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Previous experiments'&' by von Dardel et al.
have reported measurements of the rr++p and rr

+ p total cross sections over the incident pion mo-
mentum range of 4-10 Bev/c. These investigators
have found that both the rr++ p and rr + p total cross
sections decrease slowly and monotonically (by
=10%) going from 4.5 Bev/c to 10 Bev/c incident
pion momentum.

At 10 Bev/c, at(rr +p) =27.0+0.4 mb, at(rr +p)
=25.2+0.4 mb, and at(rr +p) -at(rr +p) =1.8+0.6
mb, where the subscript t denotes total cross sec-
tion. As those authors concluded, the data do not
satisfy the necessary conditions for application
of the Pomeranchuk theorem' which is that both
at(rr++p) and at(rr +p) become and remain con-
stant with increasing energy. As a matter of fact,
neither cross section appears to be consistent
with this condition.

In a recent publication' the authors of this com-
munication have investigated the antiproton-proton
and the proton-proton total cross section from 4
to 20 Bevjc. at(p+p) appeared to become and re-
main constant within the errors from 10 to 20 Bev/c
[af(p+ p) = 39.5+ 1 mb], but the total antiproton-pro-
ton cross section continued to decrease monotoni-
cally from 10 Bev jc where at(p+ p) = 58+ 4 mb to
20.3 Bev/c where aj(p+p) = 48 + 4 mb, and hence
the Pomeranchuk theorem could not be verified
by this investigation. Therefore it appeared to be
of considerable interest to extend the investigation
of the at(rr +p) and the at(rr++p) to the so far un-
investigated energy range of 10-20 Bev/c. The
m -w+ particle-antiparticle pair is especially in-
teresting to compare since, in addition to the gen-
eral Pomeranchuk theorem, ' there is another spe-
cific argument which can be applied to the beha-
vior of the difference at(rr +p) —at(rr++p) at high
enough energies which cannot be applied to the be-
havior of the difference af(p+p) - af(p+p) or the
difference af(K +p) - af(K +p). This argument,
which was proposed by Okun and Pomeranchuk, '
can be summarized as follows. At high enough
energies one would expect the charge-exchange
cross section to become small compared to the
total inelastic cross section, since charge ex-
change represents only one inelastic channel of
what one might expect to be an arbitrarily large
number of possible inelastic channels at sufficient-
ly high energy. Therefore the T =

2 state complex

scattering amplitude must approximately equal
the T = —,

' state complex scattering amplitude, since
the charge-exchange amplitude is proportional to
the difference of these two amplitudes. This then
implies that the rr +p total elastic scattering
cross section equals the rr++p total elastic scat-
tering cross sections and hence also that

a (m +p) = a (m++ p).t t
Of course the above argument does not depend
on the constancy of cross sections at high energy
which is a necessary requirement for the Pom-
eranchuk theorem, and also does not depend on
the validity of the forward dispersion relations
which are employed to prove the theorem.

Weinberg7 has recently presented a generalized
Pomeranchuk theorem which relaxes the condi-
tions required to prove that g+-g ~ 0 as F. ~ ~;
g+ is the particle total cross section and g is
the antiparticle total cross section. The essen-
tial assumptions are: (a) that the difference aQE)
—a (8) does not change sign an infinite number of
times; (b) that the cross sections a+ do not grow
faster than (lnE)'r~ as E ~~. Then, using the for-
ward dispersion relations, he demonstrates that

Oa F. - .
The present experiment to determine at(rr++p)

and at(rr +p) from 8 to 20 Bev/c was run during
the same period and with the same experimental
arrangement as the previously reported work on

at(p+p) and a&(p+p), 4 the only difference being
that the gaseous Cerenkov counter was tuned to
a pressure which selected pions rather than pro-
tons, or antiprotons. The previous method of us-
ing six counters of different area to extrapolate
the measured transmission to zero area was
again employed. The measured transmissions
and hence also the values of the cross sections
were corrected for the following effects:

(a) Due to the rr-p, and K-p, , decays there is a mu-
on contamination of the beams. Using the known
pion and K-meson production spectra and angular
distributions from previous work, the known K-
meson and pion lifetimes, and the beam setup
geometry and magnetic geometry, we were able
to estimate the muon contamination of the pion
beam to range from 2 to 3%, with an error of
+1%, this correction wa, s applied to the data. The
uncertainty in the difference of at(rr +p) —at(tr++p)
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FIG. 1. ~ +p and 71 +p total
cross sections. The solid lines
are Fit 2' and the dashed lines
are Fit 2 (see text). The mo-
mentum of the system is defined
to -~2.5 jg, and the absolute scale
of the momentum is uncertain by
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due to muon contamination is only a fraction of a
percent.

(b) The electron contamination of the beam was
estimated to be -0.3% and a correction was made.

(c) Accidentals mainly in the end counter array
were monitored during the run and the appropri-
ate correction (-1%) to the cross sections was
made with an uncertainty of a fraction of 1%.

(d) The proton contamination correction to the
cross section is less than 1% below 15 Bev/c and
rises to approximately 3.5% at 20 Bev/c. The
uncertainty in the cross section due to this cor-
rection is less than 1%.

The results are shown in Fig. 1. The errors
on each point predominantly represent point-to-
point errors. In addition we estimate that the ab-
solute scale uncertainty may be as much as 2%%uo

(i.e. , 0.5 mb); however, this absolute uncertainty
has a negligible effect. on the difference gf(n' +p)
- o,(s++p).

From Fig. 1 it is clear that our results agree
very well with those of von Dardel et al. at the

lower momenta. Considering the errors, it ap-
pears that there is no convincing evidence from
the present data for other than a smooth slow vari-
ation of the total cross section with energy. There-
fore we have attempted three least-squares fits
of the momentum dependence of the total cross
sections from 8 to 20 Bev/c. Fit 1: gf =a; Fit 2:
of=a+b/p; Fit 3: at=a+b/1np; where both a and

5 are constants. It was found that Fit 2 has the
lowest g', and on inspection of the lower energy
data of von Dardel et al. it appears that Fit 2 and
Fit 3 are the only fits capable of reasonably fit-
ting the data from 4.5 to 20 Bev/c.

Fit 2' is the Fit 2 momentum dependence gt = a
+ b/p but applied to the sum of our data and the
data, of von Dardel et al. (i.e. , a fit from 4.5 to
20 Bev/c). Both Fit 2 and Fit 2' are shown in
Fig. 1. It is clear that this functional dependence
can be made to fit both our own and the lower en-
ergy data reasonably well. The parameters a and
5 for these fits are given in Table I.

The calculated differences b. =off +p) -ofljr++p)

Table I. Fit of ot——a+5/p, where ot is in mb and p is pion lab momentum in Bev/c.

Fit 2 Fit 2'

o (7r +p)t
o (n- +p)

22.59+0.63

25.26 + 0.46

19.39 +8.21

13.03 +5.27

22. 26 + 0.33

24.37 + 0.29

25.10 + 2.83

24.94 + 2.65
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for all of the fits 1, 2, 2', and 3 show that 6 is
probably constant or at best slowly decreasing
from 4.5 to 20 Bev/c. On the other hand, the to-
tal cross sections decrease monotonically by
about 10% from 4.5 Bev/c to 10 Bev/c, and the
additional decrease from 10 Bev/c to 20 Bev/c
is only about 4%. If the assumed functional de-
pendence g= a+ b/p were to be correct for higher
energies, our results imply that the limiting val-
ues of both total cross sections at very high ener-
gies would decrease from the values at 20 Bev/c
by about 5% but the same order of difference (b,
-2 mb) would still remain. We also found this to
be the case for the other fits.

Although extrapolation of the observed momen-
tum dependence of the cross section in the ob-
served energy range to much higher energies is
not to be taken very seriously, it is, on the other
hand, strongly implied by our data that at 20 Bev/
c we are still very far from the energy region
where the Pomeranchuk or steinberg theorems,
etc. , can be applied or even apparently verified.
Furthermore the substantial difference vt(m +P)
-ot(m++p) and its slow decrease with energy that
we have observed also imply that the number of
inelastic channels which are effective is much
too small and is growing much too slowly with
energy to allow us to believe that we are ap-
proaching the necessary energy to demonstrate
the high-energy limit theorems considered.

In view of our previous work on antiproton-
proton and proton-proton total cross sections'
and other previous work on K+-proton and K-
proton total cross sections, we now believe that

it is likely that even a possible experimental ver-
ification of the high-energy limit theorems (i.e. ,

0+ —v ~ 0 a.s Z - ~) will have to await the next
large increase in proton accelerator energy.

The authors wish to acknowledge the coopera-
tion of the AGS staff and the operating crew dur-
ing these experiments. The authors also wish to
acknowledge the assistance of J. Elias and C. Sin-
clair during these experiments.

~This work was performed under the auspices of the
U. S. Atomic Energy Commission.

~G. von Dardel, D. H. Frisch, R. Mermod, R. H.
Milburn, P. A. Piroue, M. V. Vivargent, G. Weber,
and K. Winter, Phys. Rev. Letters 5, 333 (1960).

G. von Dardel, R. Mermod, P. A. Piroue, M. V.
Vivargent, G. Weber, and K. Winter, Phys. Rev. Let-
ters 7, 127 (1961).

I. Pomeranchuk, J.. Exptl. Theoret. Phys. (U.S.S.R.)
34, 725 (1958) [translation: Soviet Phys. —JETP 34{7),
499 (1958)].

4S. J. Lindenbaum, W. A. Love, J. A. Niederer,
S. Ozaki, J.J. Russell, and L. C. L. Yuan, Phys.
Rev. Letters 7, 185 (1961).

5From Pomeranchuk's theorem, one concludes that if
Ot(7t +P) and Ot(7t +P) become and remain constant be-
yond an energy E && then &t(z +p)=at(z +p) for E & c,

6L. B. Okun and I. I. Pomeranchuk, J. Exptl.
Theoret. Phys. (U.S.S.R. ) 30, 424 (1956) [translation:
Soviet Phys. —JETP 3, 307 {1956}].

7S. Weinberg, Phys. Rev. (to be published).
W. F. Baker, R. L. Cool, E. W. Jenkins, T. F.

Kycia, S. J. Lindenbaum, W. A. Love, D. Luers,
J. A. Niederer, S. Ozaki, A. L. Read, J. J. Russell,
and L. C. L. Yuan, Phys. Rev. Letters 7, 101 {1961).


