
86-430 
CDDfi.IHIII 

DfihiAIIHIHHDrD 
IIHCTIITYT8 

IAIPHWX 
IICCIIlDI8HIII 

lYfiH8 

EI0-86-430 

P.Kozma•, J.Kozmova, E.Streit, V.Hnatowicz• 

A i'RuGRAl'ti FEDEF 

FOR THE PARAMETRIZATION 

OF EXPERIMENTAL DATA 

• Institute of Nuclear Physics, 
Czechoslovak Academy of Sciences, 
Rez-Praque, Czechoslovakia 

1986 



"," ,. ',r 
, '\";p ''',f, 

l'lof"! ,,' T, /;.. ,~'I 
11. 'r\1 .. '1'\.' \. 

,~ "I 

" f p . '\\ I\~ !1r'~. 
,} "I:~<i ~ ~ ~\ 

'1'" l~ " j \. 
'I: '\({" I 

osiil... ''''1 '\,,,,,, 

n., .1 
'~ , 

J, 

~'l 1 \;~. rrl"~ l~,:4 
"i 1,~1' '. 

~'I ,z~ ~ " 

, 'I~ 

~t.f ., (I>.'.'i 

f» 
~ 

t'l~' • '"~"... I,t 
~, ;'1 

r 'lo, y~'
1~ \'" ..~ o"" ,!", 

I li 
'1 

f"~'\ i-
j f"" 'I 

.,~ /7 

'~J " ~~ 

I" .. ~ lJ ".; >\ 

,,' I ," 

l~ ,~ "",",/ 
,I' 

" 
" 
~y "ft'
 

\' J'~ .)-j
 :\I 

s: 

.,..'tll 

, -'!l 

'u 

".{ 

I' 
I' 
I 
( 

i
I
, 

I 

t 
.,' 

I 
,----",-:;---er-~...............~'
 

) ~~f- ': 1f " ',,',.. -r---- ,"t, J\I '\J!" " 

\ " ~f(?
I., ! 

lI"! 

'f,® Q6~,eA~effiitlll' ,.IfHc1;HTy;t RAeP1Ib1X Hccn~AbB~wi. i.ti6qa1 f~~\6:1 
't I "', ~'J!~ ,)' .' " i"l:, 1.1) 

f • }. 
f.~'. } •• '.\ s, ~ 

l"'\ 
\, ,,,,', 

'», l~ '1'" 
I!( i'" 

~ 'I, 
;1", 

t,1 

""!

'P; 

.FEDEF ia a Fortran program written to per~orm the data parametri 
zation with theoretical functions. Experimental data are fitted using 
the leaat-squares method (LSQ)/1/. The program fEDEF can be adapted 
for UBe to any Fortran program where parameter valuea may be changed 
to 1mprove an agreement between calculated predictions and experimen
tal data. The program automatically finda out the set of parameters 
which yields the beat leaat-aquares calculated fit to the data. 

M!~~~~_2f_~~~~~!2~ 

In the least-squaree fitting procedure the quantity 

~ _ 1 {;N[D._F.]2, (1).x -  -J-J. 
li .. 1 f:t 

ia minimized; i=1,2, ••• ,N 1s the number of meaaured experimental 
points, Di is the set of experimental vulues ·(compoaed of N numbers) 
with corresponding errore ê i and Fi ia the calculation result cor

:. reap~nding to Di. The theoretical function F and hence~ is depen
dent on the set of parameters Pk' k=1,2, ••• ,lli•.From this follows that 
the derivative of j(2 with respect to the Pk will be zero whenever 
](2 has a maximum. Therefore, for all Mvalues of Pk we have at a mi
pimum 

2 1 Nd(X ) 
N. er (D.-F.) dF. o (2)-b 2~= '" ~,~ -~-dPk dPk 

Thus, the rninirnization of Eq.(1) leads to the system of linearly in
dependent equationa to be aolved for unknown parameters • 

~!!!~E!~~!2B!! 

A maximum ôf 10' fitting parametere and 100 data pointe can be 
BimultaneouBly treated. It should be noted that these numbers can be 
arbitrarily increased (or decreased) by changihg the dimensions of 
variableB. 
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The program 'FEDEF requires aubroutines OHICf, AV, TRANS, DER and 
FC'.r: 

OHIO inversion of LSQ-matrix .lements within a double
 
preciaion;
 

AV - calculation of the centre-data set;
 !I 
TRAl'lS data transformation into the log acale and vice versa; ·,t
D15R - calculation of derivat~ve values of the function F; 
FCT - calculation of parametrized values. 

~E2SE~_!~E~!_~~_2~!E~! 

The input read by FEDEF ia: 

1.1ine: N, M, IX, IY, KX, KY 

with
 
N the integer number of data points;
 
M the integer number of fitting parameters;
 
IX (IY) the integer input number: if negative, then data on x
 
(~)-coordinatea are tranaformed into the log scale bafore the
 
fitting procedure;
 
KX (KY) the integer input number: if negative, then the origin
 
of coordinatea X (Yo) ia transformed into the centre-of-data
 o 
sete 

2. to (N+l). line: XCI), Y(I), DY(I) 

XCI), Y(I) (I=l, ••• ,N) ia the aet of experimental data points
 
with 'correaponding errora DY(I). The format of these lines is
 
(JE15.8). The maximum number of data pointa in X, Y and of
 
errors in DY is 100.
 

The output of FEDEF ia 

a) table of input values;
 
b) centre-of-data aet ~ = , Y~ = (if(KX,KY~ O»;
 
c) derivative values of the theoretical function F 'at all treated
 

, points; J 
d) values of 'LSQ-matrix elements; I' 

e) table of result values: 
XCI), Y(I), DY(I), DIF(I), 

where X, Y and DY are input data, F ia the result of calculation 
at a given experimental point and DIF(I)=(F(I)-Y(I)/DY(I); 

f) values of fitting parameters with corresponding errora; 
g) j(2 value (see Eq.(l» CHISQ = , and 
h) correlation valuea of fitting parametera. 

~!!~~~!!~!!2~ 

EC-l055 M computer at the Computing Centre of the Laboratory of 
High Energies, Joint Institute for Nuclear Research, Duona. 

~EE!~~~1!2g~ 

Two apecial examples are presented for the FEDEF program applica
tions: ,

1. The angular dependences of differential polarization Erpy 
from the 2H(d,p)3H and 2H(d,n)JH~ mirror reactions at 0.975 fu~V were 
fitted by the expans~on in a seriea of aaaociated Legendre polyno
miala/2/ pl(cos 9), L being even: 

fiopY' (E,S) = 2: BL1(E) pi(cos s) • (J) 
L 

The best least-squares fit of Eq.(3) yielded parametera BL1 at 
:1. 2 = l.J86 and .:x 2 = 1.524 for the 2H(d,p)3H1J/ and 2H(d,n)3He /4/ 

experimental data, respectively. The resulta are diaplayed in fig.l. 

2. Following the R-matrix approach/5/, the energy dependencea of 
expanaion coefficient B21(E) from the 2H(d,n)3He and 2H(d,p)3H re
actions at low energias were fitted by the relation 

B21(E) = + + b02J~0(E)~2(E), (4)b11L1(E) b2112(E) 

where~ are the barrier penetratio~ factora/6/ defined on the sphe

re of interaction radiuB r. They are expressed by means of regular 
and irregular Coulomb functions Ft(kr) and G~(kr)/2/, respectively. 
In this case, the program FEDEF was uaed along with the well-known 
subroutine RCWFN/71 for the Coulomb function calculations. The best 
least-squares fit givea parametera b1, b02 and interaction rab2,
dius r aa well with )(2 = 0.416 and Jt = 1.605" for the 2H(d,p)3H 
and 2H(d,íf)3He experimental data, respectively. The resulta of these 
fita are displayed in fig.2. The B21 values were fitted to log scale. 
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Fig.1. The least-squares fit oftbe 
exVerimental angular distribution 
of nucleon polarization from the

qJ'" 
2H(d,P)3H and 2H(d,n)3He mirror 
reactions at about 1 ~eV. 
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Fig.2. The least-squares fit of the 
experimental energy dependence ~ 
of nucleon polarization from the 
2H(d,p)3H and 2H(d.n)3He reactions 
in the theoretical framework of 

I J. .l 
n. .,..R-matrix approXimation/5 ,6/. 	
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K09Ma n. H AP. EIO-86-430 
npOrpaMMd FEDEF AnH nSpaMeTpHSaqHH 3KCnepHMeHT8nhHNX 
AaHHIIIX 

nporpaMMa FEDEF npOBOAHT nOAroToBKY 3KCnepHMeHTaDhHYX 
AaHHYX C nOMo~~ napaMeTpaqeCKHX ~YHKqaA MeToAoM HaHMeHhmHX 
KBSAPaToB. Ha60p COTHH 9KCnepHMeHTanhHYX AaHHNX H AecHTH 
napaMeTpOB nOAroHKH MOIRO COBMeCTHO npoaaanH9HpoBSTh. npo
rpaMMa FEDEF MOZeT 6wTh HcnonhsoBaHa BMeCTe C APyrHMH npo
rp~. Tpe6y~ cornaCHH MeZAY TeopeTH~eCKHMH npeAcKasa
HHRMH H SHs~eHHHMH 3KCnepHMeHTanhHNX AaHHNX. 

Pa60Ta BwoonHeHa B na60paTopHH B~COKKX 3HeprHA OHHH. 

CooGuleHHe O6J.e.lUlBellHOfO IIIICl'H1')'TI. aAepHWX HCCJIeAQB8HHI. JlyfiHa 1986 

nepeBoA n.H,·Bapa6am 

Kozma P. et al~ EIo-86-430 
A Program FEDEF for the Parametrization of Experimental 
Data 

A program FEDEF provides the parametrization of experi
mental data with theoretical functions by the least-squares 
method, A set of about 100 data points and 10 fitting para
meters can be simultaneously treated. The program FEDEF can 
be adapted for use to programs where parameters may be changed 
to improve an agreement between calculated predictions and 
experimental data. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 
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