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It is observed that in a theory where CP violation is introduced through phase angles between vector
and axial-vector currents the relation ri+ ——riw is exact if $ = —t', without the assumption of soft

pious. ) and t' are the phase angles for the strangeness-preserving and strangeness-changing currents,

respectively.

It had been noted' some time ago that in a theory
in which CP violation is attributed to phase angles'
between the weak-vector and axial-vector currents,
the

~
a I

~

= —,
' rule and hence the relation ri, = r)»

follows in the doubLe-soft Pion limit for the It»-
-2tt decay amplitudes, provided p= -g, where g
and $ are the phase angles for the strangeness-
conserving and the strangeness-changing weak cur-
rents, respectively. It was also noted' that the
choice p =+) is necessary to preserve the familiar
current-algebra applications to other (CP-con-
serving) nonleptonic decays. For K-2tt decay,
since the soft-pion limit involves a rather large
extrapolation from the physical point (of order mrs)
in the relevant Mandelstam variables, ' one may
question the validity of the above result for real
pions. The purpose of this note is to remark that

if y = -$, the relation ri, = ri» itolds toiiitout the

soft pion approxima-tion for the It- 2tr amplitudes,
even though the

~
Is.i

~

= —', rule may not.
To see this, write the nonleptonic weak Hamil-

tonian in the current-current form

H =~ (J„J„+J„J„),G

where

cosg(ir1+ts +et' I+!2)+sinp(ir4+i5 +ett+4+ts)

(2)

The
~
aS

~

= l part of Hv for P = -g is given by

H' = cosgsing[S'+S' +I''i+Pi ~)
G
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8 ' and &~' are parity-conserving and parity-
violating parts of H~, respectively; the super-
scripts + and —correspond to CP-even and CQ-
odd operators, respectively. It follows from Eq.
(4) and the isosPin transformation property of the
currents p& a.nd Q& that

l
r„P' '] =-+-',i tanyPr'&, (5)

where 1, is the third component of I-spin genera-
tor. Taking the matrix element of both sides of
Erl. (5) between lK, ) and (ri'll' l, where (i, j}= (+, —)
or (0, 0) and K, and K, are the CP eve-n and CP
odd eigenstates, respectively, and noting that
f5lx'~'&=0 and I, lK,}=-—,'lK, ) we have

(rr'71' lPr lK, ) =i tanrtr(rr'rrr lP 'r lK,) . (8)

Thus the ratio of K, —v'n' and K, —m'm~ amplitudes
is given by

M(K2 —ri' ll')

which is independent of (i, j) andis Purely imagi
navy. It then follows that

= (&+p)/(I+ p&), (8)

M(K, - ri'rli)"" M(K ri'll)

and p is the CP-even mixing parameter in E~, i.e. ,

K2 +PA,
1+ lpl'

' (10)

For a given phase angle itr, the magnitude and
phase of q, still depend upon the magnitude and
phase of p, which in general is a complex number. '
Without calculating p, it may be shown that to a
very good approximation, ' the phase of q„ is
given by

I 2&PR=tan '---
r S

where gm =m~ —ms~ and I s is the width of the
short-lived kaon. As is well known, Eris. (8) and
(11) are exact predictions of the superweak theory. '
In the present case (8}is exact, while (11) should
hold to a very good approximation. ' The two
schemes can be distinguished most notably by a
measurement of the electric dipole moment of the
neutron.

We should remark that in the present model,
there does not exist' any simple relationship be-
tween the parity-conserving operators $ ' and S
analogous to that between the parity-violating
operators Pr'i and Pr i given by Eq. (5}. Thus,
one does not expect any simple relationship be-
tween 4,—3n and R,- 37t amplitudes analogous to
that between K,112 —2rl amplitudes [see Erl. (7)].
This is another distinction from the superweak
model.

In summary, if CP violation is introduced
through phase angles in weak currents, the choice
p = —$ leads to q, = q„as an exact relation with-
out the hypothesis of current algebra, PCAC, and
soft pion approximation. The latter is only rele-
vant in yielding' a M = —,

' rule (in the soft-pion
limit).

added Note: After this note was written, Profes-
sor L. Wolfenstein kindly informed us that he is
aware of this result; it can alternatively be de-
duced on the basis of phase transformation argu-
ment following his Erice lectures (Ref. 6).
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39ne may introduce the spurion (8) to denote the weak
Hamiltonian add allow it to carry energy and momentum
for off-shell amplitudes. Thus one may define the
s, t,u variables for K + "S"—z+x.

In this case, one may verify that (lma2)/Rea2 = (lmap) j
Rea p, where a p and a2 denote the I =0 and I=2, K

271 amplitudes defined by amplitude [X'- (2~)1-„]
—= a„e'"& (6„ is the I =n, ~x s-wave phase shift at
invariant mass mz). If one would accept the customary
double-soft-pion result X 27' amplitude, then a2
would vanish (for Q =- $) (Ref. 1), which leads to
Q+

—Qpp. Here we are showing that even if a 2
& 0, it

must have the same phase as ap for Q = —$, which
guarantees q+

-——
happ.

5Note that both S i and Pr i contribute [in conjunction
with S+~ and P+ ] to the CP-violating off-diagonal
element of the X -Z mass matrix and therefore to p.

This is because, in the present scheme, due to Eq. (7)
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(and therefore the condition that ap and a2 are relatively
real; see Ref. 4), one has

&gs, f =O[T]ff»'

The phase of e to a good approximation is (2~/I'z)
due to an argument of Wolfenstein; see, for example,
his Erice Lecture note in Theory and Phenomenology
in Particle Physics, Proceedings of the School of
Physics "Ettore Majorana, " 1968, edited by A. Zichichi
(Academic, New York, 1969), p. 218. In the present
scheme, the approximation amounts to dropping
primarily the ~gw) real i-ntermediate state compared
to the ~2s)-real intermediate state in the evaluation of

the ratio of the off-diagonal and diagonai elements of
the K&-X2-width matrix. In the present case, this is
not expected to lead to an error of more than a few
percent.

VL. Wolfenstein, Phys. Rev. Lett. 13, 562 (1964).
slf the

~
AS~ =1 part of the nonleptonic Hamiltonian in a

theory could be expressed in the form (3), such that
Eq. (5) were satisfied not only by P and P+, but
also by S and 8' [with the substitution (P, P+ )—(S ~, S+ )), then one may show that the mixing
parameter p would conspire with R, so that p =-R,
and g+ = gpp=o. In fact, there would be no effective
CP violation in the theory, which of course does not
happen in the present case.
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A quasinormal expansion is used to examine a possibility for scaling of charged multiplicity
distributions in pp collisions.

It has been pointed out by several authors that
the charged multiplicity cross sections o„ in pp
collisions' with incident energies 50-300 GeV are
well represented by normal' ' or approximately
normal ' distributions. The Koba-Nielsen-Olesen
(KNO) scaling'

1(n-m)* y (m-m)'

(2a)

o „(n) (n)
also seems not inconsistent with experiment at the
present energy, where it is approximately
Gaussian. "

A mathematical basis which leads us to obtain a
quasinormal distribution was discussed in Refs. 7,
9, and 10. It is an analog of the central-limit the-
orem and can be stated in the following way: The
asymptotic expansion at the mode" m,

and that the condition

i(n-m)/y'i &tt

with

E' &&1
~

then we have

as&-4, st-s, st =O(» )

and

b„=O(»' '), k ~3.

(7)

Therefore, only a few terms in expansion (4) are
important.

If, moreover, the limits'

lim —= lim, ' [1+O(»s)] = b,P . Mic,

«, ——,'(«, /«, )

is satisfied. The parameters P, m, y, a, , and bs
can be expressed in terms of moments, deviants, "
or cumulants. "'" If correlations of the produced
particles are temperate" in the sense that higher
cumulants &~ satisfy the condition

«, /«s'l'=O(»' '), k ~ 3 (5)

is valid provided that

as s~ 0

(2b)

(3)

lim —= lim, ' [1+O(ss)]=d,„„m, „«,——,'(«, /«, )

are nonvanishing, Etl. (2) reduces to

(10)


