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Abstract

During recent years, theAR P package has been applied successfully for studying the behaviour and properties of open-shell
atoms and ions within a relativistic framework. A series of case studies on the transition probabilities and lifetimes as well as
for autoionization processes of different open-shell ions showed that it is possible today to make accurate predictions if all
the dominant effects from relativity, correlation, and from the rearrangement of the electron density are treated on the same
footings. Here, | presenttaolboxfor the RaTIP package which supports the data handling and the interpretation of (complex)
spectra. These ULITIES have been found useful, in particular when large-scale applications ought to be carried out with
RATIP. O 2001 Elsevier Science B.V. All rights reserved.
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Nature of the physical problem

In the framework of the RTIP package, a toolbox supports a
variety of (smaller) tasks. It facilitates, for example, the file and data
handling in large-scale applications or the interpretation of complex
spectra.

Method of solution

The main menu of the TLITIES lists 16 tasks which can be
selected interactively. Information, which is printed during the
execution of the program, as well as an interactive dialog about
the required input and (selected) outguidesthe user through the
individual tasks.

Typical running time
The program responds promptly for most of the tasks below.

LONG WRITE-UP

1. Introduction

Theoretical investigations on the level structure and
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The responding time for other tasks, such as the generation of a
relativistic pair-correlationbasis, strongly depend on the size of the
corresponding data files.

Unusual features of the program

A total of 16 different tasks are supported in the present version.
Each of these tasks displays a short summary abofutritgionand
prompts for the required input and output data interactively.
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levels and properties. Expansions with a sizg, of
several thousand and up to a hundred thousand CSF
are nowadays applied in individual investigations. In
its present form, RTIP first of all supports the com-
putation of (relaxed) transition probabilities and life-
times, the representation of symmetry-adapted func-

the properties of atoms and ions have a long tradition. tions within a determinant basis, the generation of con-
Over the years, this tradition — along with a steadily {jnyum orbitals as well as calculations on Auger prop-
grown need of accurate data — has led to several g(ties and photoionization cross sections. During the
powerful (program) tpqls_ using both, nonrelativistic |55t two years, in particular, &P helped improve
[1,2] as well as relativistic approaches [3,4]. Today, ang enlarge the available data base on Einstein coef-
reliable atomic data are required in a large number ficients, oscillator strengths, and branching ratios for
of research areas, including astro and plasma physicsyarious multiple charged ions of the iron group. Fig. 1
(the traditional ones) but also in many other, recently displays the main structure of theaRP package; a
emerging fields like uv- and X-ray lithography, the  mgre detailed account of ®1P's recent (and poten-
generation of nanostructures, or the search for more 5| future) applications has been given elsewhere [6].
efficient X-ray laser schemes. The revised form of RTIP is divided into several
In the relativistic domain of atomic structure theory, groups for calculating level properties, bound-state

the RaTIP package (for the calculation of relativistic  ransitions, (auto-) ionization parameters, and a few
atomic transition and ionization properties) supports giners tasks which are required when characterizing
case studies anldrge-scaleapplications for a variety  gpen-shell atoms. In this article, however, | will not
of properties. A recently revised version of the pack- give much information about theseain components
age now applies the wave function; from the Struc- of the RaTIP package [7—10] since a long write-up
ture code ®ASPO2 [5] where an atomic state function s ysyally available for most components (or will be
(ASF) with given angular momentum and parity”) prepared soon). These write-up’s provide both, the
is approximated by a linear combination of configura- - theoretical background of the individual parts as well
tion state functions (CSF) of the same symmetry as reference to their recent applications. Here, instead,

ne | present a set of WLITIES for the RaTIP program
|Vo (PJM)) = Zcr(d)IVrPJM)~ (1) which facilitates ist further application. Although

r these U'ILITIES have mainly been developed for large
Often, large wave function expansions are required computations (where often also a huge amount of data
to obtain a sufficient accurate description of atomic need to be processed), a number of similar tasks also
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5 RATIP

Relativistic Atomic Transition and Ionization Properties
(C) Copyright by S Fritzsche and others, Kassel (2000).

Level properties
# Bound-state transitions

[B (Auto-) Ionization

Auger energies and intensities

AUGER: Calculation of Auger rates, non-radiative lifetimes,
angular distribution parameters, and others;
program component: xauger

Auger angular distributions and spin polarization

f? Photoionization

Adaptation under development.

[# Further components

[ Utilities

Fig. 1. Main structure of the Rrip package which is divided into several groups of programs. Details are displayed only for the calculation of
Auger properties and photoionization cross sections.

occur in daily work when one looks, for example, for the size of the actual investigation. In the new design
a fast estimate of some atomic decay rate or cross of RATIP [7], all arrays which are related to the repre-
section. The WILITIES support a variety of such  sentation of atomic states, grid sizes, Hamiltonian and
small tasks including a convenient printout of data, transition matrices, and many others are allocated dy-
the generation of suitable configuration bases, the namically at run time. Therefore, there are virtually
rapid file transfer between different architectures — no other limitations than those by the resources them-
if not all of the computations can be run on the same selves. Most components now support wave function
platform — as well as several others. expansions of several ten (or even hundred) thousand
In its latest development, thkong-term mainte- configuration functions and, thus, are comparable in
nanceof the RaTIP program has been a major con- size to the best nonrelativistic computations. Owing
cern. Our experience showed that a rather large ef- to the use of spin- and symmetry-adapted CSF in the
fort is typically needed to keepsoftware packagef GRASPI2 and RTIP environments, such expansions
this size alive over a longer period. This is why we are also comparable with the besblecular computa-
now make use of a more object-oriented design and, tion at present which are often based on Slater deter-
in particular, of the new concepts of Fortran 90/95. minants.
This up-to-datelanguage standard enables one to de-  In the next section, | will briefly sketch the basic
sign programs which are very flexible with respect to structure of these WLITIES which are designed
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as an independent component oATRP. In several in particular, for most medium and weak transitions
subsections, then the various groups of this program which often appear more sensitive to correlation con-
are explained in greater detail. But, although, | will tributions than the strong resonance lines. Detailed in-
outline the conceptof each individual task, not all  vestigations have been carried out, for example, for
dialogs and branches of the program can be displayedseveral astro-physically relevant spectra of the iron
and explained in detail. Starting from the main menu group elements [11-13] as well as for the spectra of
of the UTiLITIEs, the user is guided through the Nij|l[14] and Cu Il [15].

program with the heIp of interactive notes and dialogs. Of course, |arge Configuration expansions (]_) do
In Section 3, | recall how the R'iP program (as @  not only increase the effort which is required to
whole) is distributed. Finally, a short summary about generate the wave functions and to calculate the
the program is meant to encourage all those users, whoyansition amplitudes and cross sections. The size of
wantto apply RTIP, that they may contactusand may  hese expansions also strongly influences the number
express useful extensions to the program. of steps which have to be carried out during the
computations, and how these wave functions need
to be maintained. In practice, large expansions also

2. Program structure . . : .
result in a sizeable amount of intermediate and output

2.1. A short overview data and, hence, an efficient computation of such
expansions becomes almost impossible without the
Lately, a number of case studies on thie-initio appropriate tools.

calculation of transition probabilities have shown that  In order to facilitate large-scale applications, the
large-scale expansions (1) are typically required in or- UTILITIES of the RaTIP package supports a number
der to obtain accurate predictions. This was found true, of small but frequently occurring tasks. Fig. 2 shows

Select from the menu:

- Energy levels and level splittings (simple).

- Energy levels and level splittings (extended) .

Display the major CSF and their weights to atomic levels.
- Display the ’names’ of major LS terms (inactive).

W -
|

- Exclude a number of CSF from a GRASP92 .csl list.

- Generate a CSF pair-list due to a given .csl reference list.
Merge two .csl lists from GRASP92.

- Condense a .csl list from GRASP92 (standard).

- Condense a .csl list from GRASP92 (extended).

© 00 ~NO O,
|

10 - Format .mix and .out files from GRASP92.
11 - Unformat .mix and .out files from GRASP92.

12 - Radial properties of atomic one-electron orbitals.
13 - Overlaps between two not quite orthogonal orbital sets.

14 - Effective radial charge or charge density of a selected ASF.

15 - Calculate branching ratios from RE0S99 output.
16 - Generate transition probability tables from RE0S99 output.

q - Quit the program.

Fig. 2. Main menu of thecut i | i ty program.
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the main menu of this program from which five groups the results from one or several input files (back) into
of tasks can be distinguished. Theg®upswill be a single output. For this purpose, task 1 (‘simple’ ver-
explained in more detail below. A particular task is sion) displays the total energies of all levels (in a.u.)
selected from this menu by entering the correspond- in ascending order. It also lists the excitation energies
ing number at the prompt. Then, individually for each with respect to the lowest levels. The ‘extended’ form
task, a short description appears on the screen summaf{task 2), in contrast, supports — if required — a re-
rizing the overall purpose and its basic requirements versed order of energies, different (energy) units to
(concerning data and files). This is followed by an in- display the results as well as the selection of a particu-
teractive dialog which leads the user through the se- lar reference leveh order to list ‘excitation’ energies.
lected task. For the sake of brevity, it is impossible to Both tasks (1 and 2) prompt for the input of one or sev-
display all the different dialogs here; only a few ex- eral. nmi x mixing coefficient files from which all the
amples can be shown below. However, the interactive information is obtained; these files can be given either
set-up of the program should make it easy for the user in a formattedor unformattedform — just as appro-
to grasp the capabilities of the various subtasks. priate for the user. Fig. 3 shows the interactive dialog
Most tasks in Fig. 2 require one or several input files and the output from the extended form. In the printed
which must be provided by the user. From these files, output of these tasks, théstory of the individual lev-
all required information is obtained. Within the frame- els, if more than onem x file was given, is kept by
work of GRASP2 and RTIP, various file formats  a pair of integers, for instance [3], which refers to
need to be distinguished to set-up an useful interface the third ASF as described in the secomd x mixing
between different components. These files describe ei- coefficient file.

ther a CSF basis €sl files) or they provide a repre- Two other tasks (3 and 4) of this group refer
sentation of selected atomic states (within this basis) in to the leading configurations and the (spectroscopic)
terms of the configuration mixing coefficientsni x LS notation of selected levels. In task 3, details

files) and/or the radial orbital functionsi(wf ). These about the leading terms are displayed by the weights
three file formats were originally defined imserfaces and the particular form of the few major CSF. The
between the program components oRAZPI2 but (maximum) number of leading CSF (default 5) and
they are utilized also for theRIP package. Inthe de-  the individual atomic levels (ASF; default all) can
scription of the individual tasks below, | will often just  be selected interactively. Task 3 requireses! file

refer to this short-hand notationsdsl , . m x, ...) which describes the CSF basis and a corresponding

while the relation among these files should be clear . mi x file. The leading CSF in the expansion are

from the context. displayed in exactly the same form as kept within
the configuration symmetry list €sl ) file. As an

2.2. Energy spectrum and main wave function example, Fig. 4 shows the output for the lowest two

components 2P1/2,3/2 levels of the ground-state configuration of
single-ionized N¢ ions.

When dividing large-scale computations into small- For the interpretation of many spectra and, in par-

er, managable parts, itis often useful to consider only a ticular for inner-shell excitations, it is often inevitable
singlegroupof levels with the same total angular mo- to know the spectroscopicS-notation of the lead-
mentum and parity © at a time, i.e. independently of  ing terms. This not only supports the identification of
other such groups. For these level groups, the Hamil- lines in experimental spectra but also facilitates the
tonian matrix is block-diagonal due to the symmetry of communication with spectroscopists. For most cases,
free atoms with respect to a rotation or inversion of the the LS-designation needs to be known for all the par-
coordinates. Following such a procedure, however, the ent states (of the core shells) as well as the interme-
generated wave functions (from either th& A5rP92 diate and the overall (nonrelativistit)S symmetry.

or RaTIP output files) also refer only to the levels and The derivation of such prope&rSJ namedrom rel-
wave functions of the corresponding group. In orderto ativistic computations requires for a particular level
eventually combine the results from different compu- the complete expansion of all leading CSF within a
tations again, the first two tasks [cf. Fig. 2] comprise nonrelativistic basis; this feature (task 4) is stilac-
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Returns the energy levels and excitation energies of some ASF as given by one or
several mixing coefficient files. For printing excitation energies, the energy
units, an ascending/decending order, and the level, relative to which the excitation
energies are taken, can be selected.

Which units are to be used to print the results 7

A : Angstrom;

eV : electron volts;
Hartree : Hartree atomic units;
Hz : Hertz;

Kayser [em**(=1)];

eV

Energies are printed in ascending order; use a decendinging order instead 7
n

Enter the level number of the reference (zero-) level:

4
Enter one (or several) .mix mixing coefficient file(s):
filel.mix file2.mix
History Total Level Excitation energy
[File / energy splitting from the reference
Level J Parity [Levell] (Hartrees) (eV ) (eV )
1 1/2  + [1, 1] -1.27030939E+02 0.00000000E+00  -6.41505944E+00
2 1/2 + (1, 2] -1.27006045E+02 6.77400497E-01  -5.73765895E+00
3 1/2 + (1, 3] -1.26933438E+02 1.97573784E+00 -3.76192110E+00
4 7/2  + [ 2, 1] -1.26795190E+02 3.76192110E+00 0.00000000E+00
5 7/2  + [ 2, 2] -1.26790137E+02 1.37499185E-01 1.37499185E-01
6 7/2  + [ 2, 3] -1.26788161E+02 5.37697189E-02 1.91268904E-01
7 1/2  + [1, 4] -1.26781710E+02 1.75540717E-01 3.66809621E-01
Fig. 3. Interactive dialog and typical output from task 2.

tivein the current version of the ULITIES. However, ever, the size which is still managable is limited by
ways and methods to display the fulsJdesignation the available computer resources. Therefore, the aim
(of the leading terms) are presently being developed must be to include the physically most important con-
[16,17]. tributions in the configuration mixings while others
are neglected. Till now, unfortunately, not much ex-
perience is available for most properties of free atoms
and ions, that mearexperienceat which level certain
The choice of the many-electron CSF basis eventu- (virtual) excitations and mixing contributions become
ally determines the accuracy ab-initio predictions negligible. In the computation of transition probabili-
which can be achieved for some property. A second ties, there have been cases where a mixing of less than
group of tasks of the WLITIES therefore supports  10~%in the wave function expansion has modified the
the deliberate generation and manipulation of| rates of weak transitions (and ‘shifted’ them towards
lists as appropriate for a given problem. Of course, the experimental data) by more than a factor of 2.
only little insight into the ‘physics’ of some particu- In standard computations, correlation contributions
lar shell structure would be needed, if the size of the are often classified in terms of virtual excitations. Dif-
basis could be increased arbitrarily. In practice, how- ferentclassef such excitations like singles (S), dou-

2.3. Generation of CSF lists
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Weights of major contributors to ASF:

Level J Parity

1 1/2 + 0.41667 of 131

2 1/2 + 0.64037 of 27

3 1/2 + 0.87192 of 196

Definition of leading CSF:

1) 1s (2) 2s (2) 2p-(2) 2p

27) 1s (2) 2s (2) 2p-(1) 2p
1/2
131) 1s (2) 2s (2) 2p (4) 3s
196) 1s (2) 2s (1) 2p-(2) 2p
1/2

169

CSF contributions

0.35282 of 27
0.22907 of 131
0.05030 of 1

0.22322 of 1
0.12396 of 1
0.02995 of 131

(2) 3s (1)
0 1/2
1/2+
(3) 3s (1)
3/2 1/2
1 1/2+
(1)
1/2
1/2+
( 4
1/2+

Fig. 4. Example output from task 3.

bles (D), and/or triples (T), ... can be distinguished
by starting from a given set akference configura-
tions Although the generation of such basis lists is
supported by the 8aAsP92 componengencsl , it
typically leads to a dramatic increase of the number
of CSF in the final wave functions expansions. De-
pending particularly on the shell structure of the atom

rules allows a fast and well-suited adjustment to the
user’s option.

Another (physical) argument foeducingthe size
of a configuration basis results from the Hamiltonian
matrix as defined in this basis. Often only those CSF
are found important in the wave function expansions
of some atomic (or molecular) states, at least for the

or ion, CSF expansions of (hundreds of) thousands or high-lying excitations, which are directly coupled to

even millions can easily be derived. By far not all of
these CSF are equally important, though. In order to

a set of (dominanteferenceconfigurations, i.e. have
nonvanishing matrix elements of the Hamiltonian. In

(de-)select certain subclasses of excitations, task 5 ofthe respective literature, this approximation is some-

the UTILITIES enables the user &xcludecertain ex-
citations from a given csl list by defining a set of
‘restrictions’. Fig. 5 shows the basic form of such re-
striction rules; they mainly refer to the (allowed) occu-

pation in one or several of the (pre-selected) subshells.
After one or several of these rules have been speci-
fied by the user, the program determines those CSF quires the input of two. csl

which will remain in the list and displays their num-

ber on screen. The user now has to confirm or to dis-

card this selection beforadditionalrules can be ap-
plied. This branch of the WLITIES has been found
helpful to quickly reduce the size of large CSF lists,
starting from a well defined set of double or triple ex-
citations. The interactively supported format of these

times known agair-correlation approach which, in
relativistic theory, can be based on either the Dirac—
Coulomb or Dirac—Coulomb-Breit Hamiltonian. Task
6 of the UTILITIES supports a reduction for either
of these Hamiltonians by evaluating the angular co-
efficients of the corresponding matrix elements. It re-
lists, the CSF basis
which is to be reduced and threferencebasis. For
evaluating the angular integrals, the new component
ANCoO [10] of the RaTIP package is invoked and sup-
ports a fast evaluation. A new implementation of the
angular coefficients became necessary to allow for
large-scale wave function expansions and a more time-
efficient set-up of the Hamiltonian and Auger transi-
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Reduce a given .csl list from GRASP92 due to a set of ’restriction rules’
which can be supplied interatively. These ’rules’ can be defined in several
ways; the general form of these rules is:

subshell_1 + subshell_2 + ... + subshell_n rel_op N
where subshell_i is 1s, 2p, ..., rel_op denotes a relational operator,
i.e. one of {<, <=, <$, =, >, >=}, and N (> 0) is the number of allowed

particles in these subshells. A * denotes all subshells of a given layer;
each restriction rule must be given on a separate line and may contain
only peel shell orbitals. A <$ means that all shells of this restriction
must contribute to it with an occupation > O.

A few examples are:
4s + 4p- + 4d <=3 or b5x¥x <2 or 3p + 3d > 12
4s + 4p <$ 2 ... to omit 4s(1) 4p(1) but not 4s(2) or 4p(2).

Use a nonrelativistic notation for the orbitals 7

Fig. 5. Concept and restriction rules of task 5.

tion matrices, respectively. Our new implementationis overcome in task 7; a much faster evaluation is now
based on second quantization which is applied to both, achieved by ‘packing’ the occupation and coupling
the angular momentum and the quasi-spin space [18].information of all CSF into a particular array which
Unlike the former ®@AsSP92 component Mp, ANCO is used for a first quick comparison, i.e. all the details
now supports open subshells with= 9/2 and has be-  about the particular coupling of the CSF are not longer
come faster by about a factor of 5. Since one usually required unless they lead to the same ‘cross structure’.
considers only a rather small number of reference con- Concerning the set of active orbitals in the twos|
figurations, such pair-correlation lists can be generated lists, task 7 only requests the same core and the same
very rapidly. sequence for those subshells which occur in both lists.
Task 7 of the toolbox can be invoked t@mbine To avoid also these twassumptionsvould generally
two or more. csl lists into a single CSF basis. This require a full re-coupling of the CSF and, thus, exceeds
task is of interest, for instance, if triple or quadruple by far the scope of application of thesgUITIES.
excitations are to be taken into account within the  Two further tasks (8 and 9) of this group enable the
valence shells while only singles and doubles are usertocondensa. csl listin line with a correspond-
considered for all additional correlation layers. In this ing . m x mixing coefficient file. Of course, this ne-
case, it is most convenient to generate tvas| lists cessitates the previous set-up and diagonalization of
independently and which are later combined into a the Hamiltonian matrix as obtained, for instance, from
single set. To keep the basis linear independent, of RELCI. The standard form (task 8) of suctcanden-
course, all doubly defined CSF need to be recognized sation of the basis removes all CSF with a weight
(and removed) from the basis. A similfile-merging which is smaller than a given cutoff (input) parameter.
is provided by the ®AsP2 componennt gcsl ; In this standard form, the mixing contributions of all
this program, however, requires the subshells to be ASF which are defined by theni x file are also taken
defined in a particular order and to occur in both intoaccountand compared to the critical weight. Apart
files in the same sequence. Moreovargcs! often from the two file names. (sl and. ni x) and the
requires a lot of time if large csl lists need to critical weight, no further input is needed for this par-
be combined since eaddditional CSF, which is to ticular task. An extended form (task 9), in contrast, al-
be appended, has to be compared with all previously lows toselectone or more ASF for the condensation of
tested CSF. Both shortcomingsmfgcsl have been  the basis. Moreover, this task also supports the genera-
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tion of acondensed mi x file, i.e. an approximaterep-  which we will implement also for the other compo-
resentation of the ASF in the condensed basis. In this nents in the future.

new. m x file, the eigenvectors are ‘re-normalized’

but, without the recalculation of the Hamiltonian ma- 2.5. Charge distributions

trix in this basis, are of course not completely orthog-

onal to each other. For a small cutoff, however, this ~ To know the charge distribution of an atomic level
condensedepresentation of the ASF still provides a hot only provides insight into the (radial) extent of an
rather good approximation argparesthe user to re-  atom or ion but also helps understand the excitation

calculate the Hamiltonian matrix. and decay characteristics of such systems. A well
known example is the particular behaviour of atomic
2.4. File transfer photoionization cross sections when the (radial) wave

functions of the valence electrons ‘collapse’ towards

In the GRASPI2 framework, the representation of the corein course ofthe rearrangement of the bound
the atomic levels often requires a rather large amount electron density. Other simpihysical pictureswhich
of disk storage (and also a frequent access during are built on changes in the charge distribution of ions,
the SCF iteration). The representation of the ASF is are used in order to explain tistiake-upor shake-off
therefore stored innformattedorm, concerning both  lines in Auger spectra, at least qualitatively. To gain
the radial orbital functions as defined on the internal such insight into the excitation and decay dynamics
(logarithmic) grid as well as the mixing coefficients of atoms, three additional tasks (12-14) are designed
within the corresponding CSF basis. These unformat- to provide information about the properties of the
ted files do not cause much problems as long as all radial (one-electron) orbitals and the spherical charge
computations are carried out on the same platform. distribution of selected levels.
(Note for large-scale computations, however, that the ~ Task 12 displays the one-electron energies and
output to the. mi x file leads to rather long records the radial expectation values for a set of orbitals,
which may exceed the block lengths of some compil- obtained from a. mi x files. Calling this task, the
ers and then may result in run-time errors.) But diffi- expectation values of the operatofsare printed for
culties with the unformatted files mainly arise, if dif- the powers = -3, —1,1, and 2, which are related to
ferent parts of an application need to be carried out various physical operators in atomic structure theory.
on different architectures. To facilitate the file trans- For two (different) sets of radial orbitals, moreover,
fer between the various architectures, tasks 10 andtask 13 evaluates and lists the nonvanistingrlap
11 support gormatted(ASCII) version of the. mi x integrals as shown in Fig. 6. In the interpretation of
and. rwf files. While task 10 transfensnformatted ~ Auger spectra, these overlap integrals are often taken
files into formattedones, task 11 does the opposite. t0 be proportional to the ‘shake’ probabilities, i.e.
Then, a file transfer is easily possible if theriui - the probability for effective three- and many-electron
TIES are installed and run on both platforms. In the Processes which cannot simply be understood in an
RATIP package, moreover, the formatted form of the independent-particle model.
.mx and. rw files is now also supported by all The effective radial charge or charge density of
main components (€099, RE0S99, RCFR, ANCO, some selected levels, finally, is obtained from task 14.
...) which have been adapted to the present stan-Here, the effective charge
dard. The particular form can be chosen in the source

R
code of the individual components by a global flag.
In rabs_r eos, for instance, the file format of the Zeft(R) Z/dr'o(r) (2)
. rwf files is determined simply by the boolean flag 0
reos_use_formatted_rwf_fil e which is ini- is meant to be the integral over the electron charge
tialized to either. t rue. or. fal se. atthe begin- density up to a given radiuB. This effective charge

ning of this file. To further simplify the use of the has been applied to estimate the so-called ‘anti-
different formats, most tasks of theTWITIES now screening’ in the projectile ionization of high-Z ions in
recognize the format even automatically, a behaviour collisions with light and medium target materials [19].
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Overlap integrals <n_f kappa | n_i kappa> :

+ s symmetry < 1s | 1s > = 9.9998E-01 < 1s |

———————————— < 1s | 4s > = -1.4363E-06 < 2s |

< 2s | 3s > = 7.3210E-03 < 2s |

< 3s | 2s > = -7.7342E-03 < 3s |

< 4s | 1s > = 6.7380E-06 < 4s |
< 4s | 4s > = 9.3590E-01

+ p- symmetry: < 2p-| 2p-> = 9.9969E-01 < 2p-|
———————————— < 3p-| 3p-> = 9.9953E-01

+ p symmetry: <2p | 2p > = 9.9969E-01 < 2p |
------------ <3p | 3p>= 9.9941E-01
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2s > = 5.9374E-03 <1s | 3s > = 1.9881E-03
1s > = -5.9561E-03 <2s | 2s > = 9.9984E-01
4s > = -2.7667E-03 < 3s | 1s > = -1.9490E-03
3s > = 9.9948E-01 < 3s | 4s > = 8.2346E-03
2s > = 3.8549E-03 < 4s | 3s > = -7.1775E-03
3p-> = 9.2145E-03 < 3p-| 2p-> = -9.8028E-03
3p > = 9.3748E-03 < 3p | 2p > = -1.0065E-02

Fig. 6. Output from task 13 which evaluates all nonvanishing overlap integrals of two sets of orbitals.

Task 14 requires the knowledge of the full wave
function expansion and, thus, prompts the user for the
configuration basis. (csl ) and well as for the mixing
coefficient ( m x) and radial orbital files.(r wf),
respectively. Alternatively, this task can be utilized to
obtain the charge density of a particular atomic level,
given on the internally defined grid and written to
some output file. Although these tasks may provide
only small advantages for the user, they have proved
very helpful in a number of case studies.

2.6. Data compilations

The main components of theARIP package sup-
port the calculation of various ionization and decay
properties including transition probability and Auger
computations. By default, these programs provide a
tabulation of all results of the respective run which has
been found useful in many applications. Usually, how-
ever, these summarissipposehat all relevant infor-
mation were obtained within a single run of the pro-
gram, an assumption which often contravenes the re-

demand emerges. These tasks are not fully ‘developed’
yet in the sense that it will take more feedback and ex-

perience from the side of the users in order to provide

a comfortable environment. Nevertheless, here | like

to introduce them in order to encourage further stimu-

lation from outside.

Although thebasic ideaof such a data compila-
tion group is easy to express, its implementation is
somewhat more cumbersome and often requires in-
formation which is not (yet) provided by the main
program components. One example are the branch-
ing fractions in optical spectra. Apart from the wave-
lengths, the transition probabilities (or, equivalently,
oscillator strengths) are of course the basic entities to
describe such spectra. More frequently, however, in-
tensity ratios are measured, for which the theoretical
derivation typically requires information abomtore
than two levels (not necessarily included in the same
run). To facilitate the derivation of branching ratios
for radiative decay spectra, task 15 provides a tabu-
lation of all A values and branching fractions as ob-

quirements of large-scale computations and of mass tained from the output of one or moré¢ r n transition

productions of data. As mentioned before about such
large computations, it may be better then to divide the
atomic levels (and, thus, also the wave functions) into
groups of the samg” symmetry in which the Hamil-
tonian matrix is diagonal. To arrange later the results
from independent calculations into suitable compila-
tions, the output of different runs of the main compo-
nents (for instance, R099) has to be reworked. In
the present WILITIES, there are two tasks which par-
tially support an appropriate data compilation; other

amplitude files from R0<99. These files contains all
transition energies and amplitudes from a single run of
the program.

Task 16, finally, serves a similar purpose. This task
may provide a tabulation of transition probabilities and
lifetimes from one or several 99 comptutations.
Apart from the A values, as default, it enables one
to select, additionally, one equivalent property like
oscillator strengths, line strengths, line widths, etc.
in order to keep the tabulation in a reasonable (and

tasks are expected to be implemented as a respectiveprintable) size.
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Other comparable tasks might get implemented as here, component can @nco, cesd99, rcfp,
more computations in RIP’s framework are carried relci, reos99, utilities, ... (and oth-
out in the future. Since demands similar to those for ers in the future). The present version has been tested
studying transition probabilities with B0s99 also and found portable to different platforms including the
arise in the computations of Auger spectra, further IBM RS/6000 and the PC Linux world.
tasks will be appended to this section in the future. In Theinteractivecharacter of the WILITIES makes it
Auger electron spectroscopy, for example, it has been unnecessary to provide a test suite in addition to the
common practise to provide entities (or branching few examples which were shown above. During the

ratios) relative to a particulastrong line For such  installation of the program, the proper file handling is
tasks, additional information need to be read in by the the most error-prone part of the program, but his can
UTILITIES. easily be checked during the execution.

In conclusion, the WILITIES of the RaTIP program
R provides a useful toolbox which helps the user through
3. Digtribution of the program a variety of frequently needed tasks. The majority of
these tasks arose originally during several large-scale
calculations which have been carried out with this
' package. They often support a flexible handling of data
at some intermediate step of the computations. It is
therefore likely that further, similar requirements will
occur as the number of users (and research subjects)
increase. One of the next step in developingrR
will be the full adaptation of the program components
which help calculate Auger rates and photoionization
cross sections. These components have been tested in
a number of computations and will be released soon.
The main menu of the ULITIES can easily be ex-
tended to include additional tasks. At present, empha-
size is paid to derive and provide theésJ notation
for some (given) atomic level. From several studies
of resonantly excited Auger spectra it was found, that

son and| apack, is contained in the ati p root a proper spectrosco_pical notation helps analyze sgch
directory. This root also includes a number of make- SPecCtra (and, sometimes, may even resolve misassign-
files for generating the executables as well as test MeNtS) since the theoretical level structure by itself,
suites for most components. To ensure a high porta- - the level ordering due _to_the|r total energies, is of-
bility of the whole package, thecript file make- ten not accurate enough if inner-shell excitations oc-
envi ronment has lately been introduced tde- cur. Further developments are also expected for the
clare a number of global variables about the com- data compilations as such requirements will arise by
piler and its (optional) compiler flags. By having de- the users of RTIp.

fined these global variables, the user does not need to
adapt the makefiles for each component aff R in-
dependently. The scriptake- envi r onnent only
contains a very few lines which have to be adapted
to the current environment; then, this script has to
be sourcedafter any modification to it before the | like to thank Drs. Wolfgang Wiese und Yong-Ki
other makefiles can be invoked properly. An exe- Kim for helpful discussions and also acknowledge the
cutable of each of the components is obtained by typ- hospitality of the National Institute of Standards and
ing in the commandake -f nake-conponent; Technology, Gaithersburg.

The UriLITIES for the RaTIP program have been
developed in parallel with other components and
therefore, follows the samdesign principles. The
present program is based on an enlarged interactive
partin order to gather the information for the particular
subtask which is invoked by the user. Although the
UTILITIES are by themselves independent of other
components, at source code level, they also utilize
many of their (module) procedures which were part
already of earlier releases. Overall, 17 modules are
usedby the present program, linking together more
than 25,000 lines of code within about 500 procedures.
Because of this tight binding of theTWITIES to the
main components, they will be distributed along with
the RaTIP package as a whole.

The full source, including the two librariedvd-

Acknowledgement
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