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Pion Scattering and Disyersion Relations*

J. HAMILTON)

Laboratory of Nuclear Studies, Cornell University, Ithaca, New York

(Received February 6, 1958)

Inaccuracies in the experimental data which might give rise to the discrepancy in the dispersion relations
for the forward scattering of negative pions (up to a few hundred Mev) are examined. The discrepancy
cannot be removed without contradicting one of the several apparently accurate experimental results. A
relation to check charge independence is suggested.

l. INTRODUCTION

' 'HE dispersion relations for the forward scattering
of pions by protons (which were developed by

Goldberger et al.') have been compared with the experi-
mental results up to pion kinetic energies of 400 Mev
(lab) by Puppi and Stanghellini. ' The dispersion rela-
tjons express the real part of the forward scattering
amplitude in terms of the renormalized coupling con-
stant fts and an integral over the total cross sections.
The differential cross section 1f(0,~) ~' for forward
scattering is deduced by assuming that only partial
waves having small orbital angular momentum I, are
scattered. Using the optical theorem to evaluate

Imf(0, ~), the real part D=Ref(0,ar) is deduced directly
from the experimental results; it is not necessary to
make a phase-shift analysis.

The experimental results for 7r+ and vr scattering are
plotted in Figs. 1—3. The x data include the 307-Mev
and 330-Mev values reported by S. M. Korenchenko
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and V. G. Zinov at the Padua Conference (1957).' The
theoretical curves in Figs. 1 and 2 are those of Puppi
and Stanghellini; Fig. 3 shows the curves of G. Salzman
and H. Schnitzer. 4

For m+ scattering there is good agreement between
the observed values and the dispersion relations with a
coupling constant fts=0.09+0.01.Figures 2 and 3 show
that theory and experiment do not agree for x scatter-
ing. The dispersion relations for positive and negative
pions are not independent; charge symmetry is assumed
in their derivation. It follows that the m+ and w data
should be fitted using the same value of fts. Figures 2
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FIG. 2. The 71- —p curves for f'=0.04 and 0.08 as evaluated
by Puppi and Stanghellini. The latest experimental values are
shown. The errors for the values at 150 Mev and 170 Mev should
be increased by about 40% to allow for the cross-section normali-
zation errors and for error correlations.

0$-

as-

a7"

-k4op ~-& 300„
270

& F17 307

& i400

* Supported in part by the joint program of the Ofhce of Naval
Research and the U. S. Atomic Energy Commission.

t On leave of absence from Christ's College, Cambridge,
England.

' Goldberger, Miyazawa, and Oehme, Phys. Rev. 99, 986 (1955).
2 G. Puppi and A. Stanghellini, Nuovo cimento 5, 1305 (1957).

(They only discussed s +p up to about 200 Mev. )

FIG. 1. The 21-+—p scattering dispersion curves for f'=0.08
and 0.10 calculated by Puppi and Stanghellini, together with the
experimental values. .

and 3 show that the x data tend to favor small values
of fts, at least in the region 120—170 Mev. To obtain
reasonable agreement with the x+ data, we shall only
consider coupling constant values fts&0.08. This also
is compatible with the coupling constant values de-
duced from the eGective-range theory of pion-nucleon
scattering, and from the spin-Qip dispersion relation '

'I am indebted to Professors G. Puppi and E. Lomon foi
information about these results.

4 G. Salzman and H. Schnitzer (to be published). I am obliged
to Dr. Salzman for permission to quote these results.

~ For a discussion see reference 2 and J. Orear, Nuovo cimento
4, 856 (1956).' W. C. Davidon and M. I. Goldberger, Phys. Rev. 104, 1119
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2. TOTAL CROSS SECTION

The forward scattering amplitudes for ~+ and x
elastic scattering on protons satisfy

1( co) 1( co)
«f+(~) —-( 1+-

I «f+(u) —(
1——1«f+(i)

2& p) 2E p)

k f dei
p' (p'/2M) Wco 4n'~ k'

2frs

The curves of Salzman and Schnitzer are derived
from the cross-section data given by Anderson and
Piccioni. ~ The low-energy data of Anderson are in
good agreement with his phase-shift analysis. Puppi
and Stanghellini's curves are based on earlier cross-
section data, and they give greater disagreement with
the observed forward scattering amplitude in the 120—
170 Mev region than do the curves of Salzman and
Schnitzer. Here we shall use the same cross-section
data as Salzman and Schnitzer.

In the region' co=120 to 170 Mev, the values of
Puppi and Stanghellini for D ~= )Ref—(rd) j(kg/k) are
in error by 5D ~ 0.10 using f '=0.08. ln this region
the values of Salzman and Schnitzer are better, but
they are still in error by bD =0.05 to 0.06. In the
region co=250 to 350 Mev, the curve of Salzman and
Schnitzer is a little worse than Puppi and Stanghellini's;
both are in appreciable disagreement with the observa-
tions. In both these energy regions the magnitude of
the theoretical value of D ~ is consistently less than the
experimental results.

Ke shall examine the extent to which any of the
following is adequate or necessary to explain the dis-
crepancy in the x data:

(i) inaccuracies in the total cross-section values, and
lack of data for the very high-energy cross sections;

(ii) errors in the scattering lengths;
(iii) electromagnetic interactions and the mass dif-

ference of charged and neutral pions;
(iv) virtual strange particle reactions;
(v) a failure of charge independence in the pion-

nucleon interaction;
(vi) a breakdown of dispersion relations, implying a

violation of local causality.
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FH".. 3. The ~ —p curves for f'=0.07 and 0.08 calculated by
G. Salzman and H. Schnitzer using the cross-section values given
by Anderson and Piccioni (195/).

It is convenient to use nuclear units with A=c=p=1;
the units of area and energy are 20 mb and 140 Mev.

The effect of errors in the total cross sections o.~(a&')
will be different according as the errors fall into two
types: (a) errors 8o (&o') at energies op' which are appreci-
ably higher than the energy cv at which we calculate
Ref(&o); (b) errors 5o(&o') at energies lower than or
close to +.

Type (a) Errors

If the error occurs for co'&0 where 0 is much larger
than co, it produces a change in Ref(&o):

normalized coupling constant, M is the nucleon mass,
and o.+(ro) are the total cross sections for rr+ on hydrogen.

The corresponding center-of-mass variables are
given by'

f~ (ag) f(ro) ( 2co p' )
k~=k~ 1+—+

k

k2 t' de
5 «f+(~)= -, —,(5o+(~')+5~-(~') ) (2)

where f+(co) are the scattering amplitudes in the lab
system for pion lab energy co= (k'+p')&, frs is the re-

(1956); W. Gilbert and G. R. Screaton, Phys. Rev. 104, 1758
(1956}.

'H. L. Anderson, Proceedings of the Sixth Annlal Rochester
Conference on High-Energy Physics (Interscience Publishers, Inc. ,
New York, 1956), p. I-43; O. Piccioni, ibid. , p. IV-7.' We should strictly say co —p= 120—170 Mev.

Choosing 0=1 Bev, we see that an error (5o+(ro')
+So (co')) =40 mb for all co'&0 gives 8D~~ 0.016 at
a lab energy of 120 to 150 Mev. This large error Pit is
greater than 50%%uz of the measured values of (o++o )
in the 1-Bev to 2-Bev regionj is unlikely. "

9 For example, k/kg = 1.27 at co = 140 Mev, and 1.38 at 280 Mev.
M Cool, Piccioni, and Clark, Phys. Rev. 103, 1082 (1956).
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TABLE I.Possible errors in the total cross section o. (co') and their
effects on D ~ at 150 Mev.

Error
S0 (co')

BD & for
Energy range ~ =150 Mev

1 Bev &co'&420 Mev
420 Mev&co'&280 Mev
280 Mev&co'&210 Mev

Physically it does not seem rea, sonable that o.~(ta')
should increase considerably at energies above 2 Bev;
indeed since the shorter-range E-meson and hyperon
forces become important at high energies, we might
expect a~(~') to decrease. It follows that errors in, or
lack of knowledge of o~(ta') for ca')1 Bev cannot ex-
plain the discrepancy in Ref (ca) around 150 Mev. It
should also be noted that the above error (So++So. )
gives BD ~~0.04 in the 300- to 330-Mev region; this
gives worse agreement with the observed values.

For errors 8o. (ca') in (210 Mev &co' &1 Bev), we esti-
mate the changes bD ~ at co 150 Mev by using Kq.
(1). Typical values are shown in Table I. The magni-
tude of the errors 8o. is in each case appreciably larger
than the experimental errors which are quoted for the
measurements of a. (ca') in these energy regions. ""

Similar errors in a+(ca') have less effect on Ref (ca)

(ca=150 Mev), except for the range (1 Bev) ta') 420
Mev) where bo-+(~') and 8a. (ta') have almost the same
effect.

The effect of errors of type (a) may be summed up by
noting that a systematic underestimation of both
o+(ca') and a (ra') by the amounts indicated above for
all ~'&210 Mev would give a su@ciently large value of
8D ~ at co= 150 Mev. The same corrections would give
a large positive change in Ref (~) atca=320Mev (8D n

would be expected to be of the order 0.07) which would
increase the discrepancy in this region. " It would in
any case be surprising if there were such large systematic
errors (in one direction) in the total cross sections.

+10 mb
+20 mb
+10 mb

~+0.01
~+0.015

+0.01

Type (b) Errors

Errors in the cross sections at energies co' in the
neighborhood of ra can have a large effect on Ref(co).
Consider the contribution to Ref (ca) from the integral
over a. (~'); it can be written

k'
t

"d(a' a. ((o') —a (ca) a (u)

Thus in the neighborhood of co the dispersion integral
is a measure of the derivative of a(&u'). LThis explains
the general form of the curves in Fig. 1 up to 300 Mev.
Ref+(~) rises where the slope of a+(&v) increases, up to
about 120 Mev; it drops to zero at (approximately) the
resonance, and it goes negative on the downward slope
of a+(~) beyond the resonance. $

The eGect of errors 8o (ar') at energies ca'&210 Mev
has been studied by Zaidi and Lomon. "They show how
the discrepancy in Ref (ra) for ca 120 to 170 Mev can
be considerably reduced by increasing the slope of
a. (ca') in the region ca' 100 to 170 Mev (see Fig. 1 of
their paper). Unfortunately their large increase" in the
slope of a (ca') over the region 110 Mev&~'&150 Mev
cannot be justified; it implies an unduly large increase
in the total cross section o', (ra') for the isotopic spin
T=-,' process at energies appreciably below the reso-
nance. In this region it is much safer to keep as close
as possible to Anderson's cross-section data~ which
agree with a reasonable phase shift analysis; this gives
the curve of Salzman and Schnitzer (Fig. 3).

Cross Section near Resonance

In the range 150 Mev(~'(200 Mev Zaidi and
Lomon use values of the total cross section a (ra')
which are significantly greater than the experimental
values. It should be emphasized that an increase in the
value of a (ca') near resonance would considerably
improve agreement with the m. dispersion relation. At
the resonance (ca'~180 Mev) Anderson's curve gives
a=(cs')=66 mb. Consider the fairly extreme case in
which the cross section is increased over the region 150
Mev to 200 Mev in such a way that the peak becomes
sharper and the maximum is increased to 73 mb. YVe

would then expect the theoretical value D ~ to be in-
creased by 0.015 to 0.025 at co=150 Mev; at co=210
Mev there would be a decrease in D of about the
same size. Both corrections are in the right direction.

This increase in the peak of the a (ca') curve would
have another desirable eGect. For a=170 Mev there
would be little change in the theoretical value Ref (ta),
but the observed value would have to be reduced. The
observation of D n at 170 Mev (Figs. 2 and 3; the
point is due to Ashkin e7, al.") is based on a total
cross section

a. (170 Mev) = (62.7&1.9) mb. (4)

D ~ is deduced from the differential cross section
If(e,~) I' using

The contribution to this integral from any range of co'

which is symmetric about ~ (i.e., ra —rue&ca'&to+tao) is

kn-
t k

D-n= —If(0,~) I'—
I

—~ (~) I

k
'

&4 ) (5)

k' (."+"'des' a (a') a((u)—
47l ~ cu —

cup k 67 —M
(3)

"S.J. Lindenbaum and L. C. L. Yuan, Phys. Rev. 100, 306
(1955}.

"To reduce the error in f (co) at 320 Mev, the change in slope
of a (co') should be made more negative, not more positive.

"M. H. Zaidi and E. L. Lomon, Phys. Rev. 108, 1352 (195'7).
I am indebted to the authors for a preprint copy.

~4 The slope of the 0. (co') curve of Zaidi and Lomon is about
1.0 mb/Mev between ~'= 110and 150 Mev. Anderson's values for
a give no more than 0.75 mb/Mev, while 0+has slope 2.2 mb/Mev
in the same region.

"Ashkin, Blaser, Feiner, and Stern, Phys. Rev. 101, 1149
(1956).
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If the calibration has to be altered so that the differen-
tial cross section

~ f(e,co) ~' is increased by (say) 10%
for all 0, the observed value of D ~ is reduced from 0.22
to 0.19. Again the correction is in the right direction.

In spite ot the low value" of o in (4), there is some
indication" from a comparison of the total cross sec-
tions 0-+, o: that the 0: curve might have a sharper
and higher peak than Anderson's values' show. It
would be valuable to have further careful determina-
tions of a (to) in the region of its maximum.

Parameter change

8 Ref (p,) =+0.022

~f12= +0.007

8 Ref (y) =+0.035

8f12= +0.011

Change in D &

or =150 Mev or =300 Mev

+0.010 +0.006

+0.016 +0.009

TABLE II. The effect on D of related changes in the 7r

scattering length and the coupling constant f12.

3. SCATTERING LENGTHS

Equation (1) can be written

Ref~ (co) —Ref~ (ts)

(~
=~~ ——1 ~-', (Ref (tt) —Ref„(tt))

4p,

2f 2 k' h
I

dco

tt' (tt'/2M) %co 4rr'~ k'

o.+(oo') o=(co')
X + — (6)

~~CO M &M

1
-(Ref (t )—Ref~(t ))

4fis 1 p" dco'

+ „i,{a-(~')—a+(~') } (7)

If Ref~(ts) and fis are related in this way, changes in
the scattering lengths will not be important for large co.

)Using Ref (tt) Ref+(ts) =0.205—, Eq. (7) gives fir
=0.084 when the integral over the cross sections is
taken to 2 Bev; the contribution to the integral from
higher energies appears to be small. "Because of the

'6Ashkin et al. also give 0.+=194.9~5.5 mb at 170 Mev; in
relation to this, o. is low.

17 See, for example, the data in reference 4."It is plausible for a scatterer of finite radius because
Refe(~s)/ks —+ 0(1) implies that, if only elastic scattering occurs,
for large ~g an appreciable fraction of all the partial waves have
phase shifts nt giving sin(2rtt) large and of the same sign. The
existence of inelastic processes reduces Refs(~s).

ie M. L. Goldberger, Proceedings of the Sixth Annual Rochester
Conference on High-Energy Physics (Interscience Publishers, Inc. ,
New York, 1956), p. I—14.

s J. M. Cassels, Proceedings of the Seventh Annual Rochester
Conference oe High-Energy Physics (Interscience Publishers, Inc. ,
New York, 1957), p. II-5.

At low energies Ref+(a~) is particularly sensitive to the
scattering lengths Ref~(tt); changing them changes the
starting point of the curves Ref~(co) at &o=ts, and it
also changes the first term on the right of (6) which is
linear in (co —tt).

Letting co~ ~ in either Eq. (6) and making the
plausible assumption" that Ref~(o&)/or ~ 0 as to ~ ~,
gives the sum rule"

at=+0.167&0.01, as ———0.101+0.01. (8)

Changes in the scattering lengths could be used to
improve the agreement in Fig. 3 in the 120- to 170-Mev
region. This requires keeping Ref~(tt) fixed and in-
creasing substantially Ref (p). To avoid producing
much more serious disagreement in the 300-Mev region
it is necessary at the same time to increase fir above
0.08. Examples of such changes are given in Table II.
These alterations would have little effect on the agree-
ment between theoretical and experimental values of
Ref+(&o) (see Fig. 1). They would make it possible to
use fir~0.09 for both the sr+ and rr data.

Changes +0.022 and +0.035 in Ref (tt) correspond
to increasing a~ from 0.167 to 0.196 and 0.212, re-
spectively. The values (8) are deduced from elastic sr

scattering between 40 Mev and 60 Mev"; similar
results come from data in the 15-Mev to 30-Mev
range. " Increases in e~ of the above magnitude would
be compatible with the low-energy z scattering only
jtf the effective range for the phase shift n~ were notice-
ably larger than is generally believed.

The values (8) are also related to charge-exchange
scattering at threshold. They are consistent with
Panofsky ratio R=1.55 and sr /sr+ threshold ratio
ro= 1.87; this does not include any Coulomb correction
which might increase rs, or a Noyes correction (which
would be noticeable if the effective range of n~ were
large). These somewhat uncertain corrections" might
increase ai by 10%.The latest and largest value of the
Panofsky ratio'4 E.=1.85&0.09 would, without any
corrections give ai ——0.187 (assuming as always that
as ———0.101).

"These recent Rochester results have been used by Salzman
and Schnitzer. They differ slightly from Orear's values a1=0.165,
ag= —0.105.

~' J. Orear, Nuovo cimento 4, 856 (1956}.
se Nagel, Hildebrand, and Piano, Phys. Rev. 105, 718 (1956)."L. Marshall, Proceedings of the Seventh Annuat Rochester

Conference oe High-Energy Physics (Interscience Publishers, Inc. ,
New York, 1957), p. II-32.

poor convergence of the integral, Eq. (7) is not a good
determination of fi'.j

The values of the scattering lengths as determined by
the well-known methods are

Ref (tt) =+0.089, Ref+(tt) = —0.116;

these are based on the center-of-mass system values"
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It appears therefore that a high value of the Panof sky
ratio would do something, but not enough, to reduce the
discrepancy in the ~ dispersion relation. around 150
Mev.

The results of this and the previous section's dis-
cussion are summarized by suggesting that, in order of
importance, experiments to resolve the discrepancy
would be (a) redetermination of the value of o. (to') at
resonance, and (b) much more accurate diGerential
cross sections at 40 Mev or 60 Mev. This would give
accurate information about the scattering lengths.

4. THRESHOLD EFFECTS

At oi'=p both v o(vr .+p ~ vr'+e) and n o(~ +p —+.

y+I) are finite, " therefore the integral in (1) does not
converge (for any co). This is because we forgot that
for the charge-exchange process the lower limit of inte-
gration is co' p —Dm where Dm= (m —m )+ (m„—m„)

3 Mev; for photoproduction the lower limit of in-
tegration is to'= p'/2M (i.e., at the neutron position in
the rest-mass spectrum). With these limits of integra-
tion and taking the principal value at ar' =p, the inte-
gral converges for co&p. Also, it is easy to show that the
limit of Ref (co) as co —+ p is 6nite.

We now consider the correc tions to the integral in

(1) from these threshold effects. For the charge-exchange
process we notice that the usual evaluation' ' of the in-

tegral for Ref (to) assumes that o:(to') is constant for
small (to' —p). Hence we want the correction arising
from an increment Ao, (to') in the charge-exchange
cross section o, (to'), where

eo —e

o

es and n are the c.m. pion velocities, and o.,„(to') equals

(8~/9) (g,—g,)' for ~')p. The integral can be written

ks t
" dto' I'(~')

where F (cu') = k'&, (oi').
For to))imam, the integrand in (9) decreases rapidly

for to') p+Qm Lthe factor (no —n ) goes to zero as
(1/k') in that region). At threshold I' (p) =0.03 unit,
but we do not know its form for p —Dm &co' &p. It is
suKcient to assume that in this region I'(to') behaves
smoothly, going to zero at +' =p —5m.

If F(to') were equal to I'(p) throughout p —Dm(co'
(p+hm, the contribution to (9) from this energy in-

terval would be of order (k'/to) (0.003)hm. Allowing for
the increase in F (oi') from 0 at (p —Dm) to I'(p), and
the subsequent decrease for co') p+Dm, we get an

upper limit" (k'/~) (0.005)hm for the contribution to

is the ~ velocity.
26 This is based on assuming that F (co') has the slope F (p) /~m

throughout )co' —p ( (Ass. In fact the slope is negative for ~'&p.

Ref (co) from
~

to' —p ~
(hm. Multiplying by 5 will ade-

quately cover to contribution to (9) from (&o'—p) &Am.
It follows that for the values of w in which we are
interested (co& 120 Mev), the charge-exchange threshold
e6ect is quite negligible. '7

The effect on Ref (p) need not be negligible. How-
ever, this contribution is included in Noyes' correction"
which was discussed in the preceding section.

The radiative correction arising from o. (vr +p ~
y+e) has been evaluated by Agodi e1 al."; the con-
tribution to Ref (co), at the values of &o we are interested
in, is unimportant

Coulomb eGects are not included in the dispersion
relations (1). At ro& 100 Mev the Born approximation
can be used to subtract the Coulomb contribution from
the observed scattering. Because the Coulomb term is
important only cl'ose to the forward direction, the sub-
traction can be made more or less independent of the
phase-shift analysis. " This procedure is simpler than
trying to work with dispersion relations which include
the Coulomb interaction (if such relations exist).

Agodi ef al.29 have also shown that E-meson and
hyperon eGects do not change the dispersion relations
(1). Since we insert the total observed cross sections in
(1), the only place where an extra term due to strange
particle eGects can occur is in the unphysical region
0&cu' &p. However, the conservation of strangeness
ensures that the only bound states if the neutron; this
is already included in (1).

f. (~)= ~f"'(to)

= -:t f (-)-~+(-)j.
where

f (~)

Also fi" (co) must obey

1 1 2fs ks
—Ref &'l (cu) =—Ref &'l (p)—

p,
' ~'—(p'/2M)'

O'
I

"Cho' o ((o') —o~(to')

(10)

27 Using a fixed-source Hamiltonian, A. Agodi and M. Cini
LNuovo cimento 5, 1256 (1957)g reach the same conclusion.

28 H. P. Noyes, Phys. Rev. 101, 320 (1956).
s9 Agodi, Cini, and Vitale, Phys. Rev. 107, 630 (1957).
30 A. Agodi and M. Cini, Nuovo cimento 6, 686 (1957).

5. CHARGE INDEPENDENCE

The derivation of the dispersion relations (1) does
not require charge independence; only charge sym-
metry need be used. " It follows that a breakdown of
charge independence for pion scattering near the reso-
nance ( 175 Mev) would not account for the dis-
crepancy in Ref (to) .

On the other hand, there is a dispersion relation
which can be used as a test of charge independence;
this is the charge-exchange relation: the scattering
amplitude f, (co) for forward charge exchange scatter-
ing is given by
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From the observed diGerential cross section for
charge exchange scattering, we deduce

~ f, (re) ~'. Using

we deduce Ref,„(a&).This observed value should fit (11).
Among the observations of charge-exchange scatter-

ing, only the results of Ashkin et u/. "would seem to be
sufficiently accurate to compare with (11). The 150-
Mev data give Ref. (cu) =0&0.2; this is to be compared
with the theoretical value —0.2. The 170-Mev charge-
exchange data are in disagreement with charge inde-
pendence as they give Ref, (cv) = (—0.08+0.04)&. The
theoretical value is close to zero.

Although there are larger quoted errors in the charge-
exchange data at 120, 144, 165, and 220 Mev, " they
give values of Ref. (&e) which are in reasonable agree-
ment with (11).However, the accuracy of these data
is not sufficiently great for us to use (10) as a useful
check on charge independence.

Obviously it would be valuable as a check on Ref (re)
to have other accurate charge-exchange di8erential
cross sections in the 150-Mev and 300-Mev ranges.

Finally we comment on the form LEq. (1)] of the
dispersion relations. It is well known that in the general
case it may be necessary to add" to Ref+(a&) in dis-
persion relations a real 6nite polynomial in w. This
polynomial could arise from an indeterminancy in the
scattering amplitude contribution from e(xs)Pj (x),
j (0)j on the light cone, or it could arise from the
term 8(xs)gj (x),Q (0)g which should be included if
there were a direct pion-pion interaction. "The explicit
form of this polynomial cannot be found by general

"H. L. Anderson and M. Glicksman, Phys. Rev. 100, 268
(1955);H. L. Anderson et a/. , Phys. Rev. 91, 155 (1953).

"K.Symanziir, Phys. Rev. 105, 743 (1957).
"The notation is that of M. L. Goldberger, Phys. Rev. 99,

979 (1955).

arguments, but fortunately it disappears from the dis-
persion relations if they are made sufFiciently con-
vergent's (for example, by the subtraction procedure).
It is probable that Eqs. (1) are sufficiently convergent
to eliminate the polynomial. '4

The most straightforward way of investigating the
polynomial would be to examine the observed values
of Ref~(ol) for large cv. However, it seems possible
even with the present data to exclude such an addition
to the right-hand side of (1) as an explanation of the
discrepancy in Ref (ce). The relations (1) contain one
subtraction (at ~=p), so the polynomial must be of
the form cr(co —p)+cz(&u —p)'+ . . At least two terms
would be required to give a discrepancy which changes
sign between 150 Mev and 300 Mev. This implies, at
the least, that Ref (so) ego' for large re. Such a large
value of Ref (ar) for large re seems quite unreasonable. "

6. CONCLUSIONS

Salzman and Schnitzer's use of the 0 cross-section
values of Anderson has removed a good deal of the m

discrepancy, but a careful examination shows that the
remaining disagreement cannot be removed without
violating some apparently accurate experimental results.

It would be useful to know (i) the exact value of
o. (co') at resonance; (ii) the forward amplitude D ~ at
a point in the 40—60 Mev range (to an accuracy of
+0.01 unit); (iii) more accurate charge-exchange re-
results both in the 150-Mev and 300-Mev ranges.
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