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LETTE RS TO THE EDITOR

Fowler, Fowler, Shut t, Thorndike, and Whittemore3 have
reported a distribution more nearly symmetric about 90 deg, on
the basis of 20 events. On the other hand, Minguzzi, Puppi, and
Ranzi4 6nd scattering almost entirely in the backward direction,
on the basis of 10 events in photographic emulsions. Their com-
bined results, although still statistically poor, are not in disagree-
ment with the results in Table II.

The cross section integrated between 25 and 180 deg (in labora-
tory system) is 15.3~1.0 mb. This is not inconsistent with the
20~10 mb reported by Chicago' and 20&4 mb reported by
Brookhaven, ' but it is lower than the 27.8~2.5 mb reported by
our group' from attenuation measurements in polyethylene and
carbon. The discrepancy may be due to systematic errors in the
attenuation measurements, and experiments are under way to
resolve it. Pending the outcome, we consider'the result reported
here more valid.

+ This work was performed under the joint program of the U. S. Atomic
Energy Commission and the U. S. OKce of Naval Research.

1Anderson, Fermi, Nagle, and Yodh, Phys. Rev. 86, 793 (1952).' Lindenfeld, Sachs, and Steinberger, Phys. Rev. 89, 531 (1953).
'Fowler, Fowler, Shutt, Thorndike, and Whittemore, Phys. Rev. 86,

1053 (1952).
Minguzzi, Puppi, and Ranzi (unpublished). We are grateful to Dr. G.

Goldhaber for calling these results to our attention.
~ Anderson, Fermi, Long, and Nagle, Phys. Rev. 85, 936 (1952).' Isaacs, Sachs, and Steinberger, Phys. Rev. 85, 803 (1952).
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Phase-Shift Analysis of the Scattering
of Positive Mesons at 58 Mev*

D. BODANsKY, A. M. SAcHs, AND J. STEINBERGER
Columbia University, ¹uYork, ¹mYork

(Received March 26, 1953)

& HE data reported in the previous letter are neither sufficiently
extensive nor precise to permit de6nitive phase-shift re-

duction without arbitrary assumptions. In pseudoscalar meson
theory with pseudovector coupling' but possibly also in the
pseudoscalar coupling case 2 the bulk of the scattering is expected
in the p state. The strong asymmetry about 90', however, must
be attributed to interference between even and odd angular
momentum states. It is simplest to assume the even contribution
pure s, but this assumption is dangerous because of the rapid

TABLE I, S and p wave phase shifts for 58-Mev 2&+-p scattering.

(bs)

Phase shifts
(deg)

&(Py) &(Pg)
Deviation

Best fits;
positive b(s)
negative b(s)

50 percent fits:
only B(s) varied

only B(py) varied

only b(ps) varied

all varieda

+7.4—49
—4.0—5.7—4.9—4.9—4.9—4.9—3.6—10.8

+22—1.8
—1.8—1.8—0.8—2.7—1.8—18—1.5
+25

—6.5
+7.6
+7.6
+7.6
+7.6
+7.6
+7.1
+8.1
+8.1
+2.5

12
12
12
12
12
12
12
12

' To give maximum variation of b(s).

Although the precise determination of v requires solution of the
relativistic two-particle problem, it is very nearly the relative
velocity in the center-of-mass system.

It can be seen from Eq. (1) that the sign of R is free, so that
the solutions of Eq. (1) will occur in pairs of "Fermi" and "Yang"
types. We give only the former /large b(Pys) j.For the small phase
shifts the "Yang" type can be obtained from the "Fermi" type by

b(s) &Y& E(s) &F&

b(pl(2) (Y& ——
L4b (pr(s) (F& b (pin) (F&j

t$(pl/Q) & & = -'Lb (PII&2) & &+2b(p, n) &F&g.

The observed differential cross section permits either positive
or negative h(s) but favors negative b(s). The best fits for the two
cases are compared with the experimental points in Fig. 1.

"Best fits" are those which minimize the quantity

increase of even scattering with energy. This rather suggests3 that
the even scattering is velocity-dependent and probably a recoil
e6'ect, in which case d and s contributions of the same order may
be expected. 4 Nevertheless, following, the Chicago group~ we will
analyze on the premise that the d contribution is zero. It is possible,
however, to obtain good agreement using only p and d waves:
e g ~(p3/2) 8 4 ~(pI/2) 2 4 ~(df&/2) 2.3 B(d3/2) = 1.0'.

Assuming then only s and p scattering and, in addition, that
the Coulomb 6eld is a perturbation on the meson-nucleon inter-
action at distances smaller than its range, the cross section in the
center-of-mass system may be written

do' k2 ' —ia 2

dO 4k2 sin2(~8)
exp( fn—In sin'-,'(&)+F+Qp + ~R~'(1 —&(')

(1)
where k=meson momentum, n=e'/Ir&v, and F=expL2fb(s) j—1,
Q=L{1+so)/(1—fn)jfexpL2Q{p3&2)g+expL2Q(pll2)j 3},

R=expL2fb(Pen)3 —expL2fb(P&n) j.
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FIG. 1. DifFerential cross section for 58-Mev 21.+-p scattering.

where eI is the difference between the calculated and observed
cross sections at the ith angle and PE; is the probable error of the
cross section at the ith angle. On comparing the observed data
with the (unknown) true cross section one would expect that 50
percent of the time co would be less than 11.8.

The uncertainty in the determination of the phase shifts may
be investigated in terms of sets of phase shifts which give. co= 11.8.
Four illustrative sets, each for negative b(s), are listed in Table I.
In three of these sets only one of the phase shifts is different from
the best 6t values. In the fourth set the values of b(pI/2) and b(p3/2)
have been chosen to minimize co for the indicated b(s), thus allowing
a maximum variation of 5(s).

In the absence of the Coulomb 6eld, the two "best 6t" solutions
differ only in the reversal of signs in the phase shifts. However,
the Coulomb 6eld signi6cantly alters the angular distribution


