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TOTAL CROSS SECTIONS FOR PIONS ON PROTONS IN THE MOMENTUM RANGE 10 TO 20 Gev/c
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%e have previously measured the total cross
sections of w+ and m on protons up to 10 Gev/c. '
Lindenbaum et al. ' have explored these cross
sections further up to 20 Gev/c. The smallness
of the variations with energy found in this region
makes more precise measurements desirable,
and we have therefore extended our previous
measurements to 20 Gev/c. The method used
was essentially identical to that previously de-
scribed. The rejection against particles heavier
than pions was improved by the use, in addition
to the selective 0erenkov counter, of a 10-m
threshold gas Cerenkov counter in coincidence.
The muon component was rejected by an anti-
coincidence counter behind 1.6 m of iron. Meas-
urements showed that the electron component was
negligible. Impurities in the beam were thus less
than 1% and do not influence the accuracy of the
measurements. For each energy the transmis-
sion at zero solid angle was extrapolated from
measurements in at least 3 geometries, with
solid angles between 0.2 and 1 msr at 10 Gev/c
and between 0.1 and 0.5 msr at 20 Gev/c.

The results are given in Table I.
The errors given include, in addition to the

statistical uncertainties, the errors due to rate
effects, and to the extrapolation procedure. The
absolute values of all the cross sections may have
an additional common error of 0.5 mb, due to un-
certainties in the dummy calibration, the effective
target length, and other systematic sources, which,
however, do not influence the energy dependence.

Our data between 4.5 and 20 Gev/c can be fitted
very well with a functional behavior

c(w p)=c +b p

The cross section at infinite energy a and the
coefficient 5 for positive and negative pions are
given in Table II for different values of the ex-
ponent P. From the value X2 of column 5, whose
expected value is 12 when the 4-parameter ex-
pression (1) is fitted to our 16 measurements, it
is seen that a wide range of exponents between
0.3 and 1 give excellent fits to our measurements.
The fact that the minimum value X2 is considerably
below the expected value, and that the fit is thus
rather better than one would expect, is an indica-
tion that the errors are not entirely statistical
but also include some systematic errors. The
best fit is obtained for an exponent of about -0.7.

The goodness of the fit between the data and the
expression (1) is also demonstrated by Fig. 1,
where the momentum scale is chosen such that a
linear relation is obtained for P=0.7. This figure
also includes our previous measurements from
4.5 to 10 Gev/c. ' The data of Lindenbaum et al. '
are shown for comparison. For negative pions
they agree within the errors with our points and
with the functional behavior. For positive pions
their measurement in the range between 11 and
14 Gev/c is lower than ours, but outside this
range there is good agreement. The data of Longo'
for w+P below 4 Gev/c fit very well to the energy
dependence (1) extrapolated with the same con-
stants as ours down to 2.7 Gev/c. The same is
true for the (v p) cross sections of Vovenko et al. '
in the range from 3.4 to 9.2 Gev/c.

The good fit to a momentum dependence of the
type (1) over this wide momentum range may be
taken as a strong support of Pomeranchuk's theo-
rem that positive and negative total cross sections
approach the same limit at high energies. As

Table I. Total cross sections for (7I p).

Table II. Best fits to the data for (Ty(7| p), 4.5-20
Gev/c. (TT =(T +b p ".

Momentum
(Gev/c)

0.(7l P)
(mb)

0(7I P)
(mb) {mb)

y+ b

mb (Gev/c) I mb (Gev/c) ~ X -6f

10
12
14
17
20

26. 5 +0.35
26. 0 +0.25
26. 0 +0.20
25. 7 +0.20
25.6+0.50

25. 0 +0.5
24. 8+0.3
24. 7 +0.3
24. 6+0.2
24. 1 +0. 5

1.5 +0.45
1.2 +0.4
1.3 ~0.4
1.1 +0.3
1.5 +0. 7

0.2 12.92
0.3 17.39
0.5 20. 94
0.7 22. 48
1.0 23.63

19.87
16.03
13.97
14.37
17.19

22. 37
19.18
19.04
22. 10
31.28

18 0.0079
15 0.0062
9 0.0049
5 0.0042
7 0.0036
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FIG. 1. Total (m p) and (vr p)
cross sections versus p o'~. The
heavy symbols combine our pres-
ent data and those previously pub-
lished~; the lines represent the
power law dependence, Eq. (1),
for best fit. Other measure-
ments are from references 2, 3,
and 4.

seen from Fig. 1, a more conclusive proof will
require very accurate measurements at much
higher energies than are presently available.

An energy dependence of the cross sections of
the type (1) guarantees the convergence of the in-
tegral in the sum rule, e

for pion-nucleon scattering. From this formula
Spearman' evaluated a coupling constant f'= 0.082
+ 0.008 on the assumption that the integrand dis-
appears above 2 Gev/c. This value was in good
agreement with other determinations. The last
column in Table II gives the correction to f' for
a high-energy dependence of the cross sections
above 4. 5 Gev/c according to (1), assuming
that in the range 2-4. 5 Gev/c the difference
[o(m P)- c(m+P)] has the value at 4.5 Gev/c. The
correction is small compared to the uncertainty
due to errors in the low-energy parameters.

Recently, Chem and Frautschis have predicted
that at high laboratory energies, E, the asymp-
totic behavior of the total cross sections is dom-
inated by terms of the type E ll &i(0)l, where
the Regge exponent for zero momentum transfer,
o.i(0), is characteristic for the particle or reso-
nance state exchanged in the process. '

Applying these ideas to the (&+p) total cross
sections, Udgaonkar'0 concludes that the differ-
ence between cr(m+p) and a(w p) will approach zero,
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and the sum a constant value, as inverse power
laws with exponents characteristic of, respective-
ly, the T= 1, J= 1 two-pion state (p), and the T= 0
two-pion resonance (ABC) found by Booth, Aba-
shian, and Crome. "

In terms of this interpretation our data indicate

00
that n (0) = o.ABC(0) = 0.8. Due to the experimen-Pi

t ~ tt t,~, i
I I t t t tjdw t!Ii uncertainties tins is, however, only a very

6p ' ~ 8w' p,
+ k ' rough estimate, especially as far as @ABC is

concerned. Choosing a~C =0, as one would ex-
pect from the properties of the ABC resonance
and n& = 0.3, hardly makes the fit to the data worse.
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In a previous Letter we reported a hydrogen-
bubble-chamber experiment on the K p interaction
in the vicinity of 400-Mev/c incident K momen-
tum. ' The existence of an excited hyperon of 1520-
Mev mass and 16-Mev full width was established;
the state was found to have isotopic spin 0, spin
3/2, even parity with respect to K P, and a
K¹Zm:A2n' branching ratio of 3:5:1. In this Let-
ter we report the study of the angular distribu-
tions and polarizations of the different Zm charge
states, from which we conclude that the KpZ par-
ity is odd.

The determination of the KpZ parity in the re-
action

rests on establishing the parity of the transition
operator M defined by lcf=Myf, where g (8, Q) is
the final-state wave function and q is t e initial
spin function. For a reaction in which a new pair
of particles is created, M may be either scalar
or pseudoscalar. The problem can be convenient-
ly discussed in terms of a generalization of the

Minami transformation. m Defining k; and kt as
unit vectors in the incident K and outgoing m di-
rections, respectively, and n=k xkf/lg+kfl as
the unit normal to the scattering plane, one can
write four expressions for M —two scalar and two
pseudoscalar. These are listed in column 1 of
Table I. Here A and 8 are functions of the center-
of-mass (c.m. ) scattering angle 8 between the K
and the w. For final S», P», and P» waves (ab-
breviated S, P„P,), they are~

A =-,'%[S+(2P,+P,) cos8]; B=—'ig[(P -P, ) sin8]. (2)

Since the operators o. k and cr ~ kf change the par-
ities of all initial- and final-state partial waves,
respectively, the transformation from the first to
the second row represents the usual Minami trans-
formation, whereas rows 3 and 4 represent trans-
formations of either the initial- or final-state par-
tial waves of rom 1. Thus for rows 2 and 4 we
have S P„P, S, and Ps~D in Eq. (2). The
cross section I can be obtained immediately from
I= (haft, qf), and the polarization P from IP
= (gf~, ~~). Substituting gf =Myf and taking spin

Table I. Generalized Minami ambiguities.

Transition matrix
M

Parity
of M

Cross section
I' Example

initial —final

(A+Bo n)

o ky (A+Bo' n)cr ~ k

(A+Bo ~ n)cr ~ k

o - ky(A+Bo'n)

I+IP ~ P2

I+IP ~ P;
I-IP ' P ~

2

I-IP ' P.

2Re(A B)n

-2Re(A B)n

2Re(A B)n

-2Re(A B)n

SP)P3 SPgP3

SD PiSD

PHD -»iP3
SP iP3 PLSD


