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The pion form factor is the only representative among vertex 
functions describing the electromagnetic structure of hadrons, 
which is in principle measurable in the whole region of its ki
nematical variable, t. However, not alI of the processes where 
lF"(0 I is measured, are easy to analyze. The reactions of pion 

electroproduction on nucleons /1/ (space-like region) and the in
verse electroproduction /2/ (time-like region in a vicinity of 
the elastic threshold) are contributed by several diagrams and 
the pion form factor is extracted from the measured cross sec
tions under certain plausible but not firmly grounqed assump
tions. A question of reliability of these data is therefore in 
order. This is in contrast to the reliable measurement of elect
ron~positron annihilation into two pions where the cross secti 
on is directly proportional to the fuodulus squared of IF (0 \ 
and where a plenty of precise data points do exist nowad~ys. 

\Vhen questioning the reliability of the direct and inverse 
electroproduction data, one is tempted to use somehow thé pre
cise experimental information from e+e" ~nnihilation. A viable 
way i~ then to relate both sets of data via analyticity through 
the dispersion integral 

ImF (t)1F (Q 2 ) --~~- dto (1)
TT r 

tt 4m2 t + Q2 
TT 

Now, one is faced with the problem that the' experiment doesn't 
o f f er IrnF"(t) directly. Tha t this is not a serious pr ob l em has 
been demonstrated in/3 / . Indeed, we have been able to develop 
a simpIe and efficient, procedure to determine the 1uality of 
each individual data point,from electroproduction / /. The appli 
cation of a ·slightly modified version df that approach for de
termining the reliabili~y o( F (0 data {rom inverse electropro

tr 
duction is a subj~ct of the present note. 

A central point in our analysis is to extract the reliable 
infonnation on IrnF "(t) in the e Las t i c region from the e+e- cross 
section: 

.2 

,J.. rn t» ----I 2 
(2)2f33 I", ------ r

(t) = -----"mz tr \ F (t) + çe --rn2 _ t _ irn wa exp 3 t 
w w 

4rn; 1,4
where a is the fine-structure constant and {3 =(1- ---) 

tt t 

is the CMS velocity of an outgoing pion. The second term in (2) 
represents the contribution of the w-meson to a two-pion final 
state. This effect is induced by the well-known p-w mixing due 
to G-parity nonconserving interactions with the strength of 
electromagnetism /4.6/. Parameter ç can be related to the ratio 
of the differences of Iight quark masses '/6,7/ or is equivalent
ly given in terms of measured widths according to 

lheawelHlW1 RHmryr, 
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aIn(I) 

~is the 

F" (Q2) ~ .:!: 
n 

As is shown 
ImFu(Q2) has 
ly zerO from 

'.o 
m2 3/2 'lo 
"') [r(", e+e-)-[«(,) 4 "+"-)] - (3)4 

2"m~ - 4m

interference phase essentially equal 
part of the p-~ rnixing phase: 

mprp
<P ~ are Ig --- . 

2 2 m -m 
p ca 

to the hadronic 

(4) 1]) 
Now, Doe can make use Df the elastic unitarity condition valid :)\

for 4m; < t < t rrocu ' which guarantess the identity be twe en the
 
piou forro factor phase and the P-wave isovector phase shift
 
ôiCt) in this regí.on, to obtain the qu ad r a t í c equation /8/
 

ç2m4 
2 31 2iF" 1 + 2IF"! Z(I) +.I-__~ _ _ [ <1esp ( I) ] 1=0 (5 )

(m 2 _ I) 2 + m2 r 2 71a 2 {33
"'" '" '" 

whose physical solution gives for IF (~I the expression
n 

<2 4 
s mw l,f

2 [31 ] 2 IF" (I) I = - Z(I) + I Z (I) + --<1 (I) - -----1 (6 )
2 3 exp (m 2 _ I) 2 + m 2r 2 

f1'(l
with 

13fT , '" '" (,) 

çm 2 1 1 
Z (I) = ----'! !(m 2 - I) cos (<p - ó ) - m",r ",sin (<p - Ó 1» I. (7) 

(m2_1)2 +m 2['2 '" 1 
lJ) W (d 

One can t ak e mea sured number s af r(lU .... e+e"). r(cu .... "\Tland 
standard values for mw,m ,1 p to determine the quantities ç 
and ifJ. The experimental irifonnation on 81

1(t) is very precisely 
t ake n in to accoun t by means of a Padé-e t ype approximation /9/ 

Writing .F1T ( t) =IF1T(t)ielÔl+t) we ob t a i n the expe r i men t a-L 
data 00 ImF 1T ( t) in the elastic r eg i.on . This par t o f integra
t Lon in (I) already saturates t he normelized value F1T (O) = I 
to 93% aod even s l i gh t Iy more for Q 2=:._ t .< O. 

To make correct predictions 00 F values at experimen
1T(Q2)

tally measured poiots, it is necessary to evaluate the second 
integral in the decomposition 

lects these properties: 

a(t o- t) 
ImAF"(I) (9)(t::b)"'-· 

t o 

"'" Im EF"(I) 1 ~' ImAF "(I) 
f ----dt +- J ---dI. (8)
2 t + Q2 1T4m" t ° t + Q2

"'" 
in/ 10 / by means of the perturba tive QCD result, 
at least one zero and it approaches asymptotical
negative values. TIle following parametrizatíon ref :1 

The parameters a, t ' b and M can be determined from the requip
rements of smooth Junction between bo t h parts of Im F (I) at the 

po i.n t; t 1T0(U " 

a(t 0- t 1T0 (U) 
(10a)Im F1T (t 1T0 (JJ ) ----- 

(t o _ b) M 

"'" 

d a(IO-I)
~lmE F" (1"0"') =- ----I (10b) 
dI dI (I _ b) M t = t 110ú,l 

2 I _ d 2 a(lo-t)
d Im F (I) t _ t 0";- ----I (10e)
-" n (t_b)M t=t 11° lJ)dl 2 dt 2 

and from the sum rule 

t 1T0(U 
~ImF"(I) (10- I) 

e _1 - -~ f ---dI 
a 

f dt (10d) 
n 2 1(I_b)M4m " t 1T0(JJ 

" 

following from e q . (8) and the normalization F (O) = 1. The s o-' 
71

lutían of the nonlinear system (10) ís found numerically: 

a ~ 0.41557, 1 0 = 165.5762, b « 27.6907, Me 1.3193 
(1 J) 

(m~ ~ I) 

Now, we are ready to compare predictions of eq.(8) supplemented 
by parametrízation (9) wíth values of a.. to' b and M given in 
(11), with nine data poínts obtained in three measurements of 
lhe re ac t i.on 1T-P -+ e+e-n at Dubna ín 1972, 1973 and 1976/2~ 
TIlree of the points are 'situated just under the two-pion thre
shold aod the calculation of corrésponding integraIs (8) can be 
easily done by standard program eQUAD from the CERN library. 
The singular integration for six data poiots above the elastic 
threshold yields, by using the program CAUCHY, corresponding 
real par t s of F71 (t) whí.ch have to be combined wi th ImE F11(t) 

discribed above. Formiog the x2 for each data poiot we have ob
tained the results summarized io the Table. The average af alI 
nine partial X2 is 3.47 índicating relatively poor global qual i 
ty of the data. Howevcr, the removal of five.points at t = 
~ (0.059, 0.075, 0.080, 0.088, 0.090) GeV 2 gives for the remain
ning four points (asterisked in the Table) the average x2- va l ue 
of 1.16, which is already acceptable. These poiots can be there
fore considered to be reliable. 

3 2 



Table 

F exp 	 F theory 2t [GeV 2] ~F ~xp 	 X
TT 	 TT 

0.059 0.90 0.09 1.130 6.52 

0.068* 1. 10 0.07 1.154 0.58 

0.075 1. 00 0.08 1.173 4.68 

0.080* 1. 07 0.17 1. 263 1.29 

0.088 1. 14 0.06 1.270 (L69 

0.090 1. 06 0.09 1.274 5.65 

0.106 1. 12 0.06 1.322 5.02 

O. 116* 1. 30 0.07 I. 363 0.80 

O. 122* 1. 26 0.08 1.373 2.01 

Noting that all nine measured data lie under the curve pre
dicted on the basis of hiRh-quality e+e- data, \~e can conclude 
that t~~ results of three inverse electroproduction experi
ments 2. are affected hy a systematic error not taken into ac
count by the authors. 
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MapTHHOBHtI n. E2-86-581 
HaAelKHble ,o;aHHble no nHOHHOMY' ~pMI)aKTopy 
H3 e+e- B cpaBHeHHH c ,o;aHH~H H3 oopaTHoro 
3neKTpOpOlKAeHHfl: npOBepKa COBMeCTHMOCTH 

C,o;enaHa npOCTaH npOBepKa COBMeCTHMOCTH 3KcnepHMeHTanbHNX 
,o;aHffbIX no nHOHHOMY ¢\oPMPaKToPY, nonYtIeHHbIX H3 oopaTHoro :,meKT
pOpOlKAeHHH,C TOtIHOH 3KcnepHMeHTanbHoH Hl!q,opMalUfe~ 110 3neKTpOH
HO-Q03HTPOHHOii: aHHHrHnflll,HH C Hcnonb30~atJHeM aHa.JUIJTHtIeCKOrO 
npo,o;neHHH nocne,o;lieii: B oonaCTb ynpyroro nopora. Ii::! Bcex ,o;eBflTH 
TOtIeK H3 oopaTHoro 3neKTpOpOlKAeHHfl tIe'rbIPe OKa3blBaJOTCfl HaAeJKHbl-
MH. 

PaoOTa BblnonHElHa 13 naoopaTopHH TeOpeTHtIeCKOH IPH3HKH OIDIIi. 

C006weHHe 06'be.D.HHeHHoro HHCTHT)'Ta JlJIepHblx HccnenoBllHHii • .uy6Ha 1986 

Martinivic C. E2-86-581 
High-Quality Pion For~Factor Data from 
e+e- Versus that from Inverse Electroproduction: 
a Compatibility Test 

A simple compatibility check between pion form factor data 
obtained in inverse electroproduction and electron-positron 
annihilation is made by using the precise experimental infor
mation on the latter, analytically continued to the elastic 
threshold. Four points from nine inverse electroproduction 
data are shown to be reliable. 

The investigation· has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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