
VOLUME 18, NUMBER 22 PHYSICAI. REVIEW LETTERS 29 Max 1967

just m exchange alone. This dip arises from
the interference between helicity-flip and he-
licity- nonf lip amplitudes.

(ii) Destructive interference between ~ and

p exchange tends to decrease the result one
would obtain from pure 7t exchange, in the larg-
er momentum-transfer region.

Several interesting points should be noted
about Fig. 2:

(i) The theoretical differential cross section
does not shrink with an increase of the antipro-
ton laboratory momentum, in agreement with
experiment.

(ii) As the laboratory momentum of the inci-
dent antiprotons increa, ses by a factor of 3 the
magnitude of the forward differential cross sec-
tion (theoretical) decreases by a factor of about
10, again in agreement with experiment.

We wish to emphasize that this fit to the da-
ta arises from the use of U(6, 6) symmetry and
absorptive corrections. Since the coupling strength
is taken from m-N scattering, there are no ad-
justable parameters in the model. The model
also gives good agreement with experiment for
p+p-I'+I' (to be published shortly). '
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Two recent experiments'~' have thrown interesting light on the phenomena of E' decay. In partic-
ular, these experiments yield knowledge about the imaginary part of A, /A, where the amplitudes A,
and A, were defined by Wu and Yang. '

It was pointed out in Ref. 3 that the real part of A, /A, can only be obtained experimentally by mea-
suring accurately the difference

R (+—) —2R (00)

(00)
= 2v 2 Re(A, /A, ) cos(5,-6,). (1)

s s

It was also pointed out' that electromagnetic corrections lead to small changes in the Clebsch-Gor-
dan coefficients and in the phase shifts 5,-5, . A partial estimation of the electromagnetic correction
was given by I.ee and Wu. 4 We give here an estimate of the electromagnetic correction to Eg. (1)
and discuss the feasibility of measuring Re(A, /A, ).
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We found the electromagnetic correction to Eg. (1) to be

R (+-, ~)
—2 = 6v 2 Re (A,/A, ) cos (5,-5,) + 2

S

3(Y A (d

ln + a ln -0.015+ Ce
1T 'fn tyg

7r r
(2)

where gs(+-, &u) is the rate of K& -(w++m and
n++n +y) for y energy (v in the K rest system,

n = e2/kc = 1/137,

2n 1+v 1+va= — -1+ - — ln
2v 1-v

and v is the velocity of m+ in the E rest system.
in Eq. (2) the four terms in the square brack-
et arise, respectively, from the following:

(a) The electromagnetic renormalization of
the Kvm vertex and the charged pion wave func-
tions. This term is logarithmically divergent
and A is the ultraviolet cutoff momentum.

(b) The soft-photon emission' accompanying
K m+a

(e) The correction' due to the phase-space-
volume difference resulting from the mass dif-
ference of the charged and neutral pions.

(d) Finite effects plus the strong-interaction
correction to the electromagnetic correction.

In evaluating the renormalization of the K7tm.

vertex one considers five Feynman diagrams.
In the gauge in which the photon propagator
is (k' —ie) '(6» —k 'k&k„), only the "wave-func-
tion renormalization" part of these diagrams
contributes to the untraviolet divergence. If
one uses instead (k2-ie) 6& for the photon
propagator, then the "wave-function renormal-
ization" part and the "vertex" part both contrib-
ute to the ultraviolet divergence, in the ratio
of 2 to 1, yielding the same total result. Some
finite parts of the contributions (a) and (b) have
been lumped into the term Ce.

In the above evaluation we assumed that the
unrenormalized (by electromagnetic effects)
K7t+n and Kw'm vertices are the quantities
on which one makes the isospin separation.
It seems to us that this is the only reasonable
definition.

Putting in numerical values we obtain

3 A—e ln +a ln -0.015+Co.'
7" m P7

jr 71'

0.70 A 0.65 ~ 1.5 C
100 m 100 m 100 137'

As an estimation of the orders of magnitude

we take A=2 BeV, co=10 Me&. The total of
the first three terms of (3) is then about -0.015.
The finite term eC can be evaluated exactly
if we "switch off" the strong interactions. In
this case C is given by

1 1+v' 1+v 1+v 1-v2
C= — ln +2ln ln

2v 1-v 1-v v2

(4)

I Im (A,/A, ) I
( 3 && 10-'. (5)

Knowledge of ReA, /Ao would' contribute toward
separating the K- 7/+ w (I= 2) amplitude into
the lbI I

=
~ and ILII =

2 components ns/2 and

~5/2:

where

A, = (-,')"'n„,—(—,')"'a„„
(i )x/2& + p)z/2 (6)

IA, I /AD=0. 055

from the rate of K+-m +m'. A comparison
of the magnitudes of Eqs. (7) and (5) indicates'
that probably A, is mostly real. If that is true
then all evidence is consistent with the assump-
tion that (the strong, electromagnetic and ILI I

( 2 weak interactions are CP conserving'~ and
that) the IAE I

) 2 weak interactions manifest

(7)

where f(x) is the Spence function as defined
and tabulated by, for example, Mitchell. e The
numerical value of eC, with C given by Eq.
(4), is —0.01. We guess that (3) is -(-2a 2)
& 10 '. Thus it is usefulv to measure the left-
hand side of Eq. (2) up to an accuracy of -+0.04
[greater accuracy would lead to a better knowl-
edge of Re(A, /A, ) only when the cutoff A and
the strong interaction effect on C are better
understood]. Such a measurement would yield
a value of Re(A, /A, ) with an absolute accura-
cy of -+0.01 [where we have taken I @2 cos(5,—50) I

-1 from Refs. 1 and 2].
From Refs. 1 and 2 one obtainse
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a small CI' nonconservation.
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