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We have studied inclusive 6+ (1236) production for ~t„f),~& 1.0 (GeV/c)' in a 50000 picture exposure of the
30-inch hydrogen bubble chamber to a 205 GeV/c proton beam. The inclusive 6++ cross section for one

hemisphere in the center-of-mass system is (1.30+0.14) mb. The mean charged multiplicity of the system

recoiling off the b, ++ is in agreement with that for laboratory m p interactions at the same energy in the center-
of-mass frame. The inclusive 6++ production is compared to inclusive A and proton production in the same

experiment. The connection between 6++ production and diffraction is discussed. We find that not all

b, " come from the decay of a diffractively-produced state. The PT distribution for the b++ has a slope of
(10.5~0.9) (GeV/c) ' for PT «0.2 (GeV/c) . This slope, together with the decay angular distribution of the
~++ at small momentum transfer, suggests a strong pion-exchange contribution to the inclusive process. We
compare the data to the expectation of a triple-Regge model with p- and m-exchange contributions.

I. INTRODUCTION

There has been an increasing interest in diffrac-
tive phenomena in recent years as high-energy re-
sults from the CERN Intersecting Storage Rings
(ISR) and the Fermi National Accelerator Labora-
tory (Fermilab) have become available. The data
show prominent low-mass peaks in the missing
masses recoiling from either of the incident parti-
cles '; alternatively one observes a peak in the
Feynman x variable near x =+1 for one of the scat-
tered particles. I'his is interpreted as diffractive
excitation of one of the incident hadrons into a low-
mass system (~5 GeV). The cross section for
diffractive excitation of a single particle is about
2 to 3 mb and is independent of beam energy in the
several hundred QeV region. Bubble-chamber ex-
periments show that the contributions to the low-
mass peak come predominantly from the 2-, 4-,
and 6-prong events for both 7t'P and for PP inter-
actions.

In addition to the diffractive phenomena, the high-
energy experiments have also established that the
single-particle spectra for the stable final-state
particles show an approximate scaling behavior. '
This behavior already sets in at large-x values for
pions in the tens of GeV energy region. However,
scaling does not hold for the heavier stable par-
ticles in the central region even at the highest
energies studied.

%e have extended these investigations of high-
energy interactions to an unstable final-state par-
ticle system by studying inclusive 6"(1236) pro-
duction in 205-GeV/c PP collisions using pictures
from the 30-in. bubble chamber exposed at Fermi-
lab. In particular, we examine the relationship be-
tween ~" production and diffraction. Results simi-
lar to ours were first obtained by the NAL-UCLA
collaboration' using the same bubble chamber ex-
posed to a 303-(~V~c proton beam. The present
paper reports a much larger sample of data. at a
beam momentum of 205 GeV/c.

II. EXPERIiilENTAL METHOD

A double scan was made of 50000 pictures of
205-GeV c proton-proton interactions to record all
events; the over-all scanning efficiency was mea-
sured to be (96+2)%.' For this study we selected
al1. events having two or more tracks with labora-
tory momentum &1.5 GeV/c, one of which could be
identified as a proton track.

After the measurement of these slow particle
tracks and spatial reconstruction using the program
TVGP, they were examined by a physicist and clas-
sified as &', P, or & on the basis of curvature and
bubble density. This separation was essentially
unambiguous after restricting the laboratory mom-
entum to be less than 1.4 GeV, '~'. Furthermore, any
bias coming from the difficulty of separating the
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TABLE I. Multiplicity distributions of events with low-momentum particles.

Prong no. 10 12 14 16 18 20

Events with proton
and «1 n identified

(P@b 1.4 GeV/c)

Weighted events ~

Number of the
above with «1 6+'
and with ~j&z~ ~1.0 (Gev/c}

7 292 295 228 169 75 25 12 3 2

7.5 311.3 331.3 228.0 161.6 77.6 23.6 11.2 2.8 1.9
6.4 129.0 140.4 81.0 45.2 23 ~ 1 4.9 2.8 0.0 0.9

' The weight is defined to be 1.0 for the 8-prong events. The weighted events correspond
to a normalization of 4.66 p.b/event.

r' and proton interpretations at the higher mom-
enta will only affect the small interval of b, break-
up angles in which the proton follows exactly along
the a line of flight. Table I summarizes the event
sample resulting after three measurement passes,
broken down according to the over-all event top-
ology. We show in the table both the number of
events found and the final numbers weighted to
account for the few events that failed reconstruc-
tion. The normalization of the data reported in
this paper is 4.66 pb/event, which may be directly

applied to the weighted events to obtain cross sec-
tions.

The cut at 1.4 GeV/c laboratory momentum for
unambiguous n'-P separation by bubble density al-
lows essentially full acceptance for all b breakup
angles provided that the four-momentum transfer
between the target proton and the n, , ~t~c~, is less
than 1 (GeV/c}'. This corresponds to a n labora-
tory momentum of 1.33 GeV/c.

Figure 1 shows the kinematic situation on a P~'
versus x graph where x =2Pg/Ws; here, Pg is the

p+p =
p + onything

p+p = m+anything

0.8—
t~~& 1
Pg

(GeV/c)

0.6—

0.2—

0.0
—!.0

I.
-0.8 -0.6 -0.4 -0.2 00 x

0.0 77.2 154.4 231.6 508.8 586.0 M (GeV )

FIG. 1. P~2 versus x for the inclusive reactions p +p p+ anything and p +p ~+ anything at 205 GeV/c for P~~1.4 GeV/c; the dashed line corresponds in the reaction P +P 6+++anything for }t&&[=10(GeV/c)t. The da. ta of the
experiment are shown as the dots.
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TABLE II. Charge distribution of slow n's (Ph& & 1.4 GeV/c) for events with a slow proton.

Number of 7f 's
1 2 3

Totals
4 205 GeV/c 303 GeV/c

Number of 7t "s

205 GeV/c totals
303 GeV/c ' totals

0 201 27 3 0
1 369 296 56 4 2
2 56 48 21 4 1
3 4 7 3 2 0
4 0 0 1 0 0

429 552 108 13 3
150 32 3

231
727
130

16
1

166
41

' Reference 3.

b, longitudinal c.m. momentum and s =386 GeV' is
the square of the c.m. energy. The area below the
dotted line is the kinematic region of the experi-
ment, ~t, ~) &1 (GeV/c)'. Also shown on the axis are
the missing-mass values corresponding to the given
x values calculated from the relation M'= s(1 —x),
which is a good approximation in this case. For
comparison we show as dots the protons from the
decay of the 6 after the (,~~ &1 (GeV/c)' cut has
been applied.

Table II shows how the sample is distributed ac-
cording to the number of low-momentum pions
associated with the identified proton. We see that
the chance of finding an extra low-momentum pion
is small; the number of events decreases by about
a factor of 5 for each additional pion. The number
of negative pions is about -', of the number of pos-
itive pions. We also give, for comparison, the
corresponding data at 303 QeV/c. '

p+P-6'+X", o= 0.33 +0.36 mb, (2)

20—

I

(a)

2
I tl ++& 1.0 (GeV/c)

pd

—100

—80

with 6' corrected for the nr'decay mode. These
and subsequent cross sections are quoted for one

c.m. hemisphere. Only 6 j~ of the events have more
than one pv' mass combination -1.5 GeV for ~t~~~

&1 (GeV/c)'. Since such a background subtraction
is somewhat arbitrary, we also quote in Table III the
cross section for reaction (1), defining the h" as
any Pm' mass combination in the interval 1.12
&))f(vp) ~ 1.32 GeV. This selection gives a much

larger cross section. We note that using the back-

10- —40
III. RESULTS

A. 6 cross sections

Figure 2 shows the P& and Pm mass distribu-
tions. A clear 6" signal is seen in the Pm' com-
binations over a substantial background. There is
little sign of a 6' enhancement in the P» mass
plot of Fig. 2(b). The shaded histograms corre-
spond to the ~t, &~„~&~ &1 (GeV/c)' cut which results
in an unbiased selection of events. One sees that
the pr shaded distribution is similar to the back-
ground under the 6 peak of Fig. 2(a).

A measurement of the inclusive b,
" cross sec-

tion is a somewhat arbitrary procedure since the6" is a wide resonance and one must take account
of the background under the peak. Defining a 6 as
any pr combination with mass «1.5 GeV above the
hand-drawn background curves shown in Fig. 2, we
measure, for )t»~ &1 (QeV/c)', the inclusive cross
sections

p+p- 6"+X', o =1.30*0.14 mb,

b

I

1.2

-20-
ii~Z ZP/lZ' i~~~~ 0

I I I I I

I.5 1.4 I.5 1.6 1.7 1.8
Mass ( p ~+) (GeV)

15-

10-

2
eV/c)

—60

0 ?

I.I 1.2

—20

,WPPiP~
I I I I I

1.5 1.4 1.5 1.6 1.7 1.8
Mass ( p v ) (GeV)

FIG. 2. The invariant-mass distribution for (a) all
p7(' and (b) all p7) combinations in events with a proton
and one or more pions having PL,&

~ 1.4 GeV/c. The
shaded histogram in each case is obtained by requiring
It pal —1.0 (GeV/c)~.
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TABLE III. The 4" and 4 inclusive cross sections.

Method OQ'+) (mb)
cr+.0) {mb)

(n 7r mode included)

Background subtracted
mass (p n+ ) ~ 1.5 GeV

Mass slice
1.12~ mass (pm') ~ 1.32 GeV

1.30 ~ 0.14

2.02 + 0.10

0.33+ 0.36

IO—

0

30—

20—

~ IO-
C)

0

IJJ 20
LLJ

IO—

4 prongs

208.9 events
t~n n

I c
I

'
l

6 prongs

220. l events

l
'

I
'

I

8 prongs

l45, 0 events

0 pC

20—

l0—

LJ
I

l
I

& IO prongs

l48.3 events
(d)

0 U
~
— r ~

I l

l.3 l.5 1.7
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FIG. 3. The invariant-mass distribution for all p7r'
combinations with ~t& {& +& (

~ 1 {GeV//'c) shown for dif-
ferent event topologies. The weighted events are used;
events having M(pm+) & 1.8 GeV are lumped in one bin
to the right of the dashed line.

ground subtracted results, the ratio of 6" to b,'
inclusive cross sections is in. reasonable agreement
with the 9/1 ratio expected for I =1 exchange. Our
measured cross section of 1.30+0.14 mb, when

compared to the total. inelastic cross section of
32.1 + 1.1 mb, implies that 8/q of the inelastic
events contain a 6". In the same experiment it
was found that (10.3+ 1.1)/g of the inelastic events
contained a A'. ' Figure 3 illustrates the topological
dependence of the a" production with )t»~ &1

(GeV/c)'. There are very few events in the 2-prong
topology (Table I), but clear peaks are visible in the
4- and 6-prong topologies, and a small signal appears
in the 8- and ~ 10-prong events. ' We have used the
hand-drawn background curves shown to estimate

the topological dependence of the over-all 6" pro-
duction. The results are summarized in Table IV.

TABLE IV. Single-hemisphere diffractive and 6"
cross sections.

0(D") (mb)

Topology cr(diffractive) {mb) for I t&z++ ~

~ 1 (GeV/c)

2

6
8

)]0

1 ~ 13*0.10
1.28 + 0.08
0.36 ~ 0.08
0.02 + 0.01

0

0.024 + 0.011
0.46 +0.07
0.49 *0.08
0.17 + 0.07
0.16 + 0.08

'From Ref. 4.

B. Comparison of cross section with results at
other energies

Inclusive b,
" production has also been studied at

other energies, and we show in Fig. 4 the inclusive
pv' mass spectrum with the ~t~ &~,+& ~

&I (GeV/c)' se-
lection for data at 12, 24, 69, 205, and 303 GeV/c. '
In each case, one sees a clear b," signal although
the shape of the distribution varies somewhat from
experiment to experiment. Using the hand-drawn
backgrounds shown and using all the events above
the curves in the A region (1.12 to 1.32 GeV) give
the cross-section values plotted in Fig. 5.' The
errors are statistical only except for the 12 and
24 GeV/c experiments. For this high-statistics
data we have arbitrarily assigned a 5/p error in an
attempt to account for the uncertainty in our back-
ground estimate. The cross section falls by about
a factor of two in going from 12 to 69 GeV/c and
then levels out at an approximately constant value
of 1.5 mb. This constancy of the 6" inclusive
cross section at high energy has also been noted by
the Rochester-Michigan group. ' However, the data
are also consistent with the P„b

' ' ' ""variation
shown, particularly considering the possible sys-
tematic errors coming from comparing results
from different experiments and the arbitrary na-
ture of the background estimation. It is interesting
to note that the OPE (one-pion-exchange) triple-
Regge models discussed later in Sec. III G would
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FIG. 5. The production cross section for the inclusive
process P +P 6'+ (1236)+X as a function of incident
beam momentum. Reference 8 explains how the 102-
GeU/c and 400-GeV/c values were obtained.
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GeV/c. '
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C. Properties of the pz+ z system

I'he Pm'm mass distribution of Fig. 6(a) shows a
general low-mass peaking, but no clear structure
except possibly in the 1700 MeV region. One must

FIG. 6. (a) The invariant mass of the p~+x system
where all three particles have laboratory momentum
~1.4 GeV/c. In (b) the further selection of pm. + mass in
the 6++ (1236) region is imposed. (c) The m'm invariant-
mass distribution corresponding to the data in (a).
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P

FIG. 7. Diagrams applicable to (a) the diffractive proton reaction, (b) a triple-Regge model of the inclusive proton
reaction, (c) the inclusive &+' reaction, and (d) a triple-Regge model of the inclusive 6+' reaction.

remember that this distribution is biased as we

have selected all laboratory mornenta to be smaller
than 1.4 GeV/c. Figure 6(b) shows the A"w mass
distribution with a b,"defined as any pn' mass
combination in the range 1.12 to 1.32 GeV. En Fig.
6(c) we show the &'& mass distribution which peaks
strongly at low masses with only a suggestion of

p production.

D. Comparison with inclusive proton production

Experiments studying the inclusive proton pro-
duction reaction

at an equivalent center-of-mass energy. "'"
Since we expect pion exchange to be an important

contribution to the inclusive b,"production, we
compare in Fig. 9(a) the mean charged multiplicity
of X' from reaction (1) with that from the reaction

~ P —anything (5)

at equivalent center-of-mass energies. The data
for reaction (5), including the elastic scattering
contribution, are shown as the line and agree rea-
sonably well with the data from reaction (1). How-
ever, whether this agreement should be taken as
evidence that off-mass-shell & p scattering behaves
much like real & p collisions is not clear. For ex-

find" a striking low-mass peak in the distribution
of the missing mass (M„') corresponding to the
system X' recoiling from the proton. This diffrac-
tive excitation of the incident proton can be under-
stood in terms of an exchange process depicted by
the diagram shown in Fig. 7(a).

We may compare data from the present study of
inclusive 6 production with these results. How-

ever, Pomeron exchange is forbidden in the inclu-
sive 6" reaction because of the charge exchange
at the lower vertex, and we assume I=1 exchange
(w, p, . . .) will be the dominant contributions, as
shown in Fig. 7(c). The distribution of the missing
mass squared of the system X is shown in Fig. 8

for reactions (1) and (3). I'he dominant low-mass
peak seen in the inclusive proton data is completely
absent for the system recoiling from a b,". We es-
timate that no more than 15 +10 events correspon-
ding to a cross section of 70+ 50 p,b could be in the
low-mass peak in the 6" reaction, whereas the
diffractive cross section for the proton reaction
at 205 GeV/c is 2.6 +0.3 mb. "

A further interesting result of the inclusive pro-
ton studies is that the charged multiplicity distribu-
tion of the system X' in reaction {3) follows that
for the reaction

p +p- anything
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FIG. 8. The missing-mass-squared distribution for
the inclusive proton (scale on right-hand side) and in-
clusive 4'+ reactions {scale on left-hand side) at 205
GeV/c. The pb equivalent is 4.35+0.1 pb/event in the
former case and 4.66 pb/event in the latter. No peak
at low M2 is seen for the 4" reaction above the hand-
dravvn curve.
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FIG. 9. The mean charged multiplicity of the system
X at equivalent center-of-mass energies in (a) p +p
—4++ +X data and a curve showing the on-shell 7t p-X, and (b) a similar comparison between the re-
actions p+p-"&0" +X'+ and m'p-X'+.

again at equivalent e.m. energies. The agreement
is almost as good as in Fig. 9(a) even though the
diagram corresponding to Fig. 7(b) for 6' produc-
tion is unlikely to occur in the experiment [no ob-
servable A' signal in Fig. 2 (b)].

In conclusion, it would appear that the agreement
observed in Fig. 9 for reactions {1)and (2) and ob-
served in Refs. 10 and 11 for reaction (3) seems to
be a universal effect and may have no direct con-
nection with the concept of a simple, single-par-
ticle-exchange process. I'his conclusion is
strengthened by the data. shown in Fig. 10 for the
average charged multiplicity, (&,), for p, A',
E', , b,", and "~"' as a function of x. I'hese data
are from pp interactions at 19 GeV/c and from the
present experiment at 205 GeV/c. Since x-~' and
since all of the data seem in quite good agreement,
these results are certainly in accord with the above
conclus ion.

E. Relationship between 6+ + production, and diffraction

ample, one can consider the analogous process (2)
for b, ' production. As shown above, there is very
little 6' produced in this experiment. However, if
we make the same selection on M(p& ) (i. e. , 1.12
to 1.32 GeV) and compute the average multiplicity-
recoiling off the "~'" we find the data shown in Fig.
9(b). Similarly, we compare these results to v'p
scattering,

&'P -anything,

We now turn to a more detailed discussion of tne
connection between the ~ production and diffrac-
tion. From a comparison of inclusive 6" produc-
tion in & p interactions at 15 GeV/c with that in pP
interactions at 303 GeV/c, Brick et al. concluded
that all the 6" result from the decay of a diffrac-
tively produced state. " A further conclusion of
this analysis is that attempts to describe the in-
clusive 6" data for reaction (1) in terms of a one-
pion-exchange (OPE) triple-Regge model will be
incorrect.

l2
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~ P {
pt b&t.4GeV/c)
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v K
S Il ) Il+ g+t I I I I
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- I.O
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-0.6
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I 1 I
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FIG. 10. The average charged multiplicity (n, ) as a function of Feynman x for inclusive p, A, m, Kz, &", and
"Q " production in pp interactions at 19 GeV/c and 205 GeV/c. The 19 GeV/c data come from H. Begild et al ., Nucl.
Phys. B72, 221 (1974).
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There is clearly a connection between 6" pro-
duction and diffraction mhich we now explore in
more detail. Since from studies of reaction (3) it
is known that diffraction dissociation of the pro-
ton is predominantly into low-multiplicity final
states, we have isolated 6" production as a func-
tion of event topology as previously discussed.
Table gl lists these cross sections which are ob-
tained from the Pr' mass plots for the individual
topologies shown in Fig. 2. They are defined as the
number of events above the hand-drawn back-
grounds shown. With our limited number of events,
no unambiguous 6" signal is seen for topologies
with +8 prongs, although some low-mass peaking
is evident.

In Fig. 11 we compare the total charged multip-
licity distribution of the 6" events with both the
over-all charged multiplicity and the charged mul-
tiplicity coming from the diffractive events of re-
action (3). lt is clear the 6 multiplicity lies be-
tween the other two, implying that there is not a
complete congruence between ~ production and
diff raction.

From Table IV, we see that not all diffractive 4-
prong events contain a 6 . In a study of the com-
plete 4-prong events" we found that only -', of the
6" in this topology appear to be fragments of dif-
fractively-produced states. An analysis of the 6-
prong events from this experiment'4 shoms that of
the 0.38 mb of diffraction, only 0.10+0.03 mb cor-
responds to events containing a 6'+, whereas the
6-prong contribution to the inclusive 6" production
has a cross section of 0.49+0.08 mb. We conclude
then that although 6" as the decay products of a
diffractively produced higher-mass system are im-
portant, not all 6" come from this source, con-
trary to the conet. usion of the MIT group. " In fact,
on elementary considerations, one would not ex-
pect produced 6"' s to come completely from dif-
fractive events any more than, for example, final-
state neutrons.

F. Comparison of the production characteristics of

the proton, A, and 6" (1236)

Any comparison of the inclusive production of the
heavy particles such as proton, A', and ~" must
reckon with the dominant leading-particle effect in
the proton ease where it recoils from a diffrae-
tively produced state, which, as we have seen
(Fig. 6), does not occur for the 6" case. Nor does
it occur for the A' production. ' In order to make
this comparison, we have removed this leading-
particle contribution to the proton production data
in two ways; first we use only those protons which
are associated with one or more identified sl.ow

pions, while the second method uses only those

1
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FIG. 11. The normalized charged multiplicity distri-
butions at 205 GeV/c for the processes (a) p+p

anything, (b) p+p-6+'+anything, and (c) p+p
diffractive production of low-mass states. The dis-

tribution for events with a D" is broader than the
multiplicity distribution fox the diffractive events but
narrower than the over-all multiplicity distribution.

events in which the system X' recoiling from the
identified proton has Mx ~ 40 GeV', i. e. , those
outside the diffraction region.

In Fig. 12(a}, we show the distribution in c.m.
rapidity,

E*+P*
y*= —,

' ln
L

for the inclusive proton sample. 'Ihe corresponding
distributions for the two samples in which the lead-
ing proton has been removed are shown in Figs.
12(b) and 12(d). The corresponding distributions
for the d," and Ao are shown in Figs. 12(c) and
12(e), respectively, where in (e) we show as the
dotted histogram the A' events. These latter events
occur for y*=0 as expected for AA pair production.
Qne notes a striking similarity between the y* dis-
tributions for P, A, and 6" in that they each have
a prominent peak at y*= —2.5. However, one
should recognize that our selec tion cri teria pre-
clude our observing either P or h" for y+~ —2.0.

The inct.usive distributions in P~ for each of the
three particles are compared in Fig. 13, and one
sees qualitatively similar features. None of the
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FIG. 13. The I'z2 distribution for the reactions p +p
-p+~1 slow m~+Xo, p+p-Ao+X+', and p+p-4++
+X'.

100

FIG. 12. The c.m. rapidity (y*) distribution for the
inclusive processes (a) p +p- p+X', (b) p +p- p+X',
withl»' 40 Get', (c) p+p-a+++X', (d) p+p-p
+~1 slow m~ +X, and (e) p +p A (A ) +X".

distributions can be described using a single expo-
nential, and in each case there is evidence for a
break in slope at P 'r0. 3 (GeV/c)e. However, the
slope of the distribution for Pr& 0.3 (GeV/c)' is dif
ferent in each case with the b, having the largest
slope and the A' having the smallest slope.

OP

6

It
10"

al

b
I.O—

P+P -~ +X

,{8.6+ o.e) t'

G. Triple-Rele analysis
05—

It has been suggested that in inclusive charge-ex-
change processes such as reaction (1), the OPE
process could provide a large contribution to the
inclusive cross section. " " In terms of the vari-
ables (x, P~) for the 6", the OPE contribution will
be important for x~ -0.8 and small I'~. In partic-
ular, a very sharp rise is predicted in the x spec-
trum, away from x- -1.0. Alternatively, one

O. I

0.0 0.1

I I I I I

0.2 0.5 0.4 0.5 0.6 0.7
-1 I(GeV/c) ]

FIG. 14. The t' (=t -t;„)distribution for the reaction
p +p ~Q++ +Xo
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X

for reaction (7) at s =110 GeV' and fixed-t values
of —I =0.16 and 0.4 (GeV/c)' showed very good
agreement with the predicted Born «P+~rR
terms. " Note that in general the Born &nP+nmR

terms could be modified by off-shell effects and

absorptive corrections analogous to those found in

two-body &-exchange processes. 'Ihe analysis of
Field and Fox considered these corrections by mul-
tiplying the Born term by a factor exp[a(t —mr )].
They found the data for reactions (3) and (7) to be
relatively insensitive to the choice of a and for
simplicity took a =0. Predictions analogous to
those made for reaction (7) can also be made for
our inclusive b, "produc tion.

We first examine to what extent our data suggest
a dominant OPE contribution. The distribution in
t'=t —t,„ for the inclusive 6" reaction is shown
in Fig. 14. There seems to be a change in sl.ope of
the distribution at ~t'~-0. 3 (GeV/c)'. Using the func-
tional form da/dt' =As', we obtain 8
=8.6+0.9 (GeV/c) ' for 0.02 & ~t'~&0. 27 (GeV/c)'.
This is characteristic of reactions mediated by pion
exchange. The x distribution of the a" [Fig. 15(a)]
shows a broad maximum at x- -0.85 with fairly
rapid fall-off as x- —1.0, which is also qualita-
tively expected for OPE. By requiring small t'

or P~', this characteristic appropriate to OPE
should be enhanced. However, the data show no

significant change, as seen in Fig. 15(b). Figure
15(b) also shows the contributions of the unmodified
((vP+wvtf Born term and triple-Regge ppP+Ap, P
terms predicted from factorization using the analy-

FIG. 15. The Feynman x distribution for the reaction
p+p-A" +Xr, with (a) ~t&~(

~ 1.0 (Gev/c), and (b)

with the additional selection Pz ~ 0.1 (GeV/t'c} . In (b)

the total OPE Born-term calculation is shown together
with the sum of the ppP and A+2P contributions.

p+rl, —/+I, (7)

where the &&P and»R terms can be expected to be
even more important. Preliminary Fermilab data

should expect the missing-mass squared (MM') dis-
tribution to fall rapidly as threshold is approached.
In terms of a triple-Hegge model, the process
should be described by the diagrams of Fig. 7(b)
and (d). However, in addition to v exchange, one

can also anticipate that other I =1 states, such as
the p, will contribute. In a comprehensive triple-
Regge analysis of the inclusive proton reaction (3),
Field and Fox'" concluded that inclusion of the &&P

and»R terms was very important in determining
the magnitude of the RRP term. Based on this

analysis, predictions were made for the inclusive
charge exchange reaction

I
(

I
I

I

2
& l.0 ( GeV/c)Pg-

p & O. l ( Ge Y/c)2 2

T

b
tal

4 E
9 r

4 Lwr
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-l.0 -0.9 -0.8

pp+A Ap

I

—0.7 -0.6

FIG. 16. The Feynman x distribution for p +p b,"
+X compared to the Born OPE calculation multiplied
by e( ' and added to the sum of the ppP and A2A2P
contributions. In all cases the selections I t&&~

~ 1.0
(GeV//'c) and Pz ~ 0.1 (GeV/c) have been made.
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The decay angular distribution of the ~" in the
Gottfried-Jackson (t-channel) frame can be ex-
pressed as

3
8'(6, $) =—sin'6) p„+ (cos'0+ -,'-)p„
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FIG. 17. The distributions in the polar and azimuthal
angles for the 4 decay in the Gottfried-Jackson refer-
ence frame for 6++ —pm' [(a) and (b)] and for 6 —p 7).

[(c) and (d)). In all the cases the selections it&ai ~ 1.0
(GeV/c) and P& ~ 0.1 (GeV/c) have been made. The
6 is defined by the mass selection 1.12~ mass (p n)
~ 1.32 GeV.

sis of Field and Fox on inclusive proton production.
The Born-term prediction for the &mP+»A triple-
Regge term is substantially larger than indicated by
the data. " Thus if one is to maintain the triple-
Hegge interpretation one must modify the OPE
Born-term contribution through off -mass-shell and/
or absorptive corrections. This is not surprising
since sizable absorptive corrections to OPE are
required in two-body processes. Figure 16 shows
a much improved fit to the p+p-6" +X' data,
where the & Born term has been modified by the

factor exp(6t»).

sin 6cos2$ Rep,
2 2 (8)

2
2) (2|t)1 2 (Pll P33 i '

with the results shown in Table V. For pure, un-
absorbed OPE, the value pI] 0 5 is expected. Our
result would then allow quite a large p(A2) contri-
bution, although we note that the results at 303
GeV/c are in better agreement with pure pion ex-
change. ' Absorptive corrections to the one-pion
exchange could be important; however, it is not
very clear how to incorporate such effects. One
procedure due to Gotsman'" gives the values p»
=0.38, Rep»=0. 06, and Rep, y

0 03 ln good
agreement with our results.

IV. SUMMARY

Results are presented on the cross section, dif-
ferential distributions, and charged multiplicity
dependence for inclusive 6' production at 205
GeV/c. Comparison with data at other energies
suggests the production cross section is approxi-
mately constant for beam momentum )100 GeV/'c.

In Figs. 17(a) and 17(b) we show the distributions of
cos0 and f in the t-channel coordinate system, re-
quiring P„' (0.1 (GeV/c)' for the A". The cos8 dis-
tribution shows a slight asymmetry due to the non-
6" background. The distribution in the Treiman-
Yang angle g is consistent with isotropy. For
comparison, we show in Figs. 17(c) and 17(d) the
corresponding distributions with identical mass,
t, and P~ cuts, for the p& system. Here the
asymmetry in cos6 is much more pronounced. The
density matrix elements were determined using
moments, e.g. ,

TABLE V. Density matrix elements for 6"-p +~+ in the reaction p+P —6' +X .

Cuts Be)()
& &

1.12~ mass (Pn'): 1.32 GeV,

|t&&i . 1.0 (GeV/c)~,
Pz~ ~ 0.1 (GeV/c)~ 0.39 + 0.04 0.01+0.04 0.02 + 0.04
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We conclude that not all of the 6" production can
be attributed to fragmentation products of diffrac-
tively produced objects. Substantial disagreement
is observed between the data and the predictions
using an unmodified triple-Regge &rP+v&R Born
term indicating the presence of substantial off-
mass-shell or absorptive corrections.
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