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ABSTRACT : 

Mc investigate in the proton form factor the possibili
ty to have a "ero in the space-like region. As a consequence 
the e-p differential cross-section would have a dip and 
a second maximum which are accessible to experiment. If 
the existence of such structure would be revealed it would 
be very important for understanding the composite nature 
of the proton. 
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2 The large q behaviour of the form factors of 
hadrons has been reexamined recently in gauge theories 
[l J but none of these interesting considerations envisage 
the possibility of having a zero before reaching the asymptotic 
q* -region. As it is well known, the proton form factor 
data up to q * 33 GeV [~2j, exhibits a remarkable smoothness 
in a loft-log plot. Nevertheless in the picture where the 
proton is assumed to be made of quarks, which may have a 
structure, it is plausible to expect a diffraction minimum 
in the elastic e-p T O S S section. In nuclear physics there 
are nany such examples for elastic electron scattering on 
heavy and light nuclei H J and one observes that the position of 
the diffraction minimum occurs at larger q values for 
few nucléon systems» The presence of these structures is 
indeed related to the degree of compositeness of the nuclei 
and plays an essential role for a better understanding of 
nuclear density. Clearly the hadronic forces, which remain 
to be understood, arc di.erent from the nuclear forces, 
but without paying attention to any specific theory we would 
like to speculate on a possible structure in e-p elastic 
scattering. 

Our main concern will be now to see whether the 
existing proton form factor data fjil c a n o e described in 
terms of a function F(q ) which has the required analytic 
properties and which has a xero for a large-spacelike value 

2 (*) of q . Instead of taking simply inverse of polynomials, 
we propose to use the modified Bessel function of zeroth 
order K 0 (AlY>Vjwhicb has, for large q a, the fastest allowed 
decrease by analyticity ***** [J6JJ . Actually we have fitted 

In lief.[4 J i t hat bet» auggetted that a zero a»y m i t t in tht pion fors 

factor for «pact-like v a l u » . 

Let ut notice that * Bnte l function «xpanilon for tht fora factor u n 

used in R«f . [s ] . 
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the data with the following expression 

by imposing an additionnai constraint, namely that the solu

tion should vanish for q 4 around 40-50 GeV . The following ' 

set of parameters provides an excellent fit (i.e. a X per 

point of order 1) 

c 4 - 1-334 c 4 - 0.512 c 3 = -0.497 

a^ = !.933CeV-4 a 2 = 0.399 CeV* a , - 0.396CeV~ 

m 1 = 0,166 CeV n>2 « 0.098 CeV m^ « 0.029CeV 

Here we only give average values which correspond to the 
» 2. 

position of the zero at q = 45 GeV . If the zero is slightly 

displaced» these values are a little different such that 

one has a range for the parameters corresponding to the same 

chisquarcd. We show in Fig.l a comparison of the data with 

the result of our fit and the dramatic behaviour for 

q x y 50 CeV . As a result the e-p clastic cross section 

exhibits a diffraction minimum around q 2 , - 50 GcV . In 

Fig.2 we have represented the expected differential cross 

section at E». » 280 GeV, as a function of q and 

we see that, at the second maximum around q *" •= 70 GeV , 

the cross section is high enough to be detected experimentally* 

If such a structure does exist, although we ùan't know yet 

what precise feature of the hadron constituents it should 

be attributed to, it will be of very important value for 

any realistic description of the proton wave function. It 

is interesting to examine the Fourier transform of this form 

factor which gives f ( v the change density of the proton. 

As expected the special large q behavior of F(q 2) reflects 

a depression of ffl^ near the origin as shown in Fig. 3-
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In conclusion wc feci that the study of electromagnetic 2 form factors of hadrons at large q values, remains a powerful 
too] in determining the underlying dynamics of bound states 
of a small number of quarks* Indeed wc urge experimentalists 
to search for diffraction minima in elcctron-hadron elastic 
scattering, although we do not have yet strong physical arguments 
to support this idea* 
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FICURK CAPTIONS -

FIG. 1 Comparison of our fit with a compilation of the 
data taken from M.D. Hestayer In Ref. [2"). The 
shaded area corresponds to the incertainty of the 

2 solution at large q . 

FIG. 2 The expected e-p clastic differential cross section 
at E j a b * 280 GeV as a function of q . The 
shaded area corresponds to the incertainty of the 

FIG. 3 The charge density of the proton plotted as a function 
of r . The shaded area corresponds to the incertainty 
of the solution at small values of r . 

80/P.117J 



1 

X 4 SLAC Data 
O Previous S LAC-MIT Data 
• BO'cndou'SLAC Dota 
• This Experiment 

I 
10 20 30 40 50 

Q 2 ( G e V 2 ) 
60 70 80 

FIG. 1 



_g. 

io - 3 2 l 9 

ID E—r 

30 
T 

q 2 (GeV^) 
42 55 70 

^_ a b (m. rad) 



FIG. 3 


