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the p' dip around t = -0.7 (GeV/c)' with increasing
s, while the narrow &oo dip at t= -0.25 (GeV/c)' re-
mains. Note that the present interpretation, un-
like that of Ref. 5-, does not absolutely require the

existence of the p dip.

The author wishes to thank Dr. Q. S. Abrams and
Professor Q. Goldhaber for helpful discussions.

~G. S. Abrams, J. W. J. Barnham, W. R. Butler, D. G.
Coyne, G. Goldhaber, B. H. Hall, and J. MacNaughton,
Phys. Rev. Letters 25, 617 (1970).

2D. Brown, G. Gidal, R. W. Birge, S. Y. Fung, W. Jack-
son, and R. T. Poe, Phys. Rev. D 1, 3053 (1970).

I. J. Bloodworth, W. C. Jackson, J. D. Prentice, and
T. S. Yoon, Nucl. Phys. B35, 79 (1971).

4C. L. Pols, D. J. Schotanus, D. Z. Toet, R. T. Van
de Walle, K. Bockmann, K. Sternberger, B. Wagini,
G. Winter, J. V. Major, E. Cirba, R. Vanderhagen,
G. Rinaudo, and A. Werbrouck, Nucl. Phys. B25, 109
(1970).

5G. S. Abrams and U. Maor, Phys. Rev. Letters 25,
621 (1970).

6The use of two different, non-Pomeranchuk trajectories
in a Regge fit is a familiar idea: e.g. , the p and p' to
explain polarization in pion charge exchange, H. Hogaasen
and W. Fischer, Phys. Letters 22, 516 (1966) and R. K.
Logan, J. Beaupre, and L. Sertorio, Phys. Rev. Letters
18, 259 (1967); the p and B trajectories for m

J. Tran Thanh Van, Lett. Nuovo Cimento 2, 678 (1970);
the x and A2 trajectories for x p, K K*, M. Markytan
and P. Schmid, Lett. Nuovo Cimento 3, 51 (1970). These
examples are illustrative only and not exhaustive.

This dip is significant in Refs. 1-4, and also in vr p
coon: L. E. Holloway, B. Huld, M. Jordan, D. W.

Mortara, E. I. Rosenberg, A. D. Russell, S. Bernstein,
M. H. Garrell, S. Margulies, and D. W. McLeod, Phys.
Rev. Letters 27, 1671 (1971).

L. Van Hove, Phys. Letters 24B, 183 (1967).
9J. S. Ball, G. Marchesini, and F. Zachariasen, Phys.

Letters 31B, 583 (1970).
We have not pursued the complex conjugate trajectory

pair here, but it must also fit qualitatively. , Equation
(13) will yield a dip-and-bump structure at a ghost, the
relative positions of the two being opposite for X = +i~ A( .

'~G. Goldhaber, W. R. Butler, D. G. Coyne, B. H. Hall,
J. ¹ MacNaughton, and G. H. TrQling, Phys. Rev. Let-
ters 23, 1351 (1969).

PHYSICAL REVIE W D VOLUME 6, NUMBER 9 1 NOVEMBER 1972

Fermion Loops and the K2o ~ p'p puzzle

R. D. Amado*
Department of Physics, University of Pennsylvania, Philadelphia, Pennsylvania 29104

and

J. V. Noble*f
Department of Physics, University of Virginia, Charlottesville, Uirginia 22902

(Received 14 July 1972)

We show that the fermion-loop model for K&~ yy recently proposed by Rockmore and
Wong makes the puzzle of the missing X2 p+p, rate some four times worse, and that the
difficulty cannot be removed by the usual CP-violation hypothesis.

In a recent letter, Rockmore and mong' have
shown that the fermion-loop model can be used to
provide a quantitative explanation of the K,'- yy
rate. It is the purpose of this comment to point
out that their explanation only makes the K,-g'p,
puzzle worse.

The branching ratio

is measured to be less than 0.31x10 ' with 90/p

confidence. ' If one assumes CP invariance and
standard electrodynamics, one can bound this ratio
by R ~ 1.17x 10 ' by using unitarity and only the
imaginary part of Ã2- p, 'p, .' The experiment is
outside this bound. It has been suggested by Christ
and Lee4 that a CP violation could produce destruc-
tive interference and vitiate the use of the uni-
tarity bound. However, given a model for the
K,'-yy process such as Rockmore and Wong' s,
one need not just bound the K,'- p. 'p. amplitude,
but rather one can calculate the whole thing. As-
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suming CP conservation, one can now calculate the
real part as well as the imaginary part. If the
K2 yy vertex is taken as a point, the real part
diverges, but the fermion loop provides a cutoff. '
In a recent paper Pratap and Smith' have shown
that the fermion-loop model of q decay gives a
ratio

This is nearly four times the unitarity bound but
in good agreement with experiment. Pratap and
Smith also point out that the kinematics of K decay
and q decay are essentially identical. Hence a
fermion-loop model of K decay would also give
some four times the unitarity bound for R.

Unlike the unitarity bound this result cannot be
easily fixed by violations of CP. The usual model
for CP violations in the weak decay would make
the K2-yy amplitude complex, but of fixed phase.

This phase can mix real and imaginary parts, but
it cannot change the over-all magnitude of the am-
plitude and therefore cannot affect the E,'- p, 'p.
rate or the branching ratio, R. Hence, unless the
CP-violating phase depends on the virtual mass in
the intermediate state or unless standard electro-
dynamics fai1s (neither of which assumption can
be directly accommodated in the Rockmore-Wong
calculation), the explicit model of Rockmore and
Wong for the K,'-yy process makes the K,'- p, 'p.
puzzle some four times worse. Similarly, any
other model of K,'- p, 'p. , CP-violating or not,
must not only deal with the unitarity bound but
must also find a way to suppress the contributions
from virtual photons. Models based on fermion
loops make the cutoff of the K,'-yy vertex too
large to do this.
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