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PROGRAM SUMMARY

Title ofprogram: RESON Natureofphysicalproblem

RESON detects resonances in a list of eigenphase sums and fits
Cataloguenumber:ACCW them to a Breit—Wigner form.

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

The resonances are detected by sign changes in the second
Computer:NAS 7000; Installation: Daresbury Laboratory derivative of the energy with respect to the eigenphases. A least

squares fit is then performed in the region of the resonance.

Operatingsystem: MVT
Restrictionson thecomplexity~ftheproblem

Programminglanguageused:Fortran IV and Fortran 77 RESON will only fit up to t~ooverlapping resonances.

High speedstoragerequired:200 K
Typicalrunning time

No. of bits in a byte: 8 0.2 s per resonance on NAS 7000.

Peripheralsused:card reader, lineprinter, 2 disk files
Unusualfeaturesofprogram
RESON uses NAG library minimisation routine EO4FDF. ItNo. of lines in program and test deck: 416 in RESON plus 4189 .

in NAG routines can also generate requests ~ fitting points to give a fully
automated resonance detection and fitting package.
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LONG WRITE-UP Theresonance(s)detectedarefitted by defining

1. Introduction a fitting region of twice pres about E res RESONgeneratesits own guessesfor pr~ and E~CSbased

Resonances,or long-lived quasi-boundstates on the input eigenphases.Fitting points are ob-
lying in the continuum, are commonly found in tamed(a) from the input points in this region if
manyproblemsof physicalinterestsuchasnuclear morepoints are provided than parametersor (b)
interactions,heavyparticle (atom—atomor mole- by generatinga requestto an externalprogramfor
cule—molecule) scatteringand electron—atomor eigenphasesat a grid of energies.The resonance
molecule collision processes.These resonances parametersare calculatedby a least squaresfit.
manifestthemselvesin theoreticalcalculationsas a Resonancesare fitted individually unlesstwo grids
rapidincreaseby ~ radin thetotal eigenphasesum overlap in which casea two resonancefit is at-
superimposedon a backgroundeigenphasesum tempted.
which variesslowly as a function of the scattering
energy.They can be characterisedby a position,
E res and width, Fs. Within the Breit—Wigner 3. Programorganisationanddatainput
form [1], the eigenphase(~)as a function of the
scatteringenergy(E), is written for multiple reso- 3.1. Organisation
nancesas:

M I 1 N RESON requiresNAMELIST input from the
~ tan’l ‘Eres’ J+ ~ a(E)’. (1) card readerand the eigenphasedata from unit

L (E ) ,~ NFTS.This is thenstoredon scratchfileNFTI.
The secondsummationin (1) is a power seriesto SubroutineEIGPHA(E, ETA, I), which is only
representthe underlying trend in the eigenphase calledwhenGETETA .EQ. TRUE, is a user sup-
across the region of the resonance.This back- plied routinewhich returnsthe eigenphase,ETA,
groundis usually representedby a linear (N = 1) for the Ith energypoint E.
or a quadratic(N = 2) energydependence. SubroutineEO4FDFis a NAG library routine

For many scatteringproblems,especiallythose for multidimensional least-squaresminimisation
involving chargedparticlesvery many resonances and the user is referred to the NAG reference
can occur. Fitting theseby hand can be tedious manual [2]. However, the following commentson
andtime consuming.We havethusimplementeda the error flag IFAIL are pertinent. EO4FDF re-
procedurefor automaticallydetectingand fitting turns thefollowing valuesfor IFAIL [2]
resonancesto a Breit—Wignerform. IFAIL = 0 successfulreturn;

IFAIL = 1 parameteroutsiderange (will only
occur in RESON if the fixed di-

2. Method mensionarraysneedincreasing);
IFAIL = 2 Fitting hasnot converged.RESON

RESONreadsa file of energypointsandcorre- automaticallyrestartsthe fit once;
sponding eigenphases.The second derivative, IFAIL = 3 The final point doesnot satisfy the
d2E/di~2,is constructednumericallyand inspec- conditions for acceptance as a
ted forchangesfrom positiveto negativesign.This minimum, butno lowerpoint could
point is thenmarkedas the location of a possible be found. Experiencehas shown
resonanceand a fit is attempted.RESON can that the parametersin this caseare
handleeigenphasesumswhich are smoothed(i.e. satisfactory;
increaseby ii) acrossa resonanceor discontinu- IFAIL = 4 Unabletocompletea singularvalue
ous. RESONcanfit eitherindividual eigenphases decomposition in a reasonable
or the eigenphasesum. However, narrow reso- numberof sub-iterations;
nancesmay be missedif the energy grid is too IFAIL = 5—8 Somedoubt whethera true mini-
coarse. mumhasbeenfound: IFAIL = 5 is
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NBACK [2] numberof terms used to fit the
background. NBACK = N + 1
(seeeq.(1));

GETETA [.FALSE.]
Logical variable:

GETETA TRUE EIGPHA

to be calledto generate

E~4FDF .TRUE. subroutineEIGPHA isLSFUNØ the fitting points,.FALSE. if the fitting points areto be taken from the
Fig. 1. Program structure, input data;

IFLAG [0] Print flag:
= 0 for minimal printing;

probably a good estimate,IFAIL = 1 for fuller printout,
= 8 is unlikely to be a good esti- = 2 for debug printing (use
mate. Experience has shown with caution).
answerswith IFAIL ~ 7 to be reli-
able.

Entry LSFUNI is used by EO4FDF for function 4. Test cases
evaluation,it is initiated by a calling subroutine
LSFUNO, seefig. 1. Test data for both GETETA = .TRUE. and

.FALSE. are provided from results on e—H~
3.2. Card input scattering[3]. The resonanceto be fitted corre-

spondsto the lowest resonanceof ~g symmetry.
A single namelist/RESON/ is required. All

data are defaulted (valuesgiven in squarebrac-
kets). Note that whilst it is assumedthat the Acknowledgement
eigenphasesare in radians, the energy units are We are grateful to NAG for permission to
arbitrary. include their routines.
NFTA [6] unit numberof the line printer;
NFTS [9] unit numberof the energy and References

eigenphaseinput data. This is
readin one(E, ETA) pair per line f 1] G. Breit and E.P. Wigner, Phys. Rev. 49 (1936) 519. 642.

with FORMAT (2D24.0); A. Hail. Phys. Rev. A19 (1979) 920.

NFTI [10] unit numberof scratchfile; [2] NAG Fortran Library Maflual, Mark 10. vol. 3 (1983).
P.E. Gill and W. Murray, SIAM J. Num. Analysis 15 (1978)

NRES [5] maximum numberof resonances 977.

for which a fit is to be attempted; [31J. Tennyson, C.J. Noble and S. Salvini, J. Phys. B17 (1984)

905.
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TEST RUN OUTPUT

30 ENERGY POINTS REAl) IN
ENERGY— 0.35000 ETA— 0.51152407430+00
ENERGY— 0.36000 ETA— 0.6067962643D+0OSECOND DERIV— 0.841978862(0-01
ENERGY— 0.37000 ETA— 0.72134963370+00SECOND DERIV— 0.5618425022D-0I
ENERGY— 0. 38000 ETA— 0.8579949892D+00SECOND DERIV— 0.35487492120-01
ENERGY— 0.39000 ETA— 0.10175600020+01 SECONDDERIV— O.20309357O4D-Ot
ENERCY— 0.40000ETA— 0.11968056720+01 SECOND DERIV— O.8770034382D-02
ENERGY.. 0.41000 ETA— 0.13871063550+01 SECONDDERIV— -0.10’.2163107D-02

ENERGY— 0.42000 ETA— 0.1575986642D+01 SECONDDERIV— -O.1i031795560-Ot
ENERGY— 0.43000 ETA— C.1751536405D+01SECOND DERIV— -0.23071586380-01
ENERGY— 0.44 000 ETA— 0.19063679401+01 SECONDDERIV -0.3895999124D-01
ENERGY 0.45000 ETA— 0.20383618960+01SECOND DER1V -D.6033558813D-O1
ENERGY— 0.46000ETA— 0.21489821990+01SECOND DERIV— -0.88560833130-01
ENERGY— 0.47000 ETA— 0.2241261.0230+01 SECONDDERIV -0.12459857320+00
ENERGY 0. 48000 ETA— O.23i84R73a3D+01SECOND DERIV— -O.1688906065D+O0
ENERGY— 0.49000ETA— 0.23836204830+01SECOND DER1V— -0.22123856620+00
ENERGY— 0.50000ETA— 0.24391089260+01SECOND DERIV— -0.28068849130+00
ENERGY— 0.51000ETA— 0.24869079430+01SECOND DERIV— -O.3454244i52D+O0
ENERGY— 0.52000ETA— 0.25285561160+01SECOND DERIV— -0.41267962620+00
ENERGY— 0.53000 ETA— 0.25652612590+01SECOND DERIV -0.47867578180+00
ENERGY— 0.54000ETA— 0.25979761630+01SECOND DERIV— -0.53634765820+00
ENERGY— 0.55000ETA— 0.26274714380+01SECOND DERIV— -0.59213298830+00
ENERGY— 0. 56000 ETA— 0.26543240802+01SECOND DERIV— -0.61324820290+00
ENERGY— 0.57000ETA— 0.26790736290+01SECOND DERIV -0.62014093870+00
ENERGY— 0.58000ETA— 0.27021305702+01SECOND DERIV -0.5913834903D+00
ENERGY— 0. 59000 ETA— 0.27238604850+01SECOND DERIV— -0.52236629820+00
F.NERGY 0.60000ETA— 0.27445912390+01SECOND DERIV— -0.40778344160+00
ENERGY— 0.61 000 ETA— 0.27646312890+01SECOND DERIV— -0.24467455230+00
ENERGY— 0.62000ETA— 0.278428671(0+01SECOND DERIV— -O.3442888043D-0i
ENERGY— 0.63000ETA— 0.28038940350+01SECOND DERIV 0.21502499230+00
ENERGY— 0.64000 ETA— 0.28238317190+01

AUTOMATIC RESONANCEFITTING:
I RESONANCESDETECTED
I RESONANCESTO BE FITTED

RESONANCE I IN TUE RANGE ELOW— 0.32715 TO EUIGH— 0.49285

GRID POINT 1 F.— 0.35000ETA— 0. 51152407430+00
GRID POINT 2 E— 0. 36000 ETA— 0.60679626430+00
GRID POINT 3 5— 0.37000ETA— 0.72134963370+00
GRID POINT 4 E— 0.38000ETA— 0.85799498920+00
GRID POINT 5 E— 0. 39000 ETA— 0.10175600020+01
GRID POINT 6 E— 0.40000ETA— O.11968O5672D+O1
GRID POINT 7 E— 0.41 000 ETA— 0.13871063550+01
GRID POINT 8 E— 0.42000 ETA— 0.15759866420+01
GRID POINT 9 E— 0.43000ETA— 0.17515364040+01
GRID POINT 10 E— 0.44000ETA— 0.19063679402+01
GRID POINT 11 E— 0.45000ETA— 0.20383618960+01
GRID POINT 12 E— 0.46000ETA— 0.21489821990+01
GRID POINT 13 E— 0.47000 ETA— 0.22412602230+01
GRID POINT 14 E— 0.48000ETA— O.2318487303D+OI
GRID POINT 15 5— 0.49000ETA— 0.23836201880+01

INITIAL VALUES FOR FITTING PROCEDURE

RESONANCE 1 FIT:

ERES — 0.410000002+00 GAMMA — 0.828520650-01
BACKGROUND: 0.0 0.0

FIT CERIPLETE, RESIDUES:
0.0003401 -0. 0000187 -0.0002181 -0.0002496 -0. 0001355 0.0000530 0.0002057 0.0002328 0.0001253 -0. 0000503

-0. 0002(64 -0. 0002738 -0. 0002098 0. 0000089 0. 0003961

RESONANCE I FIT:
ERES — 0.409003630+00 GAMMA — 0.10591095D+O0
BACKGROUND: -0.322545520+00 0.292284790+00


