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decay is proportional to the square of the matrix
element for the process with change in strange-
ness A S =1, i.e., proportional to g2 , where

g is the coupling constant. At the same time, the
difference in masses is proportional to the first

power of the matrix element for the transtion
6 =0, with change in strangeness A S =2 .

Actually, if we write symbolically

— (00 /0t = E,0 + f0,
— 00/ 0t = Ef + fo,

wegetk =E +f,E =E;  —[;sincewe

are dealing with the excitation of a created
system, then the E | for 6 and & are identically
equal. According to considerations on the magni-
tude of A S for the conversion 8 =0 , we can
expect that f~ g2 | sothat Am ~% / Tc 2
( as was assumed by Pais and Piccioni ), where
Tis the period of decay ~ 1.5 x 10 -10
numerically, we obtain A m =10 !} m _ where
m, is the mass of the electron.

Another approach to the problem of the differ-
ence of the masses of 0 and 6_ is based
on the direct consideration of that coupling of the
0 -particles with other fields, which determines
their decay. If we assume that the spin of
0 is zero, then the pair at , 7 which are
generated in the decay, is found in a state which
is even relaive to charge conjugation; only the

decay GS =o't +7 s possible, not the

decay of 6 . The decay of 6 _ gives informa-

tion on the coupling of the field of 6_ with the
field of the pions*. According to the usual for-
mulas of perturbation theory, such a coupling
must produce a displacement of the level, i. e.,
a change of the energy of 6 _, along with the
decay which produces a broadening of the level.
We write down side by side the energy shift

and the decay probability:

o0
, AE = S M2(E) dN

) E,—EdE “"
M (E ) is the matrix element of the transition from
the state 6 _ into the state of continuous spec-
trum, i.e., into the pair7z * , 7 - with energy £ ;
dN / dE is the density of levels of the continuous
spectrum. The integral in A E is taken in the
sense of the principal value; therefore the imme-

diate neighborhood of E o does not determine its

w = 2nM? (E) %%
=E,

values. In order that the integral converge, it is

necessary that the falling off of ¥ (£ ) be
sufficiently rapid for £ = © . To compute A E,
not knowing the properties of M ( E ) is impossi-
ble. From the expressions that have been

given, it is evident only that A £ is of the same
order of magnitude as w ; dimensional quantities —
the coupling constants, etc. ——enter into A E
and w in the same degrees.

* Decay into muons, which is less probable, is not
considered here,

1
M. Gell-Mann and A. Pais, Phys. Rev. 97, 1387
(1955).

2
A. Pais and O. Piccioni, Phys. Rev. 100, 1487
(1955).

3
Ia. B. Zel’ dovich, Dokl. Akad. Nauk SSSR 86, 505
(1952).
4
M. Gell-Mann, Phys. Rev. 92, 833 (1953).

5 .

Balandin, Balashov, Pontecorvo and Selivanov, J. Exptl.
Theoret. Phys. (U.S.S.R.) 29, 265 (1955); Soviet.vi)}{ys. ETP
2.98 (1956),

. R. W. Thompson, Prog. Cosmis Ray Physics III,
cited by G. Costa and N, Dallaparta, Nuovo Cimento
2, 519 (1955).

Translated by R. T. Beyer
248

Angular Correlation in Cascade Decay
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S TUDY of the angular distribution of the de-
cay products of hyperons can give evidence
on the spin of the latter. The distribution of
pions in the cascade decay & = A —p was con-
sidered in Ref. 1. Here we consider the cascade
decay 3+ A% + y = p +7" +y. The wave function
pertaining to the motion of a proton and a 7 — par-
ticle has the following form:

im P
q}jm]- (p,0) = Clmlj/za Ylm (7) Xg»
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where p=p, — P P is the momentum of the

relative motion, j is the spin of the A-particle,
m; = its projection, Y , = the spin wave function
of the proton, ¥ im is the spherical harmonic, C
are the coefficients of vector addition. Since the
spin of the proton is 1/2 and the internal parity
of the pion is odd, then ! is uniquely determined
by the spin and parity of the A-particle g :
I=j+1/2; (=1)'= (=1)e+1
is determined in the same fashion.
The wave function of the entire system in the
final state is

. m=m. —0
J

‘FJMJ (p) p,o, miv [J’)

\ IMJ A P
= Z pLACLMjmj ‘pjm,. (p,0) Pry (F’ U-) ’
LA

where P =P) — p, is the momentum of the rela-
tive motion of the photon and the A-particle (in
the system in which the X -particle P =2 1 is

at rest), J = spin of the Z-particle, M _ its pro-
jection, p = the spin (polarization) variable of
the photon, A, L, M are the parity, moment, and
projection of the momentum relative to the motion
of the photon and the A-particle. For given spins
and parity of the 3- and A-particle, L and A can
be different in the general case; the values of L
for different A ought to differ in parity. Since m

andMJ are given, thenM=MJ -m; (0] I(J);w) is a
vector spherical harmonic; its three values,
corresponding to the three values of p, are ap-
iatel bined in th y M2
propriately combined 1in the vector LM ; for
given L and M, two vector spherical harmonics
are possible (A = 0, 1), which differ in parity.
Similarly, we denote the wave function ¥ ™ (eorpp)
~w .

In such a fashion,
‘FJM (P, p; o, mi) (1)
My jm; » (P
= Z Pra CLMjml C,,,,’,,;,_,an(u)w ( P ) Vim ()E_) '
IA

The angular distribution of the particles is
determined by the function

1@)= ) 1¥yul®

cmi_MJ

Here 6 = P- p/ Pp the X -particle is assumed to
be unpolarized, in view of which summation is
carried out over the M . . It is appropriate to
direct the Z axis along P. Then it is easy to get
(from the properties of the spherical harmonics)

Y =0 YO,
* 1 - 577
=YOY P = =V RLF 1) QL+ D)3y, ;.

In this way the spherical vectors with different
A do not interfere, and in squaring (1), the terms
which contain the index L will be multiplied by
terms containing L * + 2% , where k is an in-
teger. Making use of this, we find

1(9)=§} D D VoV

L'=L+42n Mjmj [}

IM y C!MJ
LMjmj L’Mjmi

jm; y
xc (Clm]‘/g 0)2 l Ylm (9) |2

Making use of the well-known formulas f or the
decomposition of the square of the spherical
harmonics in Legendre polynomials P apd the

properties of the sum of the coefficients of
spherical harmonics2:3 | we obtain

N
1(0)= D\ A, Py, (cos ), 2
n=0
A, =C3n W (jjli; 2n1/5)

XD D VioViaChl, WGILLS 210),
L L'=L+t2k

N=j—1 VL;‘ = VmPLZ:

W = Racah coefficients.

Below are given the angular distribution
I (6)forj=3/2(forj= 3/2 , the distribution
will be spherically symmetric) for different
values of J (the coefficients a , o, etc. are
determined by the decay mechanism and are ex-
pressed by V . If only the smallest L plays
arole, then the ‘two first terms remain in the
formula) :
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J=1,:1=1—0,6cos20 + a (1 4 cos®0);
J=3/g:1=1-40,75cos29
+o (0,4—1,2cos?0) + «2(0,37 4 0,48 cos? 6) + b;
I =5)y:1=1—0,45cos%0
+ B (0,4 — 1,2 cos? 6) -+ B2 (0,33 4- 0,43 cos? 6)
+c[(1 —0,14cos?0) + v (0,5 — 1,5 cos? 0)
-+ v2 (0,44 — 0,1 cos? 0)];
J="4:1=1—0,6cos20
+ §(0,5—1,36 cos?0) + 32 (0,26 40,48 cos? 0)
4+ d[1+0,23c0s260 +¢€(0,7—2,1 cos?0)
-+ €2(0,5 4 0,01 cos? 6)]

Note added in proof. The problem of the corre-
lations in the decay of a X -particle have also
been considered in the recent publication of Gatto.
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T HE reactions Si ( p, y ) P were first studied 1
by means of the yield of y -radiation from

thick targets for the proton energy interval from

0.3 to 0.55 mev. Somewhat later,? Tangen re-
ported the results of more detailed investigations of
this reaction in the same proton energy interval.

He found resonances for £ = 326 and 414 kev,
which he attributed to the rdaction Si 29 (p,y)

P 30 " since he observed them by the activity of

P 30 | and also resoances for £, = 367 and 499
kev, which he attributed to the reaction Si 3°

(P, Y )P 31,
observed® y -resonances in the reaction Si
(p, y) P 3% atapproximately £, = 696, 727,

Recently, Milani, Cooper and Harris
29

917, 956 kev. They carried out their investiga-
tions both on thin and thick targets of Si%°.

The integral excitation function of the Si (p, y)
P reactions was measured on the 4 mev electro-
static generator of the Physico-technical Institute
of the Acadmey of Sciences, USSR, in the proton
energy interval from 500 to 2600 kev. A thick
target with the natural mixture of the istopes of
silicon (Si 28, 92,98 %; Si 2%, 4.67%; Si°°, 3.05% )
was prepared from a pure (99.98 % ) single crys-
tal of silicon, which has been obtained by vacuum
distillation. To test the various impurities in the
silicon crystal, investigations were carried out on
thick and thin targets, prepared from silicon which
has served as the initial material in the prep-
aration of the single crystal. The tests showed
that Al, Fe and Pb, which appeared as impurities
in the original material, had been removed. The
energy of the accelerated protons was measured by
an electrostatic analyzer with accuracy to within
0.05 %; the imhomogeneity in the energy of the
proton beam amounted to 0.8 kev for the entire
interval of proton energies, the y -rays were
detected by a copper counter. The current at the
target was measured by a current integrator of
the Watt type. During the measwements, the target
temperature was maintained at the level 300
500° to avoid weakening of the carbon film;
vapors of the oil of the diffusion pumps were
carefully frozen out with a liquid nitrogen trap. In
the measurments of the integral excitation
function, the position and width of 26 new y -
resdbnances were determined. New y-resonances
were found for £_ = 619.5, 717, 753, 775, 800,
831, 895, 940, 950, 1520, 1618, 1635, 1647, 1663,
1680, 1699, 1774, 1810, 1849, 1879, 2520, 2543,
2553, 2557.5, 2570 and 2575 kev. The experi-
mental widths were observed to lie within the
limits 0.8 to 8 kev.

For identification of the reactions corresponding

to the resonances, the differential excitation
function was measured on thin targets by the

yield of positron activity of P 2° and P30 . At
present, this work has been carried out only

to proton energies of £, = 1000 kev. Not a
singleresonance was foundfor P 9. Also, no
new resonances have been found for P 30 up to
1000 kev. The positions of the two y-resonances

mentioned earlier® for the reaction Si2° (p,y)
P 3% for E =917 and 956 kev were determined

more accurately by us; according to our measure-

ments, £ = 916.5 +0.5 and 956 + 1 kev. The
lower accuracy of the determination of the
resonance for 956 kev was caused by its weak



