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Motivated by recent unexpected results on do/dt (1p —K*Z7) at 0°, we suggest that a statis-
tical picture describes the high-energy as well as the low-energy s dependence of processes
without #-channel exchange. A flattening (break) of slope in the fixed-angle s dependence is
predicted at the same value of s for all nonexchange reactions with the same incoming channel.
In particular, all nonexchange mp —c+d, Kp —c +d reactions will exhibit a break at s ~7-8
GeV?, s=10 GeV?, respectively. Some further predictions are also discussed.

It is well known that differential cross sections
for nonexchange processes fall exponentially or
as a high power of s at fixed angle. These reac-
tions include

(1) processes with an exotic ¢-channel exchange,
e.g., Tp~K'Z~ 13 Kp—-pK~ 1P

(2) other processes without a known ¢-channel
exchange, e.g., T p -~ ¢n'?[these processes are
probably less exotic than the previous ones (¢ —pw
is possible)], and

(3) large-angle scattering, e.g., 7 p— 7 p'°and
K% ~m*A*? at 90°.

Once a single exchange is unlikely, we expect
double exchange or an intermediate s-channel
formation. Recently a rather surprising change of
slope has been observed in the reaction mp~K*Z~
at 0°.!2 It is found that up to s ~7-8 GeV?2 do/dt
~$7%® and then the slope decreases sharply to the
Regge-type behavior s™11*°8 A double exchange
in the ¢ channel? (pK* cut) cannot explain this flat
behavior since it predicts an s™25—-s~3 behavior.

It is suggested here that an s-channel formation
of an incoherent superposition of resonances de-
scribes both the low-energy and the high-energy
S dependence of nonexchange processes. Although
a detailed calculation of differential cross sections
is impossible at the present stage (especially for
inelastic processes) due to the lack of a reliable
calculation of the density of states, definite pre-
dictions emerge from the above suggestion.

Consider the reaction a +b - c¢ +d (d may also
stand for “anything”), where a +b is nonexotic.
The differential cross section in statistical models
is written as an incoherent superposition of a large
number of intermediate resonances?:

do _ Papeq(S)
ar =FC e g o® 2

Pascq 18 the density of states coupled to both a +b
and ¢ +d, p;; is the density of states coupled to
¢ +J, and F is a kinematic function which varies

11

smoothly with the energy, the masses, and the
scattering angle 6. For elastic scattering the
known result®* for “compound elastic” scattering

do . 1
i (elastic)=F - 2)
is recovered.
Since most models predict®
p~ Vs aeﬂ\fs , (3)

where @ and 8 are constants, the steep s depen-
dence observed at low energy is predicted; for
detailed fits to large-angle elastic scattering see
Refs. 3, 4, and 6.

The incoherent sum leading to a steep falloff at
low s is expected to change at some higher energy
to a coherent sum which leads to a flattening of the
s dependence. The coherent contribution is ex-
pected to be dual to a Regge-pole exchange (if such
an exchange is allowed) or a Regge-cut exchange
in the ¢ channel.” A change of slope may indeed be
observed in 7p - 7 p at 90° (see Ref. 1c) and may
in principle be interpreted as a coherent effect.

The inconsistency of the recently cbserved
§71+1%0:8 hehavior of Tp ~K*Z~ for s>7T GeV? (see
Ref. 1a) with a Regge-cut picture contradicts the
statistical coherent description. The statistical
model is then limited to an extremely narrow
energy range, at most for 4<s< 7 GeV? between
the discrete resonances and the onset of flattening.

Since exotic trajectories with a(0)=~ @,(0) are not
found we suggest that both the low-energy and the
high-energy s behavior of nonexchange processes
are described by an incoherent sum of s-channel
resonances. The break (change of slope) in the
S dependence of those processes is therefore in-
terpreted as a break in the density of states, thus
requiring a density of states which at high s de-
viates from an exponential in S.

A flattening of the slope of p is known in nuclear
physics® and has already been suggested in particle
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physics.® The physical reason for such a flattening
is as follows: Suppose that the intermediate state
is an excited “fireball.” One can look at the ex-
cited levels as resulting from excitation of single
constituents, which eventually causes the blocking
of single-particle levels.® In superconductivity
(which is possible if the constituents are fermions,
and which applies to solid state and nuclear phys-
ics) there is an abrupt change of slope in p, such
that dp/ds is discontinuous at the point of the
break, i.e., a phase transition occurs.'® Below
the break there is rapid increase of the density of
states, similar to an exponential increase, followed
by the break and a flatter p.

A detailed model for p based on the above picture
has been suggested in Ref. 6. Since it is not clear
how to include quantum numbers in the calculation
we cannot proceed in applying the model to pro-
cesses other than elastic.

Even without a complete knowledge of p one can
obtain predicticns based on the following assump-
tions:

(1) Differential cross sections for nonexchange
processes are given by Eq. (1).

(2) The density of states exhibits a break; at the
point of the break dp/ds is discontinuous (p;; and
pp; may show a break at different points).™*

We then predict that all nonexchange processes
with the same incoming channel exhibit a break
(a flattening of slope) at the same value of s; the
energy dependence may vary from process to pro-
cess. If the break in do/di(n"p —K*Z7) 0 occurs
at s ~7-8 GeV? as indicated by the recent re-
sults,'? all nonexchange reactions with 77p as the
incoming channel should change slope at s ~7-8
GeV2, This is in agreement with the data on
do/dt(a™p = 17p)ge0," °*1% and with recent data on
a(r"p - ¢n) (see Ref. 1a) which show a break at
s ~8 GeV?; above the break o(1™p — ¢pn)~s~1:3%0:3,
A check of the above prediction awaits more data
on both 0° (17p - 7*A~, 77p -~ ¢n, etc.) and 90°
(m™p—~np, mp—-KC°A, etc.) cross sections. Since
do/dt(K"p - 7*Z", K*E™),o show no break for
$<10 GeV?,'? all K™p nonexchange processes
should change slope at s=10 GeV2. This is com-
patible with rather scarce data ondo /dt(K™p = K™ p),40°
(see Ref. 1b), which seems to change slope some-
where around s= 10 GeV?. Again, more data at
0° (K p—-7"2",ete.), 90° (K" p~K’n, K p—~ K p,etc.)
and 180° (K~ p—~ K~p) are required. There are even
fewer data on the pp channel; the data on

do/dt(pp — Ppp)gse (see Ref. 1c) and do/dt(Bp —~ PP)1g0°
(see Ref. le) indicate that a break does not appear
for s< 10 GeV?; thus all nonexchange pp reactions
(Pp~ K*K™ at 0°, pp—pp at 90° and 180°, etc.) will
flatten at some s =10 GeV2.® These reactions are
expected to be even more “statistical” than the
other nonannihilation processes.

If we restrict the states (e.g., to a specific an-
gular momentum'*) the density of states flattens.
Since not all states that contribute to ab will con-
tribute to cd (e.g., resonances do not couple with
the same strength to 7N as to KZ; note that such
a difference appears in the exponent) it is reason-
able that p,,., will be flatter than p,,, p 4 if ab#cd.
Thus inelastic nonexchange reactions are predicted
to exhibit a flatter s dependence than elastic non-
exchange reactions. This prediction is confirmed
when one compares do/di(n"p—~ K*Z")go~ s~ ! (see
Ref. 1a) and do/dt(n™p—~ 17D)g,° ~ s~° (see Ref. 1c)
(both for s>17 GeV?).

Let us end with the following remarks:

(a) More data are certainly needed to show that
the energy dependence of nonexchange processes
disagrees with Regge-cut predictions. Indeed, it
is possible to fit the last several points in
do/dt(r™p ~ K*Z7)0 with a form compatible with a
Regge cut, and to argue that a nonstatistical p
trajectory contributes to 77p — ¢pn. However, the
absence of line-reversal symmetry between the
0° cross sections for 7p ~K*Z” and K™p - 7172~
(see Ref. 1a) is another indication that double or
single exchange cannot describe the above pro-
cesses.

(b) Another prediction of the statistical inter-
pretation above is that in nonexchange processes
the s dependence of do/dt is approximately in-
dependent of the angle (as long as we are far from
an exchange region). This prediction deviates
greatly from the Regge-cut prediction, and is an
important test of the model.

(c) It is not clear to us how to describe a non-
exchange reaction with an exotic s channel
K*p—~K*p, pp—~pp at 90°, etc.). If these pro-
cesses involve an intermediate multicluster for-
mation, then—since clusters with different p;;
appear —more than one break is predicted in their
s dependence. This is in agreement with
do/dt(pp = pp)eeo Where a series of breaks appear.'f
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