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From a 98000-photograph exposure of the BNL 80-in. deuterium-filled chamber to a 14.6-
GeV/c p beam we have extracted those events that fit the channel pe —pp7t . The cross sec-
tion for this channel is measured to be 730 + 50 pb. The cross section for the reaction P..~

(1238+ is determined to be 130+30 J(fb. Evidence for target dissociation is presented.
A comparison with the reaction ~ n ~ p~ at the same energy indicates agreement with factor-
ization.

I. INTRODUCTION

We discuss here an analysis of the reaction
pn- ppw at an incident momentum of 14.6 GeV/c.
The data for this presentation have been extracted
from a 98000-picture exposure of the BNL 80-in.
deuterium-filled bubble chamber to an rf-separated
beam of antiprotons.

In Sec. II, we present the experimental proce-
dure leading to the calculation of the cross section
for ~-pp11 . The general features of this final
state are given in Sec. III along with the cross sec-
tion for the subchannel & P. These cross sec-
tions are then compared to those obtained for the
same reactions but at lower incident beam mo-
menta.

Aspects of target dissociation are discussed in
Sec. IV. The similarities between these results
and w n interactions at 15 GeV/c and pp interac-
tions at 11.6 GeV/c are examined as a test of
factorization. The data were tested also for com-
patability with either s- or t -channel helieity con-
servation.

II. EXPERIMENTAL PROCEDURE AND CROSS SECTIONS

The data for this report were obtained from a
sample of four-pronged events where one of the
outgoing positive prongs was heavily ionizing and
consistent with stopping within the chamber. All
of the film was scanned twice and the separate
scans adjudicated and combined before measuring.

A total of 6814 events were found. ' The results
of the first measuring pass were compared with
the film and a remeasurement list was generated
for those events which were not reconstructed,
were poorly measured, or were not measured ini-
tially. Roughly 10/0 of the events were deemed un-
measurable because of obscured vertices, elose-
in scatters, etc. After remeasurement, approxi-
mately 95@ of the events deemed measurable were
reconstructed. In addition, a small sample of
events ( 300) were remeasured independent of
their initial measuring status in order to check
on the assignment of measuring errors. These
two sets of measurements, and their subsequent
kinematic fits, were identical within the assigned
errors.

A total of 218 events were judged to be consis-
tent with the selection criteria for the 4C (4-con-
straint) hypothesis

i.e., the observed spectator proton, P„had its
momentum within the range 80 to 320 MeV/c, the
track ionizations as determined by the fitted mo-
menta were adjudged to be consistent with the film,
and the X' probability for the fitwas greater than

1%. In no case was there an ambiguity between this
reaction and other competing 4C channels. How-
ever, for about 10@of the events there was a
track permutation ambiguity between the P and
the n' . For these eases only the higher probabil-
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ity fit was retained. ' For those events where the
4C hypothesis was satisfied as well as some other
1C hypothesis, the 4C hypothesis was retained
since it was deemed to be the more reliable fit.

In Fig. 1(a) we display the momentum distribu-
tion of all protons from reaction (1). The momen-
tum distribution of the slower proton (events not
cross-hatched) is consistent with the Hulthln dis-
tribution (solid curve). The angular distribution
between the slower proton and the beam direction,
Fig. 1(b), shows evidence for a small depletion due
to a systematic loss when the spectator proton is
going backward to the beam but, otherwise, is
isotropic. Therefore, we have assigned the slower
proton to be the spectator even though approximate-
ly 20$ of the events had both protons with momenta
less than 320 MeV/c.

Accounting for the scanning and measuring
losses as well as the selection criteria used, we
determine the cross section for reaction (1) with
two visible protons to be 225+ 15',b. Correcting
for the invisible spectator protons by using the
Fourier transform of the Hulthen wave function'
yields a cross section of 670+45 p.b. Finally,
applying a correction for Glauber screening4
yields the cross section for the reaction

of 730+50 p, b.
The comparison of the cross section found in

this experiment with the cross sections for the
same reaction as obtained at 3.5, 5.5, and 7.0

GeV/c (see Refs. 5, 6, and I, respectively) inci-
dent momenta is displayed in Fig. 2 as the upper
set (a) of data points. A fit of these data to the
form a'=AP„b ' yields a value of 6 =0.97+0.07
which is displayed as the solid line.

III. GENERAL FEATURES

4,0- ~ Ref. 5
~ Ref. 6

In Fig. 3 we display the three-body Van Hove
plot. ' The peripheral character of the reaction
is evident in that the P is forward in the center
of momentum and near the kinematic momentum
limit. The outgoing proton is fast and backward
while the n is, in general, slow and more iso-
tropically distributed. Of the few backward P
events, most correspond to an ambiguous identi-
fication of the P and m .

The histograms for the four-momentum trans-
fer squared as calculated from the initial- and final-
state antiproton,

~ f~ ~, and from the initial neu-
tron and final proton,

~~ t„~, are shown in Fig. 4.
The histogram for the p vertex shows a clear ex-
ponential form but with an apparent change of
slope at

~ t, ~

= 0.2 (GeV/c)'. The interval
0 -

( t~ ~

& 0.2 (GeV/c)' has a slope, 6, of 8.4+ 1.5
(GeV/c) ' when fitted to the form e "& . This fit
is also shown in Fig. 4(a). No attempt was made
to fit the high-t data. The histogram for the nucle-
on vertex has an obviously different t dependence.
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FIG. 1. (a) Distribution of the laboratory momentum

of the two protons from reaction. (1). The faster proton
is denoted by the cross-hatched area. The solid curve
is the Hulthen momentum spectrum normalized to the
number of events in the range 120 to 280 MeV/c. {b}Dis-
tribution of the cosine of the angle between the spectator
proton and the beam direction. The dashed curve repre-
sents the average number of events per interval for
cos{p„beam) &-0.8.
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FIG. 2. The cross sections for (a)Pn-PP7( and (b)
pn —4 p as determined at laboratory momentum 3.5,
5.5, 7.0, and 14.6 GeV//c. The solid curves are defined
in Sees. II and III.
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FIG. 3. Van Hove plot, where q(P), q(g, and q(~ )

are the longitudinal momenta of the p, p, and 7( in the
Pn center-of-mass system. The solid curve is the kine-
matic boundary.

The fit to the exponential form has a slope of
7.5 + 2.0 (GeV/c) for the interval 0.1 (

I &„I ( 0.3
(GeV/c)'. These results are similar to the f de-
pendence for the reaction pn- ppv at 11.6 GeV/c
as measured by the Weizmann group. o A compar-
ison of the slopes of the t-distributions for these
two experiments is a part of Table I.

The Dalitz plot of the mass-squared distribution
M'(Ps ) vs M'(Ps ) is displayed in Fig. 5. The
boundary of this plot is calculated for an incident
P interacting with a free neutron assumed to be at
rest. The Fermi motion of the target allows a few
events to fall outside of this boundary. A note-
worthy feature of the plot is the relative lack of
events in the region of simultaneous low M (P~ )

FIG. 4. Histograms of four-momentum transfer squared
for (a) the p vertex and (b} the nucleon vertex in units of
(GeV/c)2. The curves are the best fit over the intervals
shown, as described in the text.

and the & (1236) (see below).
The histograms of the three possible effective-

mass combinations are shown in Fig. 6. In Fig.
6(a) is the effective-mass histogram of the pv
system, M(pv ), for all events and for those events
where the n is backward in the c.m. frame
(cos8,*(0.0). There is no evidence for the domi-
nance of an N* formation. However, there is a
broad low-mass enhancement which is associated
with the backward going m . This spectrum is
fairly well reproduced by a Monte Carlo phase
space that has been modified to reflect the ob-
served & distributions, &~ and i„(dashed curve).
The fraction of events with M(pv )& 1.75 GeV/c'
in this experiment is greater than the fraction ob-
served in the same reaction at either 5.5 or 7.0
GeV/c. Further comment about this low-mass
region is deferred until Sec. IV.

TABLE I. A comparison of the slopes of the four-momentum-transfer distributions for pn-pj's, m n x~ pn, (Bef.
14) and pn pp7(' (Ref. 9). ta is the four-momentum transferred to the beam particle; t„ is for the target nucleon. For
ts see Sec. IV.
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ary is defined in Sec. III. (c) M (pp}
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The histogram of the effective mass of the Pr
system, Mgr ), is shown in Fig. 6(b) for all
events and for those events where the m is now
forward in the c.m. frame. There is an excess of
events in the region of & (1288) associated en-
tirely with the forward-going m . This means
that there is no overlap between the & signal and
the events with low M(Pv ). TJsing these events
we estimate a & cross section above background
for the reaction

of 130+30 p.b. The comparison of this result with
cross sections for the same reaction at the lower
momenta is displayed in Fig. 2 as the lower set
(b) of data points. Again assuming an energy de-
pendence of the form v =AP„~ we derive 5 = 2.13
+0.14 as shown.

Although the PP effective-mass spectrum in Fig.
6(c) appears to contain some sort of structure,
the apparent peaks are associated with the low-
mass structure in the Pm and P& spectra.

IV. NEUTRON DIFFRACTION DISSOCIATION

It is natural to assume that the accumulation of
events at low M(Ps ) is a manifestation of diffrac-
tion of the target neutron as seen in other experi-
ments. '0" Excluding E (1238) production, the
cross section for all other ~ processes leading
to a PPw final state appears to be relatively in-
sensitive to the beam momentum from 3.5 to 14.6
GeV/c. (See Fig. 2.) This feature is a commonly
accepted characteristic of diffraction dissociation. "

In addition, for this experiment we present in
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Fig. 7 histograms of ~l~ ~, where &i', =f~ —f for
iwo mass intervals: (a) M(Pw )& 1.4 GeV/c2 and
(b) 1.4 &M(Pw )& 1.75 GeV/c'. When fitted to the
form e ' 'p ' these histograms have slopes, b',
of 15+ 2 and 6+ 2 (GeV/c) ', respectively (see also
Table 1). At a fixed s, the square of the c.m. en-
ergy, this correlation of b' with the mass of a dif-
fractively produced system has been predicted by
Satz'2 and Dorren et a&."

Recently a Seattle-Berkeley collaboration has
reported'4 on the reaction

r n 7rfPm (4)

at 15 GeV/c, where v& and v, denote the faster or
slower ~, respectively. They observe the same
t' dependence for the corresponding mass regions;

FIG. 6. Invariant-mass histograms. (a) Effective
mass of theP~ system. The cross-hatched events cor-
respond to the ~ iv. the backward hemisphere. The solid
curve is a Monte Carlo prediction of phase space as dis-
cussed in Sec. III. The dashed curve is the same Monte
Carlo prediction but selected on a backward ~ . (b) Effective
mass of p7f . The shaded events are for a forward-going

The solid curve is the Monte Carlo prediction se-
lected on the forward pion. (c) The effective mass of
the Pp system.
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see Table I.
If the observed effects are indeed due to diffrac-

tion dissociation of the target neutron then we can
test factorization of an effective" trajectory with
vacuum quantum numbers by comparing the invari-
ant cross section

for reaction (2) and reaction (4) with do„/dt g»t)
and «„/dt (» &), respectively. However, s for
Ref. 14 is within 2% of the value of this experiment,
the mass intervals are identical and the slopes of
the corresponding t' distributions are equal, within
errors. Therefore we can compare the ratio

ggR=-
&e)

for the two experiments, where o* is the cross
section, "integrated over all ~', for events with

M(P» )& 1.4 GeV/c'. Since neither o„(» n) nor
o„(Pn) has been measured at these energies, we
use o„(PP) (see Ref. 16) for o„gm) and use the
elastic cross section for the charge-conjugate
reaction» P (Ref. 17) in place of &„(» &). Be-
cause of the uncertainties introduced by the re-
placement of the Pn cross section by the PP cross
section we have also computed the ratio

TABLE II. Comparison of the reactions P'+ PP & and
r 8 7fPX.

a (Ib)
a* (pb)
a,t (mb)
0 to& (mb)

0 +/ac~
R' =a+/at01

310+3'
95+ 6

4.46+ 0.15
24.10+0.08
(2.13+0.15)x10 2

(3.94+ 0.25) x 10

730+ 50
200+ 26
9.0+ 0.6

53 2+3 7d

(2.22 ~ 0.32) x 10-2

(3.76+ 0.55) x 10

~~+p: Ref. 15.
"x'P: Hef. 17.
'PP: ref. 16.
+»: Bef. 18.

Finally, for diffractive processes, it has been
conjectured that helieity may be conserved in
either the s or ~ channel. '9 Irrespective of a defi-
nite spin assignment of a diffractively produced
system, the azimuthal distribution @o, Q„) of
the n' should be isotropic in the Gottfried- Jackson
(helicity) frame if there is t- (s-) channel helicity
conservation. ' These azimuthal distributions"
are displayed in Fig. 8. Apart from a reduction
in the size of the data sample, there is no qualita-
tive difference in these distributions between the
entire sample and those events with low M(Pw ).
Within the limited statistics definite statements
about helicity conservation are impossible.

g +A'=
+ tot

(6)
V. CONCLUSIONS

where o„, (pn) has been measured. " These ratios,
B and B', are the same within errors for the two
experiments; see Table II.

At the energy of this experiment we have shown

that the quasi-two-body production Pn- 4 P is
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FIG. 7. Histograms of four-momentum transferred
for theP vertex when M(P& ) is (a) less than 1.4 GeV
and (b) between 1.4 and 1.75 GeV. The straight lines are
the best fits as described in the text.

FIG. 8. Azimuthal distributions in the {a) Gottfried-
Jackson (QG I) and (b) helicitp (@I) frames of the pm .
The cross-hatched events satisfy M(p7( ) &1.4 GeV. The
curves are the Monte Carlo predictions for all events and
for those events with M(P 7( ) &1.4 GeV.
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a small fraction of the interaction cross section.
The dominant feature of the data appears to be
target dissociation which is separable from the
& production. We have demonstrated a sinQlarity
of the dissociation of the neutron in reaction (2)
and (4). In the context of Regge models, we be-
lieve we have demonstrated agreement with factor-
ization to the 15% level. We note that this test is
performed for t 0 as compared with those tests
at 1=0 from inclusive reactions. 22 Qn the other
hand, without at least a knowledge of the s depen-
dence, we cannot identify the particular trajectory
exchanged.
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