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In paper 1 l/ a new relativistic relative coordinate 
introduced in 12 / has been used to describe the particle 
spatial distribution. An expansion over the unitary irre
ducible representations of the Lorentz group ':l1 is used 
instead of the Fourier transform in passing to a new con
figurational representation. For the proton form factor 
F (t) this transformation due to its spherical symmetry 
has the form /I ,2/ (in (1) we put h ~c ~·1 ) 

• (1) 

Here M is the proton mass and the hyperbolic angle 
2 

y.- Arcosh( 2~-~-) is the rapidity corresponding to the 
2M 

momentum transfer t =(p-k)
2 

. 

The new coordinate has the important property that 
its modulus r is the relativistic invariant, as it para
metrizes eigenvalues of the invariant operator, the Casi-

" 1 4 2 mir operator of the Lorentz group C "- 4 M11v M 
11

v ~ N -

' 2 t 2 
-M = ---- + r 2 Therefore the· spatial 

M2c2 

distribution function F ( r) like F( t) is also the relati
vistic invariant and describes the particle distribution 
in an arbitrary reference frame (and not in the Breit 
frame only in contrast with the usual Fourier transform). 
In terms of F( r) one has the following expression of the 
invariant mean square radius (m.s.r.)lll 
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6 JF(t) I 
2. -at-- t=O t 2 J r 2 F(r)d; 

<f .· -· ---- = ---+ ----
0 F(O) M2 c 2 f F (r) d r .. 

t2 
=M2c2+<r~(2) 

Consequently, when < r2 > is positive* both the new coor
dinate r and F(r) describe not the total distribution of a 
particle but only the region at distances larger than its 
Compton wave length. From (2) it follows that to the 

2 
central sphere with <' rg > •. ~ _ -~--:- there cor-

M M c2 
responds the spatial distribution F ( r) ~ D ( r), 4 rr r 2 

According to (1) this provides the following contribution 
to the form factor from the central region 

2M 2
-t Ar cosh ( --:12--) 

F(t) I = si!!.rM_y__l =--!---=2M2 ___ l_M__ __ 
h r M stnh y -0 stnh y -------ro=- r- yt(t-4M 2 ) 

Me 

(3) 

So, in the case of < r 2 
> positive the standard form factor 

F( t) may be represented in the form 

F ( () o-. --;-I_ __ • <I> (y}' 
stnh y 

(4) 

where the "external" form factor <l>(y) correspQnds to 
the proton distribution outside the sphere with r

0 
= h / M c . 

It should be noted that the factor y /sinh y thus separated 
and the corresponding region with r

0
= t/Mc have no 

nonrelativistic analogs since .li_ ---+0 andy/sinh y --+1. 
M c c -~ oo e-·)oo 

Now let us analyze in terms of the new co
ordinate which region of a proton is described by the vector 

* <r 2 > is positive if F (r) is of constant sign. 

4 

meson contribution. The image of a meson propagator 
1 

2 in a new r -space depends essentially on the 
p. -t 

relation between the mass of a particle itself M and that 
of a meson 1112/: 

F(r) 

_1 _ cosh ( r M a 1 ) 

4 11 r sinh ( r M rr ) 
11 2 < 4M2 

a 2 2 I= arccos(~2M 2M_2_-) 

11 2 >4M
2 (5a) 

_1_ cos ( rMa2) 
4 11 r sinh ( r M 11 ) 

2 
a2 = Ar cosh ( J1 -2M

2 

2M" ) 

(5b) 

According to formulae (2) and (5) we have 

<r2>= <r2>- -~~= fr2F(r)dr =6M2 -p2 (6) 
o M2 c 2 J F ( r) d r 112M2 

Since the masses of all presently discovered p , w , 
¢ and p" (1550) vector mesons satisfy the inequality 
11 2 _ r~.. " < 4 M~ the function F P( t), which 

V-p,w,'f',p 

describes their contribution to the proton structure, has 
the form (5a), i.e., it is of constant sign, and <r 2>P (6) 
is positive. Consequently, these vector mesons give the 
proton structure at distances larger than its Compton 
wave length, and contribute to the external form factor 
<l>(y)* . 

* For pion, to the same vector mesons there correspond 
the oscillating functions F77 (r) (5b) and negative <r2> 
because 112v. > 4 M ~ . This makes the value of the pi7[,n 
m.s.r. smaller than its Compton wave length, that is in 
agreement with experimental data. 
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Therefore, to represent the total proton structure in 
the momentum space, allowing for th~ contribution of 
vector mesons with f.l~ < 4M~ by the VDM, one should 
add the contribution from the central part. As a result, 
the proton electromagnetic form factor takes the form 

a 
F. ( t) C. -~-- • ~ __ _y__ (7) 

I Sinh y V p,u>,¢;,p" fl~- t 

From (3) it is easy to see that formula (7) gives the 
correct "almost dipole" asymptotic behaviour of the pro
ton form factor at large - t 

F ( t) f'n l.!J 
I' ,-----. - M2-

l I I ·.. ~12 -:--- (8) 
1' t2 

2 At small transfer momenta 0 · - t :..: l ( GeV I c ) the 

factor __ _r_ __ -
sinh y -

and at large - t 

l'n It I, M 2 

I r I 

that makes the pure VDM be valid, 

it provides an additional decrease as 

An idea of the modification of the VDM 

through introducing an additional factor was suggested by 
other authors t as well. However, their choice of a 
propagator as such a factor was rather random considering 
the propagator to be the simplest and the most popularly 
used function (see also ref. :; ). We emphasize that the 

form of the factor -.-L__ corresponding to the cent-
swh y 

ral part contribution is due to the formalism itself, i.e., 
the expansion (1). 

From the view point of quark models the obtained pic
ture may be interpreted as follows. According to estimate 
by these models 6 , the relative motion of three quarks 
constituting a proton is within the region of order of the 
proton Compton wave length. Consequently, they produce 
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\1 
\ 

1 

' 

the contribution of the central part of the proton (3). The 
quark-antiquark pairs excited by scattering of electrons 
on the proton compose the vector mesons, responsible,as it 
follows from (2) and (6), for the distribution at distances 
larger than the proton Compton wave length if f.l~ <4M 2 . 

We have compared the experimental data on the proton 
magnetic form factor with predictions following from (7). 
We have also used another VDM parametrization of the 
form factor which corresponds to a possible contribution 
from a "kern". (In our approach the role of the "kern'' 

t 
plays the central part with r 11 ~ Me-) 

av 
F ( t) ,c _Y --- . f ( 1 - ~ a ) t ~ ---- I 

I' sinh y v V V I-t/ f.l 2 (9) 

The results are presented in the table, where we give the 
values of x 2 per one degree offreedom: x 2

1
,. ·~ x 2 /d f 

eg. r., 
found both by formulae (7) and (9), and compare them with 
the results of pure VDM. 

GM 
J',Gdip 

1.2 

1.1 

1.0 I -

0.9 

0.8 

0.7 

0.6 

12 1 6 20 

' 

21. 

', B) 
' 

2 8 -t ( G~V )2 

' 
ComParison between our model A) arui the usual VDM B). 
The data points are taken from ref i/ arui normalized 
to the diPole fit. 

7 



8 

\l) \l) 

:So 
~ 

'0'~ 
0 

~~ .... E 
::t .... l-. 
<;.;.....9 

~~ 
~ 

i
.s ~ 
.S:::s 
~ "' Cl) \uo"' .... 

.... :5\l) 
~(/) 't! 
1:::1 \l) 't! 0 
h :::s ~ ~ 

-~:::~, 

gJ:: 
u 

1:'1 '""'8 
><~ 

t '0'~:::~ 
~ l-. 
0 5 
-~ 
l-. ~ .a .... 
E.g 
0 1:::1 
l>'t! 

'~~ I "' 
'II "' .. .... ~ 

"" [ Qi I '"" I ,......_ I ,......, 
E 

-;a ~' .. . -c c: :c' . 5 
'II.~ ' . 8.. r"l '-C) 

(J = ....: ~ "'":· 'C! -5 :s ~ ~ I "I I "I I '"" 
... g 
::I (J 

0 
..c...... ·- "' 

l!l 
iJ: Cl. IJ- .s I r'll 00 8.. t. "· 

If' 

~ 
'N:..... 

x 

~ 
~ 
c >;) c 
U-~ 
~= ..c..t::l 
-·;: 
..c'"' .:: g 
-= u 

'N:..... 
x 

~ 
"'8 ::E 

:J: 

~ ...- ,.....; "I 
>;)"!" ... -

<I; 

.s 
: &.1 ~I 3 

V'<!" 0 
'-00 

0 
0: 

Elv-lr' ,_ '8. d 6 
....: 
~"<!" 

00 
6 

... -

;=::Is 
v- v- ' 0 v-I~ 
r-~ ___. ' 

~ ;::_ 

;::_ 
;::_ 

-s "' ~~~ 
"' 

..3-
;::_ 

"' 'II I ~ 
&. g_I::E 

I 0 ..,. ;;.. I 
"<!" 

~ I "..1 I r-1'\ 

"!" 

.... l -

0 
0: 

53 
6 

'-0 
t 
6 

""!" 

-..r-, 

~ ...... 

"'I 
0: 
0 

C' 
v:, 
6 

;::_ 

..__ I -..: 

-(: 

sli 
~ E 

~ 
..:.: 

-5 
iJ: 

::E 
Q 
;;.. 

-5 
iJ: 

::E 
0 
;;.. 

..;. l.r 

I 
J 

Thus) we .see that the consideration of the contribu

tion from the central part with --.: r~ > "" -~- modifying 
M 2c 2 

the VDM at distances of order of the Compton wave length 
results in a rather good description of the data allowing 
for the experimentally found vector mesons p , w , ¢ 
and p" - (1550) only (in contrast with 1 91 

). ·Besides, our 
approach contains the prediction (see formula (8)) that 
at asymptotical - t '>> M!p the decrease of the form fac
tor, which is presently observed to be more rapid than 
the diPole t -2 , should be more slow, as (8). Hence, the 
curve defined by our model should intercept the straight 

p I' 
line G •. 1 I 11- p G 1. = 1 

il .-: 1 p at large -t . 
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