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1. Introduction 

For a time there has been considerable uncertainty about the 

first radially excited JP meaon state. Only recently/4.5~ clear and 

independent evidences for its existence in the form ofjP (1250) at 

a somewhat higher mass value from the analysis of cross section data 
on e-te-~ :JT+JT-and e+e~ yOeu has been found. However, in the pa­

pera / 4 , 5/ the parametrization of correspondin~ cross sections in the 

form 01' a aupe r-pos Ltion of simple Breit-Wigner formulas has been ta­

ken, whtch must not be thf' DlOSt suitable, because maaees and widths 

obsorved directly in an experiment noed not be a true meaeure of 

the unde r-Jy lni!: resonance par-ame t e r-a and they can he modified ei/',ni ­

1'icantly throuv,h interference with an appropriate nonreaonant tJack­
I:round. 'riler'oror'e, til tn t a paper, we une for a det.ormination of the 

J)I 
(1,:;")0) pa r-emo te r-u (t)001dolO the other' ad j ua t ab.Le pur-ame t c r-n of tho 

mode L) the mOI'O tlecomplinhed un l t a r l z ed analytic I/MlJ modOl/l,,'r/, in 

which a l no c on t r-Lbu t Lonn or ltH> nou re aon an t backv,r'ound 81'0 InoorlJo­
r-u t ed ill U vu ry nu t u r-u l ,",uy. Moreover', Lnu t ead or the only data DII 

e'e-·.-J1·f"JT'-, til" ploll form factor' datu 1'1'010 til" wllOie e x t u t Inz 

"/1I'lI:e or '''''80 u 1'.lll mnme n t.n -1(Kjftl/~t:,".1() \;,,1/;' 8"0 """',Y",,<1 u l ruu l « , 
Lnn e o u n l v , All fl renu I t , LtIH (H~('\II·r·.'tl(:,1 or.f> (1: ' I,U) ('{'nOIUl.ucn LlI 

ete-.. "'+7T-' pl''''''''"' '" c on tt rmo d 11 ..... 111 11/1" It c o i n c l d e n co III It" 
-. , , /~ ',I 

1111111" v u l ue WI UI t.t rn L (lnltll1ulllfld \11 • lit'" 11CH~1I 1"01111<1. II(H¥UVtQ', 

1.110 v n l tn-u HI' (lUll"- '"(IIIUIIUIH'." pnr"U1lulnnl Il,'tt u l I'f'u ro n t, 

lit till' III'Xt. lIPctioll \If., bt'l"ll.y 11111lUlln,"l'l.n t.1t" 11l11lnJ'I:I.nd IiHhl,yl.Lo 

VMlt lIlodnl (It' L1I1' ~llCln ("flnu rUt"ttll' nllll "Ifill we. Ill'oVU "hul thn ftU.YII1il ­

l.11t.il· tl"lltlvltllJI I 1, llf t.IlCt IUI,d(~1 'I.HI lo lin r\J.fOd n~II(~f1 Lht1
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, . Unitarized analytic VMD model of the pion form factor and governs the asymptotic behaviour 

It is well-known/ 91 that the electromagnetic structure of the 

I' on ia totally described by one scalar function ;::. {-6} depending 

OIl the four momentum transfer squared t =- Q2
of the 

7f 
photon and di­

,·"ctly measurable in the process e t e- ...... ;;r +JT- through the cross 

lHJG t i on 

i'f !nO<)
:2. 

d(e+e-:"JTJr;= tT.,(~S/~ (t) + Re 2._ -t. -/h) r;, /2 (1)
9~ T ~ ~ 

where 

R~ .s: ( 
2. ~ 

2[ ~ (2)IYJ <0 ) 

of. h)..., /')'].:_ 't 111/ rre-o-n!e-) rr'-O-7.Jr tTl] 

ia the fine structure constant. """~ ~0< j=[1- y7 ia the velocity 

of the outgoing pion and the phase 'f is given t hr-ough the f and 

~ mesons parameters by the expreasjon/ 101 

m;:
If = CVt~"1f- ~L- (J ) 

", '1. __ I1J. 2. 
J' ~ - + ­

There are. however, also other proceaaee, li"e ;;rp ~ t': e!2~ "lid 

.T!.,.....,"7 ";y-. fl:iving the_experimental benev t ou r of r; (t) for t.">n 
and the pr-oceueea e~N~e.TN ,.Jre~ J/-e.- , from widell Ilxporl­

men t a I infurmation on F,. (of) for t<.O La extracted. 

'L'ho moat p inn pe r-oua approach In the de ac r i p t t on "I' n l l tllll'H! 

<lata f' r-om a ~;1oblli point of vicw, which ,..,rloc,to mH11I ',,,,I.'lI·lIfl "I' 

tho p l on r'o rm factor exporimental Lnt'o rtna tl o n , ill til .. vllclor-h111Il,JlI­

-domlnaneo (VMIl) model 

2.(t: 1/ I"'~ TYJu- 1 r1i j I . ,//P' (t.) (4 )LJ I
11 ~ 

WIl'H'P thn lI'IlII11I"I,lon In o/II.,.ln,) out ollly OVOI' lnovl",tO! ve o Lor- 111""01'" 

(rul'lhnr w.. ,·... t r l o t, OIlI'lI"lvII" lorr ;f~f/f,N ) In. '"'" 1,1/,,1,· "'ltllll'"I.. ) ) f,

f amI f """ v.ll1tor-m"uoll-pLoll:'P!OIl I1l1d ,",lv",.",,1 vllulo,'·'.. " ,'-"""."It ODupll/l1': '"HlfltulIl .. '·lllll,,,utlv,,ly. Ilt",'I,V. !-;".(4) t .. ktlll Into 

nn'lollllt till' r ..u t or lh.. o r ... tt on 01' vu rl oun V,,,, I,.,,· IIItlUolI/' III lll" 

I'IIl'Ut!oll f""" • .II'" IUI'Lloltl.v, Il I" nl)"lIIllllv,,,,1 1'0'· I r, lJ.y 

tllfO "II I at I 011 -,., 
/, ».: 1/,,) I ( " ) 
fl 

Sr{i} ~ -r'; (6a) 

1,-+:/00 
predicted/11-131 fo~ the pion by QCD up to the logarithmic correc­

tion as follows 

61, Z"2­

F /t) ..,.7/ :7"." 
t. '"'"". (6b) 

J[ (11- 32. 1Lr){- t) -en (- ~)//l 2­

where i= 93 MeV is the pion decay constant, ~~ is the number of 

quark llayours and 1\;:; 100 MeV is the QCD scaie parameter. 

Nevertheless, VMIl model (4) besides tllese positive fea tures has 

also a series of shortcoming~, e. b • it acquires infinite values in 

the contradiction with measured croos ac:ction (1) at the vector meson 

poaitions t=m2 a n d it does not respect the unitarity condition 
~ "* 

x; .; (1:) = ~ fi) A ./to + dC-t) (7) 
I 

with A, to be the p -wave iaovector liT' acattering amplitude and 

with (5'{-t) representing higher inclaatlc contributions. It is also 

ahort of a amooth nonresonant uack~round. which seemB to be crucial 

in outaininK true valuolJ of resonance parametera from the existing 

experimental lnforu~tion on the pion form factor. 

We note that all thellll defeoto of the atandard VMll model are 

overcome by the incorporlltlon / b,71 of lho two-cut approximation of 

plon 1'01'111 rao to r analy lie p r-o pe rt Le a ( see ~'1f,. 1) into (4). which 

I pl~". 

t =0,q.
" '1 .. 

t 111<)(~ " ::---:':: 
.-~'---fAWIlfI!E!iffIl!Jt I ~4m~"I,. I, • .. 

\' 
I

" , :X-...­'I"' ,v· .x:- I .. lml 

.1 ) b) 

/"11'.• I 

Ii) 'I'wo-IIIII. o""",.,I",nl;o" "I' U, .. Illl.I.vI.I" ,,1·""fO,·I,I,," or lhe "L .. o L... ,­
1II.,~n,.Llo ldull fu rtn fuel,fI.' 1 

I~) tJt.I'III',l.lll·~! I~r t.llr, "llr·I·'Hlll~'J!lllll~. lilli" ill"Hlt.,'(l UICJlUn.JHI nllr~fnn4.'1. 

J. I 
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finally leads to the unitarized analytic VMD model of the electro­
magnetic etructure of the pion. The two-cut analytic structure is 
generated (see Fig. 1) by -t;::. LfJll2 and t:::, -I: /~e)'t bJ2. (1 t will be 

'Q" r 
left as a free parameter of the resultant model). square-root-branch 
points. Then utilizing the conformal mapping 

J"
Cf.= [ (f-~)/'tJ'2 117,.= { (tl) 

I 

and the inverse Zhukoveky transformation 
f, 1-Z\VIr) , [ 9.. -rq.] '2_[1.: - 07 ~ 

w -t ::: t (~e dU "'..i Z;~e=!14e-'r)/J 2(9)11 - ) 
. [ 1-/~1l + ttl '.1..,. L1.,.€- if] 'Vz. 

leade/6 , 71 to 

Jj~~g= (I-W:/";' (~-W'v.)(%+WV'j(W.; f~)(~/~)
 (101 

7T -(-WAf ~ (W -'fr.)(V'ltw:r.)(W-ljWJ,..)(W'f"Ij~) 
where VV'v:: denotes the VMD pole poa i, tion in th.. 'N-plane (uee ~'ig. c) 

and the a;ymptotic behaviour (b!d is ensured by the power "2" of the 
common normalized factor in front or the Burn. If, fu r t her, we uae 

III 1/W; ,-y
l< 

W:011W pia"e 

II II 
W,I" ..

w"l" w.
W'q 

w·
Y·ll <, ,/ .. 

Mw· .. 
)0 " 
1/W~ 

~'I ~,. .' 

Heuul l or thll lIl11ppjll~~ or lho 1'"",·-"I",,,L,,d HI""1111111 1111"1' .."" 
on t o OliO W-plIlIlO 

'1
11""I'Ul) Ill.... III to r Lho IIltUJUeu o f" v o c lDI' f1U1UOJlII, ,nt' ..: I.,,,, ","1

a 1n!J-l, ~;, " I,u • l n tr-od uc o 1I1fi JlOIlI",('~I'I~ v u l uou n r v.tt' to I' mnnull /11 
wid Lith hy 1110alii. or LIlli "hnlll'."" . r ') ~ 

' :l(1-,/. z- / (my· 1,-)1"7 'I .. 1,-- J1("'., .~) I{JII,} 1 
( I I ) • 

~rq,.) ~ W.. f 1.,,) 

and take into account the left-hand cut contribution/14 •15/ by a nor­
malized factor coneisting of one pole and one zero on the poeitive 
real axie (eee Fig. 2) ineide the unit circle in W-plane, which corree­
ponde to the negative real axis of the second Riemann sheet in - ve­
riable, we finally obtain the unitarized analytic VMD model of the 
pion form factor 

Fi[W{-62J= (1- W:)1. (w- ~)(~- ~) X 

1-~ (vtI- vy,,) (~- ~) 

X{(WN-~)(WN-~~)(~_1/~)(~-VIf/ (12) 

(W - 'f») ('11- WJ) (W- 1/Wf) (W-1jVj,j() {f,lt) t 

+ L (~- Wv){~-~J!~+~)(WN+W;) II If)
/ ('l1/ - 1)1 ) (w - Wtf)(W+ W j(1R + vtJ~') rr» ... 

1T"'f.fJ" r 1r v: ,... 

d ef'd uad on e. four-shoe ted Hiemann eur-race where.fl -poles (always at 
complex oOIl,JUr;ate pointH) are plac~d on the aecond and fourth sheetsl 
and r'r' -1'01('0, on the tlJ1rd and t'c.ur tn ahee t a , In the ne x t aec t f on 
this model will bo uae« for Llw analyoio of tho pion form faotor data 

to de t.ermt uo tho r""Oll8IlCtl plU'llllle tlll'U "'- r: 1:. If (rr:: Dp'o'l Ho-r, IV.J rltlr lr- J, IV./ 
Wllver, be t'or-e we dl'aw our e t t en t l on to the 1l8ymptot1.o behavIour of 
(1?). 

'l'hollv.h in III Ill" lid" tile CIUilW,tl or tho vower of tlJe normalized 
rll~tOJ' In rr-on t of tlo .. 1111111 In (1;') La 81\ IU'blLr'ary vooitive l.ntejol;el' 

I\OJ I'oLl owu ') fl ~ 

(, w.) ., c:, ) "/1 _. ( 11 )
I ~i -.1~' 

/ l1<1,.<1" lo 1.1", 1',"'''< '111: I.utloll , ,"1 of llill Ilion t'o rm rant",' IIIIympLoLI0 

1,..,1."v II ~ I" ~) r Llu, rOI'm 

F (;.) " I 
1 
I t. 

(1. ) 
I '" ,'.,c.} 

",Ithoul .".Y vIt\lutloll of 1'0.,ltlv .. rlil.. tlll·.... of Lhlil luodll.l (1;» r'0801l0ld 

",Y t.h.. t noo r-po r-e t t on o I' t.ho klt.I,y LIllI ty Ln to (4), rll,'the,' we I"',,ve 
LhA l. Oil I ,v I,un I t I v" IIVtlJl /'1 1 tI u l lllwod I II (14) I" 11(l(lO I',j"nllft wI til «(, td. 

1I01Ally. LIl.. A"a1..yllc l"'llt.IIIl,"lloll or (f,II) to lho "I'I'." llOlIwlal'y 

of lh.. pion 1""'11 r • .,I.,"· o u L 011 tt", l'"nILlv" ,'"n) nKI,,-1 hy me.ll. or 
III" III111A" , lilt to" I,.. I- r: ... / 

:. 
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-f: ...,. -t e-,.r (15 ) 

leads to the expressions 

61,7T2 :£2 
I<e F(t)--- 1T 

( 16a).,,- (1f-~1t ) t e; t//\'l. 
t-1>oG 6 T 

and 

71 bqQ'"z~ZSn F (-t-) ~ (1Gb)77 f-u-l n~) t. ..fh-/i//\ 2-t~ 00 

respectively. from which one can see immediately that in the asympto­

tic region of t ne pion form factor Re F t-t) dominates the;];"F (t' 
" IT :/Now we prove that the latter comes true in (12) only under the 

assumption that ~ ie a positive even number. 

Really. for i ..... ±oe on the first Riemann sheet. 1)(/.... -( (see 

Pig. 2). then ell terms In tre aum in (1;» are.:In the limit -t-.oo 
constant and the pion form factor asymptotic behaviour is ensured 

only by the no rma Lland factor (13) placed in front of the sum in (1;'). 

As a consequ~ncp. tskjn~ into account eloo the chan~e (11). Eq.(12) 
very near to the point \XI::: - { can be rewritten into the form 

M.AI AIFv [ v/ [OJ ~ (1 W) /1 -f J»') C (f) =- /11' w) 8(1) ( 1/ ) 

where n" e(C)""Ofor t-+ aD • Moreover. for t <: t<- 00 
f). ,,,~I vv tt) 1= 1 1. e. VI(t) = ,";:.. et« • where R~. fe" f'rl)~ ( HII UlIlIlI flll 

<f(~)~:r • :;0, the r-o La t Lon (1'1l iu trw BII,YtIlpl.otle ""/1:1011 

takeo the follow i u~: fo I'm 

f·-[WFJ!r:.. (i >,.,'!Yn) 
M 
[iff) ( 11\ ) 

II 

1'1'<1I1l whld' I t III l'V Ident t.hu t 

D) I r /''/ Iu o vun , thllu F: /Wlt)J1'",' I ..t ..b I II !.llltil I 1111t"d
h . 

Ily Ii,F;ff}: '. 
i1) \I /'vI I" 1I<1<1. thllll r-:;,l wit)! I'll I' t .. t •..., I" .Iomltllal....l 

Ily J..,!~ If) . 

III ""d",' to I·II .. ~I ..c t, t.h., <:OIIl""I''''U'''' lIf tI". 1""'t'"'II"tlv,, 1"j1:1l ~,I­

vo n II,Y (11.... 11).0".. linn I,u t .. l", /'1 III (I;') to I... " ponltlv" t1Vfl./l 

11l1."/I:"". :111l"" tilll 'ulymptot.lc II.. hovlo",· (',B) III ,'ljI;lIt IInhl'tll 1 1: .. _. 
lllk .. 11 Iu 111 lo II" "" II """II, to tlill "''''111 (101.). orIt, ha.. to rlx 

N"JIII (1;'). 

(JOIIIIII'I"tllltl.y. Ollll nnllll"t tnk. til .. "IlIl0IlDIlIlIi ~'I1,',"nllt6"" III I'll to 

be true because they have been determined in a fitting procedure 

of the pion form factor data by meanslof (12) with a wrong asympto­

tic behaviour. 

3. Analysis of all eXisting reliable pion form factor data 

The ~,itarized analytic VMD model (12) constructed in the pre­

vious section depends on the follOWing 12 adjustable parameters 

1 (19 )~ I -.xIp J -&iAe' J17"'J IV- J .f;.rr~' (IF=ft f/J<) 

with the clear physical meaning. Thelr number is reduced to 11 by 

equation (5) conserved also by the model (12) which is a consequence 

of a normalization of the pion form fector to the pion electric char­

he taken to be equal to one. In the analysis of data we choose the 

r-a t i o of coupling constants';; /1. of "'-meson to be expressed by
',/'Il;r ~ J 

mean~1 of (5) through the coup'l i ng rations of tne other resonances 

contained in the model (1?). 
-t' ­To take into account also the Laoap In v t o La t Lng co .... T r 

-r - .,. ­
ue c ay LsadLru- to the so-called f-uJ interference effect ine e-+71 1 • 
we correc t the pi on I'o ria factor by add Iru- (aee the c roaA section (1» 

tho ur-e i t-Wip;ner form of the c..o -meson muLtiplied by a complex .r: t..<J 

t n te rf'e r-onc e amplitude Re'-<fJwhere R. i n deflned by the relation (?) 

find the phRse 'f if) expressed throuv.h f' and <'0 meaori parameters 

b,Y th" r-o l n t Lon (:I). :;0. I'Inall,Y t ne r-e a r-e 1;' froe pur-ame t.e r-a to be 

d"tnnnlnpd In R fI t t I Ill': (lr-ocAdure of dato urrlxlnp; the amplitude 

l" tho p i-nv l oun 11 ud j un t a b l u pn r-amo t e rn or ttv mo du I. (1,') and takinl': 

til" V"llHlII o I' o» ('(11\) 1'11"0111111011 pn ramc te r-n t'r-om ttlO Uovlow of I'B"­

t Lo l n I'r-o pe rLl eu 11b / . 

It 
MOBtor t lio IUII,,1 III tlw till" l,Y Ill" lJ1ol1 fu''DJ 1''''0 to,' d .. tll III'U com­

p l Lo d III 11'(1. llu t t he r-e tI"(I n Lno t1ln 1II0llt ,'''olllllly o h t a l ne d 'lata 
111\ 1'II• willetl I" tho c omh l n.. t l o n wltl. tho I"'nvloun 0,,"0 ~,Ivf)" 1111 

!."f',lltl,u,· ."!l flxp",'lmll"t .. l po l n t ... Nllv"l'I.hnlllno. takll1l', l n Lo ao oo un L 
1'01

til" ,'unllllt "ulIllll,,,' """ ,11'-'lOt IlI'IIII".l.lblllt,Y IIhtlck uf til e "plleu-

III", l·tlf'.lolI <1"1.,, ."<1, .. 111".1 1"'''111 "\<",t"ul"'[lI!""tlo,, 1"'uon""'''1 ",I Lh t1l11 

1II"",t l'oll"II\<. 0""" 01>1."1,,,,,1 1"'"''1''''''''' J~JT'. w" r1I1<1 / ;'OI 'J .lo"lJlrul 

e t e ot r-o pi-uduo t l un 1>1011 1'0 ..." rll"!.u,' <lnla wi th B OO""Ollpllllll I IIV. pll,'tloJ

",1. 10 • '!'ilCl,Y II"" "l<>!IHI,,<I r' rrun fl"'tI",,, Allol,yoln. 

'I'h" 1II0nt 0pUlu.. 1 "ntlO"I~ltloll (""Il 11'1,."".'•• 11) or til" ""11101111111', 

,'1111 "lll111Idll plllll 1'0'''' rBoto,' nxporlllltllltBJ point" ("'UIII til" 1'1111/1:" or 
') 'I 2 

"",ru"lItn ··'J.'no IlflV'.c., ..... <j.'),(') ('!lV' III Rohl"v .. d WithY;' _ 11l~'I;"(f, Dlld 

1.1". roll"wllly. v"l""e or 1II1,'",,,,,tOI'l'1 17./;­

I> 



1""1 "'--0 
III ... 

.! 

100r 

__.__L~".-----,----,,-- ... J	 T.. 1.	 1.._i..__i ••-'- _ J ..•..1_...L_.....L._._L__•__

-10 ·S o 5 t LGeV 1] 10 

... 
~-.--r··-'--T 

,c~r'~;I"l 

~?t ,I 
1 tIt ~T'-'~'--Lf ~Hl I ,;, 

I I I 
n 4 (, 1\ !('l'V .' I 111 

In.,,. I. 
n)	 CO'"I'III'I .. .,11 or ~t1 .. IlJ'",lIelloll o I' 1I1U ",,"1011 (1:» wi 1.11 Lh" vlllu"" ,11 

IJlU'IlDIII~"". C'O) IIIId (;'1) wltlo roll .. ~I"LIIII'. r'.II"'h~a 1'1011-1'11"111- " 
.. rllnLo,' d.~11 (null thl! rallv,_ 01' IIIIIIII"II~ ..."',. no '"v·"i>" '1.'j1'1 (j"V' • 

h)	 Nlhlhl t t on 01' ,. ('no),!" (1:",0) lu,,1 "II(lhOIl) """L"I\".LI,,"IO LII 
1.1,,, 10111" 1'111111 I'.II~O'· h.IIlIVI"ur III ,1.. 1... 11. 

II 

-t, = 1.3 .:!: 0.1 GeV2 
'II~ 

~ =762!3 MeV J: .143:!:5 MeV
 

m , =1422=90 MeV
 f".. =685!170 MeV 1p"11 ltv :-0.18:!:0.02l' ..	 + (20)~q =1b82-58 MeV ~ ...402:!:81 MeV ...L /1 =+0. 16:!:0.01
 
-.// + «v! . + 7j"trtfJp IJ
 

..0.46-0.16wl	 Wf' =0.b4-0.25 A( =0.0142:!:O.0037 

The values of -£ __ /1 and If calculated from (5) and 0) respectivelyrllt -,-(> 

are the follOWing: ) 

.j Ii. .. 1.02:::0.02 and SfJ = 106.3°:0.4° (21) 
.rrr f 

rhe errors of all parameters in (20) were determined by looking for
 
~he change of Jr2 corresponding to 68.)% of a confidence level for
 
,;, free par-ame ters/u/•
 

The exioting identity between the pion form factor phase 

lind the p -wave isovector 1/17 phase ohift 5"!.f)in the elastic region
2 /

(practically up to almost 1 GeV ) followin~ from the pion form factor 
lnitarity condition enables in principle to verify to what extent the 

'nudel (1;» and the unitarity condition hold. The compamaon of the 

_:"l..c:ulatdd from (1;» with e x i a t Lng data / 2 11 on <i;'(tJ in Pig.4 
--.---_. --_._-----­
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shows that our unitarized analytic pion form factor model (12) with 
the values of parameters (20) and (21) obeys the unitarity condition. 

4.	 Conclusion 

The unitarized analytic pion form factor model (12) was conat­
ructed, which (see Fig. )a) is ~ble to reproduce all existing pion 
form factor data. A clear occurrence of all three isovector vector 
mesons j> (770), .f' ( 1250 } andpll(1600) is demonstrated in Fig. )b. 
The evaluated mass of.fl (1250), ~I ..14221:90 MeV, coincides wi th the 
value obtained recently from the process / 41 e~e-~~~~- and indepen­
dently from the process/ 51 e+e-~ Ji0Ctj • The parametrization of the 
corresponding cross sections was made only in the fOrffi of a super­
position of Breit-Wigner formulas. 

There are two points (see Fig. Ja) around 5 GeV2 and the last 
time-like re~ion experimental point obtained from~~ decay, which 
are not reproduced by our pion form factor model (12). They could 
be considered aa indications for the existence of tho j'IJI(2150) re­
sonance, the inolusion of which into (12) could lead even to Il better 
ar,reement with the data. Howover, to do a definite conclusion a oou t 

III ( +_.,thep 21~0) in t: e -",Jj JT-morc pr-e oiao and dense da t a are roquired 
in	 the rel:ion of tn i s r-enonanco , More pruc Lno data in tho ro,:10n of 
other	 r-eaonenc e u Jnc Ludod into the model (1;') nood a Lao r-oq u l r-ed 
in	 order to diminiah e r r-o r-a of most or t he par-ame t e ru (<'0). 

The au tuo r-s ar-e indebted to Or. J.. Marllllovle 1"0[' tne hoil' In 

the correct nume r i caI ev oLue t i on of the par-ame tu r va Luun (;>0) and 
lhe lr errors. 
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