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T HE 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 reactions (occurring with conservation of
‘¢ strangeness’’! and, consequently, possessing
large cross sections) are
yK~+d—>A+n+7,
2) K"+d—>A+P+“"»
3) KK+d—XZ +n+mnt
&) K-+d—S*4nd
5) K-+d—E° +n+n,
6) KK+d—->Z+p+r,
K +d->Z"+p+r°

1Y KK4+p—A+r°,

2y K~+n—-A+=n,

3) K-+ p— =+ =¥,
4) K-+ p—Zt 417,
5) K=+ p—Z° 4,
6) K-+n—Z°+ =7,
7) K=+ n — 5= 4 =°.
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As definite examples we shall consider reactions

3 and 3"

Assuming that the hyperon has spin 1/2, the
amplitude of reaction 3” will in general be of the
form

A =g b, 1)
where a and b are functions of the K- and #-meson
manenta; of £ 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

do=(lal2+1b %) dQ. (2)
If we consider the formation of 7t -mesons near
the upper limit of their energy spectrum in reaction
(3) we have for the corresponding cross section in
the momentum approximation 2

=[G e i) @ e | an, @
- M
i, * P

Here M, and Mz' are the nucleon and hyperon
masses and f is their relative momentum. Aver-
aging over the spins of the baryons, we obtain

dc:{ia]2+2/3lblz)|]t|2 (4)
510 1P| I |3 (2r)73f* df dQ, dQ. .

Here
I, 5= Joif " (o) exp {ixe} 90 (¢) dp.
Taking
9o = Vao/2n e;w , )
ot I—expife}—(e " —1) le——;; ,
where 8z is the S-phase in the triplet and singlet

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

e 4
§17:.pao =8 T G & F 7
T a? 4 (x —f)2
o M ere ©

X [sin 25, s( arctgx sl + arctg x—1

o «
4 (f+ x)z]
a? + (f — %)

T
+ —_sin2s x+f x—f\* |
w7 sin®3, Karctg -+ arctg — )

o
==l

— sin28t' sIn

—i——i—(ln

When we make use of the relationship
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Ey=V uf F B2 — (My— My) (7)

(p—k)? M+ M,
. 2 2

=V E Pt Gy i,
Egs.(4) and (6) give the pion distribution near the
upper limit of the spectrum. Assuming cotd,
and considering mesons whose energy

= —B t,s/f
differs from the upper limit by an amount of the
order B2/M, we obtain

. 8)
do— % MM, Infy | Cm (
° nxfn[z(Ml-i-M”)] (1 ]LM1+M2)
a2+ 2| b2
X\ epHEy— w — (w® — m?)2 (M, + M,)]

N ALK }
& T [By— & — (w* — mo)2 (M, + M,)]

W — m?
X‘/’f"‘“’“mdw-

Heree, (=B, (M) +M )/2M M, and x  and
w _ are the limiting values of xand w =

v 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 € and ¢.. An experimental
investigation of this process in hydrogen and in
deuterium would enable us to determine these
important quantities as |a| and | b].

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

dc,=< |a[2+%lbl2)2V:@t arctg ;fﬁ : ©
- o

do, — L (o2 Vs
A

)

b4
arctga TE
S

In connection with the capture of a K'~meson
from the K-shell or from the continuous spectrum,
but with emission of a pion at a small angle with
relation to the K-meson momentum, certain con-
clusions can be reached regarding the magnitudes
of a and b (see the Table). Here PK and SK are
the parity and spin of the K-meson; P, 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

793

K-+d—>Kr+&+n K 4+d—>K+E+p

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

S P -
N\o‘f \0‘ 1+ \1

( *+ U
+1 a=0| b= {Iiﬂ,- a=0
a+ 0
—1 ‘b_—! a- 0| a=t b+u

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

K+

A4 K+ (P+A+
P+P—'{I;:E;’_‘#Kcmm p+n—>{ n+ It 4+ K°
Up+ =+ K+
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N the previous work of our laboratory! 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



