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The C-conserving decay rate for Q~§Hoe+e" is of second
order in the fine structure constant. A knowledge of the matrix
elements '2 - Hoy’y and ¥ Yvye-*'e- is sufficient to find the imaginary
part of the matrix element riuﬁ-ﬂoe+e_ from unitarity. The real
part of the matrix element can be determined from dispersion relations.
Recent theoretical estimates(1) of the decay rate for Q ~§Hoe+e—
have assumed an interaction f} HOF“ vav for the N %y ‘{amplitude(z).
However, this interaction leads to the result that the decay rate
into one M° and a lepton pair is proportional to the square of the mass
of the leptons. The rate is therefore very much larger for muons(B)
than for electrons, whereas the contrary conclusion is reached using
the simple phase space argument (which supposes a constant matrix
element). One way to modify this result is to note that the
C=conserving decay amplitude is decomposible into two invariant
amplitudes: +the first corresponding precisely to the S-wave interaction
given above and the second to the P-wave interaction incluled in
llHOP P R u where P is the Q four momentun. In this paper we
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adopt the second interaction leading to a calculation that is parallel

(3)

to the calculation by the second author based on the first

interaction. We calculate both the Q#%110e+e~ and the q 43H0p+p-

()

rates. Chang has performed a calculation using a vector meson

intermediary, which corresponds to using the non-local interaction
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where &F(X) is the Feynman=Stueckelberg scalar propagator for
the mass of the intermediate meson; he calculates the decay width
for .'1 - Pele™ after neglecting all terms proportional to the
electron mass, so that this calculation is not extendable to the
I‘{ -%no“'*'““ deocay. e 4% Hhe /g, pje MUr w g,
Before giving the details of our calculation, we would
like to comment on the possibility of observing such decay modes.
The present data(‘B) give (tl-‘;Hoe+e-)/{"(r\~§all)(3.7::1 G
the time of writing this note there seem to be indications that
the rate for [*(-aHOZY decay(é) is smaller than had been reported
pr‘eviously(7) o« A caleulation of the C-conserving decay is best
given in the form of a branching ratio with respect to the A —>,H02Y
rate, so that the unknown coupling constant is divided out. If
the rate for -Q%HO2Y is small then the branching ratio
ry 41%%"™)/ (R »0°2Y) is mich smaller. In view of this it
is not worthwhile attempting a calculation of the real part of the
matrix element ?zﬂoe+é—. The real part 1s always divergent,
QHOFWFW gives a logarithmic divergence and QHOPGPBFGPF{BP a
quadratic divergence. We limit ourselves here to a complete
discussion of the imaginary part which is sufficient to set a lower
bound on the values of the branching ratios R, =" (n" 3 H°e+e“)/r=(((_-?ﬂ°2\()

and R, =!”({1-~‘¥HOH+}-&-)/I”(1—;‘-¢H°2 ¥).



Let us first consider the !l~§HO2’Y decay rate where the

i ; : o
interachion 35 i?H Pa?BFapFBH. In the frame where the}i is at

rest and the polarization vectors are space-like the only term in

the amplitude is

T o i (€4 &)(Puk, ) (Puk,)
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where g is a dimensionless coupling constant. Adding a‘faoﬁor
of two for the crossed diagram and summing over the polarization

vectors gives the following expression for the decay rate fﬂ,

| W E j - §“[s2~(y2~m2>s + HP1x")?]
o ~x(s)

where oMy = Mz-p2+s
»’f 2 2 ‘jﬁ _1..
ds) =1 ¢ (o) =81 (u) 5] { 2
L 3
i-eo

% =
128 ["(n31°2Y) = 0.65 x 10 5
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When more data is available on thehY'spectrum it will be possible

to distinguish between the interections used for this decaye.
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Next consider the mode fl-}ﬁoe+e_. Let Q = p+q wke re
p and g are the lepton four momenta. If 1 is the loop variable,

the numerator of the Feynman diagram is
i = = . 1Y) 3
W = w(p)(1.Pe,, -1 P, )(@-1).Pe,=(6-1 )P} Y [(p-1)Y4m] Y p(a)
After some Dirac algebra this reduces to

N = E(p)[ZHJP-QP-l+2P.QP.l\/.l-Zm(P.l)Z—Z(P.l)ZY.J.

~2P QP 4DYe1+2PopP,1Ye1~2p. QY. PP L+, QP LYo 1Y, P
+2Polp.l"‘f.P+2p .PQ.]-Y.P“Y,QPQ.:LY.]-YQP

The terms involving 12 are eliminated when one sets the photon lines

on the mass shell to get the imaginary part. We refer the reader to

reference 3 for a tabulation of the integrals over 1 ,1 1 and 1 1,1 .
puy wyTp

Finally we collect the terms into the following decomposition.
T = u(p) (ImA(s,t) +Y.P ImB(s,t) ) v(q)

where A and B are even and odd respectively under crossing

t $3u, and
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Imh(s,t) - i Q)2 /;3+6n s +20mhs~6m SZV-ZAnav
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As a check one can verify that the expressions reduce to those given
in reference 3 when one replaces Pq?ﬁ by'.éa@. The individual terms
are finite at s = 4m2 providing a check that there are no infra-red

divergences. Crossing has the effect of multiplying A and B by a

factor of two. Hence the decay rate is given by

(4=p)Z+ x(s)

-
3 2 2

188 [(qamee™) = L& | as | ax [24%(s—4n®)-16mouB
16M

L ~x(s) + %ﬁ (s+M2-pz)2—16M2x?-4M2s)]
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These numbers should be contrasted with the values from
the qn"F P TR LS R,=0.9x1 oo, R,=1.0x1 0P, Cheng'®
found R_l_,,‘lO - so our result checks with his. Surprisingly the rate
for decay into muons is still larger than that for the decay into
electrons but now by a factor of 10 ra’chebr than a factor of 103.
This result is a consequence of the form of the coupling because the
terms in A are not appreciably smaller than the terms in B. If we
take the rough upper limit set by the recent experiments(6)

[ (q21°2Y)/P(q2a11) 2 0.1, then [* (n=I%*e)/ r(n2a11) % 1077
and 7 (02 - Hop+p—) / f’(:t aell) = '10-6. The branching ratios are

therefore extremely small. Such C-conserving decay modes are not

likely to be observed in the near future.
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