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The ¢' - ¢ 0 decay rate is studied in a chiral symmetry breaking scheme by including effects from 7% —n mixing only.
The result obtained is in very good agreement with the experiment.

It has recently been pointed out by Langacker [1] that the large experimental branching ratio R for the iso-
spin violating decay ' - yn0 given by [2]

R=BW' = yn0)/B@' - ¥n)=(39 £10) X 1073 or (60 + 30) X 10~3 )

can be explained in a simple symmetry breaking model by assuming that the violation takes place via annihilation
of a ¢€ pair into uii, dd and s§ analogues. In this letter we show that such a large branching ratio may be also ac-
counted for in a chiral symmetry framework by modifying the PCAC relations for 7 and 7 to include effects of
{n|m) overlap and suitably evaluating the time ordered product of axial vector currents using the standard spec-
tral representation.

To start with, we write down the {n|n) overlap as

mim=—i [ d* e=* @2 + m2) (% + m2) OIT{8,)¢, (N0, )
where the fields ¢, and ¢, are defined by [3]
9,4D =f,(m2¢, +(mime,), 3,458 =£ (m2¢, +(nime,), 3)
neglecting 7—n' and n'—n mixings. The n—m mixing angle @ is related to {n|w) as
6=(n I1r)/(m,27 —m2). @)
By substituting eq. (3) in eq. (2) we get, for small k2,

. K+m: K +m? f”fmzm2
i [dbxe ¥ *01T{0,4D0x) avA£3)(O)}|0)=(n|n)(—l t—" 4 ”) rr T = ©®

m2 m2 7 (* +m2) (k2 +m2)

in which terms involving second order in (n|r) are neglected.
Applying now the standard reduction techniques, one can express eq. (5) as *!

*! We have taken a soft meson limit k i 0 to evaluate the second term on the rhs of eq. (6). For the first term, however, we shall
make a low energy approximation viz. E, =~ im, and shall use, in what follows, a weaker limit k2 -0.
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2.2 —
2 2 mom 1/2 mg —m
kukvAw—(nlﬂ)(l+_k_§ +k_) FalaMatn : +(%) m—I,‘,,'llf?rmﬁ, ©
my m2 (K +m2) (6 +m2) atmy
where
A, =i [t e * 0 TIA® ) AD(0)}10). ™

We next use the standard spectral representation [4] for A, to evaluate *2 the 1hs of eq. (6). We get, after some
algebra,

kA, = k2 [ dm? 59:1_)(’”_2) k4ff(k2 +me r 2)_k2<n| Mful (a ::;*‘,:22::;)
+ ST (Schwinger terms) , ®)
where
ST ~m,m, {fdmzié—g—’i)z(mJ + ok [(ab +caV)+(a2 +2b2 + ¢ +2d2)(n|77>]}, ©
m my mn
and
a=(0Ig,1m>, b=0ld,In), c=0lglm, d=(0l¢,ln. (10)

To leading order, the matrix elements a, b, c and d are now evaluated [5] by taking eqs. (3) between (0| and |7).
or | ) state as the case may be:

a=Kxmlf,/fo ~(ANBY@Im] . b=K[-xmImf,[f, + AN3)m?]

c=K[(IN3)m2 - 3ymimf,if,] d=K[-(AN3) (mim) + 5ym2f /f, ) (11
where k is a constant and x and y are:
x=—(mg tmy)/(mg —m,), y=—(@dmg+mg+m)(mg—m,). 12)
Substituting eqs. (9)—(12) in eq. (8) and neglecting octet—triplet axial vector mixing, we obtain
2,2
2 mym; 2 2 2 2
(nlw)(l +=— +—]f—) 3 —k4( L ch )~(n|1r)k2( i +b2 + +d2)
m,zr (k +m2)(k2+m2) k2+m12r k +m% k2+m,, k2+mn
2
1/2 m; 2,22 2,32
—(3) —+m.m [(ab +cd)+(a thT et td )<7?i77)] (13)
x 2 2
ms my
where f,, = f, has been assumed [5].
Since eq. (13) is valid for all small k2 one has at k? = 0 the “smoothness” relation
2
2 1/2 m
mim=m_m [(ab+ d)+" th C——iii—)<n|n>]-(l) LA (14)
m2 m2 3 x
m n

*2 The use of the spectral representation for A, to evaluate kK, Ay, makes the spirit of our paper different from that adopted
in ref. [3].
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which gives the following estimates for {(n|m)overlap and 8;
(nlm)=—-0.016 (GeV)* 6 =-57X10"2 (15)

for ¥3 x = —3.9 and y = —180.5. It may be noted that the value of 6 as obtained here **-° is considerably larger
than what so far existed in the literature with [9] or without [10] the inclusion of the effect of '.
Eq. (15) leads to

R =B(¥ - ¥n)/B(¥' > ¥n)~ 15X 0% =487 % 1073 (16)

which is in very good agreement with its experimental [2] value of either (39 £ 10) X 10~ 3 or (60 £ 30) X 1073,

Finally, a comment on the 7* —n¥ mass difference from the n—m mixing obtained in eq. (15) seems worthwhile
here. This is because the n—n mixing term in the mass matrix reduces the 70 mass relative to #* and one has, to
leading order [11],

Am, =mge —myo0=(1/24/3) 0/x)m . 17)

It is evident from the above equation that a significant contribution to Am_ is expected from the n—m mixing
that increases with the mixing parameter 6. Indeed for the value of 6 in eq. (15), Am, turns out to be 0.5-0.6
MeV which is about 12% of the observed mass difference (Am,,)exp = 4.6 MeV. However, as pointed out by Gross
et al. [11], since the isospin violating electromagnetic contributions account for most of the pion mass splitting
and since corrections to PCAC are of the order [12] of 15% of (Am, )eyy,, any contribution from a quark mass
difference can only increase the discrepancy with experiment *$:7 ]t may be noted here that an estimate of the
electromagnetic contribution to Am_ may be given by (Am_) =~ 6.1 + 0.8 MeV by following the PCAC analysis
of Das et al. [13] and using the present experimental determination of the p-coupling constant.

We are investigating [14] the reactions 7~ p - nn, 7*n ~ np and the 7,5’ > 37 decay to estimate the n — 1r0
mixing. Details of these as well as effects of 'n'—1r0 mixing on our results will be communicated at a later date.

We thank Dr. V.P. Gautam for his kind interest in the problem and useful discussions. One of us (B.B.) also
thanks Professor A.N. Mitra for some interesting discussions.

*3 The values of x and y taken here are within the errors of the estimates made by Dominguez [6].

* 0 is mildly sensitive to the changes in the values of x and y. If one takes [7] x = —3.5 and y = —183.5, 6 turns out to be 8 = —4
X 10~2 yielding R = 30 X 10~3, in agreement with the experimental value of Peck, ref. [2].

*5 We have recently obtained [8] 6 = —4.6 X 10~2 by making use of Weinberg’s first spectral function sum rule.

*6 See Gross et al., ref. [11], for a detailed discussion on this point.

*7 Unless, of course, the sign of ¢ is different. It may be mentioned in this connection that, by including the effect of ', Oneda
et al. [9] had obtained two distinct values of 6 that differed in sign. Moreover, one value of 6 there is about the same order of

magnitude (but off by a factor of 3) as obtained by us in eq. (15) and another close in magnitude to the one obtained by Okubo
and Sakita [10] without considering the n" effects.
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