.028E+01 +/- 2.28E+01 0.000E+00 +/- 0.00E+00 7.714E+01 +/- 2.31E+01
Z= 3. Z= 2. Z= 1.
A = 4 0.000E+00 +/- 0.00E+00 2.375E+01 +/- 9.14E+00 0.000E+00 +/- 0.00E+00
A = 3 0.000E+00 +/- 0.00E+00 4.013E+01 +/- 2.15E+01 2.438E+01 +/- 2.15E+01
A = 2 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 2.954E+01 +/- 3.04E+01
A= 1 0.000E+00 +/- 0.00E+00 0.000E+00 +/- 0.00E+00 4.273E+01 +/- 5.54E+01
S = 4 0.000E+00 +/- 0.00E+00 2.585E+01 +/- 1.27E+01 3.812E+01 +/- 4.89E+01
Z= 0.
A= 1 1.078E+01 +/- 2.80E+01
S = 1 1.078E+01 +/- 2.80E+01

End of nuclide average kinetic energies.

Mass yield [mb] and the mean and variance of the emission angle [deg.]
of residual nuclei:

A = 196 7.322E-01 +/- 1.01E-01  1.054E+02 +/- 4.00E+01

195 4.780E+00 +/- 2.57E-01  9.797E+01 +/- 4.29E+01

A= 1 1.409E+03 +/- 4.41E+00  8.608E+01 +/- 4.02E+01

S = 137 1.644E+03 +/- 4.77E+00  8.527E+01 +/- 4.03E+01

ES
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The mean and variance of the z velocity [v/c] of residual nuclei,
and the forward/backward ratio:

A = 196 -2.246E-04 +/- 7.99E-04 4.722E-01 +/- 1.93E-01

A = 195 -9.069E-05 +/- 8.46E-04 6.878E-01 +/- 1.06E-01

A= 1 1.695E-02 +/- 1.04E-01 1.176E+00 +/- 1.04E-02

S = 137 1.574E-02 +/- 9.91E-02 1.220E+00 +/- 1.00E-02

Charge yield [mb] and the mean and variance of the emission angle [deg.]
of residual nuclei:

Z = 80 B3.633E+00 +/- 2.24E-01  4.869E+01 +/- 3.30E+01

79 4.124E+01 +/- 7.55E-01  7.972E+01 +/- 4.24E+01

Z = 0 1.270E+03 +/- 4.19E+00  8.692E+01 +/- 3.99E+01

S = 57 1.644E+03 +/- 4.77E+00  8.527E+01 +/- 4.03E+01

N
1

The mean and variance of the z velocity [v/c] of residual nuclei,
and the forward/backward ratio:

Z = 80 1.076E-03 +/- 9.26E-04 9.899E+00 +/- 4.T7BE+00

Z =79 2.418E-04 +/- 8.98E-04 2.223E+00 +/- 2.88E-01

Z = 0 1.207E-02 +/- 9.11E-02 1.953E+00 +/- 5.78E-03

S = 57 1.BT4E-02 +/- 9.91E-02 1.220E+00 +/- 1.00E-02

o

Mass distributions of nuclei:
at start of evap, which: just prior to
after cascade after preeq evap.\ only fission fission
A =197 2.122E-01 8.790E-02 8.780E-02 1.000E-04 0.000E+00
A = 196 2.574E-01 2.214E-01 2.203E-01 1.100E-03 2.000E-04

A = 155 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.000E-04
<A> = 1.947E+02 1.934E+02 1.934E+02 1.917E+02 1.872E+02

St Dv A = 2.241E+00 3.266E+00 3.255E+00 3.446E+00 7.572E+00
norm = 1.000E+00 1.000E+00 9.840E-01 1.600E-02 1.600E-02

Charge distributions of nuclei:

at start of evap, which: just prior to

after cascade after preeq evap.\ only fission fission

Z= 81 5.000E-04 -000E-04 2.000E-04 0.000E+00 0.000E+00

Z = 80 5.200E-02 3.520E-02 3.350E-02 1.700E-03 9.000E-04
0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.000E-04
<Z> = 7.857E+01 7.806E+01 7.806E+01 7.824E+01 7.728E+01
7 1 1 7
1 1 9 1

N

St Dv Z = .915E-01 .241E+00 .240E+00 1.322E+00 .B678E+01
.000E+00 .000E+00 .840E-01 1.600E-02 .600E-02

Excitation energy distributions [1/MeV] of nuclei:
at start of evap, which: just prior to

Ex(MeV)  after cascade after preeq evap.\ only fission fission
0.- 10. 3.100E-04 2.450E-03 2.450E-03 0.000E+00 0.000E+00
10.- 20. 2.630E-03 6.610E-03 6.610E-03 0.000E+00 0.000E+00
760.- 770. 1.000E-05 0.000E+00 0.000E+00 0.000E+00 0.000E+00
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<Ex> = 1.273E+02 9.332E+01 9.087E+01 2.440E+02 1.874E+02
St dev Ex = 1.050E+02 8.599E+01 8.310E+01 1.199E+02 9.246E+01
norm = 1.000E+00 1.000E+00 9.840E-01 1.600E-02 1.600E-02

Linear momentum distributions [1/MeV/c] of nuclei:
at start of evap, which: just prior to

P(MeV/c) after cascade after preeq evap.\ only fission fission
0.- 10. 4.000E-05 3.000E-05 3.000E-05 0.000E+00 0.000E+00
10.- 20. 5.000E-05 3.000E-05 3.000E-05 0.000E+00 0.000E+00
1920.-1930. 0.000E+00 1.000E-05 1.000E-05 0.000E+00 0.000E+00
<P> = 3.022E+02 3.378E+02 3.347E+02 5.308E+02 5.607E+02
St dev P = 2.237E+02 2.311E+02 2.288E+02 2.853E+02 3.406E+02
norm = 1.000E+00 1.000E+00 9.840E-01 1.600E-02 1.600E-02
Angular momentum distributions [1/hbar] of nuclei:
at start of evap, which: just prior to
L after cascade after preeq evap.\ only fission fission
0.- 1 2.400E-02 1.360E-02 1.350E-02 1.000E-04 1.000E-04
1.- 2. 1.393E-01 7.940E-02 7.930E-02 1.000E-04 1.000E-04
53.- b4. 0.000E+00 1.000E-04 1.000E-04 0.000E+00 0.000E+00
<L> = 6.049E+00 8.269E+00 8.226E+00 1.087E+01 1.087E+01
St dv L = 4.67T1E+00 6.153E+00 6.134E+00 6.772E+00 6.772E+00
norm = 1.000E+00 1.000E+00 9.840E-01 1.600E-02 1.600E-02

Distribution of fission-fragment opening angles [1/deg.] (lab.sys.) in different
bins of neutron multiplicity:

theta(deg.) All events n = 0-5 n=6-8 n=09-12 n = 13-15 n = 16-19 n > 20

146. - 147. 6.250E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6.250E-03

150. - 151. 6.250E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6.250E-03

179. - 180. 2.500E-02 0.000E+00 0.000E+00 1.250E-02 0.000E+00 6.250E-03 6.250E-03
<thet> = 1.716E+02 0.000E+00 1.779E+02 1.755E+02 1.738E+02 1.726E+02 1.692E+02
St dv thet = 5.897E+00 0.000E+00 0.000E+00 2.417E+00 3.024E+00 4.517E+00 6.979E+00
norm. = 1.000E+00 0.000E+00 6.250E-03 8.750E-02 1.625E-01 3.063E-01 4.375E-01

Neutron-multiplicity probability:

Nn Total Cascade Preequil. Evap.\ res. Pre-fiss. Post-fiss
0 3.300E-03  2.916E-01  5.897E-01 1.260E-02  3.800E-03  0.000E+00
1 1.480E-02 3.124E-01 2.918E-01 4.870E-02 3.800E-03 0.000E+00
3.000E-04  0.000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00
<n> = 9.197E+00 1.614E+00 5.663E-01  6.883E+00  2.706E+00 1.251E+01
5 1 4
1 1 9

©n
o
o
<
El
n

.844E+00 -T2BE+00 8.096E-01 .473E+00 2.794E+00 4 .504E+00
-000E+00 -000E+00 1.000E+00 .840E-01 1.600E-02 1.600E-02

Elapsed cpu time = 1. min and 50.800 sec.
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Appendix 3

Example 1
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Figure 1: Experimental proton spectra from 500 MeV p + Ni [115] compared with CEM03.01
results obtained using the input shown in Example 1 of Appendix 1 (the corresponding output
is shown in Example 1 of Appendix 2). The results shown in this figure are for one million
simulated inelastic events (limc=1000000). The option considering 66 types of possible evap-
orated particles (nevtype=66) requires 1 hr 31 min 59 sec of computing time on a SunBlade
100, 500 MHz computer, while the nevtype=6 option requires only 33 min 38 sec, providing
almost the same results.
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Example 2
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Figure 2: Experimental 7° spectra from 500 MeV 7~ + Cu [116, 23] compared with CEM03.01
results obtained using the input shown in Example 2 of Appendix 1 (the corresponding output
is shown in Example 2 of Appendix 2). The results shown in this figure are for one million
simulated inelastic events (limec=1000000). As pions are produced by CEMO03.01 only at the
INC stage of reactions, calculated pion spectra do not depend on the value of nevtype; this
calculation was done using only the nevtype=6 option in the input and it took 43 min 28 sec
on a SunBlade 100, 500 MHz computer.
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Example 3
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Figure 3: Experimental 7% spectra from 562.5 MeV n + Cu [117] compared with CEM03.01
results obtained using the input shown in Example 3 of Appendix 1 (the corresponding output
is shown in Example 3 of Appendix 2). The results shown in this figure are for one million
simulated inelastic events (limc=1000000). This calculation was done using only the nev-
type=6 option in the input, for the same reason as discussed for Example 2, and it took 39
min 33 sec on a SunBlade 100, 500 MHz computer.
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Example 4

104 T ! ! R T
" (1.5GeV)+Fe->n+...

— g =
n - ]
~ L ]
> B i
2 - ]
~~ B ]
fo) _ -
= : .
G g E
© - 1
\ - .
F == —
S
o) - 030deg x 100 :
"o 107 3L 490degx10 i
E ©150degx 1 \

B - ] n

-4 | ]

10 = -- nevtype =6 ! -

— nevtype = 66 —
:
|
|

10_5 Ll ] Em ]
1 10 100 1000

TLab (MeV)

Figure 4: Experimental neutron spectra from 1.5 GeV 7" + Fe [118] compared with CEM03.01
results obtained using the input shown in Example 4 of Appendix 1 (the corresponding output
is shown in Example 4 of Appendix 2). The results shown in this figure are for one million
simulated inelastic events (limc=1000000). The nevtype=66 option requires 3 hr 30 min 52
sec of computing time on a SunBlade 100, 500 MHz computer, while the nevtype=6 option
requires only 1 hr 51 min 58 sec, providing almost the same results.
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Example 5
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Figure 5: Experimental neutron-induced fission cross section of *7Au [119]-[121] compared
with CEMO03.01 results obtained using the input shown in Example 5 of Appendix 1 (the
corresponding output is shown in Example 5 of Appendix 2). The results shown in this figure
are the Direct Monte Carlo Simulation Method fission cross sections from the CEM03.01
output. These calculations were done at neutron energies from 30 MeV (t0mev=30.0) to 500
MeV (t0max=500.5) with a step of 10 MeV (dt0=10.0), 100000 simulated inelastic events
for each energy point (limc=100000). The nevtype=66 option requires 9 hr 22 min 38 sec of
computing time on a SunBlade 100, 500 MHz computer, while the nevtype=6 option requires
only 4 hr 12 min 21 sec, providing almost the same results.
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Figure 6: Experimental angle-integrated energy spectra (upper left plot), energy-integrated
angular distributions (upper right plot), and double-differential spectra of nucleons and complex
particles [122] compared with CEM03.01 results obtained using the input shown in Example 6
of Appendix 1 (the corresponding output is shown in Example 6 of Appendix 2). The results
shown in this figure are for ten million simulated inelastic events (limc=10000000). The
nevtype=66 option requires 10 hr 28 min 23 sec of computing time on a SunBlade 100, 500
MHz computer, while the nevtype=6 option requires only 7 hr 44 min 54 sec, providing
practically the same results, indistinguishable within the scale of this figure.
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Example 7
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Figure 7: The measured [123] mass and charge distributions of the product yields from the
reaction 800 MeV/A " Au+p and of the mean kinetic energy of these products, and the mass
distributions of the cross sections for the production of thirteen elements with the charge Z from
20 to 80 (open symbols) compared with CEMO03.01 results obtained using the input shown in
Example 7 of Appendix 1 (the corresponding output is shown in Example 7 of Appendix 2). The
results shown in this figure are for ten million simulated inelastic events (limec=10000000).
The nevtype=66 option requires 53 hr 34 min 31 sec of computing time on a SunBlade 100,
500 MHz computer, while the nevtype=6 option requires only 12 hr 48 min 3 sec, providing
almost the same results for the spallation and fission products. The fragment (2 < Z < 13,
6 < A < 29) results are very different, therefore we need to use the option nevtype=66 when

we are interested in fragment production.
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Example 8
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Figure 8: Experimental mass distributions of the yields of eight isotopes from Na to Mn [124]
and of all light fragments from Li to O [125] from the reaction 1 GeV/A *°Fe+p and the
charge distribution of the product yield compared with CEMO03.01 results obtained using the
input shown in Example 8 of Appendix 1 (the corresponding output is shown in Example 8 of
Appendix 2). Predictions of CEM03.01 for the mean kinetic energy, mean parallel velocity v,,
and the mean production angle © of all products in the laboratory system are given as well. The
results shown in this figure are for ten million simulated inelastic events (limec=10000000).
The nevtype=66 option requires 27 hr 38 min 37 sec of computing time on a SunBlade 100,
500 MHz computer, while the nevtype=6 option requires only 8 hr 27 min 48 sec, providing
almost the same results for the spallation products. The yields of light fragments, especially of
Li and Be, differ by several orders of magnitude, therefore we need to use the option nevtype
> 6 when we are interested in light-fragment production.
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Example 9

10° -
10*
7 10° ]
>
% 2 ]
S 10 3
= ]
1 .
% 10 _
= i
D A0 ]
oL 10 0 45 deg x 100 3
O 090 deg x 10 ]
-1 A 135 deg x 1 T
10 — nevtysg : 66 E
-- nevtype =6 3

10—2 T T T B T T T T T R T S T T R T T R
0 50 100 150 200 250 300

T, (MeV)

Figure 9: Proton spectra at 45°, 90°, and 135° from the reaction 300 MeV v 4+ Cu. Symbols
are experimental data from [126] and histograms are CEMO03.01 results obtained using the
input shown in Example 9 of Appendix 1 (the corresponding output is shown in Example 9
of Appendix 2). The results shown in this figure are for one million simulated inelastic events
(limc=1000000). The nevtype=66 option requires 2 hr 48 min 28 sec of computing time on
a SunBlade 100, 500 MHz computer, while the nevtype=6 option requires only 2 hr 0 min 22
sec, providing almost the same results.
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Example 10
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Figure 10: Comparison of CEM03.01 results (green symbols) obtained using the input shown
in Example 10 of Appendix 1 with the option nevtype=66 and one million simulated inelas-
tic events (limc=1000000) (the corresponding output is shown in Example 10 of Appendix
2) for the isotopic yields of products produced by bremsstrahlung reactions on '°"Au with
the end-point energy Ey = 1 GeV (t0mev=30.0, tOmax=1000.0) with experimental data
(red symbols) from the review [127] and calculations by PICA3/GEM (blue symbols); the
PICA3/GEM results are from several publications and are presented in Fig. 18 of Ref. [127]
with the corresponding citations. The mass yields for the fission products shown by black
curves represent approximations based on experimental data by Prof. Sakamoto’s group. This
figure was made for us by Dr. Hiroshi Matsumura by adding our results to Fig. 18 of the review
[127].
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Figure 11: Results from CEMO03.01 for the mass yield of all products, their mean laboratory
kinetic energy, mean laboratory velocity v, in the beam direction, and mean laboratory angle ©
as functions of the product mass A from interactions of 1 GeV bremsstrahlung gammas with Au.
The input shown in Example 10 of Appendix 1 with the options nevtype=66 and nevtype—=6
for ten million simulated inelastic events (limc=10000000) (the corresponding output is shown
in Example 10 of Appendix 2) was used in these calculations. The nevtype=66 option requires
45 hr 0 min 31 sec of computing time on a SunBlade 100, 500 MHz computer, while the
nevtype=6 option requires only 30 hr 11 min 58 sec, providing almost the same results for
the spallation and fission products but underestimating the yields of light fragments by more
than two orders of magnitude. The experimental cross sections shown for comparision by open
circles are the same as in Fig. 10. The big fluctuations in the values of v, and © for masses
around A = 20 and 130 do not provide real physical information, as they are related to the
limited statistics of our Monte-Carlo simulation caused by the very low yield of isotopes at
the border between spallation and fission, and at that between fission and fragmentation. Our
calculation provides only a few (or even one) isotopes of a given A in these mass regions, and
mean values for such events do not have any significance.
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Figure 12: More CEMO03.01 results for the same reaction, inputs, and outputs as shown in
Fig. 11. Upper left plot: distributions of multiplicity of neutrons emitted during the INC,
preequilibrium, evaporation from compound nuclei that do not fission, pre-fission evaporation
from compound nuclei that will fission, evaporation from fission fragments, and for the sum
of all reaction mechanisms, labeled as “all events”. The mean values of neutron multiplicity,
< n >, for all these reaction mechanisms, printed in the output at the end of the corresponding
distribution tables, are listed in the legend. Upper right plot: distributions of laboratory
angle between two fission fragments for events with mean neutron multiplicity from 0 to 5, 6
to 8, 9 to 12, 13 to 15, 16 to 19, more than 19, and for all events, respectively; the mean angle
< ©;9 > for all these types of events are printed in the output and listed in the legend. Lower
left plot: Z-averaged A-dependence of the F/B ratio of the forward product cross sections to
the backward ones. Lower right plot: The F/B ratio of the Hg isotopes produced in the
same reaction as a function of the mass number of the Hg nuclei. Results shown in both upper
plots are for the nevtype=66 option.
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Figure 13: More CEMO03.01 results for the same reaction, input, and output as shown in Fig. 11
for the option nevtype=66: Mass A and charge Z numbers, excitation energy E*, linear P and
angular L momentum distributions of residual nuclei formed after the INC and preequilibrium
stages of reactions, for compound nuclei that will not fission, for compound nuclei that will
fission after evaporation of several pre-fission particles, and for fissioning nuclei just before their
fission. The mean values of all quantities, for the corresponding type of events, are printed in
the output and listed in the legends of the subplots.
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Figure 14: More CEMO03.01 results for the same reaction, input, and output as shown in Fig.
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Figure 15: The same as Fig. 14, but for fission and fragmentation products from Chlorine to

Tellurium.
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Figure 16: The same as Fig. 14, but separately for forward and backward products.
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Figure 17: The same as Fig. 15, but separately for forward and backward products.
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Figure 20: Mean laboratory kinetic energy of all spallation products from Iodine to Thallium.
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Figure 21: Mean laboratory kinetic energy of all fission and fragmentation products from Chlo-
rine to Tellurium.
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