
792 LETTERS TO THE EDITOR 

5 F. Ajzenberg and T. Lauritsen, Revs. Mod. Phys. 
27, 77 (1955). 

6 S. Hunt, Phys. Rev. 87, 902 (1952). 

"7 W. F. Hornyak and T. Coor, Phys. Rev. 92, 675 
( 1953}. 

8 Hahn, Snyder, Willard, Bair, Klema, Kington and 
Green, Phys. Rev. 85, 934 (1952). 

9 T. Huusa and R.B. Day, Phys. Rev. 91, 599 (1953). 
10 Bair, Kington and Willard, Phys. Rev. 100, 21 

(1955). 

11 J. Seagrave, Phys. Rev. 85, 197 (1952). 
12 

A. K. Mann and J. Halpern, Phys. Rev. 83, 370 
(1951}. 

13 Schardt, Fowler and Lauritsen, Phys. Rev. 86,527 
(1952). 

14 Paul, Gove, Litherland and Bartholomew, Phys. 
Rev. 99, 1339 (1955). 

15 Iu. K. Khokhlov, Dokl. Akad. Nauk SSSR 97, 239 
(1954). 

16 G. R. Grove and J .N. Cooper, Phys. Rev. 82, 505 
(1951). 

Translated by I. Emin 
200 

Capture of K--Mesons by Deuterium and 
Hyperon-Nucleon lnterac:tion 

L. B. OKUN' AND M. I. SHMUSHKEVICH 

Academy of Sciences, USSR 

(Submitted to JETP editor February 14, 1956) 
J. Exptl. Theoret. Phys. (U.S.S.R.) 30, 979-981 

(May, 1956) 

T BE study of K-meson capture in hydrogen and 
deuterium can provide valuable information not 

only concerning the properties of K-mesons but also 
concerning the interactions between hyperons and 
nucleons. In particular, it may be possible to an­
swer the question about the existence of bound 
states of a hyperon-nucleon system. Examples of 
such reac:tions (occurring with conservation of 
'' Hl d I . strangeness an , consequent y, possessmg 
large cross sections) are 

{) K--t-d-+A+n+1t0 , 1') K--t-p-+A-t-Tt", 
2) K- + d _.,.A+ p + 1t-, 

3) K- + d-+ :E- + IZ + rr+, 
4) K- + d -+ :E+ + n + 1t-, 

5) K- + d _,. 2:0 + n + 1t0 , 

6) K--t-d-+2:0 -t-P+Tt-, 
7) K- + d -+ :E- + p + 1t0 , 

2') K- + n -+ A + 1t-, 

3') K- +p--I:-+ 1t+, 

4') K- + p-+ :E+ +n-, 
5') K- + p-+ :E" + 1t0 , 

6'} K- + n -+ 2:• + 7t-, 

7') K- + n-+ :E- + 7t0 • 

As definite examples we shall consider reactions 
3 and 3 '. 

Assuming that the hyperon has spin l/2, the 
amplitude of reaction 3' will in general be of the 
form 

(1) 
where a and b are functions of the K- and 11-meson 
manenta; of k and p and of the spin of the K-meson, 
if this amplitude exists. The differential cross 
section of this reaction, averaged over the spins of 
the heavy particles, is 

da = (I a 12 + I b j2) d0.. (2) 
If we consider the formation of 17+_mesons near 

the upper limit of their energy spectrum in reaction 
(3) we have for the corresponding cross section in 
the momentum approximation 2 

da = Is lji; c;;> exp {i7c;} IJio cP> i; I z __!!!__ dn (3) 
(21t)3 ' 

- Mt 
K = M1 + Mz (k- p). 

Here M 1 and M i are the nucleon and hyperon 
masses and f is their relative momentum. Aver­
aging over the spins of the baryons, we obtai.n 

da = {i a 12 +% 1 b 12) 1 11 Ia (4) 

+ 1/31 b l2 llsl 2} (21t)-3f2 df d0.f d0. . . 

Here 

Taking 

'Po = y a.j2Tt (5) 
p 

(t s) - -2i8t s -ijP 
?r' =exp{ifp}-(e ' -1) _e_.-

. 2t/p 
where 8 t s is the S-phase in the triplet and singlet 

states of the hyperon-nucleon system, we obtain 
( after integrating over all directions) 

( I I, s 12 d0. = 87ta. { 47t 
~ •. I (a.2 + (K /)2) (a.2 + (K + f)2J 

+ _Tt_ ln a.2 + (K- /)2 
2 (x./)2 a.2 + (x. + f)2 (6 

X [sin 281, s ( arctg x ~I + arctg x a. f) 
- sin28 In a.2 + (/ + x.)2] 

t, s a.~ + (/ - x.)2 . 

+ (x~)2 sin28t, s [ ( arctg x ~ I + arctg x ~- I) z 

+_!__(In a.z + (x + f)2)2J} 
4 a.2 + (x. - /)2 . 

When we make use of the relationship 
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E0 = t' fL 2 + k2 - (M2 -M1) (7) 

2 2 . (p- k)2 + Mt + Mz f2 

= V m + P + 2 (M1 + M 2) 2M1M2 ' 

Eqs.(4) and (6) give the pion distribution near the 
upper limit of the spectrum. Assuming cote\, s 

= -{3 and considering mesons whose energy 
t, sl f 

differs from the upper limit by an amount of the 

order {3 2 /M, we obtain 

(8) 

Heref ={3 2 (M 1 +M)/2M 1M2 andx and 
t, s t, s 2 m 

w are the limiting values of x and w = 
m 

y m2 + p2 (for f = 0 ). According to (8), the pion 
energy distribution near the upper limit of the spec­
trum has two sharp peaks whose position and 
width is determined by i and i . An experimental 

t s 
investigation of this process in hydrogen and in 
deuterium would enable us to determine these 
important quantities as I a I and I b I· 

If bound states of the nucleons and hyperons ex­
ist there will he discrete lines in addition to the 
continuous portion of the pion energy spectrum. We 
obtain as the corresponding cross sections 

dcrt =( I a 12+ ~ I b 12)2 V oc.~t arctg _x_, 
. X oc.+~ 

(9) 

1 2 V oc.~s X 
dcr = -lbl 2--arctg--. 

s 3 X oc. + f:ls 

In connection with the capture of a K--meson 
from the K-shell or from the continuous spectrum, 
hut with emission of a pion at a small angle with 
relation to the K-meson momentum, certain con­
clusions can he reached regarding the magnitudes 
of a and b (see the Table). Here P K and S K are 
the parity and spin of the K-meson; P Y is the 
parity of the hyperon relative to the nucleon. 

For the study of the interactions between E­
particles and nucleons we can use the reactions 

K- + d ___.. K+ + s- + n, K- + d ___.. Ko + s- + p 

along with the corresponding reactions with pro­
tons. These reactions are impossible in connection 

~\ o+ \ o- \ t+ \ c 

+1 \ a=O\ b=U\ ~= ~~ a=O 

-1 \b=t\a-0\a=t\:;~ 

with the capture of K--mesons from the K-shell 
because of the energy threshold. 

We note in conclusion that the interaction be­
tween nucleons and hyperons could also be studied 
by investigating the energy spectrum of K-mesons 

in reactions such as 3 

( +A+ J<+ ( n +A+ K+ 
p + p ___.. \ p + ' 0 HJlll p + n ___.. 1 n + :E+ + Ko 

' P + :E + I< ~ P + :E- + K+ 
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JN the previous work of our laboratory 1 it was 

found that the spectra of neutrons, produced by 
bombarding tritium and deuterium with 14 mev 
deuterons, are not monchromatic. Besides the 
neutron groups, corresponding to the production of 


