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nothing (except perturbation theory) indicates that
this quantity is divergent. Further, nothing indicates
that the amplitude in all gauges is divergent. It seems
that the only conclusion which would be safe to draw
is that the use of gauges where the amplitude of the
wave function is a constant does not provide for a
consistent formulation of electrodynamics. It is still

an open, and interesting, question as to whether or not
any physical (gauge-invariant) parameter is infinite.
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The dispersion relations are used to predict the values at zero kinetic energy, of the derivatives, BD~(0)/Sk,
of the real parts, D+(0) and D (0), of the forward elastic scattering amplitudes for s+ and s mesons scat-
tered by protons. The experimental value of BD+(0)/Bk' is fairly well known, and, when compared with the
predicted value, yields a determination of the coupling constant, f'=0.104&0.014. The predicted value for
BD (0)/Bk' disagrees badly with experiment, especially with an f' as large as 0.10.

The dispersion relations are modified by introducing an extra energy denominator in such a way as to
contain, as the additional constants, the derivatives BD+(0)/Bk . This enables us to check the values of
BD+(0)/Bk' obtained from the usual dispersion relations as well as the assumption that ca 'T~(ru) vanishes at
infinity. It is found that as long as the agreement with experiment obtained for the ~+ relation is retained, no
appreciable change in the values of fiD+(0)/Bk is possible and that the high-energy behavior of T+(co),
usually assumed, is correct. The predicted value for SD (0)/fik' strongly suggests a nonzero effective range
for n& and a relatively large o,».

1. INTRODUCTION

'HE discrepancy with experiment of the 7t- dis-
persion relation, which was first pointed out by

Puppi and Stanghellini' and subsequently discussed by
several authors, ' ' is examined in this paper by use of a
slightly diGerent approach. The dispersion relations are
used to predict the values, at zero kinetic energy, of the
derivatives, f)D+(0)/f)k', of the real parts, D+(0) and
D (0), of the forward elastic scattering amplitudes for
m+ and m mesons scattered by protons. The experi-
mental values of these derivatives depend very strongly
on the P-wave scattering lengths and the 5-wave
effective ranges. These quantities are fairly well known
for T= ss, and yield a value for c)D+ (0)/c)k' which, when
compared with the prediction of the dispersion relations,
leads to a determination of the coupling constant,
f'= 01 0~40. 1040n the other hand, the dispersion
relations predict a value for c)D (0)/c)k' which disagrees
badly with present w experiments, especially with an f'
as large as 0.10.

To eliminate the unknown high-energy contributions
to the integrals appearing in the dispersion relations as
well as to check the assumption that &o 'T+(oi) vanishes

* Supported by the U. S. Atomic Energy Commission.' G. Puppi and A. Stanghellini, Nuovo cimento 5, 1305 (1957).' M. H. Zaidi and E. L. Lomon, Phys. Rev. 108, 1352 (1957).
3 G. Salzman (private communication).
4 J. Hamilton (to be published).

as co becomes infinite, the dispersion relations are modi-
fied by introducing an extra energy denominator in the
integrals. This involves the added subtraction of the
real part of the scattering amplitude at an arbitrary
energy coo. By letting ~0 approach 1, the relations can be
simplified and contain, as added constants, the quanti-
ties f)D~(0)/f)k'. These new relations have the added
advantage, then, of enabling us to check the values of
f)D+(0)/c)k' obtained from the usual dispersion rela-
tions. It is found that as long as the agreement with
experiment obtained for the x+ relation is retained, no
appreciable change in the latter values of f)D+(0)/f)k' is
possible. This result indicates the correctness of the
assumed high-energy behavior of T~(a&) and reinforces
the conviction that the values predicted for c)D+(0)/Bk'
are correct.

The value for f)D (0)/c)k' predicted by the dispersion
relations is compared with experiment and the dis-
crepancy between these two values is interpreted as
being due to the very small T= —,

' scattering cross
sections that have so far been observed. It will be shown
that a resolution of the discrepancy between the theo-
retical and experimental values of r)D (0)/Bk' could
very well involve changes in present experimental data
which would also remove the discrepancy between the
predicted and observed values of the real part of the
z. —p forward elastic scattering amplitude. It would
seem reasonable, therefore, to take the failure or success
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of future experiments to give a value for eiD (0)/elk',
which agrees with the predicted value, as an indication
of the failure or success of the dispersion relations in

general.

2. DISPERSION RELATIONS

The dispersion relations obtained by Goldberger, '
assuming that o& 'T+(o~) approaches zero as o& becomes
infinite, can be written for D+(oi), the real part of the z +

forward scattering amplitudes,

D+(~)—2 (1+~)D+(1)—2 (1—~)D+(1)

t
" [o+(k')+o-(k')]

dk'limP,
k~p

0 k"—k'

[o+(k')+o(k. ') o~—(k) o—(k)]
lim dk'

J a o k"—k'

dk'
+lim[o~(k)+o. (k)]P, (2.4)k"—k'

We neglect the (1/2M)' in (2.2a, b). To evaluate the
limit on the right-hand side of (2.3) we must first
perform the principal part integration. The principal
part can be eliminated, however, by writing

BD"lie& 1 p" 6"'(k') 1
dk'+ f', —

~' "o
(2.5)We are using units such that 5=c=p = 1.It will be more

convenient, in what follows, to write the relations in

terms of the more symmetric functions

Bk'

with 6&'l (k) =o+(k)+o (k) —o+(0)—o. (0).The integral
in (2.5) is well defined at k'=0 since 6&'&(k') vanishes
like k". By dividing (2.2b) by k' and using the same
trick in taking the limit as k' vanishes, we also obtain
for the derivative of D("

D'"(k) = z[D+(k)+D-(k)]

D"'(k) = z[D-(k) —D+(k)]

and noting that the second term on the right-hand side

2k' of (2.4) vanishes. With the aid of (2.4), Kq. (2.3) can be
f' (2.1). written in the simple form

(v&1/2M

the amplitudes for no isotopic spin Qip and for isotopic
spin Rip, respectively. With D") and D(') written as
functions of k, (2.1) takes the form

gD(2) (p) 1 p" 6&'& (k')
=

z
D'" (0)—2f'+ dk', (2.6)

Bk' 4z' "s k"
k'

D&'& (k) —Dol (0)= P
4z' o

"
L +(k')+~-(k')]

dk'
k"—k'

with
o (k) —o.+(k)

~&'l(k) = —[o (0)—o+(0)].

We assign the integers e=o, 1, 2, - to the dispersion
relations derived from the assumption that o& '"2'+(&o)

vanishes at infinity. Relations (2.2a, b), therefore, shall

be referred to as the v=1 relations.
The e= 1 relations can be used to predict the deriva-

tives of the real part of the forward scattering ampli-
tudes at k'=0, BD~(0)/rlk'. By dividing (2.2a) by k'
and taking the limit as k' approaches zero, it is easily
seen that the left-hand side becomes BD"&(0)/Bk',

l
"[o+(k')+o-(k')] f'

limP, dk'+ —. (2.3)
4m' ~ ' Jp k"—k' M

BD(') (p) 1

' Goldberger, Miyazawa, and Oehme, Phys. Rev. 99, 986 (1955).

2k'f'
(2.2a)

2M ios —(1/2M) '

ok' r" [o (k') —o+(k')]
D&@(k)—(aDi'l (0)= P

4z-' & s a)'(k"—k')

2oik'f'
(2.2b)

a)' —(1/2M) '

Relations for BD~(0)/Bk' can be obtained by adding and
subtracting (2.5) and (2.6). By expressing D~(k) in
terms of phase shifts and differentiating, it is easy to
obtain expressions for eiD+(0)/rlk' in terms of the
5-wave scattering lengths and effective ranges, and the
P-wave scattering lengths. It will be shown in Sec. 3
that the value of BD+(0)/rlk' predicted by (2.6) and
(2.5) agrees with experiment with an f' slightly greater
than 0.10. The experimental value for ciD (0)/Bk',
while not as well known, disagrees with the theoretical
value, the discrepancy becoming very large for f'~ 0.10.

One way to explain this difhculty is to say that the
assumption that &o T~(or) vanishes at infinity is incor-
rect, so that the m=1 relations must be replaced by m=2
relations. In what follows we shall derive e= 2 relations,
which contain BD+(0)/Bks, and show that they cannot
give any better agreement with experiment than the
ri= 1 relations. Furthermore, the best values of BD~(0)/
Bk' are just those values predicted by (2.5) and (2.6),
making the m=2 and m=1 relations identical.

The m= 1 relations, (2.1), are dispersion relations for
the quantities (cu' —1) 'T~(ca). Analogously, the @=2
relations we choose shall be dispersion relations for
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L(oi' —1)(oi'—ppp')] 'T+(oi). The parameter o~p is an
arbitrary energy diferent from 1. The n= 2 relation for
D('~ can then be written'

Go 1
Din (ai) D(&) (pp )y

GOp 1 GOp 1

CO
—

&Op

D(&) (1)

k4 r" 6"&(k')dk'
I' ' . (2.8)

4z' &p k"(k"—k')

We can proceed in the same manner for the relation
containing D&'). This is slightly more complicated since
D&@ is an odd function of co.

D&'& (k) =Desi (0)+k'
BD~ i(p&

——i Dl&) (0)

k4 r
" 6&'i(k')dk' 2k4

+ & ' + f' (2 9)
4~' " k"(k"—k') cp'

Relations (2.8) and (2.9) differ from (2.2a, b) in a
number of ways. The unknown high-energy contribution
to the integrals over the total cross sections is much less
important than in (2.2). The price we must pay for this
is the presence of the extra constants, BD~(0)/Bk'. The
m=2 relations are independent of the a=i relations
provided the added constants, BD+(0)/Bk', are unde-
termined by the theory and must be chosen from experi-
ment. On the other hand, if we use the m=1 relations,
namely (2.5) and (2.6), to predict these constants, then
it is clear that the m= 2 relations become identical with
the a=i relations. This can easily be veri6ed by
substituting (2.6) into (2.9) and (2.5) into (2.8) to
obtain Eqs. (2.2a, b). We know, therefore, that the
values of BD+(0)/Bk' predicted by (2.5) and (2.6), when
used in (2.8) and (2.9), will predict values of D+ which
agree very well with experiment, and values of D
which disagree with experiment. What we shouM like to
do is modify the values of BD~(0)/Bk', such that (2.5)

' See, for example, K. Symanzik, Phys. Rev. 105, 743 (1957).

k'(o~' —pip') t." [o~(k')+o (k')]dk'

4z' "p (k"—k') (k"—kps)

1 2fsks(~s ~ P)

(2.7)
2M Loi' —(1/2M) ']Lrops —(1/2M) ']

Since we are interested in (2.7) for values of o~, rpp+~ 1,
we can neglect the (1/2M)' in the denominators of the
coupling-constant term. We now let orp approach 1.This
simplifies (2.7) somewhat and introduces the 8D&'i(0)/
Bk' into the relation. We obtain, after handling the
principal part integral in the same way as in Eq. (2.4),

t9D~ )
&p) 1 k

D(O (k) =D(&) (0)+ks —— f~—
Bk' M co' (pip+ pp )

~D, (~)=ks~ ~~, ~ &0.
(cdp 1 )

(2.11)

8+ has been eliminated by requiring that 5D (pip)=0.
Equation (2.11)predicts that 5D+(pp) )

~

5D (pp)
~

so that
a large discrepancy in the m+ relation would result. The
reader can easily convince himself that other choices for
6~ cannot avoid large corrections for D+(cu).

We see, then, that if the m=2 relations are to retain
the good agreement with the m+ experiments, which is
obtained by the e= 1 relations, we must use the values
of BD+(0)/Bk' predicted by (2.5) and (2.6), at least to
within five percent. Since this makes (2.8) and (2.9)
identical with (2.2a, b), we can conclude that the success
of the e= 1 m+ relation implies that the assumption that
oi 'T~(oi) vanishes at infinity is correct and that (2.5)
and (2.6) give the values of BD~(0)/Bk' predicted by
the dispersion relations.

3. COMPARISON WITH EXPERIMENT

In this section we compare the predictions of Eqs.
(2.5), (2.6), (2.8), and (2.9) with experiment. The total
cross sections, used in the integrals, were obtained from
all of the latest available data, much of which was either
summarized or reported in the 1956 CERN Symposium. '
The curve used for 0: is shown in Fig. 1. The only
unusual feature of this curve is the height of the peak
and the energy at which it occurs. The peak is taken at
176 Mev, which is at an energy 5 or 6 Mev lower than
usual, and the height is taken to be 70 mb, which is
about 6 mb higher than usual. This has the eGect of
improving, slightly, the agreement of the vr relation

'Proceedings of the CERN SymPosium on High-Energy Ac-
celerators and Pion Physics, Geneva, 1956 (European Organization
of Nuclear Research, Geneva, 1956), Vol. 2.

and (2.6) no longer hold, and improve the agreement for
D without destroying the agreement for D+. We shall
show, now, that this cannot be done.

Just as relations (2.1) for D+(oi) each contain a linear
combination of D+(1) and D (1), the += 2 relations for
D~(co) will each depend on a combination of BD+(0)/Bk'
as well. Consequently a change in BD (0)/Bk' alone will

eGect both the relations for D+ and D . In general we
must consider changes in both BD (0)/Bk' and BD+(0)/
Bk'. If we call 5 (BD+(0)/Bk') =5~ the difference between
the values used in the n=2 relation and the values
predicted by the n=i relations, then it is easy to see
that the difference between the values of D~ predicted
by (2.8), (2.9), and (2.1) are given by

hD~(pp) =-,'O'L(pi+1)5~ —(o~—1)bp]. (2.10)

Since (2.1) for f'=0.08 predicts values of D (oi) which
are too low for ~ less than 180 Mev and too high for co

larger than 200 Mev, we can improve agreement by
taking 6D ~~0 for co~~p with cop of the order of 2.6
(200 Mev). This leads to the result



DISPERSION RELATIONS FOR PION —PROTON SCATTERING 1373

with experiment. The curve for 0-+ is not shown, but it
also has its peak at 176 Mev and a peak value of 210 mb,
chosen to keep the T=—', cross section zero. This choice
for the 0+. peak has the effect of making the m+ relation
6t the experiment for an f'=0.08 rather than 0.10. We
shall see, however, that an f' of 0.08 is not consistent
with the present experimental values of the x+ S-wave
effective range and P-wave scattering lengths. This
indicates that the a.+ peak should not be raised so high
and, consequently, 0:)—3a-+ or, equivalently, 0.;NO at
these energies. The results obtained from (2.5) and (2.6)
will strongly reinforce this statement. Calculations have
also been made with the a. and 0-+ peaks lowered and
placed at 180 Mev.

Two choices for low-energy behavior were made. One
is Orear's prescription' of n~=0. 165', +3=—0.105', and
zero effective ranges. To test the eBect of nonzero
effective ranges, a second choice was made by taking
o.~ =0.195'—0.018q' from Anderson's phase-shift analy-
sis' and taking n3 ———0.105'—0.035'', which 6ts the
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data of Ferrari et ul. ' Upon using the Orear S-wave
phase shifts, an o,33 of 0.235'' near zero energies, and
taking 0+=0 —30 mb for energies greater than 1.9 Bev,
Eqs. (2.5) and (2.6) lead to values of BD~(0)/Bk' given
by

'dD+(p) (-=2( 1+ )fs+0.104+0.008,
Bk' I 2M&

BD (p) ( 1
~fs+0 149~0 PP8 (3 2)

Bk' ~ 2M&

0 40 80 120 l60 200 240 280 520 %0 400 440 480
E Klg {M8~)

FIG. 1. Total cross section for the scattering of negative pions
by protons. For simplicity, not all of the data is shown.
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in evaluating the integrals appearing in (2.5) and (2.6)
and it has been assumed that a.~ do not become very
large at high energies.

As a check on (3.1) and (3.2), these values are used in
(2.8) and (2.9) to obtain D~s(a&), in the center-of-mass
frame, as a function of energy. Figure 2 shows the
predicted curve for D+~ compared with experiment. The
results, using the Orear S-wave phase shifts, would be
essentially the same. The good fit for an f' of 0.08 is due
to the choice of the 0-+ peak. With the peak in the usual
position, results similar to previous authors' would be
obtained, favoring f'=0.10. Figure 3 compares the
predicted values of D ' with experiment, using the
Orear phase shifts, and Fig. 4 shows D ~, using the
alternate choice of phase shifts. The improved agree-
ment of the latter curves, compared to the former, is due
to the choice of a large scattering length for e~. This
leads to an increase in D (0) which raises the curve. It
is not clear how valid this choice of phase shifts is since
it leads to a value of e~—o.3

——0.3g, which is rather large.
The curves of both Figs. 3 and 4 are raised slightly at
150 Mev by the choice of the high 0 peak shown in
Fig. 1. Even accounting for these differences, this

b
D

0.5-

0.2

I20
l50

l70

0 "-.08

o) =.l659
-.I05q

O. I

Fro. 2. A comparison of the values of D+'(a&) calculated from
equations (2.7) and (2.8) using the values of BD+(0)/Bks given in
(3.1) and (3.2) and the values obtained from experiment. D+s(&o)
is the real part of the 7i-+ scattering amplitude in the center-of-mass
system with p, = 1.co is the meson energy in the laboratory system.

The alternate choice of S-wave phase shifts leads to
values of BD~(0)/Bk' which di6er from (3.1) and (3.2)
by only one to two percent. The errors quoted here are
obtained in part from an estimate of the errors involved

-O.I

W,2-

-0.5-

220

' J. Orear, Nuovo cimento 4, 856 (1956).
~H. L. Anderson, Proceedings of the Sixth Anneal Rochester

Conference on IIigh-Energy Physics {Interscience Publishers, Inc. ,
New York, 1956).

FIG. 3. A comparison of the calculated values of D s(cu) with
experiment using Eqs. (2.7), (2.8), (3.1), and (3.2). The Qrear
S-wave phase shifts are assumed.
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0

0,5-

0.2

I20
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shifts at low energies:

n;=a,q+bpP+, i=1, 3;

n;;=a;,r&'+, i, j=1,3.
(3.3)

O.l

5.5

By writing D+ in terms of phase shifts, and using (3.3),
we obtain expressions for c&D~(0)/c&k' in terms of the
a') ~') a'i)

-O.I

-0.2—
220 507

( 1 'l c&D+«&

I
1+—I

-=bs+2ass+ as&+ as ——:as',
2M

(3.4)

-05-

Fxc. 4. The curve in Fig. 3 is modi6ed by a diferent choice for
the S-wave phase shifts, including nonzero effective ranges. This
choice leads to a larger value for D (0) than is obtained with the
Orear S-wave phase shifts,

calculation does give a slightly better result than those
of previous calculations. While relations (2.8) and (2.9)
combined with (2.5) and (2.6) are formally identical
with (2.1), the former do present a different way of
treating the data. Equations (2.8) and (2.9) are designed
to give values of D (o&), for low energies, which are
consistent with the dispersion relations, and in particu-
lar, predict a slope for D «(k) at k=0 which is zero or
slightly negative for f'~& 0.08. The form of the relations
used requires a more careful treatment of the cross
sections at energies below 80 Mev. By varying the
cross sections in various energy regions, it is found that
the largest changes in D occur for changes in the low-

energy region from 0 to 80 Mev. In particular, agree-
ment is improved by lowering 0: in this region and
agreement can be worsened by increasing a . Despite
this improvement, however, the w relation is still not
satisfactory. Owing to the factor of k4 in the principal
part integrals of (2.8) and (2.9), these relations are not
particularly good ways of calculating D~ at energies
near 300 Mev and higher. It is clear, however, from
these results, and previous ones, that the point of Zinov
and Korenchenko" at 307 Mev (and 340 Mev, not
shown in Figs. 3 and 4) is considerably below the curve
for D «with f'=0.08. The error on the experimental
point at 307 Mev in Figs. 3 and 4 is drawn asymmetri-
cally in an exaggerated manner to indicate that changes
in the data tend to raise the point more easily than to
lower it.

Nevertheless, it would seem reasonable, from these
results and the discussion of Eqs. (2.10) and (2.11), that
(3.1) and (3.2) give the values of c&D~(0)/c&k' predicted
by the dispersion relations to a good degree of accuracy.
I et us compare these predictions with experiment. VVe

use the following notation for the S- and P-wave phase

' V. G. Zinov and S. M. Korenchenko, Zhur. Eksptl. i Teoret.
Fiz. 33, 333, 1607, 1608 (1937) Ltranslation: Soviet Phys. JETP 6,
260 (1938)j.

1 ) c&D &p& ( 1 )&c&D+«&

l 1+—I
-=ll 1+—IM) c&k'

'
E 3f) c&k'

+-,Lbr+2ars+arr j
1 4

+ a&——a&'. (3.5)
3M 9

It is clear that (3.4) and (3.5) are insensitive to the
values of a~ and a3. Using the Orear values for a~ and a3
and substituting in (3.1) and (3.2), we have the
following conditions on the T=-,', —', S-wave effective
range and E'-wave scattering lengths:

bs+2ass+ as& ——2.469f'+0.127&0.009, (3.6)

bl+2als+all —4 424f'+0. 188&0.014. (3.7)

To compare (3.6) with experiment, we take bs ———0.035
&0.01, as& ———0.041&0.01, and as« ——+0.230&0.015;
the errors quoted are only rough estimates. This leads to

$bs+2a««+an j. v =0 384&0.033. (3.8)

Comparing this with (3.6), we obtain f'=0 104+0 014. .
It would seem dificult, therefore, to have an f'=0.08
and remain consistent with (3.6) and (3.8). This value
of f', greater than 0.10, is inconsistent with the agree-
ment shown in Fig. 1 for D~«using an f'=0.08. Since
the lower value of f' is due to the high peak chosen for
0-+, this indicates that the lower peak height usually
taken, which favors an f'=0.10, is more consistent with
the dispersion relations. Of course the values used in
(3.8) for ass, as&, and bs are rather uncertain; however,
since an f' greater than 0.10 would make a fit of (2.1)
with experiment very difficult, (3.6) can be taken as
evidence that a33 cannot be much larger than 0.230 and,
unless a,s is as low as 0.215, b,&0.Requiring an f'—0.10
for the m relation would have the advantage of elimi-
nating the discrepancy at high energies. It still would
leave a discrepancy, for the x relation, at energies near
150 Mev.

The left-hand side of (3.7) is not too well known
experimentally, though it is generally believed that
these quantities are small. If the values given by
Anderson in 1956' are used, one obtains br+2ars+arr——0.03. This value is so small because present experi-
ments observe very small T=~ scattering above 100
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Mev. The quantity b& has been unobserved in lower
energy m experiments partly because the data were
analyzed under the assumption that it is zero. On the
other hand, (3.7) predicts, even with an f'as low as 0.08,
a value of —0.166&0.014 for br+2ats+arr. This would
seem to imply, if the dispersion relations are correct, that
one or two of the quantities b1, u13, and a11, are much
larger than has so far been observed. To estimate what
values b1, a13, and a11 should have to be consistent with
the dispersion relations, let us take f'=0.10. Then

bt+2ars+ atr = —0.254,

f'=0.10.
(3.9)

While present estimates of a13 are that it is almost zero,
let us follow the suggestion of the Chew-Low theory"
and take ars ——asr ———0.041. Then (3.9) becomes

br+art =—0.172) ats ———0.041. (3.10)

It is interesting that the prediction of the Chew-Low
theory that art ——4a»=4ast is compatible with (3.9) and
(3.10). Reasonable choices for br and art would be
bi= —0.04 or —0.05 and a11=—0.13 or —0.12. This
choice has two very nice features: First, the relatively
large value of u11 would lead us to expect a T=-,'cross

» G. F. Chew and F. E. Low, Phys. Rev. 101, 1570 (1956).

section of the order of 7 or 8 mb at energies near 150
Mev. Since present measurements in this region" 6nd
0',—0, this means a substantial increase in 0:, at these
energies, of about ten percent. A correction to 0: of
this order of magnitude would lower the experimental
values of D, in this energy region, by a significant
amount. Secondly, a large, negative eftective range for
o.1 will keep o:small, or even decrease it, at low energies,
before the I' waves become important. We see, then,
that this choice for br, ars, ar& to satisfy (3.9) would
predict an energy dependence for 0- which is quali-
tatively similar to that assumed by Zaidi and Lomon, '
and which, in effect, raises the theoretical values for D '
while lowering the experimental values at the 150-Mev
region. It seems to this author, therefore, that the key
to the present difFiculties with the m

—dispersion relation
lies in the large discrepancy that exists between the
value of b&+2a»+a» predicted by the dispersion rela-
tions and the value obtained from experiment.
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The invariance of strong interactions under 6, the product of charge symmetry and charge conjugation,
has important consequences for strangeness-conserving lepton interactions. According to the G-transforma-

tion properties of the strongly interacting "currents, "we may divide the primary weak interactions into two

classes. The first class includes the conventional nucleon-lepton Fermi interaction, and is the only class that
contributes to the P-decay coupling constants. Unambiguous tests for the existence of second-class inter-
actions include: (a) induced scalar term in y absorption, (b) inequality of certain small correction terms in
B' and N's or in Li and B p decay, (c) inequality in rates of Z+ —+Ao+e++v. Absence of second-class

interactions would indicate a deep relation between isotopic spin and weak interactions; for example, the
recent Feynman-Gell-Mann theory predicts that all vector weak interactions are first class. The presence
of second-class interactions would mean that the usual Fermi interaction is insufhcient, and must be supple-
mented by terms involving strange particles. Some general remarks are also made about the relations between

(l P ) and (1+,v) processes, and we prove the following useful theorem: no interference between V and A may
occur in any experiment which treats both leptons identically and in which no parity nonconservation eHects

are measured, providing that we may neglect the mass and charge of the leptons.

I. INTRODUCTION

TRONG interactions are charge symmetric and

~ ~

~

~ ~

~

~ ~

charge conjugation invariant, and therefore also
invariant under the product' G,
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See also A. Pais and R. Jost, Phys. Rev. 87, 871 (1952);L. Michel,
Nuovo cimento 10, 319 (1953), etc.

G—Ce77rIg

~KG '=sr'~, ~ G '= —@,etc.

This G invariance plays a fundamental part in con-
sidering the effects of strong interactions on weak

processes, and the role of isotopic spin in the primary
weak interactions. We will show that all strangeness-

conserving lepton interactions may be split into two


