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Experimental knowledge of the decay rates for KL 2p, and XL 2y is combined with theoretical

understanding of strangeness-changing neutral-current effects in unified gauge models of the weak and

electromagnetic interactions for a determination of quark masses. Given that the Weinberg parameter

sin 8~ is between 0.3 and 0.4, the mass of the proton quark becomes roughly 900 MeV, while that of
the "charmed" quark is about 5 GeV.

As a part of weak-interaction phenomenology,
it is well known that strangeness-changing neutral
current effects are extremely small. For ex-
ample, the decay rate for K~ -p.

'
p, is less than

10 ' times that for K' —p.
' p. To understand this

dramatic suppression, in the language of unified

gauge models' of the weak and electromagnetic
interactions, one has to assume that the neutral
vector boson does not couple directly to a quark-
antiquark pair carrying strangeness; in other
words, no elementary transition is to occur be-
tween an X quark and a ~ quark. As a result, the
lowest-order contribution to the process K~ -2p.
becomes rather the exchange of two charged vec-
tor bosons (Fig. 1).' To get an idea of the magni-
tude of this contribution, we calculate the box
graph of Fig. 1, using the appropriate Feynman
rules' corresponding to a simple extension' of the
Weinberg-Salam model. ' We find, in the limit of
small momenta for the external quarks, the fol-
lowing effective interaction:

Q M
sin Hc cos Hc Ay& 2 (1 —y, )Xp y" ~ (I —y, )p,

value' 11x10 ', we get'

2, = 1.9x10

indicating that M~ = 10.4 GeV, which is contrary
to the theoretical input condition of the Weinberg-
Salam model' that M~ &37 GeV.

As was pointed out by Lee, Primack, and Trei-
man, ' this apparent contradiction can be removed
with the introduction of an extra quark 6", the so-
called "charmed" quark of Glashow, Iliopoulos,
and Maiani, ' such that cancellations occur between
the resulting additional graph and the original
one. This is most naturally done in unified gauge
models by letting the proton quark 6' couple to
Xcos8~+A, sin0c and the charmed quark 6" couple
to the orthogonal combination -g sin8c+ A. cos0~.'
We now consider two possibilities: (a) m ~ = m~
—= m«M~ and hm —= ~m~ —m ~«m, and (b)
m~ «m~ «M~. For (a), the effective interaction
(1}, with the inclusion of single neutral vector-
boson exchange, is modified by the factor

where G~= 10 '/(proton mass)' is the weak cou-
pling constant, M~ is the mass of the charged vec-
tor boson, and 0~ is the Cabibbo angle. Compar-
ing this with the amplitude of K' - p,

'
v, and using

for the branching ratio I'(K~ -2g}/I'(K~ -all) the

whereas for (b), it is

We have, therefore, further suppression of the
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FIG. 1. KA, 2p, .

decay rate for K~ -2p, , and using the same argu-
ment as before, we obtain either

or

FIG. 2. X~—2y.

M2 '/
(e) nm(ln, —2 =10.4 GeVm'

2 1l2
(0) m (ln, —1 =10.4 GeV,

m+i

(4)

(5)

M ' m ~

(0) me (ln ",—1 ln, =2.4GeV,
mt~ m(p

Comparing (7) with (4), we see clearly that as-
sumption (a} is not being justified, whereas di-
viding (5) by (8), we get

(8)

which is, however, insufficient for a unique de-
termination of all the masses. The next logical
step then is to consider the process K~ -2y which
is governed to lowest order by the box graph
shown in Fig. 2.' We find, again in the limit of
small momenta for the external quarks, the fol-
lowing effective interaction:

= 5.5
m(p

and, solving for M)v in (5), we have

Ie 2,2 1+( 10.4/ ~/~If m

(9)

~~ e'—4, sin&~ cos6)~
~2 4m

I2xln, e„„e'2(q, —q, )' e'2Xy'-,'(1 —y,}31,2 abed 2 2 1

(6)

where the suppression factor due to 6" is 1n(m)p'/
mt'} rather than the factors (2) or (3), which was
the case for K1.-2p, . This makes a very important
difference, as the following discussion will show.

Neglecting the presumably small CP-violating
effects, ' we take the real part of the amplitude for
KL, -2p to be (1) times (2) or (3), while the imag-
inary part is assumed to be entirely given by the
two-photon intermediate state. " We then have,
allowing for phase-space corrections, and using'
the experimental value 2.2&10 ' for the branching
ratio NKz -2p}/1'(K~ -2y), either

M ' '/'
(a) m ln, —2 = 5.6 GeV

If we furthermore take, from the recent report
on high-energy neutrino experiments, "the value
of sin'8)v —= (37.2 GeV/M)v)' to be between 0.3 and
0.4, we obtain a very narrow range of allowed
values for m(p, centered at"

m(p' —5 GeV

and from (9),

m(p =900 MeV. (12)

In conclusion, we note that whereas the specific
numbers quoted in the above are not model-inde-
pendent, the qualitative assertion that m(p «mtp
«M+ does seem to be on firm ground in general.
Further consideration of similar processes such
as K' —w'e'e is expected to yield valuable infor-
mation and they are being investigated.

Finally, upon the essential completion of this
work, it became known to the author that the same
results were also being obtained by Gaillard and
Lee."
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Electromagnetic corrections to X* Ae v decays are investigated with a view to the detection of a

possible nonelectromagnetic charge asymmetry. A single renormalization of the Fermi constant renders

both rates finite. The electromagnetic asymmetry is due mostly to electromagnetic XA isospin mixing,

and may be as much as 10%. The remaining electromagnetic asymmetry depends on the hypercharge

densities of the hyperons, and approximate bounds on it are estimated.

I. CHARGE SYMMETRY AND THE Z DECAYS JP = J JL&+ —JP(+) + JP(+i 2 (2)

The semileptonic decays of the Z hyperons to
the A hyperon' provide a possible experimental
test for charge asymmetry in the weak interaction.
There are several reasons for considering these
decays for such a test. The absence of any nu-

clear structure corrections and the isospin selec-
tion rule on the weak current (r).I =1) are perhaps
the most persuasive, while the large energy re-
lease (-80Me'V) opens up the possibility of mea-
suring the weak magnetism and pseudotensor
components of the current matrix element. The
subsequent decay of the A hyperon to a proton and

a pion serves to measure the helicity of the A,
allowing an almost complete reconstruction of the
Z decay. (The electron helicity is fixed by the

V -A form of the lepton current. ) Also, these
matrix elements of the current are interesting in
that they are the only accessible examples of the
matrix element of the current between states of
zero hypercharge, owing to the instability of the
neutral Z hyperon.

The semileptonic Hamiltonian density is

Zv = (J)v lt +H.c.),

where the weak hadronic current responsible for
the Z decays to A carries isospin 1 and may be
written as the sum of a first-class and a second-
class' 4 piece:

These satisfy
(- ) &

k r l2 r p (+)&- k 'ff I2

+Ji1(+)t
1,2

where the negative sign refers to J, , the second-
class piece. The weak current is defined to be
charge-symmetric if it contains no second-class
term, in which case

(4)

The decay amplitudes are
T'+ u)( )y„v(1 —y, )v(e)(A

~

J' "t(Z+)

and

T' '=u(e)y„(1 —y, )v(v)(A~Z~v~Z ) . (6)

where

)T (4) ~2
) ff (k)L))v(+)

it V

Las [gaa VS + gsa Va gasVa kfeaea~V j

x (e wm, s)', (8)

and s is the lepton helicity vector. If time-rever-
sal invariance holds, as we shall assume, then

On forming the transition probabilities, and carry-
ing out all hadron spin summations, one obtains


