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1. ABSTRACT

RMPROP is a conmputer program for solving the quantum nmechani cal scattering
probl em for single-arrangenent collisions using the R matrix propagation
algorithm The programyields the scattering matrix for a particular tota
energy and total angular nonmentum Special features of the algorithmare that
it vectorizes very efficiently, closed channels are treated w thout nunerica
difficulty, the integration stepsize can be large in regions where the
i nteraction and centrifugal potentials are slowy varying functions of the
propagati on coordi nate, and in nmany cases much of the conputational effort
can be reused for various types of calculations. RWPROP can solve the
scattering probl em subject to honbgeneous or nonhonbgeneous boundary conditions
at snall values of the scattering coordinate (the scattering boundary
conditions are always nonhonogeneous at |arge values of the scattering
coordi nate).

Version 2.1.2 executes in single-processor node, except for certain matrix
operations where nultitasking nmay be invoked, and it is optinized for a vector
pi peline conputer. It is distributed with a test suite and this on-line manual.

1.1 ACKNOW.EDGVENT
Acknowl edgnent of support: Devel opnent of this programwas supported in part

by the National Science Foundation, the M nnesota Superconputer Institute, and
Cray Research, Inc.
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For nore informati on on the Level -3 BLAS, see:
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Mat hemati cs and Conputer Science Division, Argonne National Laboratory, 9700
Sout h Cass Avenue, Argonne, Illinois 60439, USA

For nore information on LAPACK, see:
12. E. Anderson, Z. Bai, C. Bischof, J. Demmel, J. Dongarra, J. DuCroz,

A. Greenbaum S. Hammarling, A MKenney, S. Ostrouchov, and D. Sorensen,
"LAPACK User’'s Guide," SIAM Phil adel phia, 1992.
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3. DI STRI BUTI ON

RWPROP is copyrighted and is distributed by the authors and by Mdern
Techni ques in Conputational Chemistry Cub, a non-profit educati onal
organi zation, Enrico Clenenti, President.

Users are requested not to distribute any portion of the RMPROP software or
any derivative works based upon the RMPROP software w thout prior authorization
by the authors.

Use of the RMPROP program should be appropriately acknow edged in
publications, e. g., by the followi ng two references.

M S. Reeves, M J. Unekis, D. W Schwenke, N. M Harvey, and D. G
Truhl ar, RMPROP-Version 2.1.2, University of Mnnesota, M nneapolis, 1994.

M J. Unekis, D. W Schwenke, N. M Harvey, and D. G Truhlar,

"RMPROP- Versi on 2: A Conputer Program for Quantum Mechani cal C ose
Coupling Calculations for Inelastic Collisions", in "Mdern Techni ques
in Conputational Chemistry: METECC-94 Vol. C', edited by E. Cenenti,
STEF, Cagliara, ltaly, 1993, pp. 1-46.
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4. PROGRAM DOCUMENTATI ON AND HI STORY

The docunentation for this code consists of two parts: this on-line nmanua
and Ref. 6 of Section 2 of this manual. The other general references of Section
2 al so provide inmportant background information. See Section 7 of this on-line
manual for a section-by-section discussion of the contents of this nanual.

4.1 VERSI ON HI STCORY

Ver si on Dat e Summary of Features
1.0 6/1/91 Refer to MOTECC- 91
2.0 9/ 1/ 93 Refer to METECC-94 (Note: Version 2.0 was never

di stributed.)

2.1 8/ 9/ 94 1. Meaning of EPSRED changed.
2. Fixed bug with closed channels in asynptotic
analysis (only in 2.0).
3. Test suite expanded and altered.
4. Several other bug, input, and docunentation

fixes.
2.1.1 8/ 30/ 94 1. One-line change nmade in flanbda.f and jsynbol.f
2. Function FCOEF5 enabl ed (had been disabled in
2.1)
2.1.2 12/ 21/ 94 1. 1BM 3090 no | onger supported by distribution
package.

2. Manual was i nproved.



RVPROP 2.1.2
Page 5-1
5. | NTRODUCTI ON

RWPROP is a general programutilizing the R matrix propagation al gorithm for
the solution of the quantum mechani cal close coupling equations as applied to
atom c and nol ecular collisions to obtain the scattering matrix. It has been
used for electron-atom scattering, three-dinmensional electron-diatom scattering,
collinear atomdi atom scattering, three-dinensional atomdi atom scattering, and
t hree-di nensi onal diatomdi atom scattering. Earlier versions have al so been
applied to collinear diatomdiatomscattering and to collisions of electrons,
atonms, or rigid rotators with rigid rotators, and the code is general enough to
be applied to any single-arrangenment close coupling calculations in which the
ki netic energy operator does not couple different channels. Since the error
per step of the integration is deternmined by the rate of change of the
potential rather than the rate of oscillation of the wavefunction, the program
is especially well suited for treating heavy-body collisions or systems with
| ong-range potential s.

In order to apply this programto a systemnot included in the test suite,
the user nust supply either subroutines to conpute the coupling matrix
el enents or a subroutine which gives the interaction potential as a function
of nucl ear coordinates. Note however that the distributed version of RWPROP
can only be interfaced to interaction potential subroutines for the systens
(atomdi atom and di atom di atom) for which routines are included to conpute
the coupling matrix elenents. Depending on the system a significant
anount of resources can be spent in potential energy subroutines,
so they should be optinized as much as possible. The requirenents for user-
supplied subroutines for coupling matrix el ements are given in Section
10 of this manual, while the requirenents for the user-supplied interaction
potential are detailed in Section 11.

5.1 The distribution package

RWVPROP Version 2.1.2 is distributed as a directory systemw th the follow ng
structure:
RVPROP2. 1. 2
runtest.csh
r mpr op. doc
script/
src/
test/
Executable file runtest.csh is a C shell script which will run elenents of
the test suite.
File rnprop.doc contains this on-line manual.
Subdi rectory script contains all the scripts used to run the test suite
el enents and the nmakefile for the code.
Subdirectory src contains all the source code for all the versions of
RVPROP 2. 1. 2.
Subdirectory test contains the input files, copies of the short output, and the
include files for the test suite elenents. The short output files contained
here can be conpared agai nst results obtained on the user’s nachine.
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5.2 Running RVWROP 2.1.2: An overview

A. The Test Suite. The distribution package includes 16 test runs, wth
all the necessary input decks, interaction potential functions, potenti al
matri x el enent routines, and shell scripts to run them These are discussed in
nore detail in Section 19. To access the test suite, type

runtest.csh
in the top directory of the distribution package. You will be queried

about your choice of test suite elenents. Then the script will attenpt to
det erm ne what type of machine you are running on and choose the appropriate
machi ne- speci fic codes and conpiler comands. |f RMPROP does not recognize

your machine type, you nmay need to supply certain codes for timng and then
alter the scripts in the distribution package to run on your machi ne (see
Section 6.1 of the manual for details). |f RMPROP recognizes your nachine (or
after you have performed the necessary tasks), the scripts will conpile the
portable version of RMWROP and run the test suite elenment. The output for the
test suite run will be in the top directory, |abeled {testnane}.out. A short
output file, |abeled {testnane}.15 can be conpared to the distributed copy of
this file in subdirectory test.

CAUTI ON:  RMPROP Version 2.1.2 uses a nakefile to conpile the codes, but
the makefile does not check to see if the include files have been updated. |If
you wish to run different test suite elenments, you nust renove the object files
created between the test runs. This feature will be altered in the next
versi on of RMPROP

B. User-defined calculations. To run a calculation with a potential not
distributed with RMPROP, the user should exam ne Sections 10 and 11 for

t he necessary coding requirements. Wen utilizing the nodul ar potenti al
matri x routines described in Section 11, the input file fort.4 nust be
supplied. It is suggested that the user copy and nodify one of the
distributed copies given in subdirectory test. For any calculation not in
the test suite, the user must supply the main input file fort.5. Again, it
i s suggested that the user nodify one of the distributed copies of this file,
given in subdirectory test. Conplete docunentation of the two input files
fort.4 and fort.5 is given in Sections 11 and 12, respectively. For a user-
defined problem the include file paraneter.inc nust be supplied for

di mensi oning of the large arrays in RWPROP. This file is discussed in

detail in Section 15. Utilization of the nodul ar potential matrix
routines may al so require that the user provide the file expand.inc.
The formof this file is described in detail in Section 11. The scripts for

the test suite in subdirectory script serve the purpose of executing
test suite elenents as well as providing tenplates for users to run
their own problens.

5.3 OVERVI EW OF MATRI X UTI LI TIES

The nost intensive conputations in RMPROP are matrix-matrix multiplication
solving linear systens, solving eigenval ue-ei genvector problens, and perforning
matrix inversions. These operations are conmon natrix operations, and we have
selected routines fromthe BLAS and LAPACK libraries to performthemin RVPROP
The exception to this is the eigensystem analysis, which is done by nodified
versi ons of EVVRSP (see reference 7 in Section 2), or on the Cray conputers
by RS (originally from El SPACK, but nodified in the Cray SCILIB library).



RVPROP 2.1.2

Page 5-3
Many computers have optinized versions of the BLAS and LAPACK routines with the
same calling sequence; linking to these nmachine-optin zed versions rather than

t he FORTRAN source versions in the RMWPROP distribution package will probably
provi de significant speed-up of RVWROP. Here we give a brief overview of the
BLAS and LAPACK |ibraries.

The BLAS libraries contain Basic Linear Al gebra Subroutines which perform
vector-vector (Level 1), matrix-vector (Level 2), and matrix-natrix (Level 3)
I i near al gebra operations. For background on these routines, refer to the
references 8-11 in Section 2. The specific routines used in RVWROP are given
in Section 17.

Matri x inversions and |inear system solutions have been taken from LAPACK
For conplete informati on on LAPACK, refer to reference 12 in Section 2. The
specific routines used in RMPROP are given in Section 17.
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6. COVPUTER AND OPERATI NG SYSTEM

The program RWROP is a very portable code, and it has been tested on a
nunber of different conmputers. W expect that any UNI X conmputer with a FORTRAN
conpi |l er should have no difficulty running RMPROP as distributed, except for
m nor inconpatibilities in machi ne-specific subroutines described in the next
subsection. For users interested in high performance, we have al so included in
our distribution package the code to run versions highly optinized for an
| BM RS- 6000, Cray-2, and Cray Y-MP C90 (hereafter referred to as a Cray C90).
These optim zed versions can be accessed by nodi fying the file Mkefil e. mak,
as detailed in sections 6.5 and 6.7. In the follow ng section we will detail
the differences anong t hese versions, as well as our recommendation for specific
versi ons on specific machi nes.

RWROP is witten in FORTRAN 77. The code is explicitly witten to run in
64-bit precision, i. e., REAL*8, using DOUBLE PRECI SI ON decl arati ons and
intrinsic functions. The explicit use of double precision coding facilitates
usage on machines (e. g., the IBM RS/ 6000 workstation or the DEC Al pha) where
single precision is 32 bits. On Cray conputers, single precision arithnetic is
64 bits, but this may be adjusted for by the use of conpiler options; in
particul ar use of the -dp conpiler option ("disable precision") on Cray
conmput ers causes the code to execute in REAL*8 precision on a Cray conputer as
wel | .

RMPROP is intended for use with static nenory allocation. The conpiler
options in the distribution package explicitly choose static nenory all ocation
and users of other conputers should be aware that this is necessary.

The code has been well optinmzed for a Cray vector pipeline conputer. This
versi on has been successfully tested on a Cray-2 and Cray C90 with the UN COS
operating system version 6.1, and on an |IBM RS/ 6000 Mbdel 550 conputer with the
Al X operating system versions 3.1.5 and 3.2.1. Version 2.0 was al so
successfully tested on a Cray X-MP with UNI COS operating systemversion 6.1,

Sun SPARCSt ation | PX, using SunGCS version 4.1.2, and on a DEC 3000/500 ("Al pha")
wor kst ation, using the OSF/1 version T1.2-2 operating system

6.1 MACHI NE- SPECI FI C CODES
There are a nunber of subroutines which cannot be standardi zed from

machi ne to machine, specifically those subroutines needed to determn ne
machi ne epsilon and date and tinmng routines. W have placed nost of these

codes in files which begin with the suffix "sdr." These files are
File Machi ne
sdr al pha. f DEC 3000/ 500AXP OSF/ 1
sdrcray. f Cray-2, Cray C90
sdrrs6000. f, datecl ock.c | BM RS/ 6000

sdrsun. f Sun

It should be noted that the individual shell scripts which run the elenents
of the test suite automatically choose the appropriate file(s) fromthe above
list. The machine is identified by either of the conmands

" unanme’"
unanme -m"

or
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where the quotes are present in the shell script.

If the machi ne and operating system are not anong those recogni zed
by RMPROP, the user nust supply routines which performthe tasks in
the sdr files and also nodify the shell scripts for the test suite. The
foll owi ng subroutines nust be supplied:

SUBROUTI NE DATTI M | O, TI MDAT) : Thi s subroutine should call routines
on the local machine which will return the date and tine. 10is an integer
variabl e containing the fortran unit to which the date and tinme should be
witten. TIMAT is a CHARACTER*80 vari abl e which shoul d contain the date and
time as called in this routine.

SUBROUTI NE SECOND( T) : Thi s subroutine should call routines on the
| ocal machi ne which give the cpu tine since the start of execution of the code.
T is a double precision variable which should, on return, contain the cputine
i n seconds since the code began execution

6.2 SUMVARY OF VERSIONS OF RWPROP 2.1.2

The distribution package for RVWROP-Version 2.1.2 contains files for a
portabl e version of the code, called version 2.1.2, which has been run
successfully on a Cray C90, a Cray-2, and an | BM RS/ 6000 Model 550.

The distribution package al so contains several machi ne-specific versions
optimzed for a Cray-2, Cray C90, and | BM RS/ 6000.

In the rest of this manual, the portable version, which may be used on al
machines, is called 2.1.2, the Cray-2 version with RSis called 2.1.2cs, the
Cray-2 version with EVCRSP is called 2.1.2ce, the Cray C90 version with RS is
called 2.1.2xs, the Cray C90 version with EVCRSP is called 2.1.2xe, and the
| BM RS/ 6000 version (which includes EVIRSP) is called 2.1.2i

The di fferences anong these machi ne-specific versions lie in the choice of
subroutines used for the N**3 matri x operations such as matrix- matrix
mul tiplication, solution of |linear systens, and eigensystem analysis. These
operations are the nost tine-consunmng parts of the propagati on nethod, and
choosi ng the optinal subroutine for a specific nmachine greatly enhances the
speed of RMPROP on that nachine.

The table below lists the different machi ne-specific versions of the program
and indicates the major matrix utility routines used by each version. Detailed
descriptions of each version of the programare given in Sections 6.3-6.8 bel ow.
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Ver si on 2.1.2 2.1.2cs 2.1.2ce 2.1.2xs 2.1. 2xe 2.1.2i
Machi ne Al | Cray- 2 Cray- 2 Cray C90 Cray C90 | BM RS/ 6000
Ei gensystem EVDRSP SCILIB EVCRSP  SCILIB EVCRSP EVI RSP
Anal ysi s RS RS
Routi ne
Mat ri x FORTRAN SCI LI B SCILIB SCILIB SCLIB | BM
Mul tiply source MXIVA MXIVA SGEMM SGEMM library
Routi ne DGEMM DGEMM
Li near FORTRAN SCILIB SC LI B SC LI B SC LI B FORTRAN
Equati on source M NV M NV LAPACK LAPACK source
Sol ution DGETRS/ SGETRS/ SGETRS/ DGETRS/

DGETRF SGETRF SGETRF DGETRF

6.3 VERSION 2.1.2: PORTABLE VERSI ON

In order to run the portable version of the program the |list of object
files to be conpiled in the file "Mkefile.mk" should read
OBJ= rnprop2.0 exscat2.0 gnscat2.0 verp.o
The version with these files conpiled and linked is called version 2.1.2. The
di stribution package is preset with this Iine in Makefile.mak. No changes need
to be made.

The distribution version of RMPROP-Version 2.1.2 uses FORTRAN source
subprograns from both the LAPACK |ibrary and the Basic Linear Algebra
Subroutines (BLAS) to performnost matri x operations. |n order to solve
the conpl ete eigensystemof a real symmetric matrix, the portable version
of the program uses subroutine EV2RSP, which is a nodification of subroutine
EVWRSP witten by Stephen T. Elbert of lowa State University. This routine
runs nmuch nore quickly than the FORTRAN 77 version of subroutine RS from
El SPACK whi ch had been used in RVWPROP-Version 1.0. Al of the matrix utility
routines including EV2RSP are ANSI standard FORTRAN 77. These matrix utilities
are discussed in nore detail in Section 16 of this manual, and in Section 9
of the METECC-94 book chapter

6.4 TIM NG OF PORTABLE VERSION 2.1.2

The running tine of RMPROP varies considerably, depending nainly on the
system studi ed, the conplexity of the potential, the stepsizes, the size of the
basis sets used in the close coupling expansion of the Schroedi nger equation
and the use of the inhonbgeneous option (see Section {8.6} below). This option
all ows the programto solve the scattering problemfor systens where sone or al
of the channel orbital angular nonenta are zero, so that the collision partners
approach arbitrarily close to one another. However this option is not necessary
for nost applications. The test runs below, except for test run ehydrl, were
performed with the i nhonbgeneous option turned off, which reduces both the CPU
and menory requirenents of the program However, all such elenents of the test
suite have been tested with the i nhonbgeneous option both ON and OFF, and fina
transition probabilities calcul ated using each option were in good agreemnent.
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The tabl e bel ow gives sanple timngs for version 2.1.2 of the programon the
Cray-2, Cray C90, and IBM RS/ 6000. The results in the table show that the
Cray-2 is roughly conparable to the I BM RS/ 6000 for nost runs of the test
suite. There are two main reasons for this. The first is the small size of
the elements of the test suite. The Cray vector pipeline architecture does not
handl e these snmall nmatrices efficiently, but the scalar architecture of the |IBM
RS/ 6000 does not require a mninummatrix size for optinum perfornmance. The
second reason is optimzation of the programby the conpilers. The FORTRAN
source codes for matrix nultiplication and ei gensystem analysis included in the
portabl e version of the programare not well-optim zed by the Cray conpiler, so
it does not run as efficiently on the Cray vector pipeline architecture as the
Cray SCILIB library routines. However the optinizing flag on the | BM RS/ 6000
conpi |l er produces executabl e prograns which run efficiently on the |IBM scal ar
architecture. Sections 6.4 - 6.6 bel ow show the results of using machi ne-
optimzed (i. e., systemspecific FORTRAN and |ibrary routines) on the Cray and
| BM ar chi t ect ures.

Test
run no. Test run nane CPU Tinme (seconds) for portable version 2.1.2

1 hf hfstrl 278.2  317.9 114.2
2 hf hf str2 452.2 434.1 152.8
3 hf hf st r 3* 82.0 75.5 26.9
4 hf hf str4 26.1 41. 4 14. 2
5 hf hf str5 93.4 112.3 39.4
6 hehfr1 1.0 1.3 0.6
7 heh2cdr 1 1.7 2.5 1.2
8 heh2cdr 2 1.2 1.7 0.7
9 hf hf pbsr 1 8.1 11.8 4.6
10 hf hf adr 1 3.7 3.6 2.0
11 hf hf adr 2* 1.8 2.2 1.1
12 atdirl 0.8 1.2 0.5
13 ehydr 1 0.6 0.6 0.3
14 hei 2r1 25. 4 29.2 10.8
15 heh2t kr 1 6.0 9.8 3.3
16 heh2t kr 2 5.0 8.2 2.8
* (reads in restart information from previous run)

6.5 VERSIONS 2.1.2cs, 2.1.2ce, 2.1.2xs, 2.1.2xe: CRAY UNI CCS VERSI ONS

6.5.1 Version 2.1.2cs

On the Cray-2, optimzed subroutines for natrix nmultiplication and
ei gensystem analysis are available in the Cray SCILIB Iibrary. Version
2.1.2cs makes full use of the SCILIB library by calling MXMA for matrix
multiplication, MNV for |inear equation solutions, and RS for
ei gensystem anal ysis. The use of these subroutines will greatly enhance
performance of RMPROP on the Cray-2.

In order to use Version 2.1.2cs, the list of object files to be conpiled
inthe file "Mkefile.mak" should read

"OBJ= rnprop2. 0 exscat2.0 gnscat2.0 vercs.o"

6.5.2 Version 2.1.2ce
Al'so for use on the Cray-2 running UNICOS is version 2.1.2ce, which differs
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from2.1.2cs only in that it calls EV2RSP for ei gensystem anal ysis instead of
RS. For runs in the test suite included with this manual, the Cray SCLIB
version of SUBROUTINE RS is the faster of the two. However, for larger runs, we
have found that EVWRSP is nore efficient. For exanple, for runs on the HFHF
systemused in test runs 1-4 of this manual, EVCRSP gives conparable
performance to SCILIB RS for matrices of dinmension 236 x 236, and outperforns it
by 36% for the same HF-HF system for matrices of dinension 1058 x 1058. See
Section 17 of this manual for nore information.

In order to run the programon the Cray-2 with the Cray SCILIB version of
the matrix nultiplication routine MXMA, and of linear solution routine MNV, and
with the nodified eigensystemanal ysis routine, EVCRSP, the |ist of object
files to be conpiled in the file "Makefile.nak" should read

"OBJ= rnprop2.0 exscat2.0 gnscat2.0 verce.o"
The version with these files conpiled and linked is called version 2.1. 2ce.

In order to run the programon the Cray C90 with the Cray SCILIB version of
the matrix nultiplication subroutine SGEMM and |inear equation sol ution
routi nes SGETRF/ SGETRS, and with the Cray SCILIB version of the eigensystem
analysis routine, RS, the list of object files to be conpiled in the file
"Makefile. mak" should read
"OBJ= rnprop2. o0 exscat2.0 gnscat2.0 verxs.o" .
The version with these files conpiled and linked is called version 2.1.2xs.

In order to run the programon the Cray C90 with the Cray SCILIB version of
the matrix multiplication routine SGEMM and of |inear solution routines
SCGETRF/ SCETRS, and with the nodified ei gensystem anal ysis routine, EVCRSP,
the list of object files to be compiled in the file "Makefile.mk" should read

"OBJ= rnprop2. o0 exscat2.0 gnscat2.0 verxe.o"
The version with these files conpiled and linked is called version 2.1.2xe.

6.6 TIM NG OF CRAY UNICOS VERSIONS 2.1.2cs, 2.1.2ce, 2.1.2xs, 2.1.2xe

Bel ow we list the timngs for the test suite using the distributed version
of the programwith the SCILIB matrix nultiplication routine MXVMA and |i near
equation solver MNV, and with either the SCILIB eigensystem anal ysis routine
RS, or the alternative eigensystem anal ysis routi ne EVCRSP:
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CPU Ti me (seconds) for Cray UN COS versions
TEST TEST Cray-2 Cray C90
run no. run name 2.1.2cs 2.1.2ce 2.1.2xs 2.1.2xe
1 hf hf strl 149.9 144.3 40. 4 50.6
2 hf hf str2 188.8 171.1 54.7 65.0
3 hf hf st r 3* 27. 4 26.1 7.9 10. 2
4 hf hf str4 32.7 33.5 10. 8 11.2
5 hf hf str5 62.0 64.9 9.3 22.4
6 hehfr1 0.8 0.7 0.4 0.4
7 heh2cdr 1 5.7 4.6 2.6 1.0
8 heh2cdr 2 1.2 0.8 0.3 0.4
9 hf hf pbsr 1 8.0 5.7 2.4 2.5
10 hf hf adr 1 4.9 2.8 1.7 1.7
11 hf hf adr 2* 1.9 1.8 1.0 1.0
12 atdirl 1.0 0.6 0.2 0.2
13 ehydr 1 0.3 0.3 0.2 0.2
14 hei 2r 1 13.8 12.8 4.4 5.0
15 heh2t kr 1 8.3 8.3 2.7 2.8
16 heh2t kr 2 6.8 6.8 2.2 2.3

* (reads in restart information from previous run)
6.7 VERSION 2.1.2i: |BM RS/ 6000 VERSI ON

On the I1BM RS/ 6000, the matrix multiplication and |inear equation solutions
which are carried out by calls to FORTRAN 77 versions of the BLAS routines
contained in nodule "matrix.f" may instead call the BLAS routines contained in
the directory "/lib/libblas.a". The IBM RS/ 6000 version of the program al so
calls a version of Stephen Elbert’s eigensystem anal ysis routine, which has been
optim zed for the IBMby the process of rewiting inportant FORTRAN DO LOOPs in
terms of calls to the BLAS. This routine is called EVIRSP to distinguish it
fromthe distribution version and the Cray-specific version of the subroutine.
Finally, many of the FORTRAN DO LOOPs within RMPROP itself are replaced by calls
to the BLAS. The use of the BLAS and of EVIRSP greatly inproves perfornmance on
t he | BM RS/ 6000.

It should be noted that although nmany of the BLAS routines (e. g. DCEMV) are
present in "/lib/libblas.a" on the | BM RS/ 6000, the LAPACK routines (e. g.
DGETRF/ DGETRS) are not present with this directory, and so nust be included as
ANS| standard FORTRAN 77 nodul es. However, even in these cases, the tota
execution tine of these subroutines may be decreased by allowing calls to the
BLAS subroutines within these subprograns to be handl ed by the BLAS whenever
possi bl e.

In order to run the programon the 1BM RS/ 6000 with the I BM version of the
BLAS routines, and with the IBMoptim zed version of Stephen El bert’s
ei gensystem anal ysis routine, EVIRSP, the list of object files to be conpiled
in the shell script "Mkefile.mak" should read
"OBJ= rnprop2. 0 exscat2.0 gnscat2.0 veri.o".
The version with these files conpiled and linked is called version 2.1.2i
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6.8 TIM NG OF | BM RS/ 6000 VERSI ON 2. 1. 2i
Bel ow we list the timngs for the test suite using the | BM RS/ 6000 version

of the programw th the LAPACK routines and the nodified alternative
ei gensystem anal ysi s routine EVI RSP

Test run no. Test run nane CPU Tine (seconds) for version 2.1.2i
1 hf hfstrl 202.8
2 hf hf str2 318.4
3 hf hf str 3* 56.9
4 hf hf str4 26.0
5 hf hfstr5 71.2
6 hehfr1 1.2
7 heh2cdr 1 1.9
8 heh2cdr 2 1.0
9 hf hf pbsr 1 7.8
10 hf hf adr 1 3.5
11 hf hf adr 2* 1.7
12 atdirl 0.8
13 ehydr 1 0.7
14 hei 2r 1 19.8
15 heh2t kr 1 6.0
16 heh2t kr 2 5.0

* (reads in restart information from previous run)
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7. ORGANI ZATI ON OF THE MANUAL

The theoretical background for the dynami cal calculations is described in a
chapter by the authors of this programthat has been published in
"Mbdern Techni ques in Conputational Chemistry: METECC-94", edited by Enrico
Clenmenti. Section 8 of details necessary to understand the input data. Section
9 gives a brief summary of the units used in the program Section 10 descri bes
the argunent list for the subroutine which passes potential matrix elenments to
the main programwhen the matrix elenments are known explicitly or can be
calcul ated analytically fromthe interaction potential function directly.
Section 11 describes the argunment list for a user-supplied potential energy
surface and subroutines required by energy surface. Section 12 lists input and
output files used by the program Section 13 gives the input to the nmain code
from FORTRAN unit 5. Section 14 di scusses array di nensi ons and nenory
consi derations. Section 15 gives a list of the | abel ed comobn bl ocks used.
Section 16 contains an al phabetical description of all the subroutines in the
program and a description of the system dependent subroutines used to perform
non- conput ati onal tasks. Section 17 discusses the matrix utilities and their
subsidiary routines. Section 18 contains a sunmary of fatal error nessages
i ssued by the main program Section 19 contains sanple runs which illustrate
various options allowed by the progranm these nmay be useful in understanding
the input or in testing the program Section 20 lists the files in the program
distribution. Section 21 is the bibliography, Section 22 contains known errata
in the on-l1ine manual for RWMPROP-Version 1.0, and Section 23 contains known
bugs in the FORTRAN program for RMPROP-Version 1.0.

7.1 MANUAL CONVENTI ONS, BRACES, BRACKETS

Subprogram nanes, input variables, and variable names fromthe RVPROP
programare in all capital letters. File nanes are in all |ower case letters.
Ref erences to the theoretical discussion in Section 8 are made by paragraph
nunbers given in curly brackets, (e.g., {8.3} refers to paragraph 3 in Section
8). References to equations fromthe METECC-94 chapter are nmade in brackets
(e.g., [5] refers to Equation 5. Geek letters used as variables are al ways
spelled out (i.e., alpha), and capitalized if a capital Geek letter is inplied
(i.e., Beta).
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8. THEORETI CAL BACKGROUND FOR DYNAM CAL CALCULATI ONS

8.1 This section provides a brief overview of the dynamical theory underlying
the calculations, with the enphasis on relating the theoretical formulation to
the programinput data. Thus input variable names are used directly in the

di scussion. The paragraphs are nunbered to facilitate cross references. A
conplete list of input variables is given in Section 13 below. A discussion of
manual conventions, braces, and brackets is given above in Section 7.1.

8.2 For concreteness we consider the collision of two nolecules, A and B. The
coordinate r is the distance between the centers of mass of A and B, and x is
the collection of all other coordi nates describing the system It is assuned
that a set of r-independent primitive orthonormal basis functions X (x),

n
n=1 ..., NDOM have been chosen, that these functions are ei genfunctions of
the total angular momentum with ei genval ue JTOT(JTOT+1) in atomic units, and
that the wavefunction has been scaled so that the full Ham Itonian has the form

2
1 d 0
H= - ------- ----- + H (r,x) + scriptV(r,Xx) (1)
2
2 MJABC dr
wher e
0 L(n) ( L(n) + 1)
H(r,x) X (x) = (epsilon + ----------mmon----- ) X (x). (2)
n n 2 n
2 MUABC r
Here epsilon is the internal energy of eigenfunction X, and each L(n) is the
n n
orbital angular nmomentum for relative translational notion associated with the
correspondi ng eigenfunction X . It is also assunmed that the interaction between
n

the collision partners, V(r,x), which is included in scriptV(r,x), decreases
faster at large r than 1/r. Unlike RWMPROP-Version 1.0, however, it is not
required that V(r,x) become nuch |arger than the scattering energy as r goes to
zero. The program can now handle this case, as well as the opposite situation
by the use of the inhonbgeneous option, governed by the input |ogical variable
LRAMI {8.5, 8.6}. Each primtive function X (x) defines what is called a

n
channel
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8.3 Then the problemis to determne the coefficients in the |arge-r boundary
conditions for the radial functions f (r) in the wavefunction expansion

nn
0
NDI M
1 \
Psi  (r, x) = - > X (x) f (r). (3)
n r |/ n nn
0 --- 0
n=1

The | arge-r boundary conditions take the form

[im f (r) = delta j (r)y +n(r) K (4)
r-->infinity nn nn n n nn
0 0 0

where j and n are matching functions, and the K are the unknown el enents of
n n nn
0
the reactance matrix. The scattering matrix is deternined fromthe reactance
matri x by well known equati ons.

8.4 W proceed by dividing the propagation coordinate r into sectors with
centers RABC(i). The width of sector i is H(i) (not to be confused with the H
0

or the H of {8.2}). The center of the first sector is RSTART, and propagation
proceeds according to either of two options selected by the user by a variable
LRAMI {8.5, 8.6} set in FORTRAN unit 5. For i greater than 2, the width of the
next sector is determned automatically. First a trial width is deternined

using epsilon = EPSA, EPSB, or EPSC and h = HVAXA, HMAXB, or HVAXC in [47].
max
The trial width is set to the mninmumof the wi dth determ ned using the
appropriate epsilon and h . The trial width is then conpared to the input
max

parameter HM NA, HM NB, or HM NC, and the final stepsize is the maxi rum of the
trial width and the HM NA/ HM NB/ HM NC paraneter. The choi ce between HM NA

HM NB, or HM NC for the ninimum val ue and bet ween HVAXA, HMAXB, or HMVAXC for the
maxi mum val ue is made as follows: HM NA and HVAXA are used if r is less than
REPSA, HM NC and HVAXC are used if r is greater than REPSB, and HM NB and HVAXB
are used otherwise. This width is used unless one of the NCUSP val ues of RCUSP
lies within this distance of RABC(i). 1In that case, the width is deternined by
setting RABC(i+1) to the next value of RCUSP. The propagati on continues either
until the scattering matrix converges with respect to r, until a value of
RABC(i) + H(i)/2 exceeds the limt RVMAX, or until the number of sectors exceeds
t he di nensi on NSECT set in the program

8.5 The option set by the variable LRAMI is known as the (in)honbgeneous option

If LRAMI = . TRUE., then it is assuned that f is negligible at RSTART-H(1)/2.
nn
0
This is called the honbgeneous option, since it inplies that the coupled
equati ons are sol ved subject to honbgeneous boundary conditions (f -->0) at
nn

0
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the origin. In this case, just the R submatrix of the global R nmatrix is

4
propagat ed, and the program may both drop uncoupl ed channel s from propagati on
{8.7} and fromthe final asynptotic analysis {8.12}. This option is preferred
for heavy-particle collisions, since nuch of the work at small r becones
unnecessary. |In addition, sonme of the tine-saving options {8.10} are only
all owable with this option.
8.6 If LRAMI = .FALSE., then the programwi || propagate the full R matrix at
each sector. This options requires nore menory (the storage of the full matrix
and takes nore tine (propagation of the full R matrix takes at |east one-third
| onger than propagation of just the R submatrix, depending on the value of the

4
option NPROP {8.10} used to propagate R). In particular, NPROP = 2, which

4

gives a significant speedup for the honbgeneous option, is invalid for the

i nhomogeneous option. In addition, the i nhonbgeneous option requires that the
propagati on be started closer to the origin. Finally, use of the inhonbgeneous
option neans that no channels nay be dropped fromthe propagation {8.7}, even

t hough they may be renmoved prior to the asynptotic analysis. The use of the

i nhombgeneous boundary conditions is only recomended for physical systems where
the collision partners may approach arbitrarily close to one another, such as

el ectron-atom scattering. In such cases the radial functions do not becone
regular at the origin. For neutral heavy particle scattering, the
i nhonmbgeneous boundary conditions may still be used, but they are not necessary

for an accurate solution (Section 3.5 of METECC-94 chapter and discussion
followi ng [87]).

8.7 At the center of each sector, we determine the matrix representation of
scriptVin the primtive basis by a call to subroutine POT. This matrix is
called DO It is assuned that the coupling between the radial functions is

i ndependent of r in each sector. W then can deternmine a |ocal adiabatic basis
by di agonalizing Dto yield eigenval ues and ei genvectors. The matrix which

di agonalizes Dis used to formthe overlap matrix [50], which is called TAUE in
the program Only the functions with the | owest PDI M ei genval ues are used in
propagating across the sector. The initial value of PDIMis set to the input
variable PD. Wen RABC(I) is greater than the input variable RBIG then the
programtries to reduce PDI M using the input tol erance EPSRED (di scussed after
[71] in the METECC-94 chapter). Only functions which would not be energetically
al l owed asynptotically are dropped fromthe propagation. It is also inportant
to note that PDOMw Il remain constant (no channels dropped from propagati on)

i f the i nhonbgeneous option {8.6} is used.

8.8 It should be noted that the eigenvectors of D are unchanged by addi ng a
multiple of the unit matrix to D. Thus if another calculation is to be carried
out which only changes D in this manner, the eigenvectors can be reused if they
have been saved. In practice we save the overlap matrix rather than the

ei genvectors. Such saving can be very advant ageous because the conputation of
D and its diagonalization can be expensive. The programallows this infornmation
to be reused in four situations: (1) the total energy E changes, (2) the initial
val ue PD of PDIM {8.7} changes, (3) the initial integration distance RSTART
{8.4} changes, or (4) the value of the orbital angul ar nomentum OAM for each
channel changes. (QOAMis used for spherically symetric potentials where the
orbital angular nmonmentumis identical in all channels.) Currently E, RSTART,
and OAM can all change with PD fixed, or PD can change with E, RSTART, and OAM
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fixed. For succinctness, these are all called second-case runs {8.9}.

8.9 The program can perform second-case runs in two nodes. |In type-1
second- case runs, the propagation is conpleted for the first case before the
second case is begun. This requires that the TAUE matrix {8.7}, and perhaps its
inverse, which is called TINVE in the program be saved on disk files at each
sector {8.10}. This is done by setting the nunber of energies, NE, to a
positive nunber, or by utilizing the | ROA5 options. |n type-2 second-case runs,
all cases are propagated across each sector together, and the TAUE and TI NVE
matri ces need not be stored. This option is accessed by setting the nunber of
energies to a negative nunber. For type-2 second-case runs, it is
necessary to know at what energies the second and subsequent cases are to be
run, while for type-1 second-case runs it is possible to save the disk files and
perform second-case cal cul ations at sone |later date. Type-2 second-case runs do
not require disk storage, but do require additional nmenory since the R matrix
4
{8.5} or the full Rmatrix {8.6} for each case nust be stored.
8.10 To performthe actual propagation fromone sector to the next, severa
propagati on fornmulas can be used. |If NPROP is 0, [58e] is used exactly as it is
witten in the chapter. |If NPROP is 1, then [58e] is used, except that the
calculation of the sector r matrices r - r [53]-[56] which are used in [58e]
1 4
is performed using the transpose of the TAUE {8.7} matrix rather than its
inverse. |If NPROP is 2, then [58e] is used, except that the local r matrices
(r - r ) are not stored explicitly. If PDIM{8.7} = NDIM{8.2}, in the absence
1 4
of roundoff error, all fornulas should give the sane result. If PDIMis not
equal to NDIM then NPROP = 0 or 2 is nore rigorous, although NPROP = 1 will
al ways give a unitary scattering matrix while the other options will not. The
NPROP = 2 fornulas require |l ess work than the other fornulas. |If type-1
second-case runs {8.9} are perforned, NPROP = 1 and 2 do not require that the
i nverse of the TAUE matrix be stored on disk. |If the inhonogeneous option {8.6}
is used then NPROP = 2 is invalid, and [58a-e] are used throughout the
propagation with explicit storage of the matrices (r - r ). In general the
1 4
usage of NPROP = 2 is the nost efficient.

8.11 As the propagati on proceeds, there can be many crossings of the eigenval ues
of the Dmatrix {8.7}. Wen two or nore eigenval ues are degenerate in the
current sector, then the eigenvectors will be nmixed. At intermnmediate distances
this is of no consequence, however, it poses a problemwhen carrying out the
asynptotic analysis. This mxing can be resolved and the R natrix transforned
fromthe | ocal adiabatic (mxed) basis to the unm xed primtive basis [75].

This option is enabled by setting the input |ogical variable LTASY to . TRUE. .

8.12 When carrying out the asynptotic analysis, it is possible to neglect closed
channel s. For the honogeneous option {8.5}, this is done by conparing the
coupl i ng between open and cl osed channels in the R matrix {8.4} to the

4
paranmeter EPSDR, as described after [86¢c]. For the inhonbgeneous option {8.6},
this is done by conparing the coupling between open and cl osed channels in the
Mmatrix [86b] as described after [86cC].

8.13 Wien the asynptotic analysis is perforned, several options are available
for the matching functions. If LBES is true, Ricatti-Bessel functions are used;
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ot herwi se sine/cosine functions are used. The wave vectors for each channel used
in the matching functions can be determined in any one of three ways, specified
by the variable IMATCH If IMATCH is O, then the wavevectors are deterni ned
fromthe eigenvalues of D {8.7} evaluated at r = RASYE. If IMATCH is 1, then the
ei genvalues of Dat r = RABC(i) {8.4}, where i is the current sector nunber
determ ne the wavevectors. Finally, if IMATCHis 2, then the eigenvalues of D
at r = RABC(i) + H(i)/2 are used

8.14 For situations where the reactance matrix is not symetric because PDI M
{8.7} was not |arge enough, it can be synmetrized by one of three options set by
the input variables LGS(9) and | OPT3. The reactance matrix will only be
symretrized if LGS(9) is .TRUE.. |If IOPT3 is 1, then the lower left triangle of
the reactance natrix will be inposed upon the upper right. [If IOPT3 is 2, then
the upper right triangle of the reactance matrix will be inposed on the |ower
left. If IOPT3 is 3 then the reactance matrix will be synmmetrized by using the
arithmetic mean of the original pair of off-diagonal elenents. IF IOPT3 is 4
then each of the nmethods will be enployed in turn, but the scattering matrix
will be calculated fromthe reactance matrix synmetrized using the arithnetic
mean of the off-diagonal el enents.

8.15 The asynptotic analysis will be perforned either at the internediate

di stances defined by RPSM when the maxi mum propagati on di stance RVAX is
exceeded, or when the maxi mum nunber of sectors, NSECT is exceeded. |If possible
the program attenpts to stop the calculation before RMAX is reached. This is
done by comparing the results of the current asynptotic analysis to the one
performed previously. For type-2 second-case runs, this is done only for the
first case. If the difference is small enough, the calculation stops. |f EPSMAG
is nonzero, then the NIND matrix el enents of the scattering matrix specified by
the array IND are conpared, and if the relative differences in the magnitudes of
all NIND matri x elenments are |l ess than EPSMAG then convergence is assunmed. |f
in addition, EPSPH is also nonzero, then the relative differences in the phases
of the NIND natrix elenents are also conpared to EPSPH, and convergence is
assuned only if both the EPSMAG and EPSPH tests are passed. |f both EPSMAG and
EPSPH are zero, the calculations are not stopped until RMAX is reached. In
addition, the programcontains a trap which prevents the asynptotic analysis
frombeing perforned at a given RPSMif the asynptotic analysis for the previous
RPSM was performed in the previous sector; the programw |l not performthe
asynptotic analysis for the RPSM for two adjacent sectors. This is to prevent
the user from assum ng convergence with respect to increasing the propagation
coordi nate by conparing the asynptotic analysis at too closely spaced di stances.
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9. UNTS

The code is set up to be valid for any consistent set of units for which the
Ham | toni an has the formof the equations in {8.2}. This is nost conveniently
acconpl i shed by using Hartree atonmic units, given below. Al test runs utilize
these units.

Il ength bohr 5.2918E-10 m
ener gy hartree 4.3592E-18 J
angul ar momentum h/ (2 * pi) 1. 0546E- 34 J*s

nmass el ectron nass 9. 1095E- 31 kg
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10. CALCULATI ONS W TH A MODULAR POTENTI AL MATRI X ELEMENT ROUTI NE

This section discusses the subroutines required by RMPROP to integrate the
cl ose coupling equations when the user supplies a FORTRAN source code to
generate the scriptV(r, x) matrix. It includes a listing of the files,
argunent lists, and a description of each argunent. Nunbers in {} refer to
par agraphs in Section 8 above.

The programis distributed with potential function subprograms for the test
runs, but nost users will need to supply other potential function subprograns
corresponding to their own problens. This section of the manual describes
specifications necessary for the user to run this programwith his or her own
potential nmatrix el enent subprogram The subprogramis required to supply to
RMPROP a matrix which contains in location (I,J) the interaction potenti al
i ntegrated between asynptotic basis functions | and J at the current val ue of
the radi al separation, described in {8.7}. For certain fornms of the interaction
potential and collision partners, these integrals are known analytically, or
they may be evaluated nunerically by specific quadrature nethods. |f the
interaction potential is already in such a formthat the integrals are known
analytically, then the nodular potential matrix elenent routine should be used
to supply the interaction potential matrix elements to the main program (The
case of a general interaction potential is discussed below, in Section 11 of
this manual .)

Exanpl es of "standal one" potential matrix el enent generation routines are in
Test Suite elenents hfhfstr1-5, heh2cdrl1-2, hfhfpbsrl, and ehydrl (see Section
19).

USER REQUI RED:

SUBRQUTI NE PREPOT See Sections 10.1 and 11

SUBROUTI NE POT See Sections 10.1 and 11

paranmeter.inc See Sections 10.2, 11.3.2,
14, and 15.

fort.5 (Main input.) See Section 13.

10.1 DESCRI PTI ONS OF SUBPROGRAMS
The call to PREPOT is
CALL PREPOT(LSTAP, NDIM JIN, 1D, L,JTOT, B, | S, El , EFASY)

PREPOT is designed to set variables, read information, and wite nessages

pertaining to the potential. These are tasks which it is assuned need only be
performed once for any particular potential. Messages should be witten to
units 6 (long output) and 15 (short output). Information nmay be read fromunit

4, which has been reserved for potential-defining input.

The call to PREPOT occurs after FORTRAN unit 5 has been read. In
particular PREPOT is called once if only one scattering potential is used and
once for each potential if nore than one is used. The only input
information read in for second and subsequent potentials is that read in by
subroutines PREPOT (to define the potential) and by PRSCAT (to govern the
printing of scattering output for that potential).
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PREPOT must set the array ElI, and if LTASY is true, it nust also
set the array EFASY. The arrays B, JIN, and IS are used only by PREPOT and POT,
typically to store rotational and vibrational quantum nunbers, respectively.
For correct dinensioning, PREPOT nmust al so incorporate the FORTRAN statenents

I NCLUDE '’ par aneter.inc’
DI MENSI ON EI (1 DX), B(1 DX, | DX, NVI B1X) , JI N( I DX, NANX) , | S( | DX, NVI BX)
DI MENSI ON L( | DX), EFASY( | DX, | DX)

Note: sone options require that the channels are ordered by energy (e. g. LTASY
{8.11}). To facilitate this it is perm ssible for PREPOT to reorder the
elements of L, JIN, IS, and El.

Cal ling Paraneters:

LSTAP: a logical variable. By default, RVWPROP sets LSTAP to . TRUE.,
so that RMPROP will stop after the propagation is conplete for that potential.
If LSTAP is reset to .FALSE. in PREPOT, PREPOT will be called again to
define a new potential, and another scattering calculation wll begin.
RMPROP wi Il continue to conplete propagations and read in new potentials
from PREPOT until LSTAP is set to .FALSE. at the beginning of the final
scattering calculation. The records read in again for the new scattering
calcul ations are records 33 and follow ng from FORTRAN unit 5, read in by
subrouti ne PRSCAT, and any records required by the potential subroutine,
read in from FOTRAN unit 4.

NDI M an integer variable set by the nmain program (read in from FORTRAN
unit 5); it is the nunber of primtive basis functions in the calculation {8.2}.

JIN. an integer array dinensioned JIN(IDX, NANX), set by PREPOT. |DX
and NANX are paraneters set in the include file paraneter.inc. Only PREPOT
and POT use the array, which is typically used to store angul ar nonentum
guant um nunbers other than the orbital angular nomentumfor relative
translational notion. In test suite elenments, JIN stores the rotational
guant um nunbers of diatonms for each channel and the coupling of rotational
guant um nunbers for the diatonms in each channel.

ID: an integer variable set by RVWROP (read in from FORTRAN unit 5). It
is usually equal to IDXin the file paraneter.inc, and is no | onger used.

L: an integer array dinmensioned L(IDX) set by RVPROP when read in from
FORTRAN unit 5. It is the quantum nunber specifying the orbital angular
nonent um quant um nunber for relative translational notion {8.2}. The
elenents of L nmay be reordered by PREPOT if necessary (e.g., channels
are sorted by energy in PREPOT).

JTOT: an integer variable set by RMWPROP after being read in from FORTRAN
unit 5. It is the total angul ar nonmentum quantum nunber {8.2}.

B: a double precision array dinmensioned (I1DX IDX NVIB1X). This array is
never used by the nmain programand may be used to supply scratch space for
PREPOT and POT.
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I'S: an integer array dinmensioned | S(IDX NVIBX), set by PREPOT.
Normal Iy, the vibrational quantum nunbers of the collision partners are
stored here.

El: a double precision array of dinension El(I1DX) set by PREPOT which
nmust contain the asynptotic channel eigenenergies in atomc units for the
col lision partners.

EFASY: a doubl e precision array di nensi oned EFASY(I DX, | DX) and set by
PREPOT. EFASY is required only if LTASY (read in from FORTRAN unit 5) is . TRUE
and in that case should contain the eigenvectors of the asynptotic basis in the
primtive basis {8.11}. Normally this would be the unit matrix.

The call to POT is
CALL POT(RABC, NDI M I D, B, UPCDMT)

POT is expected to calculate the potential matrix UPCDMI. POT shoul d
i ncorporate the FORTRAN statenents

| NCLUDE ' paraneter.inc’
DI MENSI ON B( I DX, | DX, NVI B1X) , UPCDMT( | DX, | DX)

CALLI NG PARAMETERS:
RABC. a doubl e precision variable set by RMPROP. This is the val ue of
the scattering coordinate r for which the potential matrix is to be cal cul at ed.

NDI M see PREPOT above.
I D: see PREPOT above.
B: see PREPOT above.

UPCDMT: a doubl e precision array of dinmensi on UPCDMI( I DX, | DX) cal cul at ed
by POT. UPCDMI contains the matrix el enents of the potential scriptV(r, x)
{8.2, 8.7} inthe primtive basis, evaluated at r.

10. 2 I NCLUDE file

The file parameter.inc nmust be present in the source code directory when
the code is conpiled. The contents of the file should be the fortran source
code statenent:

PARAMETER( | DX=i i 1, NSECTX=i i 2, NANX=i i 3, NSAVEX=i i 4, NVl BX=i i 5, N\VI B1X=i i 6,
& NNEX=i i 7, NBARX=( | DX* (1 DX+1)/2))

where iil, ii2, ... represent integers which are constant within each run but
which may vary fromrun to run. These values are used to di nension nany of the
arrays within the program The file paraneter.inc and the paranmeter list are
di scussed in nore detail in Sections 14 and 15.
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11. CALCULATI ONS W TH A USER- SUPPLI ED POTENTI AL ENERGY SURFACE SUBPROGRAM

11. 1 DESCRI PTI ON OF GENERAL POTENTI AL MATRI X ROUTI NES

In RMPROP-Version 2.1.2 it is possible (for sonme types of systens) for the
user to supply a general formfor the interaction potential between the
collision partners and to allow RWROP to nunerically evaluate the matrix
el ements of the interaction potential between asynptotic basis functions {8.2,
8.7} which it needs at each sector of the propagation

The user can supply one of three types of potential surfaces, and RMPROP
will formthe scriptV(r, x) matrix fromthe surface, as follows:

1) Atomrigid rotor surface, with potential expanded in Legendre functions
times radial functions. This will be discussed in nore detail in
Section 11.2.

2) CGeneral Atom (vibrating) rotor surface. This will be discussed in nore
detail in Section 11.3.

3) Diatomdi atom surface, when diatons are identical. This will be
di scussed in nore detail in Section 11.4.

The nunerical evaluation of the integrals is carried out in several steps which
are descri bed bel ow

The first step is the expansion of the user-supplied potential in a set of
conveni ent angul ar functions. The type of angular functions used will depend
upon the system being studied. For an atomdi atom systemthere are two options.
If the diatomis being treated as a rigid rotor, and the interaction potential
is already expressed solely as a sumation of Legendre functions tines radially-
dependent coefficients, then vgrl.f should be used. See Section 11.2 (the
di scussion of vgrl.f) and Sections 19.5 and 19.11 (test runs hehfrl and atdir1l)
for exanmples of this. |If the diatomis a vibrating rotor or the atomdi atom
potential is not expanded in Legendre functions, then vgr2.f should be
used. See Section 11.3 (the discussion of vgr2.f) and Sections 19.13-15, (test
runs hei 2r1, heh2tkrl, and heh2tkr2) for exanples of the vibrating rotor, and
Section 19.16 (test run heh2tkr3) for an atomrigid rotor calculation. For a
di atom di at om system where the two diatonms are identical, the interaction
potential is expanded in Launay functions, using vgr3.f. Depending upon the
i nput options, either rigid rotors or vibrating rotors may be treated. See
Section 11.4 (for a discussion of vgr3.f) and Sections 19.9 and 19.10 (test runs
hf hfadr1 and hf hfadr2) for exanples of the use of vgr3.f with a rigid rotor).

The second step is the integration of the angular functions used in the
expansion of the interaction potential with the angul ar-dependent factors of the
appropriate asynptotic channel basis functions. The choice of the angul ar
functions used to expand the interaction potential allows these integrals to be
eval uated analytically. (These angular integrals nmay be saved to disk on
FORTRAN unit 2 if desired; however it should be noted that this requires a |arge
amount of storage).
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The third step is the evaluation (if necessary) of the vibrationa

quadratures [A. 28] contributing to the potential matrix el enents at each sector
This is perforned in tw steps. The vibrational contribution to the potenti al
matrix el enents are found by Gaussian quadrature in prevgr2.f or prevgr3.f, and
so the wei ghts and nodes for the quadrature nmust first be determned. This
choi ce of weights and nodes is perfornmed in SUBROUTI NE WEI GH, discussed in
Section 11.3.3 below. First, weights and eigenval ues are found for the
integration of the vibrational wave function for the diatomin the system under
study. This is done by expanding the wave functions in ternms of a harnonic
oscillator basis set, and doing all integrals required in the harnonic basis.
The nodes nmay be found in one of four ways: sem -classical nodes, scaled Gauss-
Hernite nodes, Gaussi an nodes for the weight (which is the square of the
vi brational wave function), or calling a user-supplied routine SDATA to supply
the nodes. After the deternination of the weights and nodes, the Gaussi an
gquadrature is perforned at each step of the propagation to determ ne the
vi brational contribution to the interaction potential matrix (the scriptV (r, x)
matrix of {8.2, 8.7}).

The | ast step is the conbination of the angular and the vibrationa
contributions [A 26] to the interaction potential matrix at each sector of the
propagation to supply the overall interaction matrix. There are two additiona
features of the expansion/quadrature of an arbitrary interaction potential which
shoul d be noted. First, the programallows the nunber of angular terns used
in the angul ar expansion of the potential, and the order of quadrature of the
vi brational contribution to the interaction potential, to be decreased as a
function of the radial separation. This is useful for systens where the
ani sotropy of the interaction potential decreases strongly w th increasing
radi al separation, since then a fewer nunber of ternms nay be needed for an
accurate description of the interaction potential. Second, the order of the
angul ar expansi on and of the vibrational quadrature nmay be varied independently
at the discretion of the user.

It should also be pointed out that both the expansion of the interaction
potential in a set of known angul ar functions and the quadrature over the
vi brational contribution to the interaction potential matrix are nunerical
Therefore, any scattering matrix el enents el enents obtained fromthe run shoul d
be checked for convergence both with respect to the nunber of known angul ar
functions in which the interaction potential has been expanded and with respect
to the angul ar quadratures which deterni ned the expansion coefficients of the
i nteraction potenti al .
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11. 2 POTENTI AL MATRI X ELEMENT ROUTI NE vgr 1. f

This section of the manual describes the usage of the subroutine vgrl.f,
which is intended for use with 3-dinmensional atomrigid di atom systens where
the interaction potential is already explicitly witten in ternms of Legendre
functions. Subroutine vgrl.f differs fromboth vgr2.f and vgr3.f in that vgrl.f
can ONLY be used with rigid rotors, so that there is no provision for the
vi brational contribution to the scriptV (r, x) matrix. The test suite runs
hehfrl and atdirl are exanples of the use of vgrl.f.

The user-supplied formof the interaction potential for vgrl.f is unique in
that vgrl.f assunes that the interaction potential is already witten in terns
of Legendre functions tinmes radial -dependent coefficients. Therefore, any
atomdi atominteraction potential in which the interaction is not expressed as a
Legendre expansi on should be used with vgr2.f (see Section 11.3 bel ow).

Exanpl es of the use of prevgrl.f and vgrl.f are in the Test Suite elenents
hehfrl and atdirl, with the code in pothehf.f and potatdi.f, respectively.

USER REQUI RED:

SUBROUTI NE HEADER see bel ow

SUBROUTI NE FUN1 see bel ow

DOUBLE PRECI SI ON FUNCTI ON El GEN see bel ow

paranmeter.inc see Section 10.2, Sections 14, 15
fort.4 see bel ow

fort.5 (main input) see Section 13

11.2.1 List of User-supplied subroutines for use with vgrl.f
The cal ling sequence for SUBROUTI NE HEADER i s
SUBROUTI NE HEADER

The body of this subroutine should include all wite statenents
concerning the potential used in the calculation, with the appropriate
units being unit 6 for the long output and unit 15 for any short

out put .

The cal ling sequence for the user-supplied potential energy surface is
SUBRQOUTI NE FUN1( R, LMAXP1, VL)

R Doubl e precision variable, input. This is the propagation coordinate
in bohrs.

LMAXP1: Integer variable, input. This is the maxi mum order of |egendre
function in the potential expansion plus one; LMAXP1= LAMVAX + 1,
where LAVMMAX is described in Section 11.2.2 above

VL: Doubl e precision vector, |length LMAXP1, output. Upon return, this
vector should hold the radi al -dependent coefficients of the Legendre
functions used to describe the interaction potential. For the case of a
honmonucl ear diatomic, only even values of |egendre functions will have
nonzero coefficients. Subroutines vgrl.f and prevgrl.f expect that
for this case, VL will hold only these nonzero coefficients in the first
LAMVAX/ 2 +1 positions of the vector



RMPROP 2.1.2
Page 11-4
The cal ling sequence for function EICGEN is
El GEN(1V, J)

I'V: Input, integer dunmy variable. This variable indicates the
vi brational quantum nunber when this function operates for vibrating
rotors (as in conjunction with vgr2.f, vgr3.f). This variable is set
to zero by PREPOT in prevgrl.f and should have no affect on the val ue
of EI GEN.

J: Input, integer variable. This is the rotational quantum nunber of
the diatomfor the channel of interest.

El GEN. Qutput, double precision. The function should assign to

El GEN the energy in hartrees of the asynptotic channel with the diatomin
rotational state J.

11.2.2 INPUT TO FORTRAN UNIT 4

CARD Vari abl e nane For mat
1 LSTAP L1
2 JIN(I, 1) 1015
3 | HOM LAMVAX 1015
LSTAP is a logical variable ordinarily set equal to .TRUE.. It is
used to tell RVPROP whether to do nore than one approxinmation to the
interaction potential during a run, i. e., if LSTAP .EQ .TRUE., then the

current potential is the only one used.

(JIN(1,2),(1=1,NDIM) contains the internal rotational angular nonentum
guant um nunbers for the diatom

| HOM shoul d equal 2 for hononuclear and 1 for heteronucl ear diatons.

LAMMAX is the maxi mum i ndex of the Legendre functions in the potential
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11. 3 POTENTI AL MATRI X ELEMENT ROUTI NE vgr 2. f

For users with an atomdi atom potential energy surfaces but little
interest in witing matri x-el ement generating routines, vgr2.f and prevgr2.f
offer a nodular interface to RVPROP 2. 1. 2.

This section describes the usage of the subroutines in vgr2.f, which is
i ntended for use with atomvibrating diatomsystens in 3 dinmensions. The
subroutines in vgr2.f allow for vibrational contributions to the scriptV (r, x)
matrix {8.2,8.7}, by calls to SUBROUTI NE WEI GH and SUBROUTI NE WDATA, whi ch
cal cul ate weights and nodes to solve the vibrational integrals by quadrature.
It is also possible to use prevgr2.f and vgr2.f for rigid rotor systens (see
vari abl e NSAVE on RECORD 14 of input to UNIT 4 bel ow).

The test suite elenents which enploy prevgr2.f and vgr2.f are hei2rl
heh2t kr1, and heh2tkr2, with source codes in pothei2.f and tkrpot.f.

USER REQUI RED:

SUBROUTI NE HEADER see 11.2.1
SUBROUTI NE FUNL see bel ow
SUBROUTI NE PTNTL see bel ow

DOUBLE PRECI SI ON FUNCTI ON El GEN see bel ow
paranmeter.inc see below, 14, 15
expand. i nc see bel ow

fort.4 see bel ow

fort.5 see 13

11. 3.1 USER- SUPPLI ED SUBROUTI NES FOR vgr 2. f
The call to HEADER was described in the previous section

The cal ling sequence for subroutine FUNL, which returns the value of the
interaction potential as a function of atom diatom coordinates, is

SUBROUTI NE FUNL( R, R1, COSC, FN, NPTS)

R Doubl e precision variable, input. This is the value of the propagation
coordi nate of the atom and diatomin bohr

R1: Doubl e precision variable, input. This is the bond | ength of the
diatomin bohr.

COSC. Doubl e precision vector of Iength NPTS, input. This vector
contains the cosine of the orientation angle chi at the angul ar quadrature
points. Chi is the angle between R and R1.

FN:  Doubl e precision vector of Iength NPTS, output. FN(I) is the
interaction potential in hartrees evaluated at the coordinates R, Rl, COSC(I)

NPTS: Integer variable, input. This is the nunber of points at which
the potential should be evaluated. (It is equal to the current order of the
angul ar quadrature.)
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The cal ling sequence for the (user-supplied) diatom c potential curve is

PTNTL( X)

X:  Double precision variable, input. X is the value of R- RE, where R
is the bond |l ength of the diatomin bohr

PTNTL: Doubl e precision, output. The function should assign to PTNTL
the energy of the diatomc potential at X in hartrees, and should return a
value of 0 for X = 0.

The calling sequence for the function EIGEN is
El GEN(1V, J)

IV: Integer variable, input. The vibrational quantum nunber of the
diatom for the channel of interest.

J: Integer variable, input. The rotational quantum nunmber of the di atom
for the channel of interest.

El GEN: Doubl e precision, output. The asynptotic channel eigenenergy
in hartrees.

Note: The user nay utilize the asynptotic eigenergies of diatomv,j states
from SUBROUTI NE VEI GH and WDATA by using the input variable IEl GN of

RECORD 11 on UNIT 4 (see below). This is not pernmitted for rigid rotors or
for vibrational states cal cul ated without rotational coupling (IVIBJ.NE DO,
JSAVE.EQ 0 on UNIT 4).

Finally it should be noted that if the value of I NODE read in from FORTRAN
unit 4 (see Section 11.3.3 above) is 1, 2, or 3, the user should supply a
dunmy SUBROUTI NE SDATA(NPTS, XS) to avoid warni ng messages on | oadi ng.

11. 3.2 I NCLUDE FI LES

The user nust supply the file paraneter.inc in the source code directory
during conpilation of the code. The contents of this file nust be the fortran
st at enent

PARAVETER( | DX=i i 1, NSECTX=i i 2, NANX=i i 3, NSAVEX=i i 4, NVl BX=i i 5, NVl B1X=i i 6,
& NNEX=i i 7, NBARX=( | DX* (| DX+1)/ 2))

where iil, ii2, ... represent integers which are constant within each run but
which may vary fromrun to run. These values are used to di nension nany of the
arrays within the program The variables within paraneter.inc are described

in nmore detail in Sections 14 and 15 bel ow, but we note here that NANX shoul d be
at least 1, NVIBX should be at least 1, and NVIB1X should be set |arge

enough that the array BPOT(IDX, I DX, NVI B1X) is large enough to hold the angul ar
integrals required by the program The nunber of words needed by BPOT nmay vary
consi derably, since only nonzero values of the integrals are stored. An upper
[imt on the value of NVIB1X is 3*NUMI, where NUMI is the nunber of terms in

t he angul ar potential expansion (see RECORD 16 i nput to FORTRAN UNI T 4 bel ow).
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The exact nunber required within a given run is witten to standard out put
with the | egend

wor ki ng precision words of bpot used in pot

where ... is an integer representing how many words of storage were required
by the angular integrals. |f the angular integrals would have required
too much space, the programinstead prints the nmessage
D mensi ons exceeded in angint. |BMX= ..
where ... is the current value of | DXx*| DX*NvlI B1X.

The second include file, expand.inc, should contain the fortran statenent

PARAMETER ( NQAMAX=. .., NQUMAX=. .., MAXV=. .., MAXJJ=. .., NUMBT=...)
where the ... indicates an integer, and where the terns have the follow ng
meani ngs:

NQAMAX rmust be greater than or equal to the maxi mum order of angul ar
quadrature. It is used to dinmension arrays concerned with the Legendre
expansi on.

NQVMAX rust be greater than or equal to the maxi num order of vibrationa
gquadrature. It is used to dinmension arrays concerned with the vibrationa
guadr at ur e.

MAXV nust be greater than or equal to the nmaximum vibrational quantum
nunber + 1. It is used to dinmension the array of eigenvalues returned from
SUBROUTI NE WEI GH

MAXJJ must be greater than or equal to the maxi numrotational quantum
nunber +1 of the diatom It is used to dinmension the array containing the
wei ghts for the vibrational quadrature.

NUVMBT nmust be greater than or equal to the maxi num nunber of Legendre
functions used in the potential expansion (NUMI input in UNIT 4).
It is used to dinension several arrays related to the expansion of the
i nteraction potential in Legendre functions.
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11. 3.3 SUMVARY OF I NPUT TO FORTRAN UNIT 4

A record-by-record sunmary of the input to the RMPROP code from FORTRAN unit
4 when nodule vgr2.f and its associated subroutines are used follows. Note that
the nunber of fields within each record may not match the FORMAT gi ven because
sone of the FORMAT statenments are used for other purposes with the subprograns.

Record nunber | nput vari abl es For mat
T RE 9E15. 8
2 NUMQ 1015
3 (NQUAD( 1), I =1, NUMQ 1015
4 ( NQUADA( 1), I =1, NUMD) 1015
5% (RQUAD( 1), I =1, NUMQ 1) 9E15. 8
6 LSTAP L1
7 NLI NE 1015
8 MES 80A8
9 (1SJ(1,1),1=1,NDIM 1015
10 (JIN(I,1),1=1,NDI M 1015
11 I HOM | VI BJ, | EI GN 1015
12 RVS, OVEGA, RCENT, OVEGGH, LRCENT, SCAL2 4E15.7, L1, E15.7
13 NHQD, NBASI S, NPTSM | PRI NT, | NODE, | WGHT 615
14 NI NT, NL, NSAVE, JSAVE, | ROTN 515
15% NPTS 615
16@ NUMT 15

*Only if NUMQ GT. 1
%nly if NSAVE. NE. 0; Then card repeated until a value of zero given for NPTS
@card repeated NUMQ ti nes
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11. 3.4 EXPLANATI ON OF | NPUT VARI ABLES TO FORTRAN UNIT 4

Record 1: RE: (9E15. 8)
This variable is the equilibriumbond I ength of the diatomin bohr.
Record 2: NUMQZ (1015)

This variable is the nunber of different orders of quadrature (vibrational
and/ or angul ar) to be used during the propagation.

Record 3: (NQUAD(1),I=1, NUMD: (10I5)

This variable is the nunber of points to be used in the vibrational
quadrature for R less than RQUAD(I), where RQUAD (I) is discussed in Record 5
below. If one wishes to use arigid rotor, NQUADis set to 1, and the flag
governing the use of arigid rotor is set by NSAVE in Record 14 (see bel ow).

Record 4: (NQUADA(I), =1, NUMY: (1015)

This variable is the nunber of points to be used in the angul ar quadrature
for RIless than RQUAD(I), where RQUAD(I) is discussed in Record 5 below. Note
that the separate specification of NQUAD and NQUADA all ows the orders of the
two quadratures to be varied i ndependently.

Record 5: (RQUAD(I),I=1, NUMQ 1): (9E15.8) (Only if NUMQ > 1)

Thi s variabl e governs the value of the propagati on coordi nate R such that
the order of the vibrational and/or rotational quadrature will change for
R .GI. RQUAD(I). See also Section 23. Only given if NUMQ > 1.

Record 6: LSTAP: (L1)

Thi s variabl e governs whether just one interaction potential is used. It is
a logical variable ordinarily set equal to .TRUE.. It is used to tell RWVPROP
whet her to do nore than one approxinmation to the interaction potential during a
run, i. e., if LSTAP .EQ .TRUE., then the current potential is the only one
used. |If LSTAP .EQ .FALSE., then following the end of the first run, RVMPROP
will cycle back and attenpt to read paraneters for a new potential from FORTRAN
unit 4.

Record 7: NLINE: (10I5)

This variable is a control variable used to define the nunber of |ines of
text to be read from FORTRAN unit 4 in Record 8.

Record 8: MES: (A80)

This variable consists of NLINE lines of text. These lines of text are
ordinarily used to record details about the individual test run or the
potential surafce being used.

Record 9: (1SJ(1,1),1=1,NDIM): (10I5)

This variable contains the internal vibrational quantum nunbers of the
di at om
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Record 10: (JIN(I,1),I=1,NDIM): (1015)

This variable contains the internal rotation angul ar nomentum quant um nunber
of the diatom

Record 11: IHOM IVIBJ, | EIGN: (1015)
These vari abl es have the foll ow ng nmeani ngs:

IHOM is a switch governi ng whether the diatomis heteronuclear(=1) or
hononucl ear (=2), for the purposes of calculating the indices of the Legendre
functions used to expand the potential. |If IHOW1, |ROIN (RECORD 14) mnust be
zero. |If IHOVE2, I ROITN nmust be either 1 or 2, and NUMI ( RECORD 16)
represents the nunmber of even termnms in the Legendre expansion.

IVIBJ is a switch which deternines whether rotational coupling is included
in the calculation of of the vibrational quadrature.

IVIB) .EQ O neans use j-dependent vibrational states (rotational coupling).

IVIBJ .NE. O neans use j-independent vibrational states (no rotational
coupling). For this case, JSAVE (RECORD 14) mnust be zero.

| EI GN governs whether or not the eigenenergies are calcul ated during the
cal cul ation of the vibrational weights and nodes or are cal cul ated using the
(user-supplied) FUNCTION EI GEN.

| EIGN . EQ O neans get channel eigenenergies from El GEN.

|EIGN . NE. 0 neans get channel eigenenergies fromthe vibrational weights
and nodes conputati on (NOT POSSIBLE FOR RIRIG D ROTORS OR IF IVIBJ .NE. 0).

Record 12: RMS, OVEGA, RCENT, OMEGCH, LRCENT, SCAL2: (4E15.7,L1)

These variabl es are used by SUBROUTI NE WEI GH whi ch cal cul ates the weights
and nodes for the vibrational quadratures which conpute the vibrational portion
of the interaction potential matrix. This routine calculates the weights for
the quadrature given the (user-supplied) diatomc potential curve (e. g. a
harmoni c oscillator or a Mdrse), by transfornm ng the wave function into a
harnoni ¢ oscillator basis and performng the integrals in that basis.

RVS is the reduced mass of the diatomin atomic units.
OVEGA i s the angul ar frequency of the harnonic oscillator used in the basis.

RCENT is the equilibriumbond length of the oscillator. The (user supplied)
di atom c potential function.

OVEGGH is the frequency used to find scal ed Gauss-Hermite nodes. |f OVEGEH
is zero, OVEGA is used instead.

LRCENT is a |l ogical variable.
If LRCENT .EQ .TRUE. calculate the value of the wave function at -RCENT.

Record 13: NHQD, NBASI S, NPTSM | PRI NT, | NODE, | WGHT: (61 5)
These vari abl es are used by SUBROUTI NE WEI GH whi ch cal cul ates the weights

and nodes for the vibrational quadratures which conpute the vibrational portion
of the interaction potential matrix.
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NHQ is the order of the Gauss-Hermite quadrature used to evaluate matrix
el ements in the harnonic oscillator basis.

NBASIS is the nunber of harnpbnic oscillator states to include in the
expansi on.

NPTSM i s the nmaxi num si ze of the vibrational quadrature to be found. This
nmust be greater than or equal to all values of NQUAD (RECORD 3).

IPRINT is an inputinteger control variable. Set IPRINT .GE. O for various
debuggi ng out put to standard output. This should be used cautiously because it
can generate large quantities of output.

| NODE deterni nes the type of nodes used:

| NODE= 1 use sem -cl assi cal nodes.

| NODE= 2 use scal ed Gauss-Hernite nodes.

| NODE= 3 use Gaussi an nodes for the weight function PSI (1 WHT)**2.
| NODE= 4 call SDATA to get other (user-supplied) nodes.

It should be noted in passing that although SUBROUTI NE WEI GH has been tested
with all values of INODE, the elenments of the test suite included in
RMPROP- Version 2.1.2 only include the values 1 and 3. In addition, the user
shoul d supply a dummy version of SDATA to prevent error nessages on | oading.

| WGHT runs from 1 upwards, and is used in conjunction with | NODE . EQ 3.
Record 14: NI NT, NL, NSAVE, JSAVE, | ROTN. (415)

These vari abl es are used by SUBROUTI NE WEI GH whi ch cal cul ates the weights
and nodes for the vibrational quadratures which conpute the vibrational portion
of the interaction potential matrix.

NI NT and NL only have neani ng when INODE . EQ 1 (semiclassical nodes).

NINT is the nunber of integration intervals to be used by SUBROUTI NE NODE,
whi ch cal cul ates sem -cl assi cal nodes.

NL is the order of Legendre interpolation used by SUBROUTI NE NODE, which
cal cul ates sem cl assi cal nodes.

NSAVE i s the maxi mum vi brational quantum nunber + 1 for which weights and
nodes are to be saved on FORTRAN unit 1. If NSAVE is 0, special output is
generated for a rigid rotor. In addition, then, for NSAVE=0, NQUAD ( RECORD
3) must be 1, JSAVE nust be zero, |1VIBJ (RECORD 11) must not be zero, and
| EI GN (RECORD 11) nust be zero. (The User nust supply DOUBLE PRECI SI ON FUNCTI ON
ElI GEN.) Al so, for NSAVE=0, RECORD 15 cannot exi st.

JSAVE is the maxi numrotational quantum number + 1 of rotational states in
the calculation of the vibrational states. |If no rotational-vibrational coupling
is desired, use JSAVE=0. |VIBJ cannot be zero for JSAVE=0.

| ROTN i s zero for heteronucl ear diatons (or hononuclear with all J states), one for honon
uclear with odd J states, and two for honobnucl ear diatons with
even J states. Wien |ROTN=1 or 2, |HOM (RECORD 11) nust be 2.
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Record 15: NPTS: (615) (ONLY if NSAVE. NE. 0, see RECORD 14)

This card is repeated until a value of zero is given for NPTS. Each val ue
of NPTS given is a vibrational quadrature order which will be used by
SUBRQUTI NE WEI GH to generate wei ghts and nodes witten to UNIT 1. Each val ue
of quadrature order in NQUAD nust be repeated here. |f NSAVE=0, this card
cannot exi st.

Record 16: NUMT: (1015) (NUMQ timnes)

NUMT is the nunber of ternms in the Legendre expansion for the potential.
If 1HOM (RECORD 11) is 2, NUMI should be the nunber of even terns in the
expansi on of the potential (odd terns do not contribute for a hononucl ear
diatomic). This variable is read in NUMQ tinmes by SUBROUTINE ANG NT in vgr2.f,
first when called by PREPOT in prevgr2.f, and NUMQ 1 tinmes when called by POT
in vgr2.f, whenever a value of RQUAD(I) (see Record 5 above) is passed during
t he propagation. NUMI is then the new nunber of ternms in the Legendre
expansi on for values of the propagati on coordi nate between RQUAD(I) and
RQUAD(I +1) (for | less than NUMQ -1 ), and for values of the propagation
coordi nate greater than RQUAD(I) (for I = NUM). Note that the angul ar
integral matrix discussed in Section 11.3.1 above will be re-witten to allow
for the new val ue of NUM.
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11. 4 POTENTI AL MATRI X ELEMENT ROUTI NE vgr 3. f

This section describes the usage of the routines in prevgr3.f and vgr3.f,
whi ch provide a nodular interface to RMPROP 2.1.2 when a User has an interaction
potential surface for a diatomdi atom system where the diatons are identical
These routines nmay be enployed for vibrating rotors or rigid rotors
(see Section 19.?, test runs hfhfadrl and hfhfadr2). At this time only
identical diatons can be used since the functions EI GEN and PTNTL are the sane
for each.

USER REQUI RED:

SUBROUTI NE FUN1 see bel ow

DOUBLE PRECI SI ON FUNCTI ON ElI GEN see 11.3.1

DOUBLE PRECI SI ON FUNCTI ON PTNTL see 11.3.1
paranmeter.inc see below, 14, 15
expand. i nc see bel ow

fort.4 see bel ow

fort.5 (Main input) see 13

11. 4.1 USER- SUPPLI ED SUBPROGRAMS

This section gives the required calling sequence for user-supplied
potential energy subroutines required in conjunction with the use of vgr3.f.
These routines return the interaction potential between the collision partners,
and the diatonic potential curve for the diatom The user-supplied potential
energy subroutine is required to return the value of the interaction potenti al
for the collision partners in Hartree atonmic units given a specific choice of
the coordinate system in order to expand the interaction potential in Launay
functions. The diatomic potential curve is required to cal cul ate quadrature
nodes used to deterinmne the vibrational contribution to the interaction
potential nmatrix at each sector.

The cal ling sequence for the user-supplied potential energy surface is
SUBROUTI NE FUNL(R, R1, R2, C1, S1, C2, S2, CP, SP, V, NPTS)

R doubl e precision, input. The value of the propagation coordinate of
the diatons in bohr.

R1l: doubl e precision, input. The bond length of the first diatomin bohr
R2: doubl e precision, input. The bond length of the second diatomin bohr

Cl: doubl e precision array of length NPTS, input. Used to hold
t he NPTS cosines of the angul ar quadrature nodes in angle THETAL.

S1: double precision array of length NPTS, input. Used to hold
the NPTS sines of the angul ar quadrature nodes in angle THETAL.

C2. double precision array of length NPTS, input. Used to hold
t he NPTS cosines of the angul ar quadrature nodes in angle THETA2.

S2: double precision array of length NPTS, input. Used to hold
the NPTS sines of the angul ar quadrature nodes in angle THETA2.
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CP. doubl e precision array of length NPTS, input. Used to hold
t he NPTS cosines of the angular quadrature nodes in angle PH (= PHI 2 - PHI1).

SP: doubl e precision array of length NPTS, input. Used to hold
the NPTS sines of the angul ar quadrature nodes in angle PH (= PH 2 - PH 1).

V. doubl e precision array of length NPTS, output. V(I) should
contain the value of the interaction potential at the geonmetries specified by
Rl, R2, THETA1(l), THETA2(l), PHI(1). Note that THETAl1l, THETA2, and PH are
only inplicitly specified by the arrays Cl, S1, C2, S2, CP, and SP. There
shoul d only be NPTS nonzero results in V upon return

NPTS: integer, input. This is the current nunber of angular quadrature
points at which to deternine the potential

11. 4.2 | NCLUDE FI LES

The user nust supply the file paraneter.inc in the source code directory
during conpilation of the code. The contents of this file nust be the fortran
st at enent

PARAMETER( | DX=i i 1, NSECTX=i i 2, NANX=i i 3, NSAVEX=i i 4, NVl BX=i i 5, NVI BLX=i i 6,
& NNEX=i i 7, NBARX=( | DX* (1 DX+1)/2))

where iil, ii2, ... represent integers which are constant within each run but
which may vary fromrun to run. These values are used to di nension nany of the
arrays within the program The variables within paranmeter.inc are described

in nmore detail in Sections 14 and 15 bel ow, but we note here that NANX shoul d be
set equal to at least 3, NVIBX should be set to at least 2, and NVI B1X

shoul d be set |arge enough that the array BPOT(IDX, | DX, NVIB1X) is |arge enough
to hold the angular integrals required by the program (Both the cal cul ation
and the storage of the angular integrals in vgr3.f differ fromthat in vgr2.f).
The nunber of words needed by BPOT nay vary considerably since only nonzero
integrals are stored, but an upper limt for NVIB1X should be 3*NUMI, where
NUMT i s the maxi num nunber of terms in the Launay expansion of the potenti al
The exact nunber required within a given run is witten to standard output with
t he | egend

wor ki ng precision words of BPOT used in POT

where .... is an integer representing how many words of storage were required
by the angul ar integrals.

If the angular integrals would have required too nmuch space, the program
i nstead prints the nessage

Di mensi ons exceeded in angint. |BMX= ..
where ... is the current value of |IDX*IDX*NVIB1X, and stops with the nessage
STOP Try making NVIB1X [arger in paraneter.inc
which is the appropriate renedy.

The second include file should contain the statenent
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PARAMETER( NUMBT=I A, NQAMAX=I B, NQVMAX=l C, MAXJJ=I D, MAXV=I E)

where the I A-E indicates an integer, and the terns have the follow ng neani ngs:

NUVBT is greater than or equal to the maxi num nunber of ternms in the
expansi on of the interaction potential in Launay functions. It is used to
di mensi on arrays which hold the indicies of the Launay functions, and to
di mensi on an array whi ch hol ds the expansion coefficients at each point in the
vi brational quadrature for each termin the Launay expansion

NQAMAX is greater than or equal to the maxi mum order of the angul ar
guadrature. It is used to dinension arrays containing the sines and cosi nes of
t he nodes for the angul ar quadrature.

NQVMAX is greater than or equal to the maxi mum order of the vibrationa
quadrature. It is used to dinmension arrays containing the nodes of the
vi brational quadrature, the weights of the vibrational quadrature, and arrays
relating the channel index to the position of the weight for that channel

MAXJJ must be greater than or equal to the maxi numrotational quantum
nunber+1. It is used to dinension the array containing the weights for the
vi brati onal quadrature.

MAXV nmust be greater than or equal to the nmaximum vibrational quantum
number +1.
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11. 4.3 SUMVARY OF I NPUT TO FORTRAN UNIT 4

A record-by-record sunmary of the input to the RMPROP code from FORTRAN unit
4 when nodul e vgr3.f and its associated subroutines are used. Note that the
nunber of fields within each record may not match the FORMAT gi ven because
sone of the FORMAT statenments are used for other purposes with the subprograns.

Record nunber | nput vari abl es For mat
2 NUMQ 15
3 (NQUAD( 1), I =1, NUMQ 1015
4 ( NQUADA( 1), I =1, NUMD) 1015
5% (RQUAD( 1), I =1, NUMQ 1) 9E15. 8
6 LSTAP L1
7 NLI NE 15
8 MES A80
9 (1S(1J,1),1J3=1, NDI M 1015
10 (1S(13,2),1J=1,NDI'M 1015
11 (JIN(1J,1),1J=1,NDI M 1015
12 (JIN(1J,2),1J3=1,NDI M 1015
13 (JIN(1J,3),1J=1,NDIM 1015
14 | ETA, I VI BJ, | SYMJ, | CALC 1015
15 NUMT 1 15
16 (1QL(1), 1 =1, NUM) 1015
17 (1Q2(1), =1, NUM) 1015
18 (I MJ(1), I'=1, NUMT) 1015
19 RVS, OVEGA, RCENT, OVEGGH, LRCENT, SCAL2 4E15.7, L1, E15. 7
20 NOQWT, NBASI S, NPTSMX, | PRI NT, | NODE, | WGHT 615
21 NI NT, NL, NSAVE, JSAVE, | HOM 515
22% NPTS 15

23@ NUMT2 15
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*Only i f NUMQEL
%Card repeated until NPTS=0, Only if NSAVE. NE.O
@Repeated NUMQ 1 tines; not needed if NUMQ=1

11. 4. 4 EXPLANATI ON OF | NPUT VARI ABLES TO FORTRAN UNIT 4
Record 1: RE: (E15.8)
This variable is the equilibriumbond I ength of the diatom
Record 2: NUMQZ (15)

This variable is the nunber of different orders of quadrature (vibrational
and/or angular) to be used during the propagation.

Record 3: (NQUAD(I),I=1,NUM) : (10I5)

This variable is the nunber of points to be used in the vibrational
quadrature for R 1less than RQUAD(I), where RQUAD (I) is discussed in Record 5
below. If one wishes to use a rigid rotor, NQUAD is set to 1, and the flag
governing the use of a rigid rotor is set by NSAVE in Record 14 (see bel ow).

Record 4: (NQUADA(I), =1, NUMQ: (10I5)

This variable is the nunber of points to be used in the angular quadrature
for Rless than RQUAD(I), where RQUAD(I) is discussed in Record 5 below. Note
that the separate specification of NQUAD and NQUADA all ows the orders of the
two quadratures to be varied i ndependently.

Record 5: (RQUAD(1),I=1, NUMQ 1): (9E15.8) ONLY NEEDED | F NUMQ > 1

This variabl e governs the value of the propagati on coordinate R such that
the order of the vibrational and/or rotational quadrature will change for
R .GI. RQUAD(I). See also Section 23.

Record 6: LSTAP: (L1)

Thi s variabl e governs whether just one interaction potential is used. It is
a logical variable ordinarily set equal to .TRUE.. It is used to tell RWMPROP
whet her to do nore than one approximation to the interaction potential during a
run, i. e., if LSTAP .EQ .TRUE., then the current potential is the only one
used. |If LSTAP .EQ .FALSE., then following the end of the first run, RVMPROP
will cycle back and attenpt to re-run subroutine PREPOT. Usually this nmeans
that the programw ||l attenpt to read paraneters for a new potential from
FORTRAN unit 4.

Record 7: NLINE: (I5)

This variable is a control variable used to define the nunber of |ines of
text to be read from FORTRAN unit 4 in Record 8.

Record 8: MES: (A80)

This variable consists of NLINE |ines of text. These lines of text are
ordinarily used to record details abount the individual test run or the
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potential surfce being used.

Record 9: (1SJ(1J,1),1J=1,NDIM): (1015)
This variable contains the internal vibrational quantum nunbers of the first
di at om

Record 10: (1SJ(1J,2),1J=1,NDIM): (1015)

This variable contains the internal vibrational quantum nunbers of the
second di atom

Record 11: (JIN(1J,1),1J=1,NDIM): (10I5)

This variable contains the internal rotation angul ar nomentum quant um nunber
of the first diatom

Record 12: (JIN(1J,2),1J=1,NDIM): (1015)

This variable contains the internal rotation angul ar nomentum quant um nunber
of the second di atom

Record 13: (JIN(I1J,3),1J=1,NDIM): (1015)

This variable contains the internal angular nmonentum quantum nunber which is
the vector sumof the internal rotational angular nonmenta of the first and the
second di at ons.

Record 14: |ETA IVIBJ, | SYMJ, | CALC. (415)
These vari abl es have the foll owi ng neani ngs:

| ETA is the eigenvalue of the operator for exchange of identical diatons
with eigenval ue -1**(1 ETA).

IVIBJ is a switch which determ nes whether rotational coupling is included
in the calculation of of the vibrational quadrature.
IVIBJ .EQ O neans use j-dependent vibrational states (rotational coupling).
IVIBJ .NE. O neans use j-independent vibrational states (no rotational
coupl i ng).

| SYMJ . EQ O neans use exchange synmmetry; |ISYMJ .NE. O neans do not use it.

| CALC governs the cal culation of angular integrals.

| CALC . EQ O neans cal cul ate angular integrals and conti nue.

| CALC .EQ 1 neans calculate angular integrals, and wite themto UNIT 2

| CALC .EQ 2 neans read pre-existing angular integrals fromUNIT 2 and

conti nue program executi on.

It is inmportant to note that if the nunber of terms in the expansion of the
interaction potential is decreased as a function of the propagati on coordinate,
then the existing angular integral nmatrix in FORTRAN unit 2 will be overwitten
when the nunber of ternms in the expansion is decreased. A subsequent run which
tries to use the original size of the potential expansion will crash with a
war ni ng nessage

In ANG NT, the dinensions have changed ... |,
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when it tries to read froma copy of FORTRAN unit 2 which has been overwitten,

where ... and ... are the nunmber of words currently in FORTRAN unit 2 and the
nunber of words requested by vgr3.

Record 15: NUMI1: (15)

This variable gives the initial nunber of terns in the expansion
of the interaction potential in Launay angul ar functions. |f NUMQ on
record 1 is greater than one, then after propagating past each RQUAD(I), new
val ues for the nunber of terns in the angul ar expansion are read from
record 23

Record 16: (1QL(1),1=1, NUMI): (1015)

This variable gives the first index of the I’th Launay function in which
the interaction potential is to be expanded.

Record 17: (1Q2(1),1=1,NUMI): (1015)

This variable gives the first index of the I'th Launay function in which
the interaction potential is to be expanded.

Record 18: (IMJ(1),1=1, NUMI): (10I5)

This variable gives the first index of the |I'th Launay function in which
the interaction potential is to be expanded.

NOTE: The 1Ql, Q@ and IMJ arrays will be reordered by the program
in order to put the sumIQL + | in increasing order. This facilitates the
dropping of terns later in the propagation, if NUMQ > 1.

Record 19: RMS, OVEGA, RCENT, OVEGGH, LRCENT, SCAL2: (4E15.7, L1, E15.7)

These vari abl es are used by SUBROUTI NE WEI GH whi ch cal cul ates the weights
and nodes for the vibrational quadratures which conpute the vibrational portion
of the interaction potential matrix. This routine calculates the weights for
t he quadrature given the (user-supplied) diatonmic potential curve (e. g. a
harmoni c oscillator or a Mdrse), by transfornm ng the wave function into a
harmoni ¢ oscillator basis and performing the integrals in that basis.

RVS is the reduced mass of the diatomin atonmic units.

OVEGA i s the angul ar frequency of the harnonic oscillator used in the basis.

RCENT is the equilibriumbond |l ength of the oscillator

OVEGGH is the frequency used to find scal ed Gauss-Hermite nodes. |f OVEGEH
is zero, OVEGA is used instead.

LRCENT is a | ogical variable.
If LRCENT .EQ .TRUE. calculate the value of the wave function at - RCENT.

SCAL2 governs scaling of the Gauss Hernite nodes.
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Record 20: NQAT, NBASI S, NPTSMX, | PRI NT, | NCDE, | WaHT: (61 5)

These vari abl es are used by SUBROUTI NE WEI GH whi ch cal cul ates the wei ghts
and nodes for the vibrational quadratures which conpute the vibrational portion
of the interaction potential matrix.

NQM is the order of the quadrature used to evaluate matrix el enents in the
harnmoni ¢ oscillator basis.

NBASIS is the nunber of harnpbnic oscillator states to include in the
expansi on.

NPTSMX is the maxi num size of the vibrational quadrature to be found
This rmust be greater than or equal to the |argest value of NQUAD on card
3.

IPRINT .GE. O for various debuggi ng output to standard output. This should
be used cautiously because it can generate |large quantities of output.

| NODE deterni nes the type of nodes used:

| NODE= 1 use sem -cl assi cal nodes.

| NODE= 2 use scal ed Gauss-Hernite nodes.

| NODE= 3 use Gaussi an nodes for the weight function PSI (1 WHT)**2.
| NODE= 4 call SDATA to get other (user-supplied) nodes.

It should be noted in passing that although SUBROUTI NE WEI GH has been tested
with all values of INODE, the elenents of the test suite included in
RMPROP- Version 2.1.2 only include the values 1 and 3. In addition, the user
shoul d supply a dummy version of SDATA for INODE = 1, 2, or 3 to prevent error
nmessages on | oadi ng.

| WGHT runs from 1 upwards, and is used in conjunction with | NODE . EQ 3.
Record 21: NI NT, NL, NSAVE, JSAVE, | HOM (51 5)

These vari abl es are used by SUBROUTI NE WEI GH whi ch cal cul ates the weights
and nodes for the vibrational quadratures which conpute the vibrational portion
of the interaction potential matrix.

NINT and NL only have meani ng when I NODE . EQ 1 (semiclassical nodes)

NINT is the nunber of intervals to be used by SUBROUTI NE NODE, which
cal cul at es seni-cl assi cal nodes.

NL is the order of Legendre interpolation used by SUBROUTI NE NODE, which
cal cul ates semi cl assi cal nodes.

NSAVE i s the nmaxi mum vi brati onal quantum nunber + 1 for which weights and
nodes are to saved on FORTRAN unit 1. If NSAVE is 1, special output is
generated for a rigid rotor.

JSAVE is the maxi numrotational quantum number - 1 of rotational states in
the calculation of the vibrational states. If no rotational-vibrational coupling
is desired, use JSAVE=0.
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| HOM shoul d be zero for a heteronuclear diatom 1 for a hononucl ear
diatomwith only odd rotational states or 2 for a honmonucl ear diatomwth
only even rotational states.

Record 22: NPTS: (15) Only if NSAVE. NE. 0; CARD REPEATED AT LEAST
FOR EACH VALUE OF NQUAD UNTIL O READ IN

This variable is used by SUBROUTI NE VWEI GH whi ch cal cul ates the wei ghts and
nodes for the vibrational quadratures which conmpute the vibrational portion of
the interaction potential matrix. No value of NPTS can be | arger than NPTSMX
and each val ue of NQUAD (see record 3) nust be a value of NPTS. The final NPTS
val ue nmust be zero.

Record 23: NUMI2: (15) CARD REPEATED NUMQ 1 TI MES

This variable is read in NUM)> 1 tines by POT in vgr3.f, whenever a val ue of
RQUAD(1) (see Record 5 above) is passed during the propagation. NUMI2 is the
new nunber of ternms in the Launay expansion for values of the propagation
coordi nate between RQUAD(I) and RQUAD(I+1) (for | less than NUMQ - 1), and for
val ues of the propagation coordinate greater than RQUAD(I) (for | equal to
NUMD . Note that the angular integral matrix discussed in Section 11.4.1
above will be re-witten to allow for the val ue of NUM.
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12. DESCRI PTI ON OF | NPUT/ QUTPUT FI LES

This section describes the various input/output files used by the nain
program The files are accessed in the FORTRAN program by neans of OPEN and

CLCSE st at enent s,

which refer to the files as "fort. X where X is the unit

nunber given in the first colum below. However, depending on the options used,

not all of the files may be required for a given run. In addition to these
units, in our test suite, subprograms PREPOT and POT utilize FORTRAN units 1, 2,
and 4. |If the user wishes to assign logical nanmes to these files, this nust be

done in the command streamused to subnit the job. For exanple, the comand

stream for test
5 as foll ows:

run 19. 13,

"hei 2r1.csh", assigns FORTRAN unit 4 and FORTRAN unit

/bin/fcp ${TDIR}/hei2r1.4 fort.4
/bin/cp ${TDIR}/hei 2r1.5 fort.5

Uni t | nput

3 I
5

6

10

11

12 I

14 I

15

16

17 I

18 I

> or =19

or O

or

or

or O

or O

O

Contains date and time of current run
| nput to nmain program

St andard out put .

Synmetri zed reactance matri x.

TAUE nmatrix and perhaps its inverse {8.7, 8.9}.
(nonASCl 1)

Transition nmatri x el enents.

Ei genphase sum of reactance matrix and r for each
asynptotic anal ysis (individual eigenphases and

ei genvectors are not witten to this file, but are
witten to FORTRAN unit 16).

Sector nidpoints and stepsizes.

Data saved by first case of type-1 second-case runs
(needed to begin second case of type-1 second-case
runs at a later date {8.9}). (nonASClI)

Short out put of diagonal elenents and first row of
scattering matrix for each energy/basis either at
convergence or RMAX, as appropriate.

RABC(1S) val ues and ei genphases and ei genvectors of
reactance matrix for each asynptotic anal ysis.

Restart information to continue current propagation
at later date. (nonASsCl 1)

Alternate restart infornation to continue current
propagation at |ater date. (nonASClI)

Di agnostic infornation at a specific sector selected
by the value of the input variable | SAW.
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A record-by-record sunmary of the input to the RMPROP code from FORTRAN unit

5. Note that the nunber of fields within each record nay not

mat ch t he FORVAT

gi ven because sone of the FORMVAT statenents are used for other purposes with the

subpr ogr ans.

Record nunber

10
11
12
13
14
15
16
17
18
19
20
21

22

| nput vari abl es
e
TI TLE2
LJRI, LRAMI
I D, NSECT, NAN, NSAVE, NVIB, NVIB1l, NNE
| REST, | SAVE, | SAVWV, [ UNXX, |FTXX
MUABC, NDIM JTOT
L(I), I =1, NDIM
NPD, NE, | RONS
PD(1), I =1, NPD
E(1), RSTART(I), OAMI), | =1, ABS(NE)

H(1), H(2), RMAX

NEPS
EPSA(1), | = 1, NEPS
EPSB(1), | = 1, NEPS
EPSC(1), | = 1, NEPS
HVINA(I), | =1, NEPS
HM NB(1), | =1, NEPS
HM NC(1), | =1, NEPS
HVAXA(1), | = 1, NEPS
HVAXB(1), | = 1, NEPS
HVAXC(1), | = 1, NEPS

REPSA(1), | = 1, NEPS

2L1

715

1015

Gl15. 6, 215
1015

315

1015
2G15.6,15

3G15. 6

5G15. 6
5G15. 6
5G15. 6
5G15. 6
5G15. 6
5G15. 6
5G15. 6
5G15. 6
5G15. 6

5G15. 6



23 REPSB(1), | = 1, NEPS

24 NCUSP

25 RCUSP(1), | = 1, NCUSP

26 EPSRED, RBI G NPROP

27 LPSINF, LPSYM1), | =1, 8, LOPUT

28 LPR(I), | =1, 10

29 EPSDR, RASYE

30 LBES, LTASY, LPEPS, |MATCH, | TPRNT,
| TCOL

31 | PMX

32 RPSM 1), | =1, |1PWX

33 LGS(1), | =1, 15

34 LBGS(1), | =1, 15

35 | OPT2, | OPT3

36 EPSMAG, EPSPH

37 NI ND

38 IND(1,1), | =1, M NN ND, 10)

39 IND(I,2), | =1, MN(N ND, 10)

13. 2 EXPLANATI ON OF | NPUT VARI ABLES

Record 1: TITLELlL: (A72)
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5G15. 6

5G15. 6
2G15.6,15
10L1

10L1
2Gl15. 6

3L1, 315

5G15. 6
20L1
20L1
214
2Gl6. 5
314
101 4

101 4

This variable is a line read in to describe the attributes of the specific

run (nol ecul ar system potential, total angular nmomentum energy).

first 72 characters are used.

Record 2: TITLE2: (A72)

Only the

This variable is a line read in to describe the purpose of the specific run

(e. g.
72 characters are used.

Record 3: LJRI, LRAMI: (2L1)

LJRI: if this variable is . TRUE

test suite, convergence with respect to stepsize,

the run will just

contents of FORTRAN unit 5 and stop with nmessage 5099.

continues nornmally.

etc.).

Only the first

read and echo the

is .FALSE. the run
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LRAMI: this variable controls the (in)honogeneous option {8.5, 8.6}. |If

it is .TRUE., then the honpgeneous option {8.5} has been selected (preferable
for heavy-body collisions). |If it is .FALSE., then the inhonogeneous option

has been sel ect ed.
Record 4: I D, NSECT, NAN, NSAVE, NVIB, NVIB1, NNE (715)

These variables are set to the input values for the current run. These
vari abl es correspond to the contents of the PARAMETER statenment which is
contained in the file "paraneter.inc" which is discussed in Sections 14 and
15 below. The values in paranmeter.inc are values used to di nension arrays in
many subroutines of the program and may be | arger than the val ues given here.

Record 5: | REST, |SAVE, |SAVY, |UNXX, |FTXX: (10I5)

These variabl es control the usage of restart information. For |arge
calculations, it nmay be advisable to save internmediate information which can be
used to restart the calculation with mininmal |oss of resources in the event of
conputer failure. These options are also useful to break up a large cal cul ation
into smaller pieces and to check internmediate results.

| REST: if nonzero, this becomes a restart run. The programw |l attenpt
toread in restart information (witten by an earlier run with the sane size
basi s set and energy) fromeither FORTRAN unit 17 or FORTRAN unit 18 dependi ng
upon the value of IREST. |If IREST = 17 then the programreads from FORTRAN unit
FORTRAN unit 17; if IREST = 18 then the programreads from FORTRAN unit 18, and
i f 1 REST has any ot her nonzero vale then the programissues a warni ng nessage
and attenpts to read from FORTRAN unit 17. In order to restart successfully,
| SAVE nmust have been nonzero in the original run

| SAVE: restart information will be saved every | SAVE sectors alternating
bet ween FORTRAN unit 17 and FORTRAN unit 18 if | SAVE is greater than zero.

| SAW: This is the maxi num nunber of sectors to propagate in this run
That is, when sector nunber |SAVV is reached, diagnostic information is saved
and the program stops. The program cannot be restarted fromthis information
The out put generated by this option is only meant to be diagnostic in order to
nmake sure that the programis running correctly before proceeding with a |arge
run. |If ISAW is read in as 0, this option is disabled.

| UNXX: used in conjunction with I SAVW. |UNXX denotes the logical unit to
whi ch di agnostic information should be witten when IS (the sector nunber)
equal s I SAW (not ISAVE!). If an invalid unit nunber is chosen (less than 19)
then TUNXX is set to 19; if IUNXX is set to O then infornmation is witten to
standard output (FORTRAN unit 6).

| FTXX: used in conjunction with IUNXX and | SAW. If nonzero the out put
is witten in binary (unformatted) form if zero the output is witten in
formatted form (If output is witten to FORTRAN unit 6, this is overridden
and output will be witten in formatted formregardl ess of |FTXX).
Record 6: MJABC, NDIM JTOT: (Gl5.6, 215)

MUABC. the reduced mass for the system {8.2}.
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NDI M the nunber of close coupled equations to be solved {8.2}. ND M
nmust be | ess than or equal to the PARAMETER I D.

JTOT: the total angular nomentumfor the run. {8.2}
Record 7: L(I), I =1, NDIM (10I5)

L(l): the orbital angular nomentumfor the |I’'th channel {8.2}.
Record 8: NPD, NE, |IROANS: (3I5)

NPD: the nunmber of contracted basis set dinmensions to run. NPD nust be
| ess than or equal to 10. Note that only one of NPD, NE, or NEPS can be greater
than 1 in a given run.

NE: indicates the nunmber of multiple energy/multiple orbital angul ar
monentum mul tiple starting point runs to be performed {8.9}. If positive then NE
energies will be run using type-1 second energies. If negative, -NE energies
will be run using type-2 second-case runs. Note that only one of NE, NPD, and
NEPS can be different from1l at any tine.

|RONE: a flag to control reading or witing propagation information {8.9}
and type-1 second-case data.

IRONS = -1 to performa type-1 second-case run used data files generated
in a separate run. This requires the files FORTRAN unit 8, and FORTRAN UNI T 14,
which is produced using IROA5 = 1 or IROAM5 = 4. In this case NE should be
greater than 1 and the first energy, first RSTART and first OQAMread in will be
i gnored (see record 7).

IRONS = 0 to performa single energy run or a nmultiple energy run in
which no data is saved for | ater-date second-case runs.

RO = 1 to save the necessary data on FORTRAN unit 8 and FORTRAN unit
14 for a later-date second-case run.

| RONS

2 towite the sector mdpoints and stepsizes to FORTRAN unit 12.

| RO = 3 to read the sector nidpoints and stepsizes from FORTRAN unit 12
and use themfromthe 3rd sector onwards.

| RO = 4 reads stepsizes like |IROA5 = 3 and writes second-case
information Iike | ROANS = 1.

Record 9: PD(1), |I = 1,NPD: (1015)
PD(1) is the starting size of the I'th contracted basis set {8.7}. The
program does a scattering calculation for | = 1, NPD. Note that PD(l) nust be
at least 1 and at nobst NDIM

Record 10: E(1), RSTART(l), OAMI), | = 1, ABS(NE): (2Gl5.6,|5)

E(l): the total energy of the I'th multiple-case run {8.8}. Recall that
if IRONs = -1, then E(1) is not used.
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RSTART(1): the center of the first sector for the I'th nultiple-case run
{8.4}. The smallest value of RSTART(l) nust be RSTART(1). Also note that
RSTART(1)-H(1) nust be greater than zero. |If IROAS = -1, RSTART(1) is not used.

OAMI): the orbital angular nonentumin every channel for the I'th
mul ti pl e-angul ar-monentumrun {8.8}. |If any of the OAM|) are nonzero, then all
of the L(I) (see input record 7 above) nust be zero. If IRON = -1, OAM 1) is
not used.

Record 11: H(1), H(2), RVAX: (3Gl5. 6)

H(1): the stepsize in the first sector {8.4}.

H(2): the stepsize in the second sector {8.4}.

RMAX: the maxi mumintegration distance {8.4, 8.15}.

Record 12: NEPS: (15)

NEPS:. the nunber of stepsize criteria to be used. The program does a
separate scattering cal cul ati on using each of the NEPS val ues of the stepsize
parameters. NEPS nust not be greater than 5 and if it is greater than 1, only
si ngl e-energy and singl e-basi s-set runs are possible. Note that only one of
NPD, NE, or NEPS can be greater than 1 in a given run.

Record 13: EPSA(l), | =1, NEPS: (5GL5.6)

EPSA(1): the variable stepsize criterion for r less than REPSA(1) {8.4}.
A typical value is 0.1.

Record 14: EPSB(1), | = 1, NEPS: (5Gl5.6)

EPSB(1): the variable stepsize criterion for r greater than or equal to
REPSA(1) but less that REPSB(I) {8.4}. A typical value is 0.1.

Record 15: EPSC(1), | = 1, NEPS: (5GL5. 6)

EPSC(1): the variable stepsize criterion for r greater than or equal to
REPSB(1) {8.4}. A typical value is 0.1.

Record 16: HM NA(I), | = 1, NEPS: (5GL5. 6)

HM NA(1): the mninum stepsize for r Iess than REPSA(I) {8.4}. A typical
value is 0.001 to 0.1 bohr.

Record 17: HMNB(1), | = 1, NEPS: (5GL5. 6)

HM NB(I1): the m ninum stepsize for r less than REPSB(1) {8.4}.
Record 18: HM NC(1), |I =1, NEPS: (5GL5. 6)

HM NC(1): the mninmum stepsize for r I ess than REPSA(I) {8.4}.

Record 19: HVAXA(1), | = 1, NEPS: (5Gl5. 6)
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HVAXA(1): the maxi num stepsize for r less then REPSA(I) {8.4}. Typically
HVAXA is | arge enough so that the stepsize is unlimted; or is set equal to
HM NA(l1) to ensure fixed stepsizes.
Record 20: HMAXB(I), | =1, NEPS: (5Gl5. 6)

HVAXB(1): the maxi num stepsize for r Iess then REPSB(1) {8.4}. Typically
HVAXB is | arge enough so that the stepsize is unlimted; or is set equal to
HM NB(1) to ensure fixed stepsizes.
Record 21: HVAXC(l), | =1, NEPS: (5GL5. 6)

HVAXC(1): the maxi num stepsize for r less then REPSA(I) {8.4}. Typically
HVAXC is | arge enough so that the stepsize is unlinited; or is set equal to
HM NC(1) to ensure fixed stepsizes.
Record 22: REPSA(I), | =1, NEPS: (5Gl5. 6)

REPSA(1): the distance which demarcates the end of the first stepsize
criterion region {8.4}.

Record 23: REPSB(I), | = 1, NEPS: (5GL5. 6)

REPSB(1): the distance which demarcates the end of the second stepsize
criterion region {8.4}.

Record 24: (NCUSP): (15)

NCUSP: the nunber of cusps in the potential {8.4}. A cusp is a place
where the potential is continuous but has discontinuous first derivatives.

Record 25: RCUSP(Il), |I =1, NCUSP : (5F15.6) (Include even if NCUSP = 0)
RCUSP: the location of the I'th cusp {8.4}.
Record 26: EPSRED, RBIG NPROP: (2Gl5.6, 2L1)
EPSRED. the criterion to drop uncoupl ed channels fromthe propagation
{8.7}. The programw Il drop channels only when r is greater than RBIG Only
asynptotically closed channels are dropped. A typical value is 10"-6.
RBI G the distance where the programw |l first test to see if it can
drop channels from propagation {8.7}. The programw |l only drop channels for
t he honbgeneous option {8.5}.

NPROP: governs node of propagation {8.10}.

If NPROP = 0 then explicitly calculate sector r matrices and use inverse of
overlap matri

x

If NPROP = 1 then explicitly calculate sector r matrices and use transpose
of overlap matri x.

If NPROP = 2 then do not explicitly calculate sector r matrices and use
i nverse of overlap matrix.
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overlap matrix) is not rigorous for PDIMIess than NDI M e. where channel s
are dropped from propagation. NPROP = 2 is valid only for the honbgeneous
option {8.5}.

NPROP = 2 is the fastest of the options, and NPROP = 1 (the transpose of the
i
r

Record 27: LPSINF, LPSYMI), | =1, 8, LOPUT: (10L1)

LPSINF: if .TRUE., for r greater than RBIG in every sector the sector
nunber, sector m dpoint and EFACT (the sum of the elements of the first row of
the potential matrix, less the diagonal, if available) will be printed

LPSYM1): if .TRUE., test the symmetry of the R matrix at each sector
4
for each energy just before entering subroutine RPROP

LPSYM 2): if .TRUE., test the orthogonality of the TAUE matrix {8.7}
for each energy just after initial call to subroutine TAUMIS, for all r > RBIG
This option only works for LTYPE2 second case runs.

LPSYM 3): if .TRUE., test the synmetry of the R matrix at each sector
4
after call to subroutine TAUMIS and before stepsize determ nation

LPSYM 4): if .TRUE., upon entrance to subroutine GNSCAT, cal culate the
maxi mumrel ative difference and the average relative difference of the
of f -di agonal el ements, and print out the Rmatrix in the mxed basis {8.11}.

LPSYM5): if .TRUE., print out the R matrix transfornmed to the
asynptotic basis {8.11}, and print out the naxinmumrel ative difference and
average relative difference of the off-diagonal el enents.

LPSYM6): if .TRUE., print out the maxi mumrel ative difference and the
average relative difference of the off-diagonal el enents of the reactance
matrix, and print out the reactance matrix itself.

LPSYM7): if .TRUE., in subroutine RPROP, check the symetry of the R
matrix every five sectors and print out the sumof the first row and trace.

LPSYM8): if .TRUE, in subroutine GNSCAT, print out the matrix EFASY from
subroutine POT, the matrix of eigenvectors at the nost recent sector, and
the matrix which transforns fromthe current sector basis to the asynptotic
basis. It also prints out the suns of the squares of all elenments of these
matrices, and information such as the current nunmber of channels propagated, and
t he nunber of asynptotically open channels at the current energy. This
generates a great deal of output and should only by used if necessary to help
debug a new potential energy surface.

LOPUT: if .TRUE., sone information concerning the output is printed.
Record 28: LPR(I), I =1, 10: (10L1)
LPR(1): if .TRUE., print execution tinmes of various tasks.

LPR(2): if .TRUE., print asynptotically diagonalized D {8.7} matrix at
all energies.
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LPR(3): is not used

LPR(4): if .TRUE., print the interaction matrix at each sector at the
first energy.

LPR(5): if .TRUE., print the eigenvalues at the center of each sector at
all energies.

LPR(6): if .TRUE., print the eigenvectors at the center of each sector
at all energies.

LPR(7): if .TRUE., print the TAUE {8.7} matrix and its inverse (TINVE)
at each sector.

LPR(8): if .TRUE., print the sector r matrices at each sector
LPR(9): if .TRUE., print the global R matrix at each sector for the
4

honbogeneous option {8.5}, and print the global R nmatrix at each sector for the
i nhombgeneous option {8.6}.

LPR(10): if .TRUE., print the sector nidpoints and stepsizes.
Record 29: EPSDR, RASYE: (2Gl5. 6)

EPSDR: the criterion to drop closed channels in the asynptotic anal ysis
{8.12}. A typical value is 0.001

RASYE: a di stance where the potential has reached its asynptotic val ue,
the distance at which various quantities needed for the | arge-R boundary
conditions will be evaluated {8.13}.

Record 30: LBES, LTASY, LPEPS, |NMATCH, |TPRNT, |TCOL: (3L1,315)

LBES: if .TRUE., the programw ||l match to Ricatti-Bessel functions
{8.13}. O herwi se, sine/cosine functions will be used.

LTASY: if TRUE., prior to perforning the asynptotic analysis, the
channel s are transformed into the asynptotic basis using the array EFASY
supplied by (the user-supplied subroutine) POT {8.11}. This procedure requires
that all of the open channels occur before all of the closed channels.

LPEPS: if .TRUE., the eigenphase sumw || be calculated and the results
witten to FORTRAN unit 6.

| MATCH: specifies the wavevectors used in the asynptotic anal ysis
{8.13}. One nornmally uses | MATCH = 0.

| MATCH = 0: use the asynptotic wave vectors, evaluated at RASYE

| MATCH
sector.

| MATCH = 2: use the eigenenergies calculated at the outer edge of the
current sector.

1: use the eigenenergies calculated at the middl e of the current
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| TPRNT: the nunber of rows of the T matrix to wite to FORTRAN unit 10.

| TCOL: the nunber of columms of the T matrix to wite to FORTRAN unit 10.
| TPRNT and | TCOL are separate options from LGS(14) which also saves the T matrix
on FORTRAN unit 10.

Record 31: IPMX: (I5)

| PMX: the nunber of internedi ate distances at which the asynptotic
analysis is carried out. |PMX nmust be |less than or equal to 20. Depending on
the values of LGS(2) and |1 OPT2, the asynptotic analysis at sone internediate
di stances may not print out any information, but the real and imagi nary portions
of the scattering matrix at the first energy {8.15} will be saved for
conpari son.

Record 32: RPSMI1), | =1, IPMX (5Gl5.6) (Include even if |IPMX = 0)

RPSMI): an internedi ate di stance at which the asynptotic analysis wll
be performed {8.15}. RPSM ) should be greater than RBIG The program perforns
the asynptotic analysis at the first sector for which RABC(IS).GE RPSM 1),
except if the previous asynptotic analysis (RPSM1-1)) was perforned at the
previous sector (I-1). 1In the latter case, the present internedi ate distance
asynptotic analysis is skipped.

Record 33: LGS(l), I =1, 15: (20L1)

LGS(1): if .TRUE., then each tinme the scattering matrix is printed the
programw || also print RABC(i), the midpoint of the sector, and EFACT, which is
the sum of the off-diagonal elenents of the first row of the potential matrix.

LGS(2): if .TRUE., print the scattering matrix one or nore tines based on
the followi ng options by setting the integer input variable |OPT2 = j.

j option chosen

(1) each tinme it is cal cul ated

(2) for the previous and current sectors after the cal cul ations
converge: this choice will lead to errors unless the asynptotic
analysis is perforned at |east tw ce, for exanple once when
RABC(IS) is less than RMAX and at the first sector for which
RABC(IS) is greater than or equal to RMAX

(3) in the |ast sector only (determ ned by the value of NSECT or

of RNAX).

LGS(3): if .TRUE., check unitarity and print checks each tine the
scattering matrix is printed.

LGS(4): if .TRUE., in the last sector calculate and print the phase
shifts.

LGS(5): if .TRUE., in the last sector calculate and print the cross
sections. (These need to be sunmed over JTOT {8.2} to yield the observable
i ntegral cross sections).
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LGS(6): if .TRUE., in the last sector calculate and print the transition
probabilities.

LGS(7): if .TRUE., in the last sector print the reactance matrix.

LGS(8): if .TRUE., in the last sector try to calculate and print the
gquantities requested in LGS(4), LGS(5), and LGS(6) even if the cal culations
calculations are term nated before convergence is reached: this option will also
work if the asynptotic analysis is not performed at any internediate di stances.

LGS(9): if .TRUE., calculate the symretrized reactance matri x sel ect one
of the follow ng options by setting the integer input variable |OPT3 equal to j.

option (j)

(1) synmetrize the reactance matrix by inposing the |ower [eft
triangle on the upper right.

(2) symetrize the reactance matrix by inposing the upper right
triangle on the |ower left.

(3) synmetrize the reactance matrix by setting rscat(i,j) =
rscat(j,i) equal to the arithmetic nean of the originally
cal cul ated of f di agonal el enments.

(4) each of the above in turn

LGS(9) mnmust be true if any of the following are true:

LGS(10): if .TRUE., in the last sector print the symetrized reactance
matri x.

LGS(11): if .TRUE., in the last sector print the symmetrized scattering
matri x and check unitarity.

LGS(12): if .TRUE., fromthe symetrized matrices calculate and print the
quantities requested in LGS(4), LGS(5),and LGS(6).

LGS(13): if .TRUE., wite the symetrized reactance matri x ont o FORTRAN
unit 7.

LGS(14): if .TRUE., wite JTOT (the total angular nonentun), the energy
and the transition matrix to FORTRAN unit 10 using (1X 15, 1PE15.8) and
(1X, 1PE13.6) format. Subroutine EXSCAT will do this.

LGS(15): if .TRUE., calculate and wite the eigenphases. The ei genphases
as a function of r will be witten with r on FORTRAN unit 11, and the
ei genphases, r and the eigenvectors will be witten on FORTRAN unit 16.
Record 34: LBGS(1), | = 1,15: (20L1)

LBGS specifies what is printed when a value of RPSMis reached. The
LBGS(1) have the same neaning as the LGS(I).

Record 35: 10PT2, I0OPT3: (315)

| OPT2: used to determine if and when the scattering matrix will be
printed out during the asynptotic analysis. The options are as foll ows:
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| OPT2: Scattering matrix will be printed:
(1) each tine it is calculated
(2) for the previous and current sectors after the cal cul ations
converge: this choice will lead to errors unless the asynptotic
analysis is perforned at (at |least) one internedi ate distance.
(3) in the last sector only

| OPT3 deternines the nethod used to symmetrize the reactance matrix
{8.14}. The allowed values for |10OPT3 are:

| OPT3: Method of symetrization enpl oyed

(1) synmetrize the reactance matrix by inposing the |ower |eft
triangle on the upper right.

(2) symmetrize the reactance matrix by inmposing the upper right
triangle on the |lower left.

(3) synmetrize the reactance matrix by setting rscat(i,j) =
rscat(j,i) equal to the arithmetic nean of the originally
cal cul ated of f di agonal el enments.

(4) each of the above in turn

Record 36: EPSMAG, EPSPH (2Gl6. 5)

EPSMAG. The convergence criterion for the nagnitude of the relative
convergence of the scattering matrix elements {8.15}, if it is nonzero. |If it
is zero then the magni tudes are not tested.

EPSPH. The convergence criterion for the magnitude of the relative
convergence of the phase of the scattering matrix elenents {8.15}, if it is
nonzero. |If it is zero then the phases are not tested.

The remaining records are read in if and only if either EPSMAG or EPSPH or
both are nonzero.

Record 37: NI ND : (314)

NI ND: the nunber of individual elenents of the scattering nmatrix which
will be tested for convergence with respect to increasing rmax {8.15}.

Record 38 IND(I1,1), | =1, MNO(N ND, 10): (10l 4)

IND(l,1): an array containing the channel nunbers for the initial states
of the scattering matrix elenents to be tested for convergence with respect to
i ncreasing rmax {8.15}.

Record 39: IND(1,2), | =1, MNO(N ND, 10): (10l 4)

IND(l,2): an array containing the channel nunbers for the final states of
the scattering matrix elements to be tested for convergence with respect to
increasing rmax {8.15}. It should be enphasized that IND(I,1) and INDI, 2)
refer to channels and not to internal quantum nunbers. For exanple, if N ND
were 1, and IND(1,1) = 3 and IND(1,2) = 4, then the only elenent of the
scattering matrix to be tested for convergence would be (3,4).
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14. ARRAY DI MENSI ONS AND MEMORY CONSI DERATI ONS

There are seven paraneters specifying the anount of menory allocated in this
program They are:

| DX: nust be greater than or equal to the naxi mum nunber of prinitive
basi s functions {8.2}.

NSECTX: nust be greater than or equal to the nmaxi mum nunber of sectors
{8.4}.

NANX: nust be greater than or equal to the nmaxi mum nunber of angul ar
nonent um quant um nunbers per channel, excluding the orbital angular nonentum
for relative notion.

NSAVEX: nust be greater than or equal to the nunber of TAUE {8.7}
matrices and their inverses saved in nmenory for type-1 second-case runs {8.9}.

NVI BX: must be greater than or equal to the maxi mum nunber of vibrationa
guant um nunbers per channel

NVI B1X: nust be greater than or equal to the average amount of space per
channel pair to allocate for the array BPOT for use by SUBROUTI NE POT.

NNEX: must be greater than or equal to the nmaxi num nunber of second
energi es for type-2 second-case runs {8.9}.

NBARX: has the value IDX*(IDX+1)/2. Used to dinension the array PCDMI
used by the alternative ei gensystem anal ysis routine EV2RSP.

Al'l paraneters are set in "paranmeter.inc" which is passed to all subroutines
wher e needed by the FORTRAN statenent | NCLUDE "paraneter.inc"

The nmenory of the programis primarily conmposed of "big" arrays: those on
the order of (IDX IDX). A summary of the |argest arrays and a brief description
of the contents of each foll ows:

EFCNML( I DX, I DX): stores transpose of the eigenvectors of the D matrix
{8.11}.

BPOT( 1 DX, I DX, NVI B1X): stores data for SUBROUTI NE POT.

RIMT(I DX, 1 DX, NNEX): global R nmatrix for each type-2 second-case run

1

R2MI (1 DX, I DX, NNEX): global R matrix for each type-2 second-case run
2

R3MT(I DX, 1 DX, NNEX): global R matrix for each type-2 second-case run
3

RAMT(I DX, I DX, NNEX): global R nmatrix for each type-2 second-case run
4

EFASY(1 DX, I DX): stores eigenvectors in asynptotic basis.
TEMPBC( | DX, | DX*2): tenporary storage array.

TEMP2(I DX, I DX): tenporary storage array.
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TEMP3(I DX, I DX): tenporary storage array.

TAUE( | DX, | DX, NSAVEX) : stores overlap matrix {8.7}.
TI NVE( | DX, | DX, NSAVEX) : stores inverse of overlap matrix.

SPRRE(I DX, IDX): stores real elements of scattering matrix at previous
i nternedi ate di stance.

SPRIM I DX, I DX): stores imaginary elenments of scattering matrix at
previ ous internedi ate di stance.

PCDMI( NBARX) : packed interaction matrix for subrouti ne EV2RSP

The arrays RAMI, EFCNML, and BPOT nust exist at all tines.

The arrays RLIMI, R2MI, and R3MI nust exist if the inhonbgeneous option {8. 6}
is selected (LRAMI = . FALSE.).

The array EFASY nust exist at all tinmes if LTASY is .TRUE. (it usually is).

The arrays SPRRE and SPRI M nust exist at all tines if convergence wth
respect to distance is being performed according to EPSMAG and EPSPH.

If NPROP = 1 or 2, TINVE nmay be the sane as TAUE

If no nore than one reactance matrix symetrization option is used in
subrouti ne GNSCAT, then TEMP3 can be the sane as TEWMP2.

If NPROP = 2, and TYPE2 second energies are used, TEMP2 can be the sanme as
TAUE. NPROP will be set to zero for LRAMI = . FALSE..

If LRAMI = . TRUE. and NPROP = 2, then RIMI, RLMIML, R2MI, RZMITML, R3MTI, and
R3IMIML can be set equal to RAM.

For large runs, use NSAVE=1

Set NNEX = 1 unless the current run is a second-case run

For large IDX, the current nmenory requirenments are essentially

| DX* ( 26+NANX+NSECTX+2* NNEX+2* NVI BX+1 DX* ( 10+NVI B1X+2* NNEX+2* NSAVEX) )
i f the honpbgeneous option {8.5} is selected, and
| DX* ( 26+NANX+NSECT X+2* NNEX+2* NVI BX+I DX* ( 10+NVI B1X+8* NNEX+2* NSAVEX) )

i f the inhonobgeneous option {8.6} is selected.

The programis efficient in its use of nmenory, striving to attain a bal ance
bet ween | ow nenory requirenents and ease of usage. The nmenory requirenents for
t he executabl e i mages of the test suite vary between 168707 and 203796 64 bit
words on the Cray-2, including the code (120080 - 1718032 words), the
initialized data (7488 - 9603 words), and the uninitialized data (58951 -
261075 words).

The figures below include the nodules matrix.f, evdrsp.f, and sdrcray.f.

code initialized data uninitialized data tota
hf hf str1: 1718032 7518 311246 2036796
hehfr1: 120592 7488 58951 187031

heh2r 1: 140048 7488 111285 258821
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hf hf pbsr 1: 143120 9603 163554 316277
hf hf adr 1: 1580752 7526 101183 1689461
atdir1: 120080 7490 103913 231483
ehydr 1: 120240 7488 40979 168707
hei 2r 1: 1579760 7564 261075 1848399

where the code is conprised of the machi ne-1anguage version of the source deck
the initialized data is the data assigned val ues before run-tine (e. g. in BLOCK
DATA or PARAMETER statenents), and the uninitialized data is data which is only
assigned a val ue during execution
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15. DESCRI PTI ON OF LABELED COMMON BLOCKS AND PARAMETER LI STS

The program uses four |abel ed commopn bl ocks and one paraneter statenent to
facilitate the passing of information. They are

COVMON/ PTI MCM PARTI M 10)

COWON LCM LEFACT, LBES, LCONV, LEARLY, LENTER, LRAMT, LSTOP1, LSTOP2
COVMON/ TI MCOM T MC( 50)

COVMON/ PRNTCM | UNI TS, | FTXX

PARAMETER( | DX=i i 1, NSECTX=i i 2, NANX=ii 3, NSAVEX=ii4, NVI BX=ii5, NVl BLX=i i 6,
1 NNEX=i i 7, NBARX=( | DX* | DX+1) / 2))

where the letters "iil, ii2, ...” in the PARAMETER statenent are used to
i ndicate integers which may vary fromone test run to another according to the
system st udi ed.

O potential interest to the user are the provision of timngs to be passed
through TIMCOM and the el enents of the PARAMETER statenent. The entries in
the paraneter statenent are used to provide run-specific dinmensions to arrays so
that the arrays are only as large as required for a given el enent of the test
suite.

In the PARAVETER |ist above, the val ues passed have the follow ng functions:

IDX is used to dinmension many of the arrays in the programincl udi ng
RAMT, JIN, TEMPBC and others. [IDX is the size of the close coupling expansion
of the individual run

NSECTX is used to dinension arrays such as RABC whose size depends upon
t he maxi mum nunber of sectors allowed by the program

NANX i s generally used to dinmension arrays containing internal rotationa
guant um nunbers for the collision partners.

NSAVEX i s described in Section 14 of this manual

NVI BX denot es the maxi mum nunmber of the collision partners which are
allowed to vibrate. If NVIB =1 in FORTRAN unit 5, or if NVIBXis 1 in
paraneter.inc, then subroutine SUMS is inoperative.

NVIB1X is used to increase the size of array BPOT if necessary. BPOT is
di mensi oned (1 DX, | DX, NVI B1X) .

NNEX i s the maxi num nunber of second-case runs. For the test suite as
supplied, this is two. |If the user wishes to do a second-case run with nore
than two energi es/angul ar nonmenta/starting points then this value should be
i ncreased in the PARAMETER statenent; this may be done by nodifying the
file paraneter.inc (or the file which is copied to paranmeter.inc by the C shel
script executing the user’s program.

NBARX - the dinmension of the array PCDMI used by the alternative
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ei gensystem anal ysi s routine EV2RSP; it has the value IDX*(1DX+1)/2
In COWON TI MCOM , the val ues passed have the follow ng functions:
TIMZ(50) is an array used to hold timngs of various tasks performed by
the program |If LSTAP is .FALSE. then all the elenents of the array TIMC are
reset to zero before each new potential .
TIMZ(1) is a timng of reading input from FORTRAN unit 5.
TIMI(2) is atimng of calls to subroutine POT.
TIMI(3) is atimng of the rephasing (if desired) of the eigenfunctions
of the transformation matrix. This rephasing should not occur if LTASY is
. TRUE. .
TIMC(4) is a timng of calculating stepsizes for each sector.
TIMZ(5) is a timng of saving the previous sector’s D matri X.
TIMC(6) is a timng of dropping channels fromthe asynptotic anal ysis.
TIMI(7) is atimng of calculating the S matri x.
TIMZ(8) is a timng of subroutine EXSCAT.

TIMZ(9)-TIMZ(16) are timngs of the checks of LPSYM1)-LPSYM 8)
respectively. (The WRITE statenent for these is comented out.)

TIMC(17) is atimng of the matrix utility routine DGETRF (M NV).

TIMZ(18) is a tinming of the matrix utility routine DGEWMM
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16. SUBPROGRAM DESCRI PTI ONS

This portion of the manual contains a description of the main program and of
subroutines called by the main programand its subroutines (except subroutines
PREPOT, POT, and HEADER, which are described in Section 10, and the matrix
utility routines, which are described in Section 17). This section is divided
into three subsections. The first subsection contains a description of the nmain
program and of those FORTRAN subroutines called by the main programto perform
arithmetical tasks, regardless of the version of the program The renaining
subsections contain descriptions of the system dependent utility routines,
"sdrcray.f", "sdrrs6000.f", "sdrsun.f", and "sdral pha.f".

16.1 MAI N PROGRAM AND FORTRAN SUBPROGRANS

PROGRAM RVPROP: driver or main program reads in control data for the run
and physical information concerning the systemand calls other subroutines.
Execution stops here on normal conpletion.

SUBROUTI NE DROP: drops channels which are uncoupled fromall other
channel s from the propagati on and cl osed channels fromthe asynptotic analysis
{8.7, 8.12}.

SUBRQUTI NE EXSCAT: cal cul ates phase shifts, contributions to the state-
to-state cross sections fromthe value of the total angular nmonentum bei ng
considered, transition matrix el enents and transition probabilities.

SUBROUTI NE GNSCAT: cal cul ates scattering and reactance matrices, and from
t hese cal cul ates ot her variables according to contents of |ogical array LGS

SUBROUTI NE MATCH: cal cul ates the square of the |ocal wave vector and the
nunber of open channels at the local r {8.13}.

SUBROUTI NE PRNTM2: cal l ed by many other routines to print out elenments of
square matrices in a particular fashion.

SUBROUTI NE PRNTSU: prints out conplex valued scattering matrix and tests
its unitarity.

SUBROUTI NE PRSCAT: reads in logical and control variables used in the
asynptotic anal ysis (subroutine GNSCAT).

SUBROUTI NE RBES: cal cul ates regular and irregular Ricatti-Bessel
functions and their derivatives.

SUBROUTI NE RPROP: cal cul ation of sector r natrices, and global R nmatrix
4
for the honogeneous option {8.5}, and global R matrix for inhonogeneous option
{8.6}.

SUBROUTI NE SUMS: takes 1 row of transition probability matrix and suns
the results first by m’'s and then by j 's. This assunes that the channel
j sum
guant um nunbers are appropriate for di atomdi atom scattering.

SUBROUTI NE TAUMTS: cal cul ates TAUE matrix {8.7} and perhaps its inverse.
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SUBROUTI NE TDUMP: writes TAUE {8.7} and perhaps its inverse to FORTRAN
unit 8 for type-1 {8.9} second-case runs.

SUBROQUTI NE TI TLES: prints description of sector-by-sector output or
prints the sector-by-sector output itself.

SUBROUTI NE TLOAD: reads TAUE {8.7} and perhaps its inverse from FORTRAN
unit 8 for type-1 {8.9} second-case runs.

16.2 UTILITY ROUTI NES
16.2.1 UTILITY ROUTI NES FOR THE CRAY-2
The nmodul e "sdrcray.f" contains the followi ng subroutines:

SUBROUTI NE DATTIM a utility subroutine which is called by the main
programto return the cal endar date and tinme. It calls a Cray systemroutines
DATE( CDATE) and CLOCK(CTI ME) where CDATE and CTI ME are each CHARACTER * 10
variables, to obtain the date and tine, and returns a character string
CHARACTER*80 TI MDAT contai ning the date and tine.

SUBROUTI NE SECOND: a utility subroutine which is called by the main
program and a nunber of other subroutines. It calls the Cray system subroutine
to cal cul ate CPU seconds taken by a task.

16.2.2 UTILITY ROUTINES FOR THE | BM RS/ 6000

The nmodul e "sdrrs6000.f" contains the foll ow ng subroutines:

SUBROUTI NE SECOND: a utility subroutine which is called by the main
program and a nunber of other subroutines. It calls an |IBM system subrouti ne,
MCLOCK, to cal cul ate CPU seconds taken by a task.

SUBRQUTI NE DATTIM a utility subroutine which is called by the main
programto return the calendar date and tinme. It calls a UNIX C Shell routine
(included with the program) to obtain the date and tinme, and returns a character
string CHARACTER*80 TI MDAT containing the date and tine. It should be noted
that the C Shell routine, "dateclock.c", nust be conpiled with the ¢ conpiler.
The shell scripts included with the programdo this automatically.

16.2.3 UTILITY ROUTI NES FOR THE SUN SPARCSTATI ON:
The nodul e "sdrsun.f" contains the follow ng subroutines:

SUBROUTI NE SECOND: a utility subroutine which is called by the main
program and a nunber of other subroutines.

SUBROUTI NE DATTIM a utility subroutine which is called by the main
programto return the cal endar date and tinme. It calls the Sun version of the
routine FDATE to find the date and tinme, and returns a character string
CHARACTER*80 TI MDAT contai ning the date and tine.
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16. 2.4 UTILITY ROUTI NES FOR THE DEC ALPHA:

The nodul e "sdral pha.f" contains the follow ng subroutines:

SUBRQUTI NE SECOND: a utility subroutine which is called by the main
program and a nunber of other subroutines. It should be noted that this routine
is not consistently reliable in the current version

SUBROUTI NE DATTIM a utility subroutine which is called by the main
programto return the cal endar date and tinme. It calls the DEC version of the
routine FDATE to find the date and time, and returns a character string
CHARACTER*80 TI MDAT contai ning the date and tine.
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17. MATRI X UTILITIES

The matrix utilities used in RVWROP have been taken from ot her sources.
For conpl ete docunentation, the user is referred to references 7-12 in
Section 2. In the table that follows, we list all the subroutines from
ot her sources used to performmatrix and vector operations. Note that
di fferent versions of the code (see Sections 6.2-6.8 for nore infornation
on the versions of RWPROP) use different subroutines as well as different
sources for the same subroutines. 1In the table, F refers to FORTRAN source
codes distributed with the RVWROP distribution package, S referes to the
Cray SCILIB library, and IB refers to the |BM RS/ 6000 |ibblas.a library.

Routines not called fromthe RMPROP distribution package are given a
"-"  although they may be called by other called library routines.

Routi ne Type 2.1.1 2.1.1i 2.1.1ce 2.1.1cs 2.1.1xe 2.1.1xs
M NV - - - S S - -
MXVA - - - S S - -
EVDRSP - F - - - - -
EVI RSP - - F - - - -
EVCRSP - - - F - F -
RS - - - - S - S
D/ SDOT BLAS Level 1 F IB S S S S
D/ SNVR2 BLAS Level 1 F IB S S S S
D) SASUM  BLAS Level 1 F IB S S S S
D SAXPY  BLAS Level 1 F IB S S S S
D/ SSCAL BLAS Level 1 F I B S S S S
D/ SCOPY  BLAS Level 1 F I B S S S S
D/ SSWAP  BLAS Level 1 F IB - - - -
| DF SAMAX BLAS Level 1 F IB - - - -
D) STRW  BLAS Level 2 F IB - - - -
DGER BLAS Level 2 F IB - - - -
D/ SCEW  BLAS Level 2 F I B - - - -
D/ SCEMWM  BLAS Level 3 F I B - - S S
D/ STRSM  BLAS Level 3 F IB - - - -
D) STRM  BLAS Level 3 F IB - - - -
D) STRTRI  BLAS Level 3 F IB - - - -
D SGETRF  LAPACK F F - - S S
D/ SCETRS LAPACK F F - - S S
D/ SCETRI  LAPACK F F - - S S
D/ SGETF2 LAPACK A F F - - - -
D SLASWP LAPACK A F F - - - -
D/ STRTI 2 LAPACK A F F - - - -
| LAENV LAPACK A F F - - - -
LSAME LAPACK A F F - - - -
XERBLA LAPACK A F F - - - -

17.1 TIMNGS OF MATRI X UTI LI TY KERNELS

In order to decide on the optinmal set of matrix utilities for RWVMPROP-version
2.0, it was necessary to conpare the perfornance of various utilities on the
Cray-2, Cray X-MP, and |IBM RS/ 6000. The matrix operations for Version 2.1.2
have remained the sane as in Version 2.0, so we will |eave the foll ow ng
di scussion intact for reference (NOTE: the Cray C90 is nost simlar in
architecture to the Cray X-MP, although it is about four tines as fast as a
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Cray-2. These tests were performed before the Cray C90 was avail abl e.)
The matrix operations which are required by RWROP-Version 2.1.2 are
matrix-matrix rmultiplication, solution of a real |inear system of equations,
inversion of a real matrix, and the determ nation of the eigensystemof a rea
symmetric matrix. W discuss the subroutines tested for each of the
conputational tasks listed above in turn. (Since the inversion of a rea
matrix is only perfornmed during the asynptotic analysis at the end of a run by
RMPROP, and the najority of the work in finding the inverse of a matrix is
performed by one of the subroutines used to solve a system of |inear equations,
we have not perforned tinmings of the inversion routines.)

The Cray-2 and Cray X-MP (and Cray C90) have 64-bit architectures, so that
data which is single precision on the Cray nachi nes are doubl e precision on the
ot her machi nes (see Section 6.3 above). This is reflected in the nanmes of the
utilities: subroutine DGEMMis called SGEMM on the Cray nachines. However, for
simplicity we refer to the routines by their doubl e-precision nanes bel ow

For matrix-matrix nultiplication, we have conpared the two utilities MXMA,
taken fromthe Cray SCILIB scientific subroutine library, and DGEMM a Level -3
BLAS subroutine fromthe SCILIB subroutine library. Both MXMA and DGEMM exi st
as ANSI -standard FORTRAN 77 files, and as library subroutines on the
Cray- 2.

For the solution of a real linear solution of equations, the utilities we
have conpared include LUSOLV, which is a FORTRAN routine with unrolled DO LOOPs,
SUBROUTI NE LUBLAS, which is a version of SUBROUTINE LUSCLV with calls to the
BLAS routines in place of the DO LOOPs, SUBROUTI NE DGEFA and SUBROUTI NE DGESL
fromthe LINPACK |inear algebra |ibrary, SUBROUTI NE DGETRF and SUBROUTI NE DGETRS
fromthe LAPACK subroutine library, and SUBROUTINE M NV, fromthe Cray SCILIB
scientific subroutine library. O these routines, all but SUBROUTINE M NV exi st
as ANSI -standard FORTRAN 77 files. All of the routines except LUBLAS exist as
library subroutines on the Cray-2 (again where 64 bit precision is SINGE
PRECI SI ON on the Cray-2), and SUBROUTI NE DGEFA and DGESL exist as library
routi nes on the 1BM RS/ 6000. SUBROUTI NE LUBLAS, the LINPACK routines, and the
LAPACK routines all contain calls to the BLAS, which exist as both ANSI-standard
FORTRAN 77 files and library routines. W have conpared FORTRAN versi ons of
each of the routines where available, with both FORTRAN and |ibrary versions of
the BLAS, and library versions of these routines as well.

For the determ nation of the eigensystemof a real symmetric matrix, we
have conpared SUBROQUTINE RS, fromthe EI SPACK scientific subroutine library,
and SUBROUTI NE EVWRSP, witten by Stephen El bert of lowa State University.
SUBROUTI NE RS exi sts both as an ANSI-standard FORTRAN file and as an el enent of
the Cray SCILIB library. SUBROUTINE EVWRSP contains calls to the BLAS, and we
conpare timngs for various versions of EVWRSP with calls to both FORTRAN and
library versions of the BLAS on both machines. W also consider versions of
EVWRSP where the BLAS routines were replaced by FORTRAN DO LOOPs, and where
FORTRAN el enents of the subroutines ELAU and FREDA were replaced by calls to
t he BLAS.

Bel ow we present conparisons of timnmings for each of the kernels above, for
matri ces of dinmension 47 by 47, 236 by 236, and 1058 by 1058, taken from actua
runs of RMPROP. The tine given is the average of 10 executions of each routine,
except for the 1058 by 1058 matrix, which is the average of 2 executions. The
actual version of each kernel selected for the final programis described bel ow
t he conpari sons.
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>
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Timngs of Matrix Miultiplication (seconds)

0046 0.41 29.5

0022 0.071 6.0

0023 0.068 23.3

0098 0.076 6.6

Ti m ngs of Linear

.0088 1.2 58.1

. 037 2.1 146.9

. 016 0. 67 36.1

. 023 2.2 109. 2

. 014 1.73 87.1

. 017 0. 87 50. 2

. 0045 0. 27 10.5

. 0045 0.30 11.5

0017 0.12 9.2

0. 0037 0.30

Cray X-MP
47 236 1058
0.0032 0.29 26.5

0.0036 0.14 11.4

26.0

0.0014 0.13 11.9

.082 0.44 33.8

.031 1.16 59.3

.015 0.64 44.3

.019 0.89 50.3

.012 0.75 48.3

.133 0.66 48.2

.0045 0.24 16.0

. 0042 0.26 16.8

.0047 0.64 62.8

0.012 1.52

Equati on Sol uti ons

. 010 1.39

| BM RS/ 6000

0.0034 0.36 32.5

| BM RS/ 6000

.022 1.93 154.7

.22 1.91 150.7

.019 2.76 2707.0

. 019 2.83 2747.6

.022 2.43 212.0

0.0078 0.54 43.9

N A N A N A

N A N A N A
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Ti m ngs of Eigensystem Analysis of Real Synmetric Matrix (seconds)

Cray-2 Cray X-MP | BM RS/ 6000

size of matrix --> 47 236 1058 47 236 1058 47 236 1058

LAPACK DSYEV 0.300 1.94 103.2 NA NA NA  0.480 47.2 4132.7
( FORTRAN,

wi th FORTRAN

BLAS)

LAPACK DSYEV N A NA NA NA NA NA 0.350 33.3 2922.2
( FORTRAN,

with Library

BLAS)

EVVRSP 0.055 2.02 100.4  0.049 1.49 71.3 0.035 2.13  164.1
( FORTRAN,

Wi th FORTRAN

BLAS)

EVVRSP 0.030 1.02 47.8 0.030 0.99 49.7 0.025 2. 14 157.9
( FORTRAN,

with Library

BLAS)

EVVRSP 0.028 1.05 47.8 0.025 0.88 49.4 0.030 2.58 207. 4
( FORTRAN,

DO LOOPs

repl ace BLAS)

EVVRSP 0.08 2.98 152.2 0.071 2.10 102.0 0.040 2.34 163.7
( FORTRAN,

wi t h FORTRAN

BLAS i n ELAU

and FREDA)

EVVRSP 0.035 1.16 48.4 0.035 1.29 62.3 0.040 2.20 158. 7
( FORTRAN,

with Library

BLAS in ELAU

and FREDA)

RS 0.031 2.09 132.6 0.036 1.55 134.7 0.448 53.4 6122. 9
( FORTRAN)

RS 0.029 1.42 102.1 0.025 1.28 98.7 NA NA NA
(SCl LI B)
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Exani nati on of the tables above reveals the followi ng trends. For matrix-

matrix nultiplication, the FORTRAN version of DGEMMis superior to the FORTRAN
version of MXVMA on both the Cray and the 1 BM RS/ 6000. The library version of
MXMA is slightly faster than the library version of DGEMM on the Cray, and the
library version of DGEMMis vastly superior to either the FORTRAN version of
DGEMM or MXMA on the | BM RS/ 6000. Therefore, for matrix-matrix nmultiplication,
version 2.1.2 uses the FORTRAN versi on of DGEMM versions 2.1.2cs and 2.1.2ce
use the SCILIB version of SUBROUTI NE MXMA, and versions 2.1.2xs, 2.1.2xe, and
2.1.2i use the machine-appropriate library versions of DGEWM

For the solution of systens of |inear equations, the fastest FORTRAN code
is taken from LAPACK, on both the Cray-2 and the | BM RS/ 6000. However, when
library nodul es are included, the fastest routine on the Cray-2 is SUBROUTI NE
M NV, fromthe Cray SCILIB library, while the fastest routine on the |IBM RS/ 6000
is taken from LAPACK, including calls to the IBMIlibrary BLAS. The portable
version 2.1.2 uses the FORTRAN LAPACK routines, while the library LAPACK
routines are used in versions 2.1.2i, 2.1.2xs, and 2.1.2xe. The SCILIB version
of MNV is used in versions 2.1.2cs and 2.1.2ce.

For the solution of the eigensystemof a real symetric analysis, the choice
of the optimal subroutine is nore conplex. Anmong the FORTRAN nodul es, the
fastest subroutine on the Cray-2 is a version of Stephen El bert’s EVWRSP where
all of the BLAS routines are replaced by equival ent FORTRAN DO LOOPs (this
version is called EVCRSP). The fastest version on the IBM RS/ 6000 is a version
of Stephen El bert’s EVVRSP where el enents of the subroutines ELAU and FREDA are
replaced by calls to the FORTRAN BLAS (this version is called EVIRSP). When
library nodul es are included, the fastest subroutine on the Cray-2 varies with
the size of the matrix concerned. SUBROUTINE RS fromthe SCILIB routine is the
fastest for matrices of size 236 by 236 or smaller, but EVCRSP with calls to
the library BLAS is the fastest routine for the largest matrix tested. On the
| BM RS/ 6000, the fastest routine which includes any library routines is EVIRSP
with calls to the library BLAS

In order to make the version 2.1.2 as fast as possible, we have selected from
the routines descri bed above to perform matrix mani pul ati ons w t hi n RMPROP-
Version 2.1.2. In sumary, these matrix routines include three routines for the
solution of systens of |inear equations (DGETRF and DGETRS/ DGETRI), a routine
for matrix-matrix multiplication (DGEMM, and a routine for the ei gensystem
analysis of a real symetric matrix (EV2RSP). Version 2.1.2cs, 2.1.2ce,
2.1.2cx, 2.1.2ce, and 2.1.2i include specialized versions of these routines
i ntended to inprove the program s performance.

In addition, version 2.1.2ce and 2.1.2cx of the programallows calls to the
Cray Research Inc. scientific library (SCILIB) routines for the eigensystem
analysis of a real matrix, SUBROUTINE RS, for matrix-matrix multiplication,

MXMA, and for the solution of a Iinear systemof equations, SUBROUTI NE M NV, and
version 2.1.2i also includes subroutine calls to library versions of the BLAS
subroutines to speed up execution

We first discuss the subroutines above (DGETRF, DGETRS, DGETRI, DGEMV| and
EV2RSP) which are common to versions 2.1.2, 2.1.2xs, 2.1.2xe, and 2.1.2i of the
program and then di scuss those routines fromthe LAPACK and the BLAS libraries
which are called by these matrix utilities used in the distribution version of
the program whether or not these subsidiary routines are concerned with matrix
mani pul ations. Next, we supply the nanes of the routines which are unique to
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version 2.1.2cx and 2.1.2ce of the program their subsidiary subroutines where
applicable, and the source fromwhich we have obtained them Finally, we do the
sane for the I BM RS/ 6000 version of the program
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18. FATAL ERROR MESSAGES

The program attenpts to detect run tine errors and i nput errors whenever
possible. If an error is detected, the program ceases execution with an error
message of the form STOP N, where Nis an integer, and it wites this nessage to
FORTRAN unit 6. The |ist below gives the nessages by nunber for each routine
i n which they occur.

I n program RVPROP:

" STOP 5099’ Is not an error nessage but is issued for runs with LIJRI equal to
. TRUE. when reading and echoi ng of FORTRAN unit 5 is conplete.

" STOP 5100’ NDI M {8. 2} has exceeded the dinension |ID

" STOP 5200’ The nunber of type-2 second energies {8.9} exceeded the dinension
NNE.

" STOP 5300’ Is a flag when the user tries to run with both L(l1) and OAM I)

not equal to zero. The L(Il) should be used for genera
potentials only, and the QAM 1) for spherically symetric
potentials only.

" STOP 5400’ Cccurs when the left-hand side of the first sector would have
been | ess that zero.

" STOP 5500’ Is a flag when the user tries to run nore than one set of
stepsize criteria and nore than one energy at the sane tine.

" STOP 5600’ Cccurs when, for type-2 {8.9} second-case runs, the left hand
sides of the first sector for each energy are not lined up with
one anot her.

" STOP 5700’ Qccurs when there are problens with diagonalizing the D matrix
in the asynptotic region before beginning the propagation

" STOP 5800’ When there is an error in the diagonalization of the D matrix
at the first sector.

" STOP 5900’ Qccurs when reading in restart information from FORTRAN unit 17
or FORTRAN unit 18 and the variable 'LTHREW is true. This error
message is also triggered when the programtries to read data
froma non-existent FORTRAN unit 17 or FORTRAN unit 18. LTHREWIis
set to true by the nain program when convergence with respect to
t he nunber of sectors has been reached, or RVAX has been exceeded
{8.4,8.15}.

" STOP 6000’ Is not an error, but is triggered when the programis finished
witing to FORTRAN unit TUNXX: witing to FORTRAN unit I UNXX is
an infrequently used option and occurs when the sector nunber,
IS, equals the input value of | SAW.

" STOP 6100’ Is the error nessage whenever there is a probl em diagonalizing
the D matrix at finite distance.



" STOP 6200

" STOP 6300’

' STOP 6400

" STOP 6500’
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Is the flag if in programrnprop the symretry check of off-
di agonal elenents of Ris failed.
4
Is the message for normal, successful conpletion for single
energy, single basis set, single stepsize criterion runs.

Cccurs when the nunber of sectors exceeds the di nensi on NSECT
bef ore convergence for single energy runs.

Cccurs when the nunber of sectors exceeds the di nensi on NSECT
bef ore convergence for second-case runs.

I n SUBROUTI NE GNSCAT:

" STOP 981’

Refers to testing the channel ordering at internedi ate distances
or during the final asynptotic analysis. |If a closed channe
occurs during the ordering of the open channels or if an open
channel is anong the closed channels the code stops with this
error nessage.

I n SUBROUTI NE RPROP:

' STOP 13’

" STOP 133’

Cccurs in SUBROUTI NE RPROP when a zero eigenvalue is encountered.

Cccurs in SUBROUTI NE RPROP when the average val ue of the relative
error of off-diagonal elements of the R matrix is greater than

4
or equal to the tolerance set by the program

I n SUBROUTI NE TAUMIS:

' STOP 111’

Cccurs when there is an error in the inversion of the TAUE
matri X.
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19. TEST RUNS AND COVPI LATI ON

This section of the manual contains sone sanple input data sets for RWVPROP
and copi es of selected subsets of the output data. The systens involved in the
exanpl es are:

HF-HF R-R T transitions
(see references 5, 9, and 10 in Section 21)

He-HF RRR T transitions
(see references 6 and 7 in Section 21)

He-H collinear V-V, T transitions
2
(see reference 8 in Section 21)

Ceneral atomrigid rotor diatomR-R T transitions
(see reference 11 in Section 21 and the Appendi x of the METECC 94
Chapt er)

El ectron-H atom scattering
(see reference 12 in Section 21)

He-1 three-dinmensional R R T scattering
2
(see references 13 and 14 in Section 21)

He-H three-dinmension V,R T scattering
2
(see references A, B, and Cin Section 21)

Various options were used for each of these systens to test many different
avail abl e options. The HF-HF runs use several different potentials - the
Schwenke- Truhl ar potential energy surface (reference 5 in Section 21), the
Poul sen-Billing-Steinfeld surface (reference 9 in Section 21), and the surface
of Al exander and DePristo (reference 10 in Section 21).

The He-HF runs use the potential of Collins and Lane (reference 6 in
Section 21), and the potential for the He-H system for the collinear approach
2
of He to H is fromreference 8 of Section 21
2

The generalized atomrigid rotor diatonic scattering runs follow the
treatnent of Lester and Bernstein (reference 11 of Section 21). This test run
is of particular interest since the coupled equations were originally solved by
a different nethod (de Vogel aere’s algorithn) and using a different set of
units. Lester and Bernstein used reduced (dinensionless) units, which were
converted to atomic units for this program

The He-1 rotational scattering illustrates the expansion of the diatonic
2
potential of Schwenke and Truhlar (reference 13 in Section 21) in Legendre
functions, in order that the angular integrals in the potential nmatrix el enents
[ A12] becone anal ytic.
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We adopt the followi ng names for test runs:

hf hfstrl, hfhfstr2, hfhfstr3, hfhfstr4, hfhfstr5
hehfr1

heh2cdr 1, heh2cdr2

hf hf pbsr 1

hf hfadr1, hfhfadr?2

atdirl

ehydr 1

hei 2r1

heh2t kr 1, heh2t kr 2

The convention followed is that the first group of 4 letters refers to the
system under study, for exanple hfhf or heh2. If there is nore than one
potential surface being used for a given system the initials of the authors of
the potential surface are given after the name of the system e. g. "hfhfpbs" is
the Poul sen-Billing-Steinfeld surface for HF-HF but "hehf" has no author’s
initials following since we only study one surface for He-HF. Finally the rl
r2, etc. suffix refers to the nunber of the run for a given system and potenti al
surface. Therefore by this convention "hfhfstr2" is the second test run on the
HFHF system on the ST surface.

A convenient C Shell script is provided for running the test runs. To use
this script, called runtest.csh. In addition the file runtest.csh should be
executable (if it is not executable one may nmake it executable with the comand
chnod 750 runtest.csh).

Al'l sixteen test runs have been tested on a Cray-2, a Cray C90, and an
| BM RS/ 6000. 1In order to maintain portability, version 2.1.2 of the code
was run in all cases. This differs from RVWROP-Version 1.0, where the Cray-2
ran the Cray UNICOS version for all elenents of the test suite except hfhfstr2
and hfhfstr3, which ran the distribution version

The conpilation of the runs in the test suite is perfornmed separately for
each run in the test suite by the UNI X make utility. The make utility is a
general purpose utility which may be used to update and to naintain files within
a UNIX directory. By default, the nake utility assunes that files ending in
".f" are FORTRAN nodul es and that files ending in ".0" are object nodules. Wen
the make utility is invoked by the C Shell script, the date of creation of the
executable inage for that test run is conpared to the latest nodification date
of each of the FORTRAN subprograns which, when conpiled and |inked, conprise
that inage. Conpilation of an individual subprogramto create a new object
nodul e and |inkage of the new nodul e with existing object nodules to create a
new executable inage is performed only if the last nodification date for that
subprogramis later than that of the executable inmage, or if the object nodul e
correspondi ng to the FORTRAN subprogramis mssing fromthe current working
directory.

The file which we use to access the nmake utility is called "Mkefile.nak".
This file contains a nunber of UNI X environnent variabl e assignnments. These
envi ronnent variables are defined either by the C Shell script which drives
the specific test run (hereafter referred to as {TEST}.csh) or by runtest.csh.
The file runtest.csh chooses the environnent variables which vary by nachine
and operating system (UNICOS for the Cray, and Al X for the | BM RS/ 6000)
and sets variables which denote the directories files are
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| ocated for the benefit of {TEST}.csh. The files {TEST}.csh for individua
test runs set environnent variables specific to the test run. The file
"Makefile.mak" uses the follow ng environment variables:

Vari abl e Set by Meani ng
FTN runtest.csh conmand for FORTRAN conpiler step
LOAD runtest.csh command for FORTRAN I|inking step
FFLAGS runtest.csh options to FORTRAN conpiler step
SDR runt est.csh machi ne- dependent source code
PSSC {TEST}. csh potential -surface source code
C\VD {TEST}. csh execut abl e nane

NOTE: All of the {TEST}.csh files can be nodified sinply to run without

the use of runtest.csh. Conments within each of these scripts aid the user
in nodifying these to run individually. The file {TEST}.csh should be noved
fromdirectory script to the top directory of the distribution package. Then
the script nust be altered to set the environenent variables

FTN (see above)

LOAD (see above)

FFLAGS (see above)

D R top directory of distribution package

TDI R directory test (or where input files are kept)
FDI R directory src (or where source code is kept)

SDI R directory script (or where Makefile.mak is kept)

The file "Makefil e. nak" assunes that any FORTRAN subprograns ot her than
those of the elenments of RWPROP-Version 2.1.2 (rnprop2.f, gnscat2.f, and
exscat2.f) or nachi ne-dependent routines (sdrcray.f, sdrrs6000.f, etc) wll
be defined by the variable PSSC. Therefore, if the user w shes to use the
supplied C Shell scripts and Makefile.mak to run this programwith his or her
own potential routines, then he or she nust define PSSC in the new script
before calling Mkefil e. nak.

In order to conpile and Iink the prograns listed in the test suite, ensure
that "runtest.csh"” is in the top directory of the distribution package. Al
other files should be in the directories specified in Sections 5 and 20.

Enter the conmand

runt est.csh TESTNAME

where TESTNAME is a nanme of an elenent of the test suite, such as hfhfstrl
hehfrl1l, etc. The conpilation and |Iinking are perforned automatically when the
make utility is called by the C Shell script, and as expl ai ned above, will only
need to be repeated if one of the FORTRAN nodules is nodified or an object file
del eted. CAUTION a change to the PARAVETER statenent in the file paraneter.inc
or Xxx.param (see Section 15 of this manual) will necessitate renoval of
existing object files (those with a suffix of '.0") and re-conpilation of the
program The rest of this section gives detailed I NPUT and OUTPUT for the

el ements of the test suite
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19.1 TEST RUN hf hfstrl

HF(v = 0,j =0) + HFR(v = 0,j =0) -> H(v =0,j =j') + H(v =0,j =j")

This sanmpl e run solves the close coupling equations for fully 3-di nensiona
scattering of a vibrating rotor fromanother vibrating rotor at non-zero tota
angul ar nomentum The run is perfornmed at a single energy, with 47 channel s,
and uses the "fast" propagator, NPROP = 2 {8.10}.

The run uses fixed stepsizes throughout the propagation, and it saves
restart information alternating between FORTRAN units 17 and 18. The asynptotic
analysis is performed at 2 internedi ate di stances, and conparison is nmade of the
phases and nmgni tudes of the scattering matrix elenments coupling the first
channel to the second, third, and fourth channels, using the input tol erances
EPSMAG = 0.001 and EPSPH = 0.001 {8.15} respectively. The asynptotic boundary
conditions are enforced by matching to Bessel functions using the asynptotic
(r = 5000.0 bohr) wave vectors.

In order to run this test program performthe follow ng steps:

1) Ensure that the following files are all present:

test/hfhfstrl. 4 (i nput data for FORTRAN unit 4)
test/hfhfstrl.5 (i nput data for FORTRAN unit 5)
test/hfhfstrl.param (include file of parameters copied to paraneter.inc)
runtest.csh (C Shell script to run program

script/hfhfstrl.csh (C Shell script to manage files for this test run)
script/ Makefil e. mak (file for UNI X nake utility to perform conpil ation)

2) Enter the command
runtest.csh hfhfstrl

3) Qutput files generated

hf hf st r 1. out standard output (UNIT 6)
hf hfstrl.3 date and tinme of the run (UNIT 3)
hf hfstrl. 15 short output (UNIT 15)

It should be noted that, even though the input file (FORTRAN unit 5) calls for
the asynptotic analysis to be perfornmed at two internedi ate distances (380.0 and
390. 0 bohr, respectively) as well as at RMAX (400.0 bohr), FORTRAN unit 15 only
contains the scattering matrix at 390.0 bohr. This is because |OPT = 3 so that
the scattering matrix is only printed at the "last" sector. 1In the present run
the last sector is at 390.0 because when the program conpared the nagnitude and
the phase of the S-matrix elenents between the initial and final states given in
the input arrays IND(NIND, 1) and IND(NIND, 2), at the two internedi ate di stances,
(380.0 bohr and 390.0 bohr), all of the S-matrix elenments agreed within the

tol erances set by the input val ues EPSMAG and EPSPH, and so the program ceased
execution instead of continuing the propagation to 400.0 bohr. The use of these
convergence tests is hel pful but can lead to unwarranted indications of
convergence if used in an inappropriate fashion (see hfhfstr3 and {8.15} above).
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The output to FORTRAN unit 6 also includes tinmng information on the various
routines and a listing of the center of each sector and the stepsize at each
sector: FORTRAN unit 6 is the only other file with user-readabl e output created
by this run.

Input to FORTRAN unit 4 (for potential routine):

1.733
1
10
1
T
3
TEST RUN FOR ROTATI ONAL- ROTATI ONAL TRANSFER AT 76 neV.
SCHWENKE- TRUHLAR | NTERACTI ON POTENTI AL PLUS VI BRATI ONAL DEPENDENCE
JSUM =4

[eNeoloNe]
[eNeoloNe]
[eNeoloNe]

[oNoloNe)
[oNoloNe)
[oNoloNe)

WNNN
WNWN
WNWN

RPNRFRO
RPNOO
RPNOO

ArbhowpN
ArbhowpN

A WNWNORPNPFPEPAWNNPOOOOOOOOOO
ArDWN

ORANONFOFRPNPFPFORARWNNRFRPROOOOOOOOOO
ORADNNNOORPNRFPFFPRAWNNRFRPOOOOOOOOOO
A WNWNORPNPFPEPAWNNPOOOOOOOOOO
P WRARWNOFRPNRFPPFPAWNNPOOOOOOOOOO

wo
RN
N
N

2 0 1 1 3 0 2
1

0 0 0 1 0 0 0
0 0 0 1 2 0 0

NOOWFRONNOWORARPRWRFRORPRNOFPOWNWNOOOOOOOOOOOR
NFRFONNRFWRORMROOEANWRPRPFPPPRPOFRPROWWWNRPROOOOOOOOOO

OFrRPOWFROWNLBEF

1744.604 0. 01889699 1.733 0.0 T 1000.0
60 40 10 0 3 1
7 4 7 12 0
10
0



Input to FORTRAN unit 5 (for RVPROP):

SCHVWENKE- TRUHLAR SURFACE HF- HF J=100 AND E = 76 neV

TEST SU TE RUN 1

FT
47 4000 13
0 300 O

1. 823454D+4
100 99 101
99 101 99
101 103 100
104 98 100
102 104 96
1 -1 0

47

0. 021444753

0. 1200
1

oD 1
. 0129
2D-2
1200
1D-5
1D-5
1200
4D+3
4D+3
0D+2
. 0D+3

ChWWOOOOROR

0
0.0
1.D-03
FTFFFFFFFF
TTFFFFFFFT
1.D 03
TTF 0 2
2
380. 0

3 3
1.D-3
3

1
2 3 4

1
47
100
101

102
98

0

390. 0
TTFFTTFTFFFFFFFF
TTFFTTFTFFFFFFFF

2 10 1

100

98 100 102 98 100 102
97 99 101 103 97 99
100 102 96 98 100 102
98 100 102 96 98 100
100 102 104

4.00 0
0. 1200 400.0 h1, h2, r max

400.0 2 epsred, rbi g, nprop

5000. 0 epsdr, rasye

RVPROP 2.1.2
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19.2 TEST RUN hfhfstr2
HF(v = 0,j =0 + H(v =0,j =0) ->HF(v =0,j =j') + H(v =0,j =j")

This test run differs fromthe previous test run ONLY in that the slow form
of the propagator (NPROP = 0) is used, to conpare the timng

In order to run this test program performthe follow ng steps:

1) Ensure that the following files are avail abl e:

test/hfhfstr2. 4 (input data for FORTRAN unit 4)
test/hfhfstr2.5 (input data for FORTRAN unit 5)
test/hfhfstr2.param (include file of parameters copied to paraneter.inc)
runt est.csh (C Shell script to run program

script/hfhfstr2.csh (C Shell script to manage files for this test run)
script/ Makefil e. mak (file for UNIX nake utility to perform conpilation)

2) Enter the conmand
runtest.csh hfhfstr2

3) CQutput files generated

hf hf st r 2. out standard output (UNIT 6)

hf hf str2. 2 angul ar integrals (saved for restart in hfhfstr3)
hf hfstr2. 3 date and time of the run (UNIT 3)

hf hf str2. 15 short output (UNIT 15)

hf hf str2. 17 restart information (UNIT 17, nonASCl 1)

hf hfstr2. 18 restart information (UNIT 18, nonASCl 1)

As can be seen fromthe discussion of timngs in Section 4 of this manual
the NPROP = 2 option (using the distribution version) resulted in a speedup of
25% on the Cray-2, and 50% on the | BM RS/ 6000, while giving the sane fina
answers.
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Input to FORTRAN unit 4 (for potential routine):

I dentical to that for hfhfstrl
Input to FORTRAN unit 5 (for RWPROP 2.1.2):

SCHWENKE- TRUHLAR SURFACE HF- HF J=100 AND E = 76 meV
TEST SUI TE RUN 2
FT
47 4000 13 1 2 10 1
0 300 0 30 O
1. 823454E+4 47 100
100 99 101 100 98 100 102 98 100 102
99 101 99 101 97 99 101 103 97 99
101 103 100 98 100 102 96 98 100 102
104 98 100 102 98 100 102 96 98 100
102 104 96 98 100 102 104

1 -1 0
47
0. 021444753 4. 00 0
0. 1200 0.1200 400.0
1
1.0E-1
0. 0129
1.2E-2
0.1200
0. 1E-5
0.1E-5
0.1200
3. 4E+3
3. 4E+3
4. 0E+2
9. 0OE+3
0
0.0
1. E-03 400.0 0
FTFFFFFFFF
TTFFFFFFFT
1. E-03 5000. 0
TTF 0 2 0
2
380.0 390.0
TTFFTTFTFFFFFFFF
TTFFTTFTFFFFFFFF
3 3 3
1.E-3 1.E-3
3
1 1 1
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19.3 TEST RUN hf hfstr3

HF(v = 0,j =0) + HFR(v = 0,j =0) -> H(v =0,j =j') + H(v =0,j =j")

This run continues the propagation begun by hfhfstr2 and shows that the
programruns correctly when reading restart information. This run reads restart
i nformati on from FORTRAN unit 17 (witten by hfhfstr2) and uses NPROP = 2. The
asynptotic boundary conditions are again inposed by matching to Ricatti-Besse
functions using the asynptotic wave vectors. The asynptotic analysis is
performed at one intermedi ate distance, 390.0 bohr, and rnmax, 400.0 bohr, so
the elements of the scattering matrix witten to hfhfstr3.15 differ slightly
fromthose of hfhfstr2.15. This test run also reads the angular integrals
witten to UNNT 2 by hfhfstr2 instead of recal culating them

In order to run this test program performthe follow ng steps:
1) Ensure that the following files are avail abl e:

hf hfstr2. 3 (tinme and date of previous run)

hf hfstr2. 2 (integral file from previous run)

hf hfstr2. 17 (restart information from previous run)
test/hfhfstr3.4 (input data for FORTRAN unit 4)

test/hfhfstr3.5 (i nput data for FORTRAN unit 5)

test/hfhfstr3.param (include file of paranmeters copied to parameter.inc)
runtest.csh (C Shell script to run program

script/hfhfstr3.csh (C Shell script to manage files for this test run)
script/ Makefil e. mak (file for UNI X nake utility to perform conpilation)

2) Enter the command
runtest.csh hfhfstr3

3) Qutput files generated:

hf hf st r 3. out standard output (UNIT 6)
hf hfstr3. 3 date and time of the run (UNIT 3)
hf hf st r 3. 15 short output (UNIT 15)

I nvestigation of the output of FORTRAN unit 6 for hfhfstr3 shows that the
scattering matrix elenment linking channel 2 to channel 2 is not converged to the
i nput tolerance, 0.001 relative error, when conparing the results at r = 390.0
bohr to those at r = 400.0 bohr. The programthen stops execution because the
di stance is greater than the input rmax. This occurrence suggests that, even
t hough the results of the first test run indicated that the results of the
calculation at r = 380.0 bohr agreed with those at r = 390.0 bohr, in reality,
not all of the scattering matrix elenments are converged to the sane tol erance.
This illustrates the need for caution when allow ng the programto converge the
scattering matrix elements: intelligent direction of the programon the part of
the user is still required.
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Input to FORTRAN unit 4 (for potential routine):

Identical to that for hfhfstril
Input to FORTRAN unit 5 (for RWPROP 2.1.2):

SCHWENKE- TRUHLAR SURFACE HF- HF J=100 AND E = 76 neV

TEST SUI TE RUN 3

FT
47 4000 13 1 2 10 1
17 300 0 30 O

1. 823454E+4 47 100
100 99 101 100 98 100 102 98 100 102
99 101 99 101 97 99 101 103 97 99
101 103 100 98 100 102 96 98 100 102
104 98 100 102 98 100 102 96 98 100
102 104 96 98 100 102 104

1 -1 0
47
0. 021444753 4.00 0
0.1200 0.1200 400.0
1
1.0E-1
0. 0129
1.2E-2
0.1200
0.1E-5
0.1E-5
0.1200
3. 4E+3
3. 4E+3
4. 0E+2
9. 0E+3
0
0.0
1. E-03 400.0 0
FTFFFFFFFF
TTFFFFFFFT
1. E-03 5000.0
TTF 0 2 0
0
380.0
TTFFTTFTFFFFFFFF
TTFFTTFTFFFFFFFF
3 3 3
1.E-3 1.E-3
3
1 1 1
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19. 4 TEST RUN hf hfstr4

HF(v = 0,j =0) + HFR(v = 0,j =0) -> H(v =0,j =j') + H(v =0,j =j")

The purpose of this test run is to give a run for the Schwenke- Truhl ar
surface which is not so tine consuning as the other test runs for this
potential. Al of the paraneters have the sane values as those for hfhfstrl
except that the total angular nomentumis 50 instead of 100, and IDis only 10
i nstead of 47.

In order to run this test program performthe follow ng steps:
1) Ensure that the following files are avail abl e:

test/hfhfstr4.4 (input data for FORTRAN unit 4)
test/hfhfstr4.5 (input data for FORTRAN unit 5)
test/hfhfstr4.param (include file of paranmeters copied to parameter.inc)
runt est.csh (C Shell script to run program

script/hfhfstr4.csh (C Shell script to manage files for this test run)
script/ Makefil e. mak (file for UNIX nake utility to perform conpilation)

2) Enter the command
runtest.csh hfhfstr4
3) Qutput files generated
hf hf st r 4. out standard output (UNIT 6)

hf hfstr4.3 date and time of the run (UNIT 3)
hf hf str4. 15 short output (UNIT 15)



Input to FORTRAN unit 5 (for RWPROP 2.1.2):

SCHWENKE- TRUHLAR SURFACE HF- HF J= 50 AND E = 76 neV
TEST SUI TE RUN 4
FT
47 4000 13 1 2 10 1
0 300 0 30 0
1.823454D+4 10 50
50 49 51 50 48 50 52 48 50 52
1 -1 0
10
0. 021444753 4.00 0
0. 1200 0. 1200 400. 0
1
0D 1
. 0129
2D- 2
1200
1D-5
1D-5
1200
4D+3
4D+3
0D+2
0D+3

CPpLwWwoOoOOOROR

0
0.0
1.D-03 400. 0 2
FTFFFFFFFF
TTFFFFFFFT
1.D-03 5000. 0
TTF 0 2 0
2
380. 0 390. 0
TTFFTTFTFFFFFFFF
TTFFTTFTFFFFFFFF
3 3
1.D-3 1.D-3
3

1
2 3 4

RVPROP 2.1.2
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Input to FORTRAN unit 4 (for potential routine):
1.733

1

10

1
T

3
TEST RUN FOR ROTATI ONAL- ROTATI ONAL TRANSFER AT 76 neV.
SCHVENKE- TRUHLAR | NTERACTI ON POTENTI AL PLUS VI BRATI ONAL DEPENDENCE
JSUM = 2

1

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 1 1 1 1 1 1 2 2 2

0 0 0 1 1 1 1 0 0 0

0 1 1 0 2 2 2 2 2 2

0 0 0 0

23 4

0 0 1 0 2 1 1 0 3 1

2 1 2 3 1 2 2 2 2 3

2 3 3

0 1 0 2 0 1 1 3 0 2

1 2 1 1 3 2 2 2 3 2

3 2 3

0 0 0 0 0 0 1 0 0 0

0 1 1 0 0 0 1 2 0 0

2 2 0
1744. 604 0. 01889699 1.733 0.0 T 1000.0

60 40 10 0 3 1
7 4 7 12 0

10

0
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19.5 TEST RUN hf hfstr5

HF(v = 0,j =0) + HFR(v = 0,j =0) -> H(v =0,j =j') + H(v =0,j =j")

The purpose of this test run is to denonstrate the nultiple step-size
regi on options of RMPROP. The calculation is identical to the one perforned
in hfhfstrl, but now the step-size is varied by the paraneter EPSA, EPSB
and EPSC in three regions of the radial coordi nate denoted by REPSA and REPSB
The transition probabilities greater than 10E-4 in the first colum of the
transition probability matrix are converged to 1% of those in hfhfstrl, but
since the stepsize is pernmitted to vary, this testrun takes |less than 1/3
the nunber of steps. This also neans that the work for this runis 1/3 |less
than for hfhfstrl

In order to run this test program performthe follow ng steps:
1) Ensure that the following files are avail abl e:

test/hfhfstr5. 4 (input data for FORTRAN unit 4)
test/hfhfstr5.5 (input data for FORTRAN unit 5)
test/hfhfstr5.param (include file of parameters copied to paraneter.inc)
runt est.csh (C Shell script to run program

script/hfhfstr5.csh (C Shell script to manage files for this test run)
script/ Makefil e. mak (file for UNIX nake utility to perform conpilation)

2) Enter the conmand
runtest.csh hfhfstr5
3) CQutput files generated
hf hf st r 5. out standard output (UNIT 6)

hf hfstr5. 3 date and time of the run (UNIT 3)
hf hf st r5. 15 short output (UNIT 15)
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Input to FORTRAN unit 5 (for RWPROP 2.1.2):

SCHWENKE- TRUHLAR SURFACE HF- HF J=100 AND E = 76 neV
TEST SUI TE RWN 1
FT
47 4000 13 1 2 10 1
0 300 0 30 0
1.823454D+4 47 100
100 99 101 100 98 100 102 98 100 102
99 101 99 101 97 99 101 103 97 99
101 103 100 98 100 102 96 98 100 102
104 98 100 102 98 100 102 96 98 100
102 104 96 98 100 102 104

1 -1 0
47
0. 021444753 4. 00 0
0. 0120 0. 0120 400.0
1
8.0D 2 epsa
0.4129 epsb
9.2D- 1 epsc
0.0120 hm na
0. 0120 hm nb
0. 0120 hm nc
0. 2200 hmaxa
3. 4D+0 hmaxb
9.4D+1 hmaxc
5. 0D+1 repsa
8. 0D+1 repsh
0
0.0
1.D-03 400.0 2
FFFFFFFFFF
TTFFFFFFFT
1.0 03 5000. 0
TTF 0 2 0
2
380.0 390.0
TTFFTTFTFFFFFFFF
TTFFTTFTFFFFFFFF
3 3
1.D-3 1.D-2
6

1 1 1 1 1 2
2 3 4 5 6 3

Input to FORTRAN unit 4 (for potential routine):
Sanme as for hfhfstril.
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19.6 TEST RUN hehfr1l

He + HF (rigidrotor in state j) -> He + HF (rigidrotor in state j')

This test run is for a much sinpler physical systemthan the first four test
runs: instead of a collision of two vibrating diatons, it is the collision of a
structurel ess particle with a non-vibrating diatom This test run shows how the
program can run nultiple energies sinultaneously, and it allows for the step-
size to vary beginning at the third sector. The logical variable LPSYM3) is
turned on, which prints symetry checks on the RAMI matrix at each energy and
sector. The T matrix is witten to FORTRAN unit 10, and the lower triangle
symmetrized reactance matrix is witten to FORTRAN unit 7. This test also
illustrates two inportant features of the convergence tests on elenents of the
scattering matrix: first, that if closed channels are included in the indices of
scattering matrix elenents to be tested for convergence, they are ignored; and
that if nmultiple energies are performed, then only scattering matrix el enents
at the first energy are tested for convergence with respect to RVMAX. Finally,
this test run shows that if asynptotic anal yses are desired at nore than one
i nternedi ate di stance, they nust be at distances sufficiently renoved that they
will not be performed in adjacent sectors. This is to help avoid the illusion
of convergence when conparing scattering matrix el enents at closely spaced
separations. This test uses prevgrl.f and vgrl.f.

In order to run this test program performthe follow ng steps:
1) Ensure that the following files are avail abl e:

test/hehfri.4 (input data for FORTRAN unit 4)

test/hehfri1.5 (input data for FORTRAN unit 5)

test/ hehfr1. param (include file of parameters copied to parameter.inc)
runt est.csh (C Shell script to run program

script/hehfrl.csh (C Shell script to nmanage files for this test run)

script/ Makefil e. mak (file for UNIX nake utility to perform conpilation)
2) Enter the command
runtest.csh hehfril

3) Qutput files generated:

hehfr 1. out standard output (UNIT 6)

hehfr1.3 date and time of the run (UNIT 3)
hehfrl1.7 symmetrized reactance matrix (UNIT 7)
hehfr1. 10 transition matrix (UNIT 10)

hehfr1. 15 short output (UNIT 15)

Input to FORTRAN unit 4 (for potential routine):

T
0 1 2 2 3 3
6 4 120 5
128. 275 2.494 3.42 6
10. 356 2.151 6.78 7
29. 253 2.379 1.55 6
10. 739 2.173 1.41 7
3.875 2.115 1.23 8

6 5.0
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Input to FORTRAN unit 5 (for RWPROP 2.1.2):

COLLINS, LANE COLLI NEAR He- HF 2 ENERG ES
TEST SUI TE RUN 5
FT
6 4000 1
0 100 0
0. 612000E+4
4 3 2
1 -2 0
6
0. 00062472 3.50 0
0.0018374 3.50 0
0.0010 0.0010 26. 58
1

Do o
PrhOR

0300
0300
0300
1E-6
1E-6
1E-6
5000
5000
5000
1000
OE+1

POOOO0000000

0
0.0
1. E-03 20.0 2
TFFTFFFFFF
TTFFFFFFFT
1. E-03 1000. 0
TTF 0 2 2
2
24.0 24. 2
TTTFFTFFTFFFTTFTFFF
TTTFFTFFTFFFTTFTFFF
3 2 3
1.E3
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19. 7 TEST RUN heh2cdr1

He + HH (harmonic oscillator in state j)
-> He + HH (harnmonic oscillator in state j')

This test run is for the collinear collision of a structureless atomwith a

harnmonic oscillator. It tests the multiple basis set option of the program It
shoul d be noted that the files FORTRAN unit 8 and of FORTRAN unit 14 created by
this test run are non-ASCI| files and so are not presented in the wite-up. In

addition the option LPSINF is read in as . TRUE. so that a description of the
sector output is witten to standard out put.

In order to run this test program performthe follow ng steps:
1) Ensure that the following files are avail able:

test/ heh2cdrl. 4 (i nput data for FORTRAN unit 4)
test/ heh2cdrl1.5 (i nput data for FORTRAN unit 5)
test/heh2cdrl. param (include file of parameters copied to paraneter.inc)
runtest.csh (C Shell script to run program

script/heh2cdrl. csh (C Shell script to manage files for this test run)
script/ Makefil e. mak (file for UNI X nake utility to perform conpil ation)

2) Enter the command
runtest.csh heh2cdr1l

3) Qutput files generated

heh2cdr 1. out standard output (UNIT 6)
heh2cdr1. 3 date and tinme of the run (UNIT 3)
heh2cdrl1. 8 restart information (UNIT 8)
heh2cdr1. 14 restart information (UNIT 14)

heh2cdr 1. 15 short output (UNIT 15)



Input to FORTRAN unit 5 (for RWPROP 2.1.2):

HELI UM HARMONI C OSCI LLATOR COLLI SION 4 BASI S SET RUN
TEST SU TE RUN 6

FT
15 800 1 1 2 10 1
0 100 0 0 O
0. 245080E+4 14 0
o o o O O O 0 0 0 O
o 0 0 0
4 -1 0
14 12 10 8
0. 16016000 1. 20 0
0.0010 0.0010 6. 50
1
0. 1500
0. 1500
0. 1500
0. 1E-6
0. 1E-6
0. 1E-6
3.0000
3.0000
3.0000
0. 1500
1. 0E+1
0
0.0
1. E-30 5.0 2
FFFFFFTFFF
TTFFFFFFFT
1. E-02 200. 0
TFT 0 2 2
0
6.2
TTFFFTFFFFFFFFFF
TTFFFTFFFFFFFFFF
3 3 3
1.E-3 1.E3
3
11 1
2 3 4

Input to FORTRAN unit 4 (for potential routine):

TT

9. 480 0. 16485 2.6938 0. 500
0. 99459 0. 18619 0. 36836
123456789012345 67890 67890 67890

CLARK- DI CKI NSON He- H2 AT 4 HBAR- OVEGA

RVPROP 2.1.2
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19. 8 TEST RUN heh2cdr 2

He + HH (harnmonic oscillator with vibrational quantum nunmber v)
-> He + HH (harnonic oscillator with vibrational quantum nunber v')

This test run illustrates various other options available to the program
The input value of NPROP is 1, which neans that the transpose of the overlap
matrix is used rather than its inverse. This ensures a unitary scattering
matri x. The use of LGS(15) to cal cul ate ei genphase suns is used, which results
in output to FORTRAN unit 11 and FORTRAN unit 16.

In order to run this test program performthe follow ng steps:
1) Ensure that the following files are avail able:

test/ heh2cdr2. 4 (i nput data for FORTRAN unit 4)
test/ heh2cdr2.5 (i nput data for FORTRAN unit 5)
test/ heh2cdr2. param (include file of paranmeters copied to paraneter.inc)
runtest.csh (C Shell script to run program

scri pt/heh2cdr2. csh (C Shell script to manage files for this test run)
script/ Makefil e. mak (file for UNI X nake utility to perform conpil ation)

2) Enter the command
runtest.csh heh2cdr?2

3) Qutput files produced:

heh2cdr 2. out standard output (UNIT 6)

heh2cdr2. 3 date and tinme of the run (UNIT 3)
heh2cdr1. 7 Synmetri zed Reactance Matrix (UNIT 7)
heh2cdr 1. 11 ei genphases at r (UNIT 11)

heh2cdr 2. 15 short output (UNIT 15)

heh2cdr 2. 16 ei genvectors (UNIT 16)

Input to FORTRAN unit 4 (for potential routine):

Identical to that of heh2rl
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Input to FORTRAN unit 5 (for RWPROP 2.1.2):

HELI UM HARMONI C OSCI LLATOR COLLI SION NPROP = 1
TEST SU TE RUN 7

FT
15 800 1 1 2 10 1
0 100 0 0 O
0. 245080E+4 14 0
o o o O O O 0 0 0 O
o 0 0 0
1 -1 o0
14
0. 16016000 1. 20 0
0.0010 0.0010 6. 50
1
0. 1500
0. 1500
0. 1500
0. 1E-6
0. 1E-6
0. 1E-6
3.0000
3.0000
3.0000
0. 1500
1. 0E+1
0
0.0
1. E-30 5.0 1
FFFFFFFFFF
TTFFFFFFFT
1. E-02 200. 0
TFT 0 2 2
0
6.2
TTFFFTFFFFFFTFT
TTFFFTFFFFFFTFT
3 3
1.E-3 1.E3
3
11 1
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19.9 TEST RUN hf hf pbsr1

HF (Mrse oscillator with vibrational quantum nunber v1)
+

H F (spherically averaged Morse oscillator with vibrational quantum nunber v2)

-> HF (Mrse oscillator with vibrational quantum nunber v1')
+

H F (spherically averaged Morse oscillator with vibrational quantum number v2')

This test run is presented to show that the program can al so do sinultaneous
second-case runs in cases where the potential is spherically symetric, so that
all of the L(l) read in are zero, and the individual orbital angular nonenta
all have the identical numerical value and are read in from FORTRAN unit 5 as
el enents of the input array OAM1).

In order to run this test program performthe follow ng steps:
1) Ensure that the following files are all avail abl e:

test/ hf hf pbsri. 4 (input data for FORTRAN unit 4)
test/ hf hf pbsri1.5 (input data for FORTRAN unit 5)
test/ hf hf pbsr1. param (include file of paranmeters copied to paraneter.inc)
runt est.csh (C Shell script to run program

script/hf hfpbsrl.csh (C Shell script to manage files for this test run)
scri pt/ Makefil e. mak (file for UNIX nake utility to perform conpilation)

2) Enter the command
runt est.csh hf hfpbsrl
3) CQutput files generated

hf hf pbsr 1. out standard output (UNIT 6)
hf hf pbsr 1. 15 short output (UNIT 15)

Input to FORTRAN unit 4 (for potential routine):

TF
1. 1966302 0.216606  1731.74265 1.0
o 0 o0
1 1 2 1 3 2 1 4 2 3
1 5 2 4 3
1 2 1 3 1 2 4 1 3 2
5 1 4 2 3
3
9 11 5
4.0 20.0

(this is only the first nine (10) lines of FORTRAN unit 4: there are over
two thousand (2000) lines of oscillator natrix elenents not included here!)



Input to FORTRAN unit 5 (for RWPROP 2.1.2):

SPHERI CALLY AVERAGED HF HF LTYPE2 SECOND ENERGY FCOR OAM

TEST SU TE RUN 8

FT
15 4000
o 0
1. 823454E+4
o 0
o 0
1 -2
15
0. 0560
0. 0560
0. 0600
1

Whwwooookrkk

0
0.0
1
TFFFFFFFFF
TTFFFFFFFT
1
TTF 0
0
80. 0

3
0

0
0
0

2128
2128

.0E-1

OE-1
OE-1
06

1E-5
1E-5
06

4E+3
4E+3

. OE+1
. OE+2

E- 03

E-03
2

TTFFFTFTFFFFFFF
FFFFFTFTFFFFFFF

3 3
1.E3

3

1 2
30 0
15 0
0 0
0 0
0. 0600
1000.0
0
1.E-3

1 2

0 0 0
3.0 72
3.0 84
100.0
75.0 0

RVPROP 2.1.2
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19. 10 TEST RUN hf hfadr1
HF (rigid rotor with rotational quantum nunber j1)
+ HF (rigid rotor with rotational quantum nunber j2) ->

HF (rigid rotor with rotational quantum nunber j1')
+ HF (rigid rotor with rotational quantum nunber j2')

The purpose of this test runis to wite out information for the next
test run, which will act as a "later-date" second-case run. The next run
will use exactly the same energy as this run, in order to denonstrate that
| ater date second-case runs do in fact run correctly.

In order to run this test program performthe follow ng steps:

1) Ensure that the following files are avail able:

test/ hfhfadrl. 4 (i nput data for FORTRAN unit 4)
test/hfhfadrl.5 (i nput data for FORTRAN unit 5)
test/hfhfadrl. param (include file of parameters copied to paraneter.inc)
runtest.csh (C Shell script to run program

script/hfhfadrl.csh (C Shell script to manage files for this test run)
script/ Makefil e. mak (file for UNI X nake utility to perform conpil ation)

2) Enter the command
runtest.csh hfhfadrl

3) Qutput files produced are

hf hf adr 1. out standard output (UNIT 6)

hf hf adr 3. out date and tinme of the run (UNIT 3)

hf hf adr 1. 8 restart information for hfhfadr2 (UNIT 8, nonASClI)
hf hf adr 1. 14 restart information for hfhfadr2 (UNIT 14, nonASCl |)

hf hf adr 1. 15 short output (UNIT 15)



Input to FORTRAN unit 4 (for potential routine):
1.733
1
1
5
T
3
TESTI NG LATER DATE SECOND ENERGY RUNS: REFERENCE ENERGY RUN
JSUM=4
ALEXANDER- DEPRI STO DI POLE- DI POLE RId D ROTOR HF- HF PES
0 0 0 0 0 0 0 0 0 0
0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0
0 1 1 1 2 2 2 3 2 2
2 3 3 4
0 0 1 1 0 1 1 0 2 2
2 1 1 0
0 1 0 2 2 1 3 3 0 2
4 2 4 4
0 1 0 0
9
1 2 2 0 1 1 0 1 1
0 1 1 0 1 1 1 2 2
0 0 1 0 0 1 0 0 1
1744. 604 0. 01889699 1.733 0.0 T 1000.0
1 1 0 3 1
1 1 0 0

OR PRk

RVPROP 2.1.2
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I nput to FORTRAN unit 5 (for

HF- HF ALEXANDER- DEPRI STO | NI TI AL LATER DATE RUN

TEST SUI TE RUN 9

FT
14 4000 3 1
0O 5 0 30

1. 823454E+4 14
o 1 o0 2
4 2 4 4
1 -1 1
14
0. 0027929250
0. 0600 0. 0600
1
1. 0E-1
1. 0E-1
1. 0E-1
0. 06
0.1E-5
0.1E-5
0. 06
3. 4E+3
3. 4E+3
10.0
300. 0
0
0.0
1. E-03
TFFFFFFFFF
TTFFFFFFFT

2.

NOON

0

50.

1. E-03 1000.0

FTF 0 2 0
0
9.0 13.0
TTTFFTFTFFFFFFFF
FTTFFTFTFFFFFFFF
3 3
1.E-3 1.E3

0

RVPROP 2. 1.2):

1 1
1 3 3

0

15.0

2

RVPROP 2.1.2
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19. 11 TEST RUN hf hf adr 2

HF (rigid rotor with rotational quantum nunber j1)
+ HF (rigid rotor with rotational quantum nunber j2) ->

HF (rigid rotor with rotational quantum nunber j1')
+ HF (rigid rotor with rotational quantum nunmber j2')

The purpose of this test run is to show that the |ater-date second-case
run option works correctly, reading in data from FORTRAN unit 8 and FORTRAN
unit 14 created by the previous run. The potential, basis set, stepsize, and
energy are all identical to those of the previous run

In order to run this test program performthe follow ng steps:

1) Ensure that the following files are avail able:

test/ hf hfadr2. 4 (i nput data for FORTRAN unit 4)
test/hfhfadr2.5 (input data for FORTRAN unit 5)
test/hfhfadr2. param (include file of paranmeters copied to paraneter.inc)
runtest.csh (C Shell script to run program

script/ hf hfadr2. csh (C Shell script to manage files for this test run)
script/ Makefil e. mak (file for UNIX nake utility to perform conpilation)

hf hf adr1. 8 (internmediate data witten by hfhfadr2 to
FORTRAN unit 8)

hf hf adr 1. 14 (first-energy information witten by hfhfadrl to
FORTRAN unit 14)

runt est.csh (C Shell script to run program

2) Enter the command
runtest.csh hf hfadr2

3) Qutput files produced are

hf hf adr 2. out standard output (UNIT 6)

hf hf adr 2. 3 the date and tine of the run (UNIT 3)
hf hf adr 2. 8 restart information (UNIT 8, nonASClI)
hf hf adr 2. 14 restart information (UNIT 14, nonASCl|)

hf hf adr 2. 15 short output (UNIT 15)



Input to FORTRAN unit 4 (for potential routine):
Identical to that from hfhfadri.4
Input to FORTRAN unit 5 (for RWPROP 2.1.2):

HF- HF  ALEXANDER- DEPRI STO SECOND LATER DATE RUN
TEST SUI TE RUN 10
FT
14 4000 3
o 5 0
1. 823454E+4 14
o 1 o0 2
4 2 4 4
1 2 -1
14
0. 0027929250
0. 0027929250 .
0. 0600 0. 0600 15.
1

NOON

SIS
oo

.0E-1
OE-1
OE-1
06

1E-5
1E-5
06

4E+3
. 4E+3
10.0

300.0

wWwooookrkk

0
0.0
1. E-03 50. 0 2
TFFFFFFFTF
TTFFFFFFFT
1.E-03  1000.0
FTF 0 2 0
0
70.0
TTTFFTFTFFFFFFFF
FTTFFTFTFFFFFFFF
3 3 3
1.E-3 1.E-3

RVPROP 2.1.2
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19.12 TEST RUN atdirl

Atom + rigid diatomic nolecule (j=0)-> Atom + rigid diatomic molecule (j' < 4)

This sanple run solves the close coupling equations in three dinensions
for a general atomrigid rotor diatonmic systemwith the interaction potenti al
and basis set of Lester and Bernstein. This is one of the first systens for
whi ch published results were obtained for solution of the nolecular close
coupling equations, and it provides a standard historical benchmark in the
field. The units originally used were "reduced” units, where energy, mass
and di stance were scaled with respect to the interaction potential and the
mass of the diatomc nolecule. The present subroutines have converted these to
atonmic units.

This run is a sanple of the use of prevgrl.f and vgrl.f.

The run is perfornmed at a single energy, with a single basis, and it saves
restart information alternating between FORTRAN units 17 and 18. The asynptotic
analysis is perfornmed at 4 distances, and conparison is made of the nmgnitudes
of all transition probabilities between the first four channels. The asynptotic
boundary conditions are enforced by nmatching to sine/cosine boundary conditions
using the asynptotic wave vectors, and the variable LTASY is .FALSE. (the
transformation to the asynptotic basis is NOT perfornmed).

In order to run this test program performthe follow ng steps:

1) Ensure that the following files are avail abl e:

test/atdirl. 4 (input data for FORTRAN unit 4)

test/atdirl.5 (i nput data for FORTRAN unit 5)

test/atdirl. param (include file of parameters copied to parameter.inc)
runtest.csh (C Shell script to run program

script/atdirl.csh (C Shell script to manage files for this test run)

script/ Makefil e. mak (file for UNI X nake utility to perform conpil ation)
2) Enter the command
runtest.csh atdirl

3) Qutput files generated:

atdirl. out standard output (UNIT 6)
atdirl.3 the date and time of the run (UNIT 3)
atdirl. 15 short output (UNIT 15)

Input to FORTRAN unit 4 (for potential routine):

T LSTAP
0 2 2 2 4 4 4 4 4 6 JI'N
6 6 6 6 6 6 JI'N
2 2 | HOM LAMVAX
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Input to FORTRAN unit 5 (for RWPROP 2.1.2):

ATOM DI ATOM LESTER AND BERNSTEI N
TEST SUI TE RUN 11
FF
16 4000 1 1
0 100 0 0O
5. 000000E+2 16
6 4 6
2 4 6 8 1
1 -1 0
16
1. 10000 0. 67 0
0. 0008 0. 0008 9. 00
1

oONO O

1300
1300
1300
OE-6
OE-6
OE-6
OE-0
OE-0
OE-0
4E+0
. 5E+1

OP®E®®®OEOOO

0
0.0
1. E-03 100. 0 2
TFFFFFFFTF
TTFFFFFFFT
1. E-03 1000. 0
FFF 0 2 0
4
5.0 6.0 7.0 8.0
TTTFFTFFTFFFFFFTFFF
TTTFFTFFTFFFFFFTFFF
3 2 3
1.E-3
10
1 1 1 1 2 2 2 3 3 4
1 2 3 4 2 3 4 3 4 4
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19. 13 TEST RUN ehydr1
El ectron + hydrogen atom scattering
The purpose of this test runis to illustrate the capability of the program
to performatontelectron scattering. 1In particular this run propagates the ful
R matrix (inhonobgeneous option). It is inportant to note that the first sector

begins at r = 1.0 x 10**-6. The run uses the inverse of the overlap matrix
rather than its transpose, so that the unitarity of the scattering matrix
provi des a sensitive check of whether the overlap matrix is orthogonal. The run
al so performs calculations at a single energy with a single basis set, and it
prints out the full R matrix at each step (this generates a good deal of
output). Note also that the energy of the run is included in FORTRAN unit 4 as
well as in FORTRAN unit 5 (we have an energy-dependent potential).

In order to run this test program performthe follow ng steps:
1) Ensure that the following files are all avail able:

test/ehydril. 4 (input data for FORTRAN unit 4)

test/ehydrl1.5 (input data for FORTRAN unit 5)

t est/ ehydr 1. param (include file of parameters copied to paraneter.inc)
runt est.csh (C Shell script to run program

script/ehydr 1. csh (C Shell script to manage files for this test run)

script/ Makefil e. mak (file for UNIX nake utility to perform conpilation)
2) Enter the conmand
runtest.csh ehydrl

3) CQutput files generated
ehydr 1. out standard output (UNIT 6)
ehydr1. 15 short output (UNIT 15)

Input to FORTRAN unit 4 (for potential routine):

1

FFTFF

T

2.0

1

TH 'S IS A TEST RUN FOR ELECTRON- HYDROGEN ATOM SCATTERI NG
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Input to FORTRAN unit 5 (for RWPROP 2.1.2):

ELECTRON- HYDROGEN ATOM TEST RUN 2 CHANNELS
TEST RUN FOR ALL 4 ELEMENTS OF R MATRI X RIMI R2MT R3MT RAMT
FF
2 4000 13 1
0 300 0 30
1.0 2
0o 0
1 -1 0

10 1

RON

2

2.000000000 1. 0E-6 1

1. 0E-8 1. 0E-8 19.5

1

0D 2

0001

0001

1D-9

1D-9

1D-9

0D+4

0D+4

. 0D+4

. 0D+2

. 0D+3

opNvNNOOOOOW!

0
0.0
1.D-03 39.0 0
FFFFFTFFTT
TTFFFFFFFT
1.D-03 200. 0
TFT 0 0 0
0
380. 0 390. 0
TTFFTTTTFFFFFFFF
TTFFTTTTFFFFFFFF
3 3
0.D-3 0.D-3
3

1
2 3 4
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19. 14 TEST RUN hei 2r1
He + 1 (vibrating rotor with v=0, various j)
2
->He +1 (vibrating rotor with v=0, various j')
2

The purpose of this run is to illustrate the expansion of an arbitrary
vi brational potential for an atomdiatom potential in a set of Legendre
functions with appropriate (R dependent) expansion coefficients. In other
words this run differs fromtest run 11, atdirl, because of the dependence
of the potential on the bond length of the I nolecule. This is a sanple of

2

the use of prevgr2.f and vgr2.f.
This run is performed at a single energy and with a single basis, using
t he honbgeneous option
In order to run this test program performthe follow ng steps:
1) Ensure that the following files are all avail abl e:

test/hei2rl.4 (input data for FORTRAN unit 4)

test/hei2rl1.5 (input data for FORTRAN unit 5)

test/hei 2r 1. param (include file of paranmeters copied to paraneter.inc)
test/ hei 2r1. expand (include file of paraneters copied to expand.inc)
runt est.csh (C Shell script to run program

script/hei 2rl. csh (C Shell script to manage files for this test run)

script/ Makefil e. mak (file for UNIX nake utility to perform conpilation)

2) Enter the command
runtest.csh hei2rl
3) Qutput files generated
hei 2r 1. out standard output (UNIT 6)

hei 2r 1. 15 short output (UNIT 15)
hei 2r1. 3 date and time of run (UNIT 3)



Input to FORTRAN unit 4 (for potenti al
5. 0387
3
3 3 3
23 13 11
4.99 9.99
T
2
He + 12
USE CHEM PHYS LET POTENTI AL FUNCTI ON
0 0 0 0 0 0 0
0 0 0 0 0 0 0
1 1 1 1 1 1 1
1 1 2
0 2 2 4 4 6 6
10 12 12 14 14 16 16
4 4 6 6 8 8 10
14 14 0
0 1 0

115662. 5447
70 40 10 7 3 1
400 4 4 0 2

ONNO O OTW

routine):
0 0
1 1
1 1
8 8
0 2
10 2

0. 0009773422867 5. 0387
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k=

10

12

0.0 F 1000.0
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Input to FORTRAN unit 5 (for RWPROP 2.1.2):

SCHWENKE- TRUHLAR SURFACE FOR He-12 CPL LETT
TEST OF RVPROP 2.1.2 FOR ATOM VI BRATI NG ROTCR
FT
334000 13 1 2 10 1
0 300 0 30 0
7.183007D+3 33 1
11 3 5 5 7
11 11 13 13 15
3 5 77
13 15
1 -1
33
0. 00150527503 3.00 0
0. 0400 0. 0400 200. 0

OrUTWwWwWw

1

7E-1
7E-1
7TE-1
OE-2
1E-5
1E-5
OE-2
OE+1
. 4E+0
. OE+1
. OE+2

MPWREROOROOO

0
0.0
1.D 32 40.0 1
FFFFFFFFFF
TTFFFFFFFT
1.D 02 1000. 0
TTF 0 2 0
0
180.0 190.0
TTFFTTFTFFFFFFFF
TTFFTTFTFFFFFFFF
3 3
0.D-3 0.D-3
3

1
2 3 4
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19. 15 TEST run heh2tkr1l

The He-H2 vibrating rotor cal cul ation using the Tsapline-Kutzel ni gg-
Raczkowski potential and the basis set from Raczkowski, Lester, and Ml er

This test run is a vibrating rotor utilizing the prevgr2.f and vgr2.f set

of nmodul ar potential routines. The asynptotic eigenval ues are generated

by SUBROUTI NE WEI GH.  No hononucl ear synmetry is used for this run, to conpare
with the heh2tkr2 test run which is identical except that hononucl ear symetry
is utilized.

This cal cul ation has been repeated with entirely different codes and potenti al
matri x routines (de Vogel aere’s nethod and finite differencing are the two

ot her cl ose-coupling nethods), and the final, well-checked transition
probability matrix is given in Section 19.16, after the input for heh2tkr2.

In order to run this test program performthe follow ng steps:
1) Ensure that the following files are all avail able:

test/ heh2tkrl. 4 (input data for FORTRAN unit 4)

test/heh2tkrl.5 (input data for FORTRAN unit 5)

test/heh2tkrl1l. param (include file of paranmeters copied to parameter.inc)
test/heh2t kr1l. expand (include file of paraneters copied to expand.inc)
runtest.csh (C Shell script to run program

script/ heh2tkr 1. csh (C Shell script to manage files for this test run)
script/ Makefil e. mak (file for UNI X nake utility to perform conpilation)

2) Enter the command
runtest.csh heh2tkrl

3) Qutput files generated

heh2t kr 1. out standard output (UNIT 6)
heh2t kr1. 15 short output (UNIT 15)
heh2t kr1. 3 date and time of run (UNIT 3)

Input to fortran unit 4:

1.4016103 RE
1 nung
5 9 9 nquad
12 13 11 nquada
T | stap
2 nlin
He + H2
USE TSAPLI NE- KUTZELNI GG RACZKOWSKI POTENTI AL FUNCTI ON
0 0 0 0 0 1 1 1 1 2 v
2 2
0 2 4 6 8 0 2 4 6 0 i
2 4
1 0 1 i homivibj,ieign
918. 07575 0. 01989366 1.4016103 0.0 F 100.0
70 40 5 0 3 1 nquad, nbasi s, npts, i print, i node, i wght

400 4 4 8 0 ni nt, nl, nsave, j save, i hom



5 npts
0 npts
5 numnt

Input to fortran unit 5:

raczkowski -1 ester SURFACE FOR He-H2 CPL LETT
TEST OF RVPROP 2. 1.2 FOR ATOW VI BRATI NG ROTOR
FT
12 5000 1 1
0 300 0 30
0. 245080D+4 12
0 2 4 6
2 4
1 -1 0
12
0. 03307413000 1.00 0
0. 0010 0. 0010 018.0

10 1

0O Or

1

OE-2 epsa

7E-1 epsb

7E-1 epsc

OE-3 hmna
1E-5 hnminb
1E-5 hminc
OE+0 hmaxa
OE+1 hmaxb
4E+0 hmaxc
5E+1 repsa
.0E+2 repsb

INWREROOROOO

0
0.0
1. D 32 40.0 1
FFFFFFFFFF
TTFFFFFFFT
1. D02 50. 0
TTF 0 2 2
3
8.0 10. 0 12.0
TTFFTTFTFFFFFFFF
TTFFTTFTFFFFFFFF
3 3
1.D-3 0.D-3
7

1
1
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19. 16 TEST run heh2t kr 2.

This test run is identical to heh2tkrl, except that hononucl ear synmetry is
exploited. The only difference is in the input to fortran unit 4, given
bel ow. Transition probabilities should be the sane as for heh2tkr1l

In order to run this test program performthe follow ng steps:
1) Ensure that the following files are all available:

test/ heh2t kr2. 4 (i nput data for FORTRAN unit 4)

test/ heh2tkr2.5 (i nput data for FORTRAN unit 5)

test/heh2tkr2. param (include file of parameters copied to paraneter.inc)
test/ heh2t kr2. expand (include file of paraneters copied to expand.inc)
runtest.csh (C Shell script to run program

script/ heh2tkr2. csh (C Shell script to manage files for this test run)
scri pt/ Makefil e. mak (file for UNIX nake utility to perform conpilation)

2) Enter the conmand
runtest.csh heh2tkr2

3) CQutput files generated

heh2t kr 2. out standard output (UNIT 6)
heh2t kr 2. 15 short output (UNIT 15)
heh2t kr2. 3 date and time of run (UNIT 3)

Input to Fortran Unit 4:

1.4016103 RE
1 nuny
5 9 9 nquad
12 13 11 nquada
T | stap
2 nlin
He + H2
USE TSAPLI NE- KUTZELNI GG RACZKOASKI  POTENTI AL FUNCTI ON
0 0 0 0 0 1 1 1 1 2 v
2 2
0 2 4 6 8 0 2 4 6 0 i
2 4
0 0 1 i homivibj,ieign
918. 07575 0. 01989366 1.4016103 0.0 F 100.0
70 40 5 0 3 1 nquad, nbasi s, npts, iprint,inode,iwght
400 4 4 8 2 ni nt, nl, nsave, j save, i hom
5 npts
0 npts
3 nunt

Input to Fortran Unit 5:
Identical to that for heh2tkrl



Transition probabilities P(MN) at tota

M N 1

7

1 4. 380764E-01
. 631780E- 10

2 5. 132297E-01
. 498562E- 09

3 4.836745E-02
. 608936E- 08

4 3. 265070E- 04
. 375251E-08

5 1. 681079E- 08
. 734263E- 10

6 1. 194160E- 08
. 207002E- 02

7 3. 631780E- 10
. 179299E-01

2

. 132297E-01

. 686184E-01

. 146308E- 01

. 520715E-03

. 042534E- 07

. 995453E- 08

. 498562E- 09

energy E =
3

4.836745E-02 3.

2.146308E-01 3.

6. 910074E-01 4.

4.598611E-02 9.

8. 070278E-06 6.

1. 159049E- 07 1.

3. 608936E-08 6.

0. 03307413000

4

265070E-04 1

520715E-03 3.

598611E-02 8.

495436E-01 6.

229709E-04 9.

359766E-08 3.

375251E-08 3.

RVPRCP 2. 1.2
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hartrees

5
. 681079E-08 1.
042534E-07 4.
070278E-06 1.
229709E-04 1.
993686E-01 3.
048231E-11 9.

734263E-10 8.

6

194160E- 08

995453E- 08

159049E- 07

359766E- 08

048231E-11

179298E- 01

207002E- 02
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20. DESCRIPTION OF FILES IN VERSION 2.1.2

Version 2.1.2 of the RWROP code consists of the files |listed below The
files are organi zed by distribution package directories and also by certain
subcl asses of filetype. In addition, we have given notations to find the
appropriate section of the manual for further docunmentation about files where
such notation would be appropriate. The file rnprop2.doc is this on-line
manual for the current version 2.1.2. The RWVPROP program source code and the
necessary subroutines are contained in the files rnprop2.f, exscat2.f, and
gnscat 2. f.

RMPROP2. 1. 2/ Mai n directory of distribution package

r npr op2. doc Thi s online manua

runt est.csh Main C SHELL script to run test suite elenments

scri pt Directory with scripts and Makefile. mak

src Directory with source code

t est Directory with test suite input, sanple output, and

include files

Contents of DI RECTORY scri pt

Makefil e. mak Makefile for RMPROP 2.1.2 (see Section 19)
atdirl.csh Scripts

ehydr 1. csh for

heh2cdr 1. csh t he

heh2cdr 2. csh t est

heh2t kr 1. csh suite

heh2t kr 2. csh el ement s

hehfr1. csh

hei 2r1. csh see Sections 19-19. 16

|
hf hf adr 1. csh

hf hf adr 2. csh |
hf hf pbsr 1. csh |
hf hf str1. csh |
hf hf st r2. csh |
hf hf st r 3. csh |
hf hf str4. csh |
hf hf str5. csh /

Contents of DI RECTORY src
Mai n program code: (See Section 16)
rnpr op2. f Mai n driver

exscat 2. f Extra asynptotic routines
gnscat 2. f Asynptotic analysis; other mscellaneous routines
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Machi ne-specific codes: (See Sections 6.1, 16.2-16.2.4)

sdr al pha. f DEC ALPHA AXP 3000/ Mb0O
sdrcray. f Cray UNI COs

sdrrs6000. f | BM RS/ 6000

sdrsun. f Sun Sparcstation

dat ecl ock. c C Shell script to get date and tine on | BM RS/ 6000

Ver si on-specific codes: (See Sections 5.3, 6.2-6.8, and 17)

verce. f For Version 2.1.1ce (Cray-2 MXMA, M NV, EVCRSP)
vercs. f For Version 2.1.1cs (Cray-2 MXMA, M NV, RS)
veri . f For Version 2.1.1i (IBM RS/ 6000 DGEMV] DGETRF/ S,

EVI RSP)
verp. f For Version 2.1.1 (Portable, DGEMM DGETRF/ S, EVDRSP)
ver xe. f For Version 2.1.1xe (Cray C90 SGEMM SGETRF/ S, EVCRSP)
ver xs. f For Version 2.1.1xs (Cray C90 SGEMM SCETRF/ S, RS)
Potential energy function routines and associ ated subrouti nes:

(See Sections 10, 11, 19)

cl eb2. f Cal cul ates O ebsch- Gordan coefficients by recursion
fcoef.f Cal cul ates angul ar integrals for st potential and vgr3.f
fcoefb. f Cal cul ates angul ar integrals for st potential and vgr3.f

JTOT=0 only

fl ambda. f Cal cul at es Percival - Seat on coefficients

gaussg. f CGeneral routine to perform Gaussi an quadrat ures over
angl es and vi brational coordinates

hf meptnt | . f "User-supplied” FUNCTI ON PTNTL to be used

with test runs in 19.1-19.5
hf wr ei gen. f "User-supplied" FUNCTION EI GEN to be used
with test runs 19.1-19.5
i 2gnptntl . f "User-supplied” FUNCTI ON PTNTL to be used
with test runs 19.14
j symbol . f Cal cul ates 3-J, 6-J, and 9-J synbols
|l eg. f CGener ates Legendre polynom al s
potatdi.f "User-supplied" subroutines test run 19.12
pot ehyd. f Subrouti nes PREPOT and POT for test run 19.13
pot heh2. f Subroutine POT for test runs 19.7 - 19.8
pot hehf . f "User-supplied" Subroutine POT (test run 19.6)
pot hei 2. f "User-supplied"” Subroutines for (test run 19.14)
pot hf hf ad. f "User-supplied" Subroutines for (test runs 19.10 - 19.11)
pot hf hf pbs. f Subroutine POT for test run 19.8
preheh2. f Subroutine PREPOT for test runs 19.7 - 19.8
pr ehf hf pbs. f Subroutine PREPOT for test run 19.9
prevgr?2. f Subrouti ne PREPOT for general 3-D atomdiatom
(test run 19.14 - 19.16) potential matrix routine
prevgr3.f Subrouti ne PREPOT for general 3-D diatomdi atom
potential nmatrix routine (test runs 19.10 - 19.11)
rigptntl.f "User-supplied" FUNCTI ON PTNTL; dummy routine to be
used with weigh.f for vgr2.f and vgr3.f when the
diatomis a rigid rotor
stpot.f Subrouti ne PREPOT and POT for test runs 19.1-19.5
stpotl.f Expansi on coefficients for angular portion of
interaction potential matrix for test runs 19.1-19.5

st pot 2. f Vi brational portion of for test runs 19.1-19.5



vgrl.f
vgr2. f
vgr 3. f
wdat a. f

wei gh. f
xmat . f

yaqgm f

Contents

I nput fil

atdirl. 4
atdirl.5
ehydr 1. 4
ehydr1.5
heh2cdr 1.
heh2cdr 1.
heh2cdr 2.
heh2cdr 2.
heh2t kr 1.
heh2t kr 1.
heh2t kr 2.
heh2t kr 2.
hehfr1. 4
hehfri1.5
hei 2r1. 4
hei 2r1.5
hf hf adr 1.
hf hf adr 1.
hf hf adr 2.
hf hf adr 2.

RMPROP 2.1.2
Page 20-3
Ceneral 3-D atomrigid diatompotential matrix routine
Ceneral 3-D atomdi atom potential matrix routine
CGeneral 3-D di atomdiatom potential matrix routine
Reads wei ghts and nodes for vibrational quadratures
created by weigh.f
Cal cul at es wei ghts and nodes for vibrational quadratures
Harnoni c oscillator matrix elenments of x**p for heh2
Cal cul ates nornalized Launay functions for vgr3.f

of DI RECTORY t est

es: See Sections 11.2.2, 11.3.3, 11.3.4, 11.4.3 and 11.4.4 for
descriptions of *.4 files and Section 13 for descriptions of
*.5 files. Section 19 has descriptions of each input file for
each test run

a0~ bD

as~Ob

hf hf pbsr 1. 4
hf hf pbsr1.5

hf hf str 1.
hf hf str 1.
hf hf str 2.
hf hf str 2.
hf hf str 3.
hf hf str 3.
hf hf str4
hf hf str4
hf hf str5.
hf hf strb5.

ar~r,oboapr~,oabobs~
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Include files: See Sections 10.2, 11.3.2, 11.4.2, 14, and 15 for discussions
on *.paraminclude files and Sections 11.3.2 and 11.4.2 for
di scussions of *.expand files.

heh2t kr . expand
hei 2r 1. expand
hf hf adr 1. expand
hf hf adr 2. expand
atdirl. param
ehydr 1. par am
heh2cdr 1. par am
heh2cdr 2. par am
heh2t kr 1. par am
heh2t kr 2. par am
hehfr 1. param
hei 2r 1. par am

hf hf adr 1. par am
hf hf adr 2. par am
hf hf pbsr 1. par am
hf hf st r 1. par am
hf hf st r 2. par am
hf hf st r 3. par am
hf hf st r 4. par am
hf hf st r 5. par am

Sanpl e Short Qutput files: fromtest suite for debuggi ng purposes.
These are fromthe distribution version run on the Cray C- 90.

hf hf str1. 15

hf hf str2. 15

hf hf str3. 15

hf hf str4. 15

hf hf st r5. 15

hehfr1. 15

heh2cdr 1. 15

heh2cdr 2. 15

hf hf pbsr 1. 15

hf hf adr 1. 15

hf hf adr 2. 15

atdirl. 15

ehydr 1. 15

hei 2r 1. 15

heh2t kr 1. 15

heh2t kr 2. 15
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22. ERRATA FOR MANUAL OF RMPROP VERSION 1.0

The following is a list of errata for the on-line nanual for RVPROP 1.0
(a program for quantuminelastic scattering, found in MOTECC 91, edited
by Enrico Clenenti).

1) The discussion of LPSYM1). The manual for RWMPROP 1.0 says,
.if .TRUE., test the symmetry of the R matrix at each sector for
each energy just before entering subroutine RPROP."

This contains a typographical error.

The manual for RMPROP 1.0 should say,
.if .TRUE., test the symetry of the R nmatrix at each sector for
4
each energy just before entering subroutine RPROP."

2) The discussion of LPSYM2). The manual for RWPROP 1.0 says,
.if .TRUE., test the orthogonality of the TAUE natrix {7.5}
at each sector for each energy just after initial call to subroutine TAUMIS. "

This is inaccurate.

The manual for RVMPROP 1.0 shoul d say,

.if .TRUE., test the orthogonality of the TAUE matrix {7.5} at each
energy at each sector for all r > RBIGjust after initial call to subroutine
TAUMIS. This option will only work for LTYPE2 second-case runs."

3) The discussion of LPSYM4). The manual for RWPROP 1.0 says,
.if .TRUE., upon entrance to subroutine GNSCAT, calculate the
maxi mumrel ative difference and the average relative difference of the
of f -di agonal elenments, and print out the Rmatrix in the mxed basis {7.9}."

This is inaccurate.

The manual for RVMPROP 1.0 shoul d say,
"...if .TRUE., upon entrance to subrouti ne GNSCAT, cal cul ate the
nHX|nun1reIat|ve di fference and the average relative difference of the
of f -di agonal elements of the raw R matrix, and print out the raw R matrix."

4 4

4) The discussion of LPSYM5). The nmanual for RWMPROP 1.0 says,

.if .TRUE., print out the R nmatrix transforned to the
asynptotic basis {7.9}, and print out the maxinumrel ative difference and
average relative difference of the off-diagonal elenents.”

This contains a typographical error

The manual for RVMPROP 1.0 shoul d say,
.if .TRUE., print out the R nmatrix transforned to the
4
asynptotic basis {7.9}, and print out the maxinumrel ative difference and
average relative difference of the off-diagonal el enents.”

5) The instructions for performng elenents of the test suite. Al except
the first element of the test suite say,
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runt est ." where the ... is the nanme of the individual test.

This is incorrect.

The manual is correct for the FIRST el enent of the test suite, which says,
"runtest.csh hfhfstri1".

The manual should be corrected to read sinmlarly for the other el enents of
the test suite. That is, it should read,
"runtest.csh XXX' for ALL test runs where XXX is the name of the test run
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23. ERRATA FOR RMPROP: VERSION 1.0 COCDE
The following is a list of known FORTRAN errors in RVPROP 1.0.

1) For LPR(4)= .TRUE., the legend witten to FORTRAN unit 6 states that
t he acconpanying matrix contains the "ELEMENTS OF PACKED | NTERACTI ON
MATRI X". This is inaccurate. It should print instead "ELEMENTS OF
UNPACKED | NTERACTI ON MATRI X". Note that the on-Iine manual does not
specify whether the interaction matrix is in packed or unpacked form
Thi s bug has been corrected i n RVPROP-Version 2.0.

2) At the end of a run, the FORTRAN source code contains an instruction
to close FORTRAN unit 6. This resulted in an error nmessage on the
| BM 3090. This statenent has been deleted in RMPROP-Version 2.0.

3) In the subroutine stpot.f, the index for the DO LOOP | abel ed 6 in subroutine
PREPOT was nistyped as NVIB instead of NVIBX. This routine is used in the test
runs hfhfstr1, hfhfstr2, hfhfstr3, and hfhfstr4. This error will affect the
channel reordering according to energy in cases where the two channel s whose
i ndices are to be exchanged have different values for v and v , but did not

1 2
affect any of the results in the test suite. This bug has been corrected in
RMPROP- Ver si on 2. 0.

4) I n subroutine EXSCAT, the calculation of the eigenvectors associated with

t he individual eigenphases used to cal cul ate the ei genphase sumof the S matrix,
whi ch was called by LPEPS/LGS(15), was performed incorrectly. This bug has been
corrected in RVPROP-Version 2.0.

5) The | egends generated for execution times of various tasks generated by
LPR(1) in RMPROP-Version 1.0 wote the nanes of the Cray SCILIB routines to
FORTRAN unit 6 for all versions of the program The nanes of the routines
printed out have been changed to reflect the new matrix utilities used in
RMPROP- ver si on 2. 0.

6) The call to SUBROUTI NE HEADER has been renoved from PROGRAM RMPROP, so that
it is only called by SUBROUTI NE PREPOT for each test run. As a result, the

i nformati on printed out by SUBROUTI NE HEADER wi Il only appear once in FORTRAN
unit 15 (the sane information had been printed twice).

7) The input variable EPSDR was not passed to subroutine GNSCAT to all ow the
droppi ng of certain channels fromthe asynptotic analysis even if they had
been propagated. This bug has been corrected i n RMPROP-Version 2.0.

8) The call to SUBROUTINE POT fromw thin SUBROUTI NE MATCH was incorrect. This
did not affect the results of any of the test runs in RMWROP-Version 1.0. This
bug has been corrected i n RMPROP-Version 2.0.

9) For several of the test runs in RMPROP: Version 1.0, the scattering matrix
el enents obtained on the IBMdiffered slightly fromthose obtained on the
Cray-2. This is because of the structure of IF... G0 TO bl ocks within the

i ndi vi dual potential matrix routines. |In particular, the order of the

nunerical quadratures for the interaction potential nmatrix elenents (Section 11)
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was sel ected by conparing the radial separation to an input value. On the |IBM

the value stored by the conmputer for the radial separation differed by a

very small anmount (10**-20, "garbage") fromthat on the Cray, with the result

that the switch between the different orders of nunerical quadrature happened

one sector before or later on the IBMthan they did on the Cray-2. This bug

has been corrected in RVPROP-Version 2.0, by re-witing the nunerical

test of the IF...GO TO bl ocks invol ved.



