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B pa6oTe nonyqeaa anannTnqecKa51 CB513b sKcnepnMeHTanbHO H3Mep51e­
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On the Radius of NN and "N Interactions 

The analytical.bonds of the experimentally measured 
total cross sections, the slope pa'rameter and the real 
part of the scatterinCJ:·amplitude are obtained. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, · 1972 
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The slope parameter of the diffraction cone (B) often identified with "the effective 
radius of interaction" ( R ~ o- 2 ..jB) is determined by fitting the experimental 
data on elastic scattering and practically coincides with the expansion coefficient at 

K 2 0 2 of the scattering amplitude: 

(I) 

where 0 is the scattering angle, K is the momentum of interacting particles; 

f (0) is the scattering amplitude. 

where. 
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b = 2Lt1 e . 2k 

( 1- e "":
271£ cos 28 e ) 

and o e + !i 71 e is the wa.ve phase shift with the momentum I. At small scatter!ng 
angles one can confine oneself with the first term in () 2 in the Legendre expansion: 

where 

Pe (cos0)=1.-'Ae() 2 , 

Ae= (2£ +1l 1. 
16 

(2) 

To this approximation, neglecting the terms of the order () 4 the module square of 
the scattering amplitude takes the form: 

If (OJI
2

=Il(O)l
2
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I f(O)l 
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(3) 

Equating the coefficients at 0 2 in eqs. (I) and (3) we obtain the ratio /1 I 

4 
2TTR 0 2 

R = 
·s (1 +a2) atot 

in which. 

1 

2k2 

4 00 3 -271 e 
R

0 
= ~ I (2 e +1) [1- e ( cos2oe -asin2o e)] 

2k e =0 

a= Ref(O)Ilmf(O) 

a tot is the total cross section.~ 
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mentum I. At small scattering 
' in the Legendre expansion: 
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{3) we obtain the ratio /1/ 

(4) 

(5) 

The relation {4) is intenstin9 in that independent experimentally measured values · R-s , 
a and _ a tot turn out to be. bound through the parameter R 0 . The value 

R t in a physical sense, is an average weighted of the value ( 2 f +1/ in 
partial waves. Accordj3g

3 
i~Jhe experimental data on the p-f. interaction, R 

0 
can 

. be calculated for a ' ' , total cross sections I •5•
6 I . . and 

Rs /7,8,9,10/ . Figure I shows the calculation result (for energies SOO, 1000 and 
1500 GeV the total cross sections are taken from the theoretical paper /1.

1
/. and a is 

assumed to be equal to 0). For Rs we take the experimental data of the group of 
Heland et a.l. 191 · ·. If R.

8 
strongly changes with changing the momentum of interact­

ing protons R 
0 

, within the limits of errors, remains constant in the energy. range 
from I to 1500 GeV. This experimental fact makes it possible to conclude that the increase 
of the slope parameter ·I!" with increasing energy is determined by decreasing 

a and a tot when energy increases. The decrease of the slope parameter.with 
incr~uing the ... energy ot intenc.ting protons observed in "intersecting beam" experi­
ments /9/ , according to (4), tonfirms the theore~ical prediction /H/ about in­
crease of. t'?tal cross sections in the energy range from 500 up to 1500 GeV. Unfortunately, 
the ·fact of decrease of the slope parameter with increasing energy cannot be considered 
to be proved at present. When measuring elastic scattering at small~r values of the mo­
mentum transfer (kO) 2 . , there have been obtained new data on the slope.parameter 

B" (U.Amaldi at al. /to/ ). The slope parameter increases with increasing energy. 
If Ro. does not depend on energy, p- p total cross sections at 1500 must be equal. 

to 33 mb according to (4). · 
Figure 2 ,shows the experimental data on the slope parameter R.6 ~nd the para-

meter R
0 

for meson-nucleon interactions in the isotopic state T =312 . Fo,r 
calculation, the experime~tal data. on total cross sections from refs. t12J 37. , on 
the ratio of the real-to-the-imaginary part of the scattering amplitude at energies higher 
than 7 GeV from ref./14/ and at lower energies from the calculations on dispersion 
relations/IS/ have been used. The values of R6 have been calculated from the 
experimental data on elastic differential cross sections .from refs. 114 

• 
16 

• 1!7 I · using 
the value· of the cross section in 0 ° found by the optical theorem . . 

Experimental data on the slope parameter R 6 for pion-nucleon interactions are 
much less accurate than analogous data ·for p- p interactions. The energy range is 
much lower. However with .the.se reserves, in' the case of pion-nucleon interactions the 
conclusion abou~ the ~ndepenilence ot · R 0 on energy is rightful. 

The independence of R o. on energy permits to draw the following conclusions: 
a) the slope parameter of the diffraction cone R. 8 , the ratio of the real-to-the-

imaginary part (a) and the total cross section are interrelated according to (4); 

b) at h~gh energies the slope parameter of the diffraction cone· B = ( R·s ) 2 
. . 2 

is inversely proportional to the total cross section a tot 
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c) as the value a is related to the total cross sections through dispersion re­
lations, the_ dependence of the slope parameter B on energy is determined by the 
dependence of the total cross sections on energy; 

· d) the parameter Ro . for nucleon-nucleon interactions in the isotopic state 
with T = I and for pion-nucleon interactions with T =3/2 is equal to 

R
0 

( NN J.= 1.01 - 1.02 F , 

R
0
(1rN) 0.84 - 0.86 F , 

. · respectively. 
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· Fig.2. The dependence of parameters R~= 2 -../B and Ro · on the momentum in 
the .c.m.s. for pion-proton interactions. 
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