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Shadow effects appearing in the diffraction scattering of fast 1r mesons were examined. 

THE experimental data on the scattering of 1r 

mesons by protons show that collisions in the high 
energy region ( > 1 Bev) have a diffraction char
acter, that is, the scattering takes place primarily 
into small angles.1- 4 Belen'kil carried out an anal
ysis of the diffraction scattering of high energy 7r 

mesons by protons on the basis of a general theory, 
..not connected with any concrete model of the nu
cleus.5•6 Grishin and Saitov made an analogous ex-
amination of the diffraction scattering of high energy 
protons by protons. 7 Lately, Blokhintsev, Bar ashen
kov, and Grishin used the results of an analysis of 
diffraction scattering of 1r's on protons to deter
mine the mean radius of the proton and get knowl
edge of the nucleon structure.8 

Data on the interactions of 1r's at high energies 
with neutrons can be got by studying 1r scattering 
by deuterons. For analyzing the diffraction scat
tering of 1r's by deuterons one must necessarily 
consider the shadow effects, whose existence was 
first demonstrated by Glauber, using the black 
sphere model of the nucleon. 9 In the present note 
the diffraction scattering of fast ·1r' s by deuterons 
is examined within the framework of the hypotheses 
of reference 5. 

For high energy incident 1r's one can assume 
that the scattering takes place independently from 
the neutron and proton. In this caBe the amplitude 
for elastic 7r-d scattering can be written in the form 

(1) 

where Sn and Sp are the scattering functions of 
the on the neutron and proton, Pd '= Pn + Pp /2 is 
the plane radius vector from the center of mass 
of the deuteron, r = rn - rp is the relative radius 
vector, K = K8 ( e = scattering ang;le), and <p 0 ( r) 
is the wave function of the ground state of the deu
teron. 

The scattering cross section a8 , the absorp-

tion cross section aa, and the total cross section 
at are determined by the following formulas: 

The cross section as describes the elastic 
scattering of a 1r by a deuteron as well as the 
scattering of a 1r which accompanies a deuteron 
aplitting. Analogously the cross section aa de
scribes the absorption of a 1r by a deuteron as 
well as the absorption of a 1r accompanying the 
splitting of a deuteron. 

We choose the 1r-n or 1r-p scattering func
tions to be of the form 

S n = I - OCn exp (- p~ I R~), 

where the parameters a and R must be deter
mined from experiment. 

Choosing the wave function for the deuteron 
ground state in the form of a Gaussian function10 

(3) 

we get for the amplitude of the elastic 1r-d scatter
ing the expression 

(5) 

where 

The total cross section for the 7r-d interaction is 
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at = 2rtocR.2 { 1 + -rC2 - oc-r~2 I ( 1 + ~2 + 4r2}}. (6) 

If the parameter r goes to infinity, then 

r :?- !. 

For finite r the cross section for the 1r-d inter
action is less than the sum of the interaction cross 
sections for an individual neutron and proton 
(shadow effect). This effect becomes strongest 
for small values of the parameter r: 

2 R.2 { 1 + r2 a-rt? } Ot = ltOC -r, - i+C2 , r < 1. 

The scattering and absorption 1r-d cross sec
tions are: 

'" 2R.2 { 1 + 2r2 + 4-rc• 
0 ' = 2 oc -r " 1+C2+4r2 

4a-r~2 4a:-r2~2 a:~--·~· 1 

-1+2~•+Sr•- 2+~2+8r2 + 1+~2+8r2 J' 

- 2 R.2 {<I + 2r2) /1 a ) 8a:-r~• + a•-r?::• 
0 a - ltCl 1: " \, - 4 - 1 +C2+4r2 1 +2~2+ 8r2 

(7) 

The angular distribution for 1r-d scattering 
(taking into account possible deutron splitting) is 
determined by the expression 

dcr, 

do 

= 4k~2 ~ rp5 (r) ~ exp (- ixpd) {1 - Sn (Pn) Sp (pp)} dpd /2dr. (8) 

Using (3) and (4), we get the following formula for 
the angular distribution: 

+ 2-rC2 exp [- ~ (1 + ~2 + 4r2) x2 R.2] 

(9) 

The parameters a and R can be determined 
by analyzing the experimental data for 1r scatter
ing by protons. Then, using the experimental data 
for 1r scattering by deuterons (as and at), one 
can determine the quantities T and t, which 
characterize the difference between the neutron 
and corresponding proton parameters. The accu
racy of the experimental data at present is, how
ever, not sufficient for such an analysis. 

Within the limits of present experimental accu
racy one can put T = t = 1. In that case formulas 

(6), (7), and (9) are simplified in an essential way: 

at = 2~t1ZR.2 {2- __ a_} 
2(1+2r2) ' 

2 { (. a ). a 2a2 as }. 
cra = 2~t1ZR. 2 , !- T - 1+2r2 + 3+8r2 - 8(1+4r2) ' 

)( exp [-+ ~!~;: x2R.2 J+ 4( 1 ~24r•) exp [- +x2R.2]}· (10) 

Using the experimental values for the full cross 
section and the diffraction scattering cross section 
for 1.4 Bev 1r's on a proton, ai_P) = 34.6 ± 2.7 milli
barns and a~) = 7. 5 ± 1. 0 millibarns, 1 we get the 
parameter values a= 0.86, R = 0.8 x 10-13 em. 
Using these values and letting Rd = 2.18 x lo-13 

em, we get, for the difference ~=at- 2ai_P>, L\ 
= -3.8 millibarns. The experimental value for 
this difference for E7r = 1.5 Bev is ~ = -3 milli
barns. 2 For the scattering and absorption cross 
sections we get, respectively, ~s = 0. 7 and ~a = 
-4.5 millibarns. 

We see that the integral 1r-d scattering cross 
section is equal, practically, to double the 1r-p 
elastic scattering cross section. The shadow ef
fect actually appears in the 1r-d absorption cross 
section. 

Figure 1 shows the angular distribution for 1r-p 
scattering. The points on the graph correspond to 
the experimental data for 1r- scattering on protons 
at 1.44 Bev.3 The cross section is given in milli
barns/steradian. 

Figure 2 shows the angular distribution for 1r-d 
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scattering, calculated according to formula (10). 
Obviously, the results obtained can also be ap

plied to the analysis of the high energy scattering 
of nucleons on deuterons. 

I express my thanks to A. I. Akhiezer for com
ments on the results of the work. 
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