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PROGRAM SUMMARY

Title of program: RESON
Catalogue number: ACCW

Program obtainable from: CPC Program Library, Queen’s Uni-
versity of Belfast, N. Ireland (see application from in this issue)

Computer: NAS 7000; Installation: Daresbury Laboratory
Operating system: MVT

Programming language used: Fortran IV and Fortran 77
High speed storage required: 200 K

No. of bits in a byte: 8

Peripherals used: card reader, lineprinter, 2 disk files

No. of lines in program and test deck: 416 in RESON plus 4189
in NAG routines

Keywords: resonances, Breit—Wigner form, least squares-fitting

Nature of physical problem
RESON detects resonances in a list of eigenphase sums and fits
them to a Breit—Wigner form.

Method of solution

The resonances are detected by sign changes in the second
derivative of the energy with respect to the eigenphases. A least
squares fit is then performed in the region of the resonance.

Restrictions on the complexity of the problem
RESON will only fit up to two overlapping resonances.

Typical running time
0.2 s per resonance on NAS 7000.

Unusual features of program

RESON uses NAG library minimisation routine EO4FDF. It
can also generate requests for fitting points to give a fully
automated resonance detection and fitting package.
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LONG WRITE-UP

1. Introduction

Resonances, or long-lived quasi-bound states
lying in the continuum, are commonly found in
many problems of physical interest such as nuclear
interactions, heavy particle (atom-atom or mole-
cule-molecule) scattering and electron—atom or
molecule collision processes. These resonances
manifest themselves in theoretical calculations as a
rapid increase by « rad in the total eigenphase sum
superimposed on a background eigenphase sum
which varies slowly as a function of the scattering
energy. They can be characterised by a position,
E™, and width, I'™, Within the Breit—Wigner
form [1], the eigenphase (n) as a function of the
scattering energy ( E), is written for multiple reso-
nances as:
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The second summation in (1) is a power series to
represent the underlying trend in the eigenphase
across the region of the resonance. This back-
ground is usually represented by a linear (N = 1)
or a quadratic (N = 2) energy dependence.

For many scattering problems, especially those
involving charged particles very many resonances
can occur. Fitting these by hand can be tedious
and time consuming. We have thus implemented a
procedure for automatically detecting and fitting
resonances to a Breit—Wigner form.

2. Method

RESON reads a file of energy points and corre-
sponding eigenphases. The second derivative,
d?E/dw?, is constructed numerically and inspec-
ted for changes from positive to negative sign. This
point is then marked as the location of a possible
resonance and a fit is attempted. RESON can
handle eigenphase sums which are smoothed (i.e.
increase by @) across a resonance or discontinu-
ous. RESON can fit either individual eigenphases
or the eigenphase sum. However, narrow reso-
nances may be missed if the energy grid is too
coarse.

The resonance(s) detected are fitted by defining
a fitting region of twice I'™ about E™. RESON
generates its own guesses for I'"* and E™* based
on the input eigenphases. Fitting points are ob-
tained (a) from the input points in this region if
more points are provided than parameters or (b)
by generating a request to an external program for
eigenphases at a grid of energies. The resonance
parameters are calculated by a least squares fit.
Resonances are fitted individually unless two grids
overlap in which case a two resonance fit is at-
tempted.

3. Program organisation and data input
3.1. Organisation

RESON requires NAMELIST input from the
card reader and the eigenphase data from unit
NFTS. This is then stored on scratchfile NFTL

Subroutine EIGPHA(E, ETA, I), which is only
called when GETETA .EQ. TRUE, is a user sup-
plied routine which returns the eigenphase, ETA,
for the Ith energy point E.

Subroutine EO4FDF is a NAG library routine
for multidimensional least-squares minimisation
and the user is referred to the NAG reference
manual [2]. However, the following comments on
the error flag IFAIL are pertinent. EO4FDF re-
turns the following values for IFAIL [2]
IFAIL=0 successful return;

IFAIL=1 parameter outside range (will only
occur in RESON if the fixed di-
mension arrays need increasing);
Fitting has not converged. RESON
automatically restarts the fit once;
The final point does not satisfy the
conditions for acceptance as a
minimum, but no lower point could
be found. Experience has shown
that the parameters in this case are
satisfactory;
Unable to complete a singular value
decomposition in a reasonable
number of sub-iterations;
IFAIL = 5-8 Some doubt whether a true mini-
mum has been found: IFAIL =5 is

IFAIL =2

IFAIL =3

IFAIL =4
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Fig. 1. Program structure.

MAIN

probably a good estimate, IFAIL
= 8 is unlikely to be a good esti-
mate. Experience has shown
answers with IFAIL < 7 to be reli-
able.
Entry LSFUNT1 is used by EO4FDF for function
evaluation, it is initiated by a calling subroutine
LSFUNOQO, see fig. 1.

3.2. Card input

A single namelist /RESON/ is required. All
data are defaulted (values given in square brac-
kets). Note that whilst it is assumed that the
eigenphases are in radians, the energy units are

arbitrary.

NFTA [6] unit number of the line printer;

NFTS [9] unit number of the energy and
eigenphase input data. This is
read in one (E, ETA) pair per line
with FORMAT (2D24.0);

NFTI [10] unit number of scratch file;

NRES [5] maximum number of resonances

for which a fit is to be attempted;

NBACK [2] number of terms used to fit the

background. NBACK =N + 1
(see eq. (1));

GETETA [.FALSE]

Logical variable:

.TRUE. subroutine EIGPHA is
to be called to generate
the fitting points,

.FALSE. if the fitting points are
to be taken from the
input data;

Print flag:

=0 for minimal printing;

=1 for fuller printout,

=2 for debug printing (use
with caution).

IFLAG [0]

4. Test cases

Test data for both GETETA =.TRUE. and
.FALSE. are provided from results on e-Hj
scattering [3]. The resonance to be fitted corre-
sponds to the lowest resonance of ‘zg symmetry.
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TEST RUN OUTPUT

3C ENERGY POINTS READ IN
ENERGY= 0.35000 ETA= 0.511524 07430400
ENERCY= 0.36000 ETA= 0.6067962643D+00 SECOND DERIV= 0.841978862 0D ~01
ENERGY= 0.37000 ETA= 0.72134963370+00 SECOND DER1V= 0.5618425022D~01
ENERGY= 0.38000 ETA= 0.8579949892D+00 SECOND DERIV= 0.3548749212D~01
ENERGY= 0.39000 ETA= 0.1017560002D0+01 SECOND DERIV= 0.2030935704D~01
ENERGY= 0.40000 ETA= 0.1196805672D+01 SECOND DER1V= 0.8770034382D~02
ENERGY= 0.41000 ETA= 0.13871 06355D+01 SECOND DERIV= -0.1062163107D~02
ENERGY= 0.42000 ETA= 0.1575986642D+01 SECOND DERIV= «0.1103179556D-01
ENERGY= 0.43000 ETA= C.1751536404D+01 SECOND DERIV= -0. 23071586380 ~01
ENERGY= 0.44000 ETA= 0.190636794 00+01 SECOND DERIV= ~0.3895999124D~01
ENERGY= 0.45000 ETA= 0.2038361896D+01 SECOND DER1V= ~0.6033558813D-01
ENERGY= 0.46000 ETA= 0.2148982199D+01 SECOND DERIV=  -0.8856083313D-01
ENERCY= C.47000 ETA= 0.224126(223D+01 SECOND DERIV= ~0.1245985732D+00
ENERGY= 0.48000 ETA= 0.2318487303D0+01 SECOND DERIV= -0.1688906065D+00
ENERGY=  0.49000 ETA= 0.238362 0488D+01 SECOND DER1V= ~0.2212385662D+00
ENERCY= 0. 50000 ETA= 0.2439108926D+01 SECOND DERIV= ~0.2806884913D+00
ENERGY=  0.51000 ETA= 0.2486907943D+01 SECOND DERIV= ~0. 3454244152D0+00
ENERGY=  0.52000 ETA= 0.2528556116D+01 SECOND DERIV= -0.4126796262D+00
ENERGY= 0.53000 ETA= 0.2565261259D+01 SECOND DERIV= ~0.4786757818D+00
ENERGY=  0.54 000 ETA= 0.2597976163D+01 SECOND DERIV= -0.5363476582D+00
ENERGY=  0.55000 ETA= 0.2627471438D+01 SECOND DERIV= ~0.5921329883D+00
ENERGY= 0. 56000 ETA= 0.2654324 080D+01 SECOND DERIV= ~0.6132482039D+00
ENERGY= 0.57000 ETA= 0.2679073629D+01 SECOND DERIV= =0.62 044 (3870400
ENERGY= 0.58000 ETA= 0.2702130570D+01 SECOND DERIV= ~0.59138349030+00
ENERGY= 0.59000 ETA= 0.2723860485D+01 SECOND DERIV= ~0.5223662982D+00
ENERGY= 0.60000 ETA= 0.2744591239D+01 SECOND DERIV= ~0.4077834416D+C0O
ENERGY=  0.61 000 ETA= 0.2764631289D+01 SECOND DERIV= ~0.2446745523D+00
ENERGY=  0.62000 ETA= 0.278428871 (0+01 SECOND DERIV= ~0.3442888043D-01
ENERGY=  0.63000 ETA= 0.2803894 0350+01 SECOND DERIV= U.21502499230+00
ENERGY= 0.64 000 ETA= 0.2823831719D+01
1
AUTOMATIC RESONANCE FITTING:

1 RESONANCES DETECTED

1 RESONANCES TO BE FITTED

RESONANCE 1 IN THE RANGE ELOW= 0.32715 TO EHIGH= 0.49285

GRID POINT 1 E= 0.35000 ETA= 0.5115240743D+00
CRID POINT 2 E= 0.36000 ETA= 0. 6067962643D+00
GRID POINT 3 E= 0.37000 ETA= 0.7213496337D+00
GRID POINT 4 E= 0.38000 ETA= 0.8579949892D+00
GRID POINT 5 E= 0.39000 ETA= 0.1017560002D+01
GRID POINT 6 E= 0.4 0000 ETA= 0.1196805672D+01
GRID POINT 7 E= 0.41000 ETA= 0.1387106355D+01
GRID POINT 8 E= 0.42000 ETA= 0.1575986642D+01
GRID POINT Y E= 0.43000 ETA= 0.17515364 04D+01

GRID POINT 10E= 0.44000 ETA= 0. 190636794 (D401
GRID POINT 11 E= 0.45000 ETA= 0.20383618960+01
GRID POINT 12 E= 0.46000 ETA= 0.2148982199D+401
GRID POINT 13 E= 0.47000 ETA= 0.224126(23D+01
GRID POINT 14 E= 0.48000 ETA= 0.2318487303D+01
GRID POINT 15 E= 0.49000 ETA= 0.238362 0488D+01

INITIAL VALUES FOR FITTING PROCEDURE

RESONANCE 1 FIT:
ERES = 0. 41 0000000+00 GAMMA = 0.82852 065D ~01
BACKGROUND: 0.0 0.0

FIT COMPLETE, RESIDUES:
0. 00034 04 ~0. 0000187 ~0. 0002181 -0. 0002496 ~0. 0001355 0. 0000530 0. 0002 057 0. 0002328 0. 0001253 ~0. 0000503
~0. 0002 064 ~0. 0002738 ~0. 0002 (98 0. 0000089 0. 0003961

RESONANCE 1 FIT:
ERES = 0.40900363D+00 GAMMA = 0. 10591 095D+ 00
BACKGROUND: -0.32254552D+00 0.29228479D+00



