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0 aepxHeM npenene panHyca :meMeHTapHbiX '18CTHU I'! HH)J{Heil 
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npenpHHT 06beAHHeHHO!'O HHCTH'fYT8 S!AepHbiX HCCJJeAOB8HH~ . 
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On the U pper Limit of the Radius of the Elementary 
Particles and the Lower Bound of the ir F'ormfactors 

On the basis of the analyticity of the formfactor the upper limit 
of the radius of the e l ementary particles i s obtained • VIle establish 
also the lower bound for the formfactor in the region t < 0 
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/1-7/ 
In a series of papers it was shown that from very gen e -

ral assumptions on the analytic prope rties o f the formfactor, we c a n 

get various ralations between observable qua ntities {for rr mes on) 

between modulus of the formfactor in the reg ion t < 0 and on the 

cut. In particular some lower bound for the formfactor in the r egi o n 

t < 0 was obtained by one of the authors /6/ when it is analytic 

in the t cut-plane and bounded on the cut. Assuming further, tha t 

for the formfactor F(t) in the reg ion t < 0 smaller than unity he ob

tained also the upper limit of the radius of the e lementary particles/?) 

In the present paper we g eneralize the res ults in ref /6,7/ in 

two directions, First, instead of the Hadamard theorem on three c ir

cles used in papers /6,7/ we use the {more g eneral) theorem o n two 

constants in the theory of ha rmonic measure /8/, This allows us to 

improve the results obtained in /6,7/, Secondly, instead of bounded

ness of the formfactor on the cut we make weaker assumption a b o ut 

polynomial growth at t .. + oo 

Throughout this paper we suppose that the formfactor F ( t ) i s 

analytic in the complex t plane with a cut from to 

+ oo , Our results may be formulated in 4 theorems. The proofs of 

these theorems will be repre sented very briefly since the detail con-

s idera tion of the similar proble m was g iven in r e fs • . /6, 7/. 

Theorem 1. Let F ( t ) be bounded on the cut and h a ve the 

modulus smaller than unity in the physical reg ion of the sca tte ring 

c hann e l 
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we transform the complex pla ne into the unit circle in the z -pla -

ne a nd then into the right unit semicircle D • I n these mappings 

the cut t ?. 4 m; and the negative axis are respectively transfor

med into the right semicircumference a and the segment [ - i, i ] 

in the w pla ne. We put 

F(t ) = f(z) E<jJ(w) . 
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t2:4m~ 
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I< 0 
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where w ( w, a ) i s the h a r monic m easure of th e arc a a t the p o int w•" + i v 
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(see, re f. /8/, c h a pte r VI) 
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N o w we a pply t o f ( z l the a r g u ments o f the pap e r /7/. This fu nc-

tio n d o e s n o t vanis h everywher e in the circl e I z I:;; P 
0 

p (8) 
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T h e express i o n o n the r. h .s . o f the formula (8) r eac h es i ts maxi

mum a t the poi n t 
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As in the paper /
7

/ we h ave 

1 r· < o 1 1 ~ - ·- max f n 1 r < • 1 1 • 
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Now we g eneralize the obtained result to the case when F(t \ 
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In this case f ( z l can tend t o infinity as (I + z l-
2 

N at z-+- I 

Instead of f ( z l we consider a new function 

2N 
g(zl -Hzl (I +z l 

It is a nalytic in the unit circle and bounded on its boundary. Fur-

thermo re due to condition (1) I g ( z l I< I in the region z<O • There-

fore all a r guments of the foregoing proof can be a pplied to the func-

tion g (z l • Instead of the condition I £( z) 1.::: M on the cir-

cumference we use the condition g ( z l < M • Hence it follows 

Theorem 2. Let F ( t l be smaller than unity in the reg ion t < 0 

and satisfy the following condition on the cut. 
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Now we study lower bounds of the formfactor in the region t < 0. 

First we consider the case when F ( t l is bounded on the cut. 

Theorem 3, Let F ( t l be bounded on the cut 
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z 2 2 
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~[ t g ] 4m 
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P r oof, By means o f the confo rma l ma ppings 

( - y f3 + 1 y 1-t / 4 m ~ 
'7 -v( (20) 

-/ {3+1 + y 1 - t / 4m 2

71 

we tra n s fo rm the complex t -plane into the unit c ircle I 'I ::;_ 1 a nd 

fu rther into the rig ht unit semicirc le D • T h e segment [ - i , i l in 

the '7 -pla n e i s the i mage of the i nfinite interval t ~ - 4 m ; f3 
1Ne p u t 

g et 

h ( '7 ) • F ( t ) • A pply ing the theor em o n two con s ta nts , we 

w here 
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2 -
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0 
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hence it fo llows theorem 3 • 

(2 5) 

Consider now the case when F ( t 1 increa ses p o lynomiall y a t 

t -. + oo • By the a r g u ments s imilar to th e proof of the theor em 2 

one can prove the following theo r em. 

Theorem 4 . Let there exist such p ositive numbers M 

that the condition (13) holds. Then 

"' ( {3 ) 
max I F ( t 1 I ~ ~ N ( ,B 1 ( .2_ 1 

M 

where 1{1 ( {3 1 is defined by fo rmula ( 17) and 

I -
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TT 

2N 
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and N 
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We note, tha t the results obtained in the case, 'vh e n F ( t 1 i s 

bounded on the cut are the improvements o f the r esults in r e fs./6 , 7 f. 

F'or example , for f n M .$ 2 

Mfn M 
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TT 
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For M -+ OO from formula (2) it follows that 

I F '(0) I < 4 

"2 

e ( fn M) 
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The limit obtained in p a per /7 / is 

I F '(0) I ~ e (l'nM) 
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\'Ve consider a simple example of the formfactor satisfying all 

conditions of the theo,.-em 1 

t- yt - t/4m 2 

" F( t ) ~ e 

In this case M= e 

I F '(0) I< e 

8m 2 
17 

a nd formula (2) g i'fes 

2 2ye 
- - arctg 

17 e - I 

•vhile from the expression ~, ( t l it follo ws 

F '(0) ~ 
~ 

" 
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" 

• 1,9' 

This example shows, tha t the formula (28) can not be cons iderably 

improved , 

In conclusion the authors expresses their gratitude to D .I.Blok

hintsev, N ,N , Bogolubov, I ,A , Smorodins ky and A . N .Tavkhelidze for 

lheir interes t in this wot'k, 
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