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TOTAL CROSS SECTIONS AT HIGH ENERGIES

(1)

(2)

(3)o( p, p) )o(p, p). o(, p) - ~(",p) = -:Z, [o y = i) -. ' (r = -,)]
g

Pomeranchuk and other authors have proved
that the total cross section for a particle on a
target must be identical with that for its antipar-
ticle on the same target at sufficiently high energy
under some conditions.

It is our purpose to explain inequalities (1) to (3)
and to predict other relations among total cross
sections at high energies under a hypothesis on
generalized isospin independence. The three in-
equalities will be explained on the basis of the fol-
lowing facts: (a) the isospin of the A particle is
zero; (P) all hyperons have strangeness of the same
sign; (y) the strangeness of all hyperons is nega-
tive; and (6) the pion and K meson have baryon
number zero. Inequality (1) is explained by (tx),
inequality (2) by (a) and (y), and inequality (3) by
(o.), (P), and (6). If hyperons had positive strange-
ness, then the direction of inequality (2) would
have been reversed. If the hyperons did not all
have the same sign, then there would be no basis
for inequality (3).

Let us start with the total cross sections for the
(w, p) and (w+, p) and take only charge-independent
strong interactions into account. The (w, p) has
two isospin states (T = -', and T = )) whereas (w+, p)

+ —,P (r (T = -',),
(i)

where Pc stands for the summation over all the
channels common to both (w, p) and (w+, p) and

Qn for the summation over all the possible chan-
nels that are included only in the (w, p). The
channels that belong to P„are exhausted by

A+K'+m(A+ A),

n+A+A+m(A+A), (m =0, 1, 2, ~ ~ ~ )

:-'+A+ A+m(A+ A).

%e now make the dynamical assumption that

K,o (~ = '.) =Z,o (T = -.')(&) (&)
(6)

z z

at high energies. The difference in the total cross
sections comes from noncommon channels. Then
the relations

v(w , p) = g(w', p) = g(w+, n) = g(wo, n) & o(w+, p) = g(w , n)
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Total cross sections which are well known ex- has only one isospin state (T = &). Final states
perimentally' ' are nearly constant and seem to with the same kinds and same number of particles,
satisfy the following inequalities from several irrespective of their z components of isospin, T„
Bev to the highest energy available at the present will be designated as being in the same channel.
moment () 20 Bev): The (w, p) includes all the channels that belong

to the (w, p), but there are channels with pure
T = -', that belong to the (w, p) alone.

o(&, p) )o(&', p), Therefore from charge independence one obtains
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are obtained at high energies from the same con-
siderations.

The contribution of a particular channel to the
total cross section would decrease with energy.
As was shown by Eq. (5), on the other hand, the
number of noncommon channels increases with

energy. We may argue that this increase may ex-
plain why the experimental difference between
a(m, p) and a(w+, p) still remains even at 20 Bev.'i'
It would be worth while to note that a(m, p} = a(v+, p)

provided that the isospin of the A particle is not
zero.

We would like to compare a(K, p) [a(p, p)) with

a(K, p) [a(p, p) ], etc. In the pion-nucleon states,
only T, is different. In general, the final states
that appear may have different baryon number B,
strangeness S, and isospin T, . The definition of
channels is therefore extended so that final states
with the same kinds and same number of particles
are in the same channel irrespective of B and S
as well as T,. %e shall assume in general that
common channels, as a whole, have the same
contribution to total cross section in each initial
state. This hypothesis is an extension of Eq. (8).

Turning now to K-meson-nucleon states, let us
first compare the total cross sections for (K, p)
[(K', p)] and (K', p) [(K,p)]. Then, any final state
of the (K, p) [(K,p)] has the same B and S as the
(K', p) [(K+,p)], but a different T, . This situation
is the same as that in the pion-nucleon state. The
noncommon channels belonging to (K, p) [or
(K', p)] but not to (K', p) [or (K+, p)] consist of
T =0 states alone with strangeness S = -1 [S= 1).
All such noncommon channels are given by

+n, (A+ Z) +n, (A+ Z),

(n, +n, +n, +n, +n, =1, 2, 3, ~ ~ ~ )

(A or Z)+n, (m)+n, (:"+"),

(n, +n, =1, 2, 3, ~ ~ ~ )

:"+K+n,(v) +n„(:.+ =),

(n~+n9=0, 1 2 ' ' ') (9)

where charge superscripts are dropped. From
Eqs. (8) and (9) one obtains

(10)

where Pc and Qn [or Qoi and Qni] are the com-
mon and noncommon channels for (K, p) and
(K, p) [or (K', p) and (K, p)], respectively. Our
hypothesis means that

has S= l. One may show that all noncommon chan-
nels belonging to (K', p) but not to (K+, p) are given
by

(A or Z) +n, (v}+n,(A+A) +n, (Z+Z}

K + p -A+n(A+ A), (n = 1, 2, 3, ~ ~ ~ ); (8) [a
1

(0) - a
1 (1))

there is no such channel for final states of K'+p.
This means that the relations o(K, p) & o(K', p)
and a(K', p) = a(K+, p) hold.

Let us compare (K', p) and (K+, p). These have
the same B and T, but (K', p) has S = -1 and (K, p) then o(K, p) a(K, p) is obtained. Continuing the

same considerations leads to

a(K, p) = a(K', n) & a(K', p) = a(K, n) & a(K', p) = a(K, n) = o (K, p) = o (K', n) (12)

Return now to inequality (3). The (p, p) and
(n, n) have the same B and S as (p, n), but differ-
ent values of T,. Similar considerations apply
to the comparison of (p, p) and (n, n) with (p, n).
If the method mentioned above for the case of
AB = hS = 0 and AT, W 0 is applied to these pairs,

one can show that a(p, p) =o(n, n) &a(p, n) and
a(p, p) =o(n, n} =a(p, n). It remains to compare
(p, n) with (p, p). These two states have the same
S and T, but the former has B =0 and the latter
B=2. The noncommon channels that belong to
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(p, rT) alone are given by

n, (w) +n, (K+K) +n, (A+ A) +n4(Z+ Z)

+n, (A+ Z) +n, (A+ Z) +n, (:-+-"),

with
7

P n. =0 and n =2, 3, 4, ~ ~ ~,
i=2 g

n =1, 2 3 ~ ~ ~ and n =0, 1, 2, ~ ~ ~,

g(P, P) = g(P, n) within experimental error.
As shown above, any channel of the 21 possible

combinations of 2-particle states can be analyzed
in three steps: ~WO, bS =0, and AiT3) 0 !mkB

=0, bS0, and EjT, t =0; and AB =0, bS =0, and

T3 ) 0 0. Any case in which there is a change in
two of the quantities B, S, and T, must be ex-
amined individually. The following additional re-
lations may be of experimental interest.

g(w+, w ) &g(w+, w+) =g(w, w ),

g(Z , p) = g(Z+, n) & g(Z+, p) = g(Z , n),

a (Z+, p) = v(Z, n) & g(Z, p) = v(Z+, n),

n =0,
6

Q n =1, 2,.3, ", n =0,
i=3

and n =0, 1 2 ~ ~ ~

g(:-,p) &g(:",rr),
a(w, d) = g(w+, d), s

v(K, d) &g(K, d),

g(p, d) &g(p, d).

g(:",p) =g(:",n),

(15)

n =0,
6

Q n. =l,
gi=3

n =123

and n =0, 1, 2, ~ ~ ~,

n =1,
6
Pm=0,

a=3 ' Pl =0) 1) 2

and n =0, 1, 2, ~ ~ ~,

n =2, 3, 4, ~ ~ ~,
7

P n. =0, dann =0, 1, 2 ~ ~ ~

i=3 g

(13)

and

[(=+A+K) or ( +A+K) or (:"+Z+K)

or (:-+Z+K)]+ns(w) +n9(:-+ "),

(ns+n =0 1 2 ~ ~ .).

Therefore,

g( p, p) = g(n, n) & g(n, p) & g( p, n) = g(n, n) = g( p, p) .

(14)

Because of invariance under charge conjugation,
g(p, n) = g(p, n), etc. Our speculation is supported
by the fact that Ashmore et al. ' have shown that

The relations between g(Z+, p) and g(Z+, p), and
between g(:",n) and v(=, n), have not been writ-
ten. The reason is that, for example, (:",n) and(:,n) states have channels not comm~on with each
other; that is, n+" ~Z'+Z and n+" ~K'+K+.

The previous analysis of cross sections was
based on the elementary particles n, K, N, A,
Z, and =. It is to be noted that Eqs. (I), (12),
(14), and (15) still hold even if there exists a par-
ticle with B =S =T =0 as orell as all resonances
due to strong interactions. ' It is also worth while
to note that if the total cross sections of two states
[for example g(w+, p) and g(w, p)] should cross
each other at high energies where all resonances
disappear, then this would rule out our hypothesis.
If the contribution from noncommon channels does
not vanish at sufficiently high energy then our re-
sults are in conflict with the Pomeranchuk theo-
rem, "but if it does then our results agree with
the theorem.

It is very interesting that the asymmetry with
respect to the intrinsic quantum numbers of ele-
mentary particles may be reflected in the inequal-
ities among total cross sections within the frame-
work of our hypothesis.
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8The relation between cross sections for the target
deuteron can be obtained by similar considerations.
These relations are of immediate experimental int. .rest.

~The final state with bound states (for example d) is
included in the same channel where the bound states
are replaced by their corresponding free particles (for
example, free Pn state with T = 0).

oThe dispersion relations for forward scattering pos-
sibly might not hold in the present form because the
properties of dynamics at short distances are reflected
in the total cross sections at high energies that partially
include the phenomena with large momentum transfer.
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