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The partial widths for the =+r~x? and 3x° decay modes of the 7 meson are calculated via an effective
electromagnetic vertex n° — #9, the strength of which is estimated from the electromagnetic violation of the
charge independence of nuclear forces. A picture consistent with experiment is obtained. The effect of n on
violation of the AT =} rule for the nonleptonic decays of K mesons is also considered, and in particular it
is shown that the observed ratio for K+ — 2 versus K, — 2 can be explained by this picture. Lastly, by
comparing total decays of K® — #*7~n% and 2~ — n+=~ via the K—r weak vertex, the coupling constant

gsnk? is estimated.

HE assignment of zero spin, odd spatial parity, and
even G parity (0—) to the recently discovered 7
meson has been suggested by several authors.~7 In
particular, a recent experiment by Chrétien et al.® has
established the existence of a 2y decay mode of the »
so that the spin of the 7 is 0 or 2. However, the presently
available Dalitz plots?®'9 are compatible only with
spin 0. The absence of a 2r decay mode then implies odd
parity and since T=0 for 5, the 2y decay mode implies
even G parity.

For the 0~ assignment, decays of 7 via strong inter-
actions are essentially forbidden* and we consider the
following electromagnetically permitted decay final
states: (a) 3, (b) 2v, and (c) #*7—y. The experimental
indications regarding the partial widths for these modes
are?

I, (rt7ry)/T,(all modes)<1/20
andQ,lO
I',(all neutral modes)/T',(r+7r—n0) =~
while

I3 ~T',(2v)

is not inconsistent with the experiment of Chrétien
et al.® Since all the above decay modes go via electro-
magnetic interaction, the partial widths are expected to
be very small.

* Present address: Pakistan Atomic Energy Centre, P. O. Box
No. 658, Lahore, Pakistan.
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The purpose of this note is to calculate the partial
widths for the #tr—#? and 37x° modes of n via an effective
electromagnetic vertex n° — 7, the strength of which
we estimate from the electromagnetic violation of
charge independence of nuclear forces. We get a picture
consistent with experiment. The effect of n on violation
of the AT=1 rule for the nonleptonic decays of K
mesons is also considered, and in particular we show
that the observed ratio for K+ — 27 versus K, — 27
can be explained on the basis of this picture. Lastly by
comparing the decay rates for K®— rtr7° and
Z-—n+7" via the K—=n weak vertex, we estimate
the coupling constant gsnx?.

It has been pointed out by several authors®7 that the
0—+, T'=0 assignment for 7 is unique in predicting a con-
nection between the Dalitz plots for the 3 decay modes
of n and K+, K. Thus, if both n and K,° decay into
3n’s (I'=1)" via a one-pion intermediate state (See
Fig. 1.), the Dalitz plots for 7 decay and K,° decay are
determined by the =-3w amplitude. In fact, we may then
write® the invariant matrix element for K or # decay in

n

F1G. 1. Feynman diagram for decay of K or n meson
through a one-pion intermediate state.

11 The final state of 3= in both # and K decays has T'=1. This is
because 7 decays into 3x by violating charge independence so that
if we consxder the nonvanishing lowest order in the electromagnetic
interaction, invariance under charge conjugation requires that the
final state of 3x’s be in the T'=1 state while in the case of the 3=
decay modes of K* and K2, the final T=1 state is a consequence
of the AT =4% rule and invariance under CP.
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Fi1G. 2. Feynman diagram for electromagnetic correction
to the ppn? coupling constant due to the n meson.

the form

M g a,8,v(51,52,58) = Ni[[4 (51,52,53)8 5208
+B(51,82,33)5,,55.,,,-'}-C(51,52,S3)5”5uﬁ], (1)

where i=K or 7 and s;=— (K—k1)?, s2=— (K—ks)?%,
s3=— (K—k3)?; ki1, ko, k3 being the 4-momenta of the
three emerging pions while K is the 4-momentum of the
K or n meson. At the symmetric point s;=s,=53= s,

A (s0,50,50) = B(s0,50,50) = C (S0,50,50) = — X,

where A is the m-m coupling constant introduced by
Chew and Mandelstam.!* A\x and A\, can be expressed as
follows:

Ak=Gg[m:/(mg*—ms*)]

A= G oM/ (mi—m,?) ],

where Gk and G, are dimensionless coupling constants
characterizing the vertices K.*— w° and #°— #°. The
various decay spectra are then given as follows®:

| M. [*=\g*|4+B|?
IMKzn-*r+f_7°I2=)‘K2iCI2= lMT'IZ’ (3)
| M porto=e0 | 2= 02 C 2= N/ M&)? M Ryoont s,
[ M poset P =N A+ B+C|*= N/ Ne) | M A+ M o 2.

This provides the required indentification of the Dalitz
plots. In fact, if the r-decay are adequately described by
the linear (in the kinetic energy of the unlike pion) fit
of Gell-Mann and Rosenfeld,!® only one parameter is
needed to fit the shapes of the various spectra in K+,
K7 and 7 decays. Thus, the =° spectrum in 7 decay is
identical with that of the #° in K% decay and of the 7+
in 7+’ decay and is described by 3713

M,~1—ay, 4)

where y= (Tv—30)/30, Q=m,—3m,, To=Kkinetic
energy of the =%, and ¢=~1/5 from 7+ and 7+’ data.!* The
spectrum of the #° in n decay thus determined is found
to be in reasonable agreement®7:!0 with the data avail-
able. Wali” also has shown that the present data
indicate that the ratio R [ (p — 379%)/(n — xtr—=%] lies
between 1.6 and 1.7. If M, is constant independent of

2

12 G, F. Chew and S. Mandelstam, Phys. Rev. 119, 467 (1960).

12 M. Gell-Mann and A. H. Rosenfeld, Ann. Rev. Nucl. Sci. 7,
407 (1957).

14 See reference 7 where other references are given.
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energy, then R has its maximum value §(1.15)=1.73
(1.15 being the phase space factor arising from the
wt-w° mass difference).

In calculating the absolute decay rate for 5 or K going
to 3, we shall consider M , or M g to be constant, as the
term containing ¥ contributes very little to the total
decay rate. For the same reason we shall approximate
the quantities 4, B, and C introduced in Eq. (1) by their
value at the symmetric point, ie., by N\, the ==
coupling constant. Then the decay widths are given by

A2 My [ Mg— 3y \®
T, (ztr—=®) =——2F (KL — ﬂ'+1r"‘1r°)——(—*———) , (8

K myg \mg— 3n,

or alternatively

T, (zrta—°)
a2 G 1 3ma\?
- i (1 ) ©
167 [(mo/ms) —1T 2233\ m,
while
r (K 02— 7I'+7r—ﬂ’0)
a2 Grr? 1o/ 3my
= 1 ) mg. (7)
1622 [ (mx/m,Y— 1 2233\ mx

Thus, we see that we can calculate the partial width
I',(rtr—=°) and also I',,(37°) provided that we know the
strength G, of the vertex 5° — 72, the transition n° — ¢
being via electromagnetic interaction. G, can in fact be
related to the electromagnetic correction to the pion-
nucleon coupling constant g,nw, asis clear from Fig. 2.1%
Fig. 2, we have

ZavNG gxta?/ (M —m o) =88,

From where 8g, v~ denotes the electromagnetic connec-
tion to the w%p or #’»n coupling constant. Therefore

8gxnn\? Gen /4 ym 2 2
Gq,2=( ) (2 1). 8)
genvv/ gawn?/ 441'\1":2

There is no corresponding contribution to the npr+
vertex so that # violates charge independence in the
sense that the ppm® or num® coupling constant is different
from the npr* coupling constant. Let us now discuss
whether there is some experimental evidence for such a
difference. In fact, from the experimentally determined!®
values of gyopp? and g.+,,? one cannot exclude a differ-
ence of 2 to 39, within the experimental errors. On the
other hand, there is some evidence that such a difference
(8gxnn/genvn=~1%) might very well exist. This evidence

15 There are no diagrams corresponding to Fig. 2 for p and w
(spin 1) mesons because of spin conservation and for ¢ (if it exists)
because of parity conservation.

18 G. Breit, M. H. Hull, Jr., K. Lassila, and K. D. Pyatt, Jr.,
Phys. Rev. Letters 4, 79 (1960). See also D. Y. Wong and H. P.
Noyes, Phys. Rev. 126, 1866 (1962).
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Fi16. 3. Feynman diagram for the self-energy
of #? due to the » meson.

comes from nuclear forces,'”!® particularly from the
difference in the singlet s-wave scattering lengths of
np and pp systems.'”® Also such a difference might
account? for the discrepancy of 1-29, between Gy and
G,,2 the coupling constants for 8 and u decay, respec-
tively, the equality of which is required by the con-
served current hypothesis.

From now on we shall take (8g.nn/g-nn) to be of the
order of 19}. Then 7 also contributes to the ° self-
energy according to the Feynman diagram shown in
Fig. 3, so that

dmet=—Gp[ms/ (mi/m’—1)].

With 3ngN/g,.-NN 1%, g~ 2/Ar=22 g,ivzv2/47r~15
we get ou?/u? (m R )/ m i 1%, whereas experi-
mentally du?/u? is 7%,. Of course the major contribution
to the #*-x% mass difference comes from the »* self-
energy. Marshak and Bose?® have recently calculated
du to be 4.1 MeV on the basis of the 27 resonance at
750 MeV in J=1, T=1, using a formula derived by a
dispersion-theoretic approach. The experimental value
of du is 4.6 MeV so that the small contribution of 7 to
the mass difference is in the right direction.

Having determined G,. as above, we can now calcu-
late the partial width I',(zt7—n?) as given by Eq. (6).
With \/4r=~ —0.152* and our estimate (8) for G,,? (with
0g-nn/genn=1%, g.nn*/4m=15, and g,wn*/4r=2),
we get

T, (ztr 1% ~14 eV, ©
so that
I',(3r%)=1.6X14 eV
=22 ¢eV. (10)

Let us now consider other modes, namely, (b) and (c).
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The 5 — 2y mode is analogous to 7 — 2y and if we
scale I',» as (mass)? to the 7 mass, we have 254

Fﬂ(z'Y) = (m,,/m,)3l‘,n(2~/)
~192 eV.
Hori et al.,2? on the other hand, considered both 7" and

7 going to 2y via a nucleon and antinucleon pair and
thus obtain
govn?/ 4

I'y(2y)= (my/my)} ————T
Ly

gxNN

«(27)

~25 eV, 11)
with m,=4m.,, g,nv?/4r=~2, and I'yo(2y)=3 eV. Com-
bining the estimate of Hori ef al.2 for T',(2y) with our
estimates (9) and (10) for I',(rx+7—7°) and T',(3x°), we
find
I'y(27)=T(3"),
I',(neutrals)/T, (xta—7) = 3.5,

which are consistent with experiment.®1° Hori et al.??
as well as Gell-Mann e al.3 and Brown and Singer
estimate I',(wtn—y)/T',(2y) via 9 — p+1, with a virtual
p° which goes to a v, and found this ratio to be 1/8,
consistent with experiment.

If (8g~nn/g=nn) is taken to be 0.79, then the values
(9) and (10) for I',(z*r—=") and T ,(3#?) are unchanged
provided thatg,v~*/4r~1.However, then Eq. (11) gives
I',(2v)=12 eV so that T',(neutrals) /T (7t =) ~2.4
which is consistent with experiment,®>! but in this
case I',(2y) is different from TI',(37%). Again with
(8g-vn/genn)=1%, and g.vn?/dr=1, T'y(xtr—x°) and
I',(37") become, respectively 28 and 44 eV while I',(2y)
=~12 eV from Eq. (11), so that T',(neutrals)/T', (xtz—?)
=~2, consistent with experiment®!’; but in this case also
I',(2v) is not equal to T',(37").

Clearly the foregoing figures should be taken as orders
of magnitude only but they do present a picture con-
sistent with experiment.

We have seen that 5 decays only via T-violating
modes. This may provide a new interpretation of viola-
tion of the AT'=3 rule in nonleptonic decays of K par-
ticles as remarked by Pais and Feinberg?® in connection
with { particle. Consider, for example, the long-standing
problem of the ratio for K*— 27 versus K;"— 2,
which is 1/500 rather than o>~1/20 000. Consider the
sequence

K+ — gtq0
N

w0,

the first link here being a weak transition allowed by a
pure AT=4%4 rule while the second link 7°— 7Y is
electromagnetic and is responsible for the violation of

H. Dalitz, Brookhaven National Laboratory BNL-735
(T 264), July, 1962 (unpublished).
2 G. Feinberg and A. Pais, Phys. Rev. Letters 8, 341 (1962).
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the AT=1% rule. In this way we get

R(K*+— ntn0)
R(K— 27)
0genn\2/genn?/ 4
=fK*->n°r*2< ) ( )/fK1°—~‘lt2; (12)
8NN 14 :,NN2/ 4

where we have used expression (8) for Gyx. fx*+pox* and
f&,">2« are the weak-coupling constants for the decays
K+ — 947t and K,° — 2, respectively, both of which
are allowed by a pure AT=1% rule. But ozt isa T'=1
state while the 27 mode in K,° decay is a T=0 state, so
that if we take

fK*'-nl"r’ z\/gfxl%z,,
we get

R(Kt—>ata®) 1

R(KP— 2x) 444’

with g,vn?/4r again equal to 2 and (8g/g)=1%,. This

result is unchanged if 8g/g=~0.79, and g,nn*/4r=1.
There is now some experimental evidence for the

violation of the AT=1% rule in the 3r decay of K5° and

the 5 can also be responsible for such a violation if we

consider the sequence

Ky®— 90— 3.

However, in the absence of any workable procedure to
estimate the strength of the weak vertex Ks°— 9°, we
do not give any numerical estimate.

That we have been able to correlate so many different
processes through the 7 meson is a consequence of the
quantum numbers 0, T=0 assigned to the #» meson.

Lastly let us consider the total decay rate for
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Ky*— wtr—n° as given by Eq. (7). This can be calcu-
lated provided that we know Gx,. One can approxi-
mately fix Gg, if one assumes that the Z—— n+7~ is
dominated by the K pole. Then

gsNE’ s
)GK:2 )
4 [(mg/me)2—17
(z:t N)2_7r2|— 22_A72+1r‘l 2 1/2
> L\ 2z

the &+ correspond to the cases of scalar and pseudo-
scalar KZN coupling, respectively. Eliminating Gxk,
between (7) and (13) and using” R(E~— n+n")
=0.6X10"° sec! and A/4r=~—0.15, we find for the
pseudoscalar coupling constant gzwx®/4w the values 3
to 1.5 according as?® R(K*— wtr—n%)=1.5X108 sec!
or 3X 108 sec™. For scalar KZN coupling,

gznk*/4r=0.03.
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Equivalence of the Brysk Approximation and the Determinantal Method*
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It is shown that the first-order approximations, for central potential scattering, of Brysk and of the

determinantal method are equivalent.

N a recent paper! Brysk has presented a new approxi-
mation for scattering from a potential. He obtains
this approximation by iterating on the asymptotic
expression for the scattered wave in an asymptotically
valid equation for the exact wave function. His result,

* Su}():gorted in part by the U. S. Air Force Office of Scientific
Research.

1 H. Brysk, Phys. Rev. 126, 1589 (1962).

for a spherically symmetric potential, is

—k / &r2dr JE(R)U(7)

tand;=

- SO
1—% / r2dr §i(kr)ni(kr)U (r)



