THE PROGRAM LISE: A SIMULATION OF FRAGMENT SEPARATORS
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Abstract

We describe in this paper the program LISE used to
calculate the yield and transmission of fragments
produced in a fragment separator. The new Windows
version is introduced.

THE PROGRAM LISE

The program LISE [1] called after the spectrometer of
the same name[2] has been developed to calculate the
transmission and vyields of fragments produced and
collected in a fragment separator. Nowadays, projectile
fragmentation is being used worldwide in many
laboratories to produce Radioactive Nuclear Beams.
Being able to predict as well as identify on-line the
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content of RNBs is therefore of prime importance. This
has guided the definitions of the main purposes and
characteristics of the program:

e Predict fragment separator settings to obtain a

specific RNB;

e Predict theintensity and purity of the chosen RNB;

e Simulate identification plots to be compared

on-line (see Fig.1);

«  Provide a highly user-friendly environment;

e Possihility to configure the program for different

fragment separators.

A datistica model [3,4] is used to determine the
momentum and angular phase space distributions of the
projectile fragments. The average fragment velocity can
be set to a constant value or can be calculated from the
expressions given in the code. The cross sections are
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Figure 1. Plot of transmitted fragments after magnetic rigidity filtering. The axes are the energy loss for the ordinate
and the time-of-flight for the abscissa. This plot and subsequent identification plots are produced by a Monte-Carlo
generator to better mimic the experimental spectra observed on-line.
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calculated according to a global parameterization
EPAX [5] with no energy dependence. Four different in-
built parameterizations[5,6] of cross sections based on
the EPAX model are available. Cross-sections calculation
on Abration-Ablation model has been incorporated
recently in the program. It is also possible to directly enter
the cross section for a given reaction, provided it was
previously measured or calculated by more sophisticated
codes. Once a cross section is manualy entered in the
program it is automatically saved with the results of
calculations.

The determination of the equilibrium charge state
distribution of an ion beam after passing through material
can be calculated according to three different parameteri-
zations [7-9]. The calculation of charge state distributions
and their corresponding transmissions can be enabled or
disabled by selecting the Charge States option. In case it
is enabled, the charge states of the fragment of interest
have to be specified after the target and the wedge.

The calculation of energy loss and energy straggling is
crucia for deducing magnetic rigidities, transmission of
fragments and their ranges in detectors. Two energy loss
calculation methods are available[10,11]. Energy losses
are calculated for atomic numbers (1<Z<130) and
energies from 10 keV in materials from Hydrogen up to

Uranium. The calculation of energy loss in gas and
composite materialsis also included.

In-built Energy loss, Time-of-Flight, Position, Angular,
Charge, Cross-Section distribution plots and dE-E, dE-
TOF, Z-A/Q and dE-X two-dimensiona plots allow to
visualize the results of the program calculations. An
application of transport integral [12] lies in the basis of
fast calculations of the program for the estimation of
temporary evolution of distributions of phase space.

Recently the program has undergone a number of
serious changes and has been adapted to the environment
of "Windows":

e Being adapted to the 32-bit operating system
«Windows» the program has received an improved
interface with which the user gets al opportunities
of the given operating system (work in several
windows, drivers of a seal etc.);

e There appeared an opportunity to choose the
parameterization of fragmentation cross-sections
and model the charge distributions of ions;

e In-built database of nuclides has been added. It is
possible to see a transmission of a given isotope, its
characteristics and energy after second dipole
clicking on an isotope of interest in the table of
nuclides by the right button of the mousg;
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Figure 2. Physical calculator window showing various calculations performed for the nucleus #*O. The energy can be
entered not only by the different parameters such as magnetic rigidity, velocity or momentum (radio buttons on the left),
but also by specifying either an energy after a given material (top right) or the total range (bottom right).



e The optica parameters of the spectrometer are
entered as transport matrices that are more
convenient. Initial angular, spatia and energy
emittances of beam are used;

e The new dipole after the Wien filter of velocities
has been added;

e There appeared an opportunity to choose a
degrader profile (achromatic, monochromatic,
homogeneous, user-defined) in the intermediate
dispersive focal plane.

In addition, several general purposetoolssuch as

e physical parameters calculator (see Fig.2),

e scattering calculator,

» database of nuclei properties,

e evaporation calculator,

*  «BI» - the automatized search of two-dimensional
peaks in spectra and definition of their
characteristics,

» relativistic two body kinematics calculations

make it also attractive in experiments where radioactive
beams are not involved. Most of the options available in
the program are well documented in an on-line help. The
constant improvements of the code based on the user's
remarks has brought its high flexibility and made it well
adaptive to amost any nuclear physics experiment using
magnetic and/or electrostatic separation devices. With the
advent of the World Wide Web, it has become very easy
to maintain and update the program, and it can now be
freely downloaded and installed (see Table).

Table 1.
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City, Country Web-site

Download

East-Lansing, USA

http://www.nscl.msu.edu/~tarasov/lise

ftp://ftp.nscl.msu.edu/publ/lise/

Dubna, Russia http://dnr080.jinr.ru/LISE

ftp://dnr080.jinr.ru/lise/

Caen, France

http://www.ganil.fr/lise/proglise.html

http://www.ganil.fr/lise/proglise.html




