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A semiphenomenological upper bound on the value Ppp
—@+ is derived and discussed.

On the basis of unitarity arguments it is known that the
phases p+ and $00 of ratios q+ and goo should not be
too different. It is also known that, e.g. , Wolfenstein's
model' predicts these phases to be the same. If the experi-
mental values2 $+ = (44.5+1.5)' and $00= (54.1+6.2)'
are taken too literally, one could argue that the present data
are not in favor of the superweak theory. What is the situa-
tion in the standard model with the Kobayashi-Maskawa
(KM) mixing matrix? How large a phase difference can
this' model tolerate? While the basic formalism which al-
lows an answer to this question was introduced more than
20 years ago, most often it was used in the analyses of ab-
solute values, e.g. , lqoo/q+ I, and not phase angles. In
this note a model-independent relation that gives an upper
bound on $00 —@+ is derived. It is hoped that with
greater precision in new experiments phase angles might
provide some additional insight into CI' nonconservation.

Following the notation of Ref. 5, one can write the proba-
bility amplitudes in E ma decays as
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one can reexpress the relevant ratios q = M(K L)/M(K s) as
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In (4), b, = 82 —80. If the small real parameters in (2) are
denoted as

J2p = Rea2/Reao, r = Imao/Reao (5)

then to a good approximation the quantity & is characterized
by
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(Note also that pr = ~e'~. ) Constraints (2) simplify now the
equations for the absolute values and phases $00 and @+
of ratios g in (4). With some algebra, neglecting double-
suppressed terms, one obtains the expressions
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(I am using the convention in which Ima2 = 0.) The
parameter ~ describes K K mixing, N;=2(1+ ~e~ )
and ao (a2) are amplitudes for I = 0 (I = 2) final states.

From experimental values, ' one easily finds

T(1—lqoo/q+-I') = ' »n(~ —~") .
I~I

[In (8), the terms of the order p' were neglected. ] Since
the left-hand side of the second equation in (8) is simply
Re (e '/e ), one finally obtains
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Note that this relation does not depend on the precise
values of measured decay rates but rather on their order of
magnitude. By defining5

It is expression (9) which gives the upper bound on the
value of the phase difference $00 —@+ . Indeed, by com-
bining the values b. = ( —41.4+8.1)' (from Ref. 7) and
4, = (43.7+0.2) (see, e.g. , Ref. 8) with the recent result, 9

(Re(a'/e) ( ( 0.010, one finds
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The smaller the value for Re(a'/e), the more stringent
bounds on happ

—$+ are obtained. For example, the
values Re(e'/a) = —0.0046 and b = —41.4', give fpp-
= 0.07'. Note that only with 5 =4, (mod m. ), which
seems to be excluded by experiments, can one have both
small Re(a'/e) and relatively large @pp

—$+
On the basis of the above analysis it is clear that with the

amplitudes as given by expression (1), one can hardly ac-
commodate the phase difference much bigger than a frac-
tion of a degree. '0 In other words, the currently measured
value ($pp —$+ = 12.6'+ 6.2') with a range of one stand-
ard deviation disfavors the superweak and, e.g. , the stand-
ard model in the same way. It is also true that within t~o
standard deviations one can still have happ =@+, and
therefore the apparent inconsistency is not too disturbing at

present.
The measurement of $pp is one of the most difficult ex-

perimental tasks. Still, it is possible that in one of the fu-
ture experiments more precise results are obtained, and the
inconsistency resolved. If, however, the phase difference

repeatedly comes out to be larger than allowed by
(10), a clear signal for a new phenomenon (e.g. , the viola-
tion of CPT symmetry") will be in our hands.
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