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We present data on 7 and 7 inclusive production from 100-GeV/c m*p collisions in the
kinematic region x 0.7 and 0 <—t =4 (GeV/c)?. The results are in excellent agreement
with the predictions of triple-Regge theory and we have extracted the p and A4, trajector-

ies out to —£ =4 (GeV/c)2.

Regge theory is generally accepted as the cor-
rect theoretical description of two-body scatter-
ing at high energy.! The formalism can be quite
complicated if one allows for the presence of both
poles and cuts; further, there are only a few re-
actions which have just one trajectory exchanged
and where a clean application of the theory is pos-
sible. The classic applications of Regge theory
are the reactions

(1a)
(1b)

i

P =,
which test the exchange of the p and A, trajecto-
ries, respectively.””? The theory is simple and
very successful. Triple-Regge theory describes
inclusive reactions where the outgoing particle
has kinematic parameters “near” those of the
beam and target.® It has been extensively tested
in leading-particle reactions, particularly pp
—-pX,* where X means that any particles were
produced in the final state. The theory is quite
successful but, just as for the corresponding two-
body processes (elastic scattering), there are
many different exchanges allowed and no clean
test has been possible.®? In this paper, we present
the first high-energy data on the triple-Regge
analogs of (1), namely,

T*p ~1°X, (2a)

m*p =X, (2b)
and

Tp —7°X°, (3a)

7 p - nX°, (3b)

where X° means that only neutral particles were
produced in the final state; we shall call this the
neutral final state (NFS).

1260

The data were taken with a 100-GeV/c¢ pion
beam at Fermilab using the photon detector orig-
inally built for the measurement of the corre-
sponding exclusive processes (1). For the mea-
surement of the full inclusive reactions (2), data
were collected so as to cover the kinematic re-
gion x 2 0.7 and 0 <—£ <4 (GeV/c)? with good ac-
ceptance and statistical precision. Here x is the
fraction of the beam momentum carried off by
the detected particle and ¢ is the square of the
momentum transfer between the incident beam
and the detected particle. For the measurement
of the NFS reactions (3), the trigger demanded no
light in a box of scintillation counters placed
around the target. The details of this experiment
are described in Refs. 6 and 7.

For any of the reactions (2) and (3), triple-
Regge theory predicts the form of the cross sec-
tion to be

d%o
dt dx

=G, (t)s* F(1—x)¥-20e () (4)

where the exchanged trajectory «,(f) is expected
to be the p and A, for #° and n production, re-
spectively. For the full inclusive reactions (2),

g1 =1, (5)

corresponding to the pp Pomeron or A,A, Pomer-
on triple-Regge diagrams. The appropriate value
of & for the NFS reactions (3) can be found from
the s dependence of the total cross section for
7°p — all neutrals,” which gives

&NFS=—0.08:E 0.2. (6)

The x dependence of the 7° cross section for
representive ¢ bins is shown in Fig. 1 for both
the full inclusive and all neutral modes. The da-
ta have been corrected for acceptance, back-
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FIG. 1. Fits to the data for full inclusive 7 produc~
tion from 7~ beam with 0.81 <x <0.98 for (a) 0.20 <-—¢
<0.30 (GeV/c)? and (b) 2.20 <—t <3.00 (GeV/c)?, with
the contributions from the four terms discussed in text
shown separately in (a). Fits to the all neutral—final-
state w0 production with 0.71 <x <0.98 for (c) 0.20 <—¢
<0.25 (GeV/c)? and (d) 1.00 <—¢ <1.20 (GeV/c)?, with
the triple-Regge term (marked pp pseudopole) and low-
mass resonance contributions also shown separately.

ground, and analysis cuts, but, as described in
Ref. 7, there are some biases in the NFS trigger
for which corrections have not been made. Fit-
ting these x-dependent cross sections with the the-
oretical form (4) gives the trajectory o ,(t) as a
function of ¢{. The curves shown in Fig. 1 come
from the theoretical form (4) smeared with the
energy resolution and the incident-beam momen-
tum distribution. Figure 1 shows that the x de-
pendence of the cross section changes strikingly
with ¢#; this corresponds to the decrease of « p(t)
with increasing —#, which is shown clearly in
Fig. 2. Although the pp Pomeron triple-Regge
term is dominant in the process (2a), there are
some additional contributions, which are shown
in Fig. 1. There is the pp(f+p) triple-Regge
term, which has @ ~ 0.5 but a rather small nor-
malization. More important are the isospin-2
exchanges, which have been modeled using 7 ex-
change and checked against the 7'p -~ 7°X mea-
surements.® Note that this term is not present
for n production. Also shown in Fig. 1 is the con-
tribution of low-mass resonances, which are out-
side the region, x < 0.98, used for the fits.
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FIG. 2. (a) The p trajectory () determined from fits
to the m*p— X cross sections with 0.81 <x <0.98.
(b) The A, trajectory oy, () determined from fits to the
W*p—'nX cross sections with 0.71 <x <0.98. (c) ap(t) de~
termined from fits to the 77p — X" cross section with
0.71 <x <0.98. (d) aAz(t) determined from fits to the
7 p—nX" cross section with 0.71 <x <0.98.

Figure 2 shows the trajectories extracted from
the data for the four processes (2) and (3) in the
manner illustrated above for the full inclusive #°
production. The full inclusive results come from
simultaneous fits to the 7* and 7~ beam data
since, in agreement with the theory, the 7*- and
7~ -induced cross sections are equal. The simi-
larity between the four trajectories shown in Fig.
2 is very striking. It should be emphasized that
the essentially identical trajectories for the all
neutral-final-state and full-inclusive processes
are determined from very different x distribu-
tions. These differ by the factor (1 -x)*°® which
follows from the different values of & in Egs. (5)
and (6). At low —¢, the trajectories agree both
with the results derived from the s dependence of
the corresponding exclusive cross sections (1)
and with the straight line through the p, A,, and
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g poles in the physical m®-J plane. At¢=~-1
(GeV/c)?, the trajectories all curve away from
this line and flatten off at ¢t~ — 0.5 (GeV/c)?®. Such
a flattening is predicted by the constituent inter-
change model,’ but this model predicts an asymp-
totic value of a, =a 4,=— 1. Both this value and
the predicted normalization G(¢) are inconsistent
with our measurements.®

Figure 3 shows the residue functions G ,, ,(¢)
arising from the same fits as used for Fig. 2.
Figures 3(a) and 3(c) show a dramatic dip in the
7° residue function at # ~ - 0.5 (GeV/c¢)?. This is
at the place where the p trajectory passes through
zero and is predicted by the p signature factor
present in the residue function.® The A, has the
opposite signature from the p and this is consis-
tent with there being no dip present in the 1 resi-
due function shown in Figs. 3(b) and 3(d).

Our data have provided a stringent test of triple-
Regge theory because only one exchange is dom-
inant. At low -¢#, where we can compare our re-
sults to the exclusive measurements, the theory
is successful for both the trajectories and the
residue functions. The low —¢ data suggest that
simple Regge theory provides the dominant con-
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FIG. 3. The residue functions G, 4 () determined
from the same fits used in Fig. 2 and illustrated in Fig.
1.
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tribution to both the inclusive and exclusive re-
actions; there can be Regge cut terms but they
are either small or exactly mimic the behavior
of the pole term. At higher —¢ = 1.5 (GeV/c)?,
there is a striking change in the physics, with
the trajectories becoming independent of —¢. Any
explanation of this should explain why the same
behavior is seen in both all neutral and full-inclu-
sive final states. In Ref. 6 we discuss the inter-
pretation of the high —¢ data in terms of constit-
uent scattering.
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