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The interference of theCoulomband nuclear scattering has been treated in the quasi-classical 

approximation. The results of the calculations are given for the scattering of 3.0, G.O and 8.7 3eV 

protons and 2.65 and 6.65 BeV :Ji:!: -mesons on light and heavy er.1U1sion nucle1. The proble:r. con­

cerning the :noqnitude and sign of the real part of the proton-proton scattering is discussed. 

1. The amplitude of the elastic scattering of nucleons on nucleons and nuclei in the general 

case has the form 

/( {)) = A ( ~) -t_ 8 ( s:} ;;l) I l I 

where A { 8) is a certain complex function, f>( 0(. J 0,) is a port of the amplitude dependent upon the 

c>pins o f the interacting particles. At high energies it was usually assumed that the real part of A { !}) 
and the ter;n B{&i.. 

1 
fr) in expression ( l ) are equal to zero. Experiments on elastic scattering 

of 8 .7'3cV protons on hydrogen/11 and emulsion nuclei/2/ are likely to point out that this assump­

tion is not valid. However, the results of these experi:nents raise essentially the problem of taking 

into account the real part A ( 8) and spin dependence of the nuclear forces, but do not give an ans­

wer about their role in the interaction. In the present paper the> interference of the nuclear and Coulo:-:1b 

scattering is treated the study of which may qive the magnitude and the sign of the real part A(&) . 

2. In the quasi-classical approximation for the spinlesc:; particles the scattering amplitude is 

of the form 

( 2 ) 

where the phase J3 ( j') is equal to the su-:1 of the '":oulo!nb and nuclear scattering phase shifts. 

Thus, the Coulomb interference depends upon hy the .nagnitude ond the siyn of the nuclear phase 

shifts . The latter ones in the optical approxi:-•ation, in their turn, are Jependent upon the magnitude 

anrl the siqn of the real part of the forward nucleon-nucleon scattering amplitude /(.12 f/tll'l { 0} . 

Therefore, o study of the Coulomb interference on nuclei may qive the magnitude and the sign 

R..et!/1/{0), rormula ( 2) is approximately correct al so for the case of scattering of particles having 

the spin on the spinless nuclei, e.g., for the proton scattering on light emulsion nuclei ( ct~ N1
':1f 

ib I 0 ) . Stricti y speaking, in this case the spin-orbital interaction should be taken into account. 

1 lowever, in the ronqe of small angles it does not play an essential role. 

':xpresr.!on ( 2 ) was used in the calculations of the interference of the Coulor.1b and nuclear 

scotterinq of 3.0, 6.0 and 8. 7 3eV protons and 2.65 and 6.65 '3eV 1i 1;-mesons ( in the 



4 

lab. system ) on the light and heavy ( Ag, Br ) emulsion nuclei*. The phase shifts of the nuclear scat­

tering have been calculated in a usual manner ( see, e.g., l21. The Coulomb phase shifts have been 

obtained according to the 13ethe formulc/31. The magnitudes Ref/till ( 0} used in the calculations and -the total cross sections 6 for particle scattering on a nucleon of a nucleus, averaged over the num-

ber of protons and neutrons in a nucleus, are given in Table 1. The magnitude fle./!,4/~0}for the case 

of 8.7 3eV protons has been taken from/41. The corresponding effective potential of the nucleon interac­

tion with a nucleus V Z 30 :,leV. Under the assumption that the magnitude of the effective poten­

tial do not change with energy, the magnitude fle/#[0/has been calculated in all the rest cases. 

The results are given in Figs. 1 - 5. .. 
In Figs. 1 - 2 the interference of the Coulomb and nuclear scattering of 1i-- :':'lesons on emul-

sion nuclei is shown. The signs ( + ), ( - ), ( o ) indicate the curves corresponding to .. ~~AI (0)1 

•Pt~1,1l4::J~Otor Jt -mesons and-/l.e.fJp> 1 + /kf-/.'11(0) 1 /l2,/A/~(O):=O for Jl'+-mesons . 

In Figs. 3- 5 are presented the results for protons. The signs ( + ), ( - ) and ( o ) indicate the 

curves corresponding to -tf<el~lJI 1 -fte~~~(O) and ~#-'(0)::: 0. 

The Figs. a) are reffered to light nuclei, the Figs b) - to the heavy emulsion nuclei. 

To obtain the differential cross section for the mixture of the emulsion nuclei, the cross sections for 

light with the weight ( 0.53 ) and heavy with the weight ( 0.42 ) nuclei should be added together. 

3. The differential cross section for the 8. 7 8e V protons has been also calculated by the appro­

xirr.ate formula of Sethe/3/ 

q_§_ =I a {o)- !d:L e.~ 9,i.,L I L p 1.( J({j£2) 
ol St tf If /(.~Z. r/ ( 3) 

where gh ( 0) is the amplitude of the forward nuclear scattering, ': J'l·( 0.058- f!loca. -lJr~ ), 
().. is the root-meaa_-square radius :nultiplied by '{ij . The form-factor has been taken as 

F: e-. (KMJ. At the same time it has been borne in mind to clear up the limit of applicability 

of this approximate formula in view of the critical remarks made in/5/. 

As a result of calculations it has been turned out that the difference between the cross sections 

obtained by the approximate formula and in the quasi-classical consideration does not exceed some 

per cents. 

* The spins of heavy nuclei which do not play an app r eciable role In the p roce"s of "cattP r lna are 
neglected here. This Is connected with t he f act that the ratio of the ~<pin t)f a heavy nucleu" to Ita ma•a numbflr 
Is ~mall. 



5 

4. In the case of proton proton scatte;inq Jt 8.7 '3eV it was ass Ul:;ed that the effect of 

their spins may be neglected. • The differential cross section has been calculated by for:nula ( 3 ). 

The form-factor like that for nuclei has been calculated with 0.,:: 0.86. 10-13cm1C/. The results of 

the calculations ( in the c.m.s. ) are shown in Fig. 6. It is seen fror:l this figure that the chosen r:lag­

nitude of the real part ( 13.5. w-13cm in the lab. syst. ) does not contradict to the experiment if its 

sign is positive. However, this assertion cannot be ~t:'<Jarded as a final one, since the errors presented 

in the histogram are great, while the above assumptions are based upon the insufficiently accurate expe-

rimental data. 

The authors are grateful to I.I. Levintov, :,1.1. Podgoretsky and J .A. :):norodinsky for useful dis­

cussions . 
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Type of 
particle 

·r,::f ........ .. 
;;± 
p 
p 
p 

Table l. 

-6 m8 
........................ .. ...... ..... ........ ... ..... , ..................................... . 

..=.=--~ =-= -

2.8 
6.9 
4.0 
6.9 

1·1.4 

28 
30 
40 
34 
34 

* A c~rt&ln g round for ~uch an a !ilsumption Is that thf' c-ompa.rt ,on of th~ &. T Bt-V p roton 1'1Cattcr!ng on 

hydrO(Iftn / 1.• / &nd o n th~ emulsion nuclel / 2/ doe" no~ "how a notlePable lnrluPnce or the spin-dependent Inter ac-

tion. 
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Fig. 6 Interference on hydrogen 

Solid, dashed and dash- dot curves correspond 

to + RefNN( 0 ), - RefN N( 0 ) and RefN N( 0 ) ~:: 0. 

The histogrom shown the results of the experiment/4/ 


