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Differential cross sections have been measured for pp — 7" n* (1) and its line-reversed
partner 7% —pn* (2) in the range ¢,;,># >~1.5 (GeV/c)? at 6 GeV/c. Clear structure is
seen in the differential cross section for Reaction (1) at¢ ~— 0.4 (GeV/c)?. However, this
feature is quite different from the striking dip seen in (2) at ¢ ~—0.15 (GeV/c)?, indicat-
ing a failure of line reversal and disagreement with simple Regge models.

The line-reversed reactions pp -7 7" (1) and
n*p—pr* (2) proceed via nucleon and A exchange
in the ¢ channel,! Simple models predict that if
the scattering is dominated by a single amplitude,
then the differential cross sections for the two
reactions will have the same shape and that at
asymptotic energies backward elastic scattering
will be twice the annihilation reaction.

In recent years, workers have employed Regge
models? and absorption models® to explain the de-
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tailed structure of baryon-exchange reactions,
These models, with large numbers of free pa-
rameters, have successfully explained the ¢
structure in related processes.* However, in
order to limit such models, new high-quality data
with small and/or canceling systematic errors
are needed, Reactions (1) and (2) are especially
interesting to study since 7*p backward elastic
scattering® displays one of the most striking dips
in high energy physics at t'=¢=¢ ;i,~=0.2 (GeV/
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FIG. 1. Layout of the experimental apparatus.

¢)?, Hence, measurement of the annihilation
reaction pp — 7"7* should prove highly useful.

Previous measurements of the annihilation
reaction above the resonance region include those
at 3 and 4,° 5,7 and 6.2 GeV/c.® The 5- and 6.2-
GeV/c data do not cover the region of possible
structure [#[<0.4 (GeV/c)2%. The 4-GeV/c data
give some indication of structure in the form of
a leveling of the cross section for || = 0.3 (GeV/
c)®. However, because of the limited range cov-
ered, [t/<0.5(GeV/c)? the precise nature of
this structure is not clear. In addition, line-re-
versal comparisons have been difficult in the past
because of the need to compare different experi-
ments with different systematic biases.

We have performed an experiment designed to
measure the differential cross sections for a
number of two-body and quasi-two-body baryon-
exchange scattering reactions at 4, 6, and 8
GeV/c and at the 1000-events/ub level, from
which we shall make a comprehensive study of
baryon-exchange process. A sample (~40%) of
the 6-GeV/c data for pp~7n"n* and 17p —-p7” is
presented here,®

The experiment was performed using the Brook-
haven National Laboratory multiparticle spec-
trometer (MPS) in a partially separated beam
(see Fig. 1). During annihilation runs the p to 7~
ratio in the beam was 2:1 and the beam delivered
~35000 p’s per alternating-gradient synchrotron
(AGS) spill., Two gas threshold Cherenkov coun-
ters tagged 7’s, K’s, and p’s in the beam, Six
proportional wire chambers (PWC’s) and an
18D72 magnet were used to determine the inci-
dent momentum, position, and angle to +0,25%,
+1 mm, and +0,75 mrad, respectively. The lig-
uid hydrogen target was a 10-cm-diam X60-cm-
long cylinder placed inside the 10-kG field of the
MPS magnet. 42 magnetostrictive spark chamber

planes downstream of the target were used to mo-
mentum analyze forward-going tracks with an ac-
curacy of £+1,5%. The scattering angle was mea-
sured to +0,75 mrad. Five low-mass cylindrical
spark chambers concentric with the target were
used to measure the recoil track angle to an ac-
curacy of 15 mrad,

The trigger had four major components: (1) a
good incident beam coincidence, (2) a momentum/
angle/charge selection of forward tracks by use
of the H4 and H5 hodoscopes in a matrix coinci-
dence. Acceptance for this requirement was
=0.5% M, ccon®>= 4.0 (GeV/c?)?and —t= 1.5 (GeV/
¢)?, (3) proper forward-particle identification in
the segmented Cherenkov counter, and (4) only
one counter hit in H4 and one in H5, For the an-
nihilation reaction a hit was also required in ei-
ther the side hodoscope or U counter in order to
enhance the separation of annihilation events
(05 ~y=7+~1 pb) from events of the type pp ~pX
(GEP -px~ 25 mb).

An event was reconstructed by first fitting in-
dividual tracks in the spark chambers, The re-
coil mass was then computed from the forward-
and recoil-track angles. The momentum transfer
was computed from the forward-track angle and
kinematic considerations. Coplanarity and recoil-
mass distributions for pp - 77" are presented in
Fig. 2. Target-empty data indicated negligible
background.

The geometric acceptance of the apparatus was
computed using a Monte Carlo simulation of the
experiment. In addition the pp —n"1* [7%p —pu¥]
data were corrected for absorption in the target
(12.5+0.5%) [9.5+0.5%), absorption in the ap~
paratus (6,0+1,0%) (6.0+1,0%], inefficiency in-
troduced by trigger requirement (4) (12,0 +2,0%)
[12,0+2.0%], C6 inefficiency (4.0+1.0%) [1.0
+0.5%], beam-reconstruction efficiency (78.0
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FIG. 2. The Myeco1 (Ofasts Orecoi) 2nd coplanarity
distributions measured for pp —n =",

+0,5%) [80.0£0.5%], recoil-track-reconstruction
efficiency (90.0+£10,0%) [90.0+ 10,0%], pion decay
(1.02%5 %) [0.523:%%], losses due to cuts (2.5
+1.0%) [4.0£1.0%] and lepton contamination in
the beam (0+0%) [4.0+£2.0%]. We conservatively
estimate the overall normalization uncertainty
for each reaction to be +20%,

Differential cross sections for 7*p —p7* are
presented in Fig, 3(a) along with the data of Owen
et al.® Note the sharp dip at ¢’ ~—0.2 (GeV/c)?
[t~=0.15 (GeV/c)?]. The accurate reproduction
in our data of the striking features of this reac-
tion indicate that our ¢ resolution is good [uncer-
tainty < 0.01 (GeV/c)?], that our ¢ scale is cor-
rect, and that the normalization is accurate to
within the assigned error. Further corroboration
of our results comes from the excellent agree-
ment with earlier data'! of pp, 77p, and 7%p for-
ward elastic scattering measurements, taken
simultaneously with baryon-exchange data in or-
der to check the systematics of our apparatus and
event reconstruction,

Differential cross sections for pp -7 7" are
shown in Fig. 3(b). Also shown are data from
Refs. 6-8 scaled by s "2 and from Owen et al.®
scaled by the line-reversal factor.® For the
first time, our data provide full coverage of the
small |¢| region. We observe a break in the pe-
ripheral slope at ¢’ ~-0.35 (GeV/c)? [t~~0.40
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FIG. 3. (a) The measured differential cross section,
do/dt’, for =% —pn*. The solid line represents the
data of Owen et al. (Ref, 5). (b) The differential cross
section for pp — " n*. The curves —, —-—-, — ———,
and + ¢+ - - are for 4-, 5-, and 6.2-GeV/c data (Refs. 6—
8) scaled by s~2 and for % —pr* scaled by the line-re-
versal factor (Refs. 5 and 10).

(GeV/c)?] and perhaps a shallow dip at that point
followed by essentially flat cross sections'? out to
t=-1.3 (GeV/c)2 In addition we note the follow-
ing three points: (1) Where data overlap, agree-
ment with Buran ef al. is excellent. (2) These
several experiments are inconsistent with a sim-
ple energy dependence. As an example, in the
region > —0.3 (GeV/c)? ours and the 4-GeV/c
data behave roughly like s, (3) The line-rever-
sal test fails dramatically. The forward slope
for pp —7 1" is shallower than for 7*p —pn”, the
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TABLE 1. Results of fits to the pp— 77" data from this experiment and the 1*p—pn*
data from Ref. 5 using do/dt’ = AJX(BV=1") +Cd 2(DV=F).

A B c D x? per degree
Data [ub/(GeV/e)] [(GeV/e) 1l  Wwb/(GeV/e)l [(GeV/e)=!]  of freedom
pp—7mt 6.6+0.6 8.1 0.3 6.15+0.10 7.8+0.2 0.6
atp—put 38.4+0.9 5.10+0.03 3.2 0.5 5.1+0.,2 2.6

intercept at ¢/ =0 is much lower, the structure is
much less pronounced, and it occurs at a differ-
ent value of ¢’ (or of ¢).

Barger and Cline? have used isospin arguments
and 7™ p backward elastic scattering data to pre-
dict the dominance of the N, trajectory in 7*p
~pm*. In the absence of absorption, one would
expect a dip in the annihilation reaction at the
same f as the dip in 7*p —p7* and the normaliza-
tion for the annihilation to be a factor of ~3 below
that for the backward elastic scattering.'® The
absorption model of Harari'® predicts a dip in pp

-7"m" at the same value of ¢’ as the 7*p —pn* dip.

Neither of these predictions is borne out by our
data. It is difficult to reconcile these data with
weak-absorption models where the dips are due
to the basic single-exchange amplitude, since
very large differences in s-channel absorption
would be necessary.

We have fitted the data to the form do/dt’
=AJ A(BV=t") +CJ2(DV=¢'). This form contains
strongly absorbed nonflip (J;) and flip (J,) ampli-
tudes with no interference, The results are pre-
sented in Table I. Note that the radii (B and D)
are approximately equal for each reaction and
that the radii for pp — 7 7" are ~1.5 times larger
than for m*p —~pn*, This is indicative of stronger
absorption in the annihilation reaction. Also, the
ratio of the nonflip to flip contribution is 12:1 for
m*p —prn* but only 1:1 for pp —n"7",
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