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We have studied inclusive b, ++ production at 147 GeV/c in pp, K +p, m. +p, and m p interactions. All four

reactions were detected with the same apparatus and analyzed in the same way. The energy dependence of
the b++ cross section was found to be Ap '+ B for pp, K+p, and m+p interactions and constant for m p
interactions. The shape of the inclusive 6++ distributions does not depend on the beam, while the

magnitudes are proportional to the total cross sections. We have obtained the effective trajectory at the p-
6++ vertex from a triple-Regge analysis and found that all results are consistent with predictions of a triple-

Regge diagram where a Pomeron is exchanged at the beam vertex and a m at the target vertex.
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I. INTRODUCTION

This is a report on a comparative study of &'+

inclusive production at 147 GeV/c in w'p, K'p,
pP, and m p interactions. Systematic differences
among the four interactions have beeri minimized
by the fact that all these interactions have been
measured at the same energy with the same ap-
paratus and have been analyzed using the same
procedure. In this paper we present new results
for the reaction

pp —a"+X'

and for the reactions

Z p-~"+X'

and

harp-6

+X'

(2)

at the highest energy to date. The results of the
reaction

n'p . 6"+X (4)

II. EXPERIMENTAL DETAILS

have been previously published elsewhere. '
We find that the shapes of the inclusive distribu-

tions of &"production in reactions (1)-(4) are in-
dependent of the identity of the incoming beam
particle. The relative magnitudes of the inclusive
cross sections for these reactions are in good
agreement with the predictions of a triple-Regge
model. We have used this model to extract the
effective trajectory at the p&" vertex.

The experimental details are presented in Sec.
II. The cross sections for reactions (1)-(4) are
given in See. III, where we also discuss their en-
ergy dependence. Some inclusive distributions
are shown in Sec. IV. Section V contains the re-
sults of a triple-Regge analysis of the data. The
results are summarized and conclusions are given
in Sec. VI.

glass forward-y detector was added for the second
. part of the positive exposure. Details of the ex-

perimental arrangement and of the data reduction
have already been published.

The present study is based on 6974 m p events,
11513pp events, 12561 7t p events, and 1701 K'p
events. All of the events were analyzed in exactly
the same manner. All negative outgoing particles
and positive particles with laboratory momentum
greater than 1.4 GeV/e were assumed to be pions.
Positive particles with laboratory momentum less
than 1.4 GeV/c were identified as w' or p by ioni-
zation.

The correct identification of protons is neces-
sary for the study of reactions (1)-(4). Since this
identification is limited to positively charged
particles with laboratory momenta & 1.4 GeV/c,
one cannot study inclusive &" production using
identified protons over the whole t~~ range, where
t~~ is the square of the four -momentum transfer
between the target proton and the ~. One can, as
the authors of Ref. 3 among others have done,
completely disregard ionization information and
assign multiple mass hypotheses to each positive
track, entering each hypothesis in the invariant-
mass distribution. The t dependence of the false
combinations at 16 GeV/c was checked and no
significant structure was found in the ~ mass re-
gion. ' For our present study, we have restricted
ourselves only to identified proton events. To
avoid biasing the angular distributions, we have
further restricted the data sample to

~
t„~ ~ 1

(GeV/c) . This limits, of course, our study of
reaction (1) to &'"s produced in the backward
center-of-mass hemisphere. The number of
events in various topologies have been corrected
for scanning and processing losses by normaliza-
tion to the topological cross sections presented in
Ref. 2. Further details of the data handling and
the various corrections, most of which are topo-
logy dependent, can be found in Ref. 1.

The data used in the present study come from
two exposures in the Fermilab 30-inch hybrid
spectrometer; one with a tagged negative beam,
mainly m, and one with a tagged positive beam
composed of 7t', K', and p. Beam particle identi-
fication was made by a threshold and differential
Cerenkov counter. In both exposures, the beam
momentum was 147 GeV/c. The results of the
105 000-picture m p exposure have already been
published. " The 400 000-picture positive -beam
exposure consisted of two parts: one in which the
beam content was mainly m' and P with a very
small number of E"s and another with the ratio
of w'/K'/p of 6/1/3. A small prototype of a lead-

III. 6++ CROSS SECTION

Figure 1 shows the pm' mass distribution of all
the combinations having a momentum transfer
squared of ~t»,.~

~1 (GeV/c)'. The mass dis-
tributions resulting from the reaction Pp —(Pw')
+ anything, K 'P —(P w') + anything, w'p —(P w')

+ anything, and w P —(P w') + anything are displayed
in Figs. 1(a), 1(b), 1(c), and 1(d), respectively.
All four reactions show clear peaks in the vicinity
of the ~"mass.

Several techniques for estimating the cross sec-
tion for &"production in reactions (1)-(4) have
been used in various experiments. The cross sec-
tion has sometimes been estimated by a simple
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The cross section obtained for &" production
has been found to depend on the method used to
obtain it. ' Thus, any comparative study of the

production must use a consistent method of ob-
taining 'the &" cross section. In the present paper
we study both the energy dependence and the beam
dependence of the &" production. The method
used to obtain the ~" cross section for the study
of the energy dependence of each of the reactions
(1)-(4) will be that used for the same particular
reaction at other energies. For our study of the
beam dependence of the &" production, we will
use the method discussed later in this section for
all four reactions.

Reaction (1) has been studied at beam momenta
up to 405 GeV/c. The pII' mass distributions in
the energy range 12 to 405 GeV/c have been fitted'
to the form0

I.O l.4 I.8 I.O l.4
M(p7T+ ) (GeV)

I.8

=Ae '"(q+ Cze„), (7)
FIG. l. Effective mass of p7I' combinations for those

combinations which satisfied the condition ) t& & )
( 1

(GeV/c) for the interactions (a) pp, (b) K'p, (c) n'p,
and (d) 7I p, each at 147 GeV/c incident momentum. The
curves shown are the results of the fits described in the
text.

mass cut. The background has sometimes been
described by a hand -drawn curve, sometimes by
fitting a polynomial expansion in the effective mass
M of the pII' combination' or in (M -M,„),"where
M, „=m~ + m„and sometimes by fitting an expo-
nential in M to the data. Three forms used for the
exponential background are e '","(M' -M',„)"e '",'
and (M -M, „)'e '" '", where a, 5, and e are fitted
par arne te rs .

There are also variations i:n the Breit -Wigner
function used to describe the data. One form used
is

I I I IIIIII I I I I IIIII I I I I I I IIIIII I I I IIIIII I I I

PP 77 p
+

I3.0
l3.4

where M is the mass of the p m' combination, q
the momentum of one of the decay products at this
mass, and F» represents a p -wave Breit-Wigner
function. We have fitted this form to our mass
distribution of Fig. 1(a) over the same mass
range as used in Ref. 7 (1.08-1.52 GeV). Figure
2(a) shows our results at 147 GeV/c together with
the results of Ref . 7. The cross section for re-
action (1) decreases with &„„,then levels off near
70 GeV/c to a constant value of about 1.8 mb with
a possible rise at higher energies.

where

r (M)
(M' -M 2)2 + M ' r (M )

'

~(~)'g(M)

(5)
b

CO

2—

(b) K'p (d) 7r P

Mp I'
(M' -M ')'+M'r' '

where l = I;(q/q, )'.'
(8)

The quantities MD and I"0 are the mass and width
of the &", respectively, and q is the momentum
of one of the decay products in the &" rest frame.
The forms used for p(M) are p(M) = (m, '+ q') ', '
p(M)=(2. 2m, '+q ), and p(M)=[(M+m ) —M, ]/
M'

~
' Another form for the Breit -Wigner function

5 IO 50 IOO 5 IO 50 IOO

P (GeV/c )

FIG. 2. Variation of inclusive 6" cross section as a
function of laboratory momentum for (a) pp interactions
at 147 GeV/c with ( t I & 1 (GeV/c)~ (in the backward
hemisphere), along with data compiled in Hef. 7; (b) K'p
intera. ctions at 147 GeV/c with ) t ) & 1 (GeV/c)~, along
with cross sections based on data in Ref. 9; (c) 7I'p in-
teractions at 147 GeV/c with ) t ) & 0.6 (GeV/c)~, along
with cross sections based on data in Ref. 11; (d) 7r p in-
teractions at 147 GeV/c with I t ) & 1 (GeV/c)2, along
with data from Refs. 6 and 12.
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Reaction (2) has been studied at beam momenta
up to 32 GeV/e. 9 Our experiment extends the
highest energy measurement of reaction (2) to
147 GeV/c, permitting a good determination of
the energy dependence of the &" cross section.
Reaction (2) has been fitted' to the form

(8)

where F» has the form (5) with p(M)= [(M+m&)'
-m, ']/M', and the n, are fitted parameters. This
fit was performed at 32 GeV/c for different t in-
tervals, using the method of Ref. 3, and the re-
sulting t distribution was presented up to 3
(GeV/c)'. ' We have used the t distribution of Ref.
9 to deduce their integrated &'+ cross section for
~t~ &1 (GeV/c)'. If we assume that the &"has the
same t dependence at 8.25, 16, and 32 GeV/c,
we can obtain an estimate of the ~" cross section
at these energies for ~t

~

&1 (GeV/c) . We have
fitted Eq. (8) to our data for reaction (2) and pre-
sent our result. at 147 GeV/c in Fig. 2(b), together
with these estimated cross sections at 8.25, 16,
and 32 GeV/c. The energy behavior of reaction
(2) is similar to that of reaction (1). Although
the cross section can be seen to decrease with en-
ergy, more data points are needed at intermediate
energies and at higher energies to see whether it
has reached a constant value at our energy.

The cross section for reaction (3) has been given.
at various energies but these measurements can-
not be directly compared because they were ob-
tained using different techniques. Distributions of
dc//(dtdM) for M(Pv') =1.12-1.34 GeV and It

~

&0.6
(GeV/c)' have been published at 8, 1,6, and 23
GeV/c. " The cross section we obtain at 147
GeV/c for pw' combinations wtih M(pm') = 1.12-
1.34 GeV and

~
t

~
&0.6 (GeV/c)' is shown in I'ig.

2(c), together with the integrated values from the
lower energies. " The cross section decreases
toward a possibly constant value, as in the other
two reactions.

Reaction (4), which has been measured at inci-
dent momenta up to 360 GeV jc,' exhibits a dif-
ferent energy behavior. In fact, the cross sec-
tion is nearly constant from 10 to 360 GeVjc. We
have fitted our Pn' mass distribution from reaction
(4) to the form used in Ref. 6,

do' =aF»+ ~ b)(M —Mqq)
)~1

where F»has the form (6). The cross section
we obtained for reaction (4) at 147 GeV/e using
this technique is shown in Fig. 2(d), along with
the values obtained in Ref. 6 and at other energies. '~

As can be seen, the cross section is almost con-

stant throughout the energy range 10—360 GeV/c.
Due to the fact that the cross sections for reac-

tions (1)-(4) were obtained using different tech-
niques, one cannot compare the absolute cross-
section values. Nevertheless, one can make
qualitative comparisons of the energy dependence
of the four reactions. There is a clear difference
between the ~" cross sections obtained with a p,
E', or m' beam and that obtained with a m beam;
in reactions (1), (2), and (3), we have observed a
decrease of the cross section towards an almost
constant, or even rising, value with energy. In
contrast, reaction (4) has an almost constant
cross section. This different behavior is not sur-
prising if one considers the recoiling system; in
reaction (4) the recoiling system is exotic, does
not contain resonances, and, thus, one expects
Pomeron dominance at the vertex of the recoiling
system. Such behavior was also found for the re-
action K P -~"X, when the cross section also
seems to remain constant to the highest available
measurement at 32 GeV/c. "

Reactions (1)-(3), on the other hand, have a
neutral recoiling system and, thus, can include
two-body final states like &"p', &"&u, &"f', etc.
These processes are known to give sizable con-
tributions to the cross section at lower energies—
contributions which are expected to decrease with
energy. Thus, whereas Pomeron exchange domi-
nates already at relatively low energies in reaction
(4), here there are two contributions, Reggeon ex-
change and Pomeron exchange. Reggeon exchange
is expected to have a p decrease with laboratory
momentum p, where + is a fitted parameter; the
Pomeron-exchange contribution is constant with
energy. We have fitted the cross-section values
of reactions (1)-(3) to the form

o=Ap o+B, (10)

where o is the cross section in mb, and A. , &, and
B are fitted parameters. The results of our fits,
shown as the solid lines in Fig. 2, are all con-
sistent with a P ' behavior. The best fit values of
the parameter & are 0.9+0.1, 1.0+0.2, and
1.0 + 0.2 for reactions (1), (2), and (3), re spec-
tively. Reaction (4) has no energy dependence,
as expected. '4

We would like to compare the details of the reac-
tions (1)-(4) with each other in order to study the
dependence of inclusive &" production on the quan-
tum numbers of the initial state. As previously
stated, we cannot use the values given in Fig. 2
for this purpose because they were evaluated by
a different method for each beam. Therefore, we
have fitted the p~' mass distributions of all four
reactions to the same expression
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' =oF,„+gf, (M-M, „)',BW i th
0

~A
Cd

R—o(ap —h "X)
or(ap)

(12)

The values of R, are listed in Table I for the four
incoming beam particles. These values are equal
to each other within uncertainties.

In Table I we also give the topological and total
cross sections for the mass region 1.12 &M(Pn')'
=1.32 GeV and for ~t~ &1 (GeV/c)'. This mass
cut gives results which are very close to those
obtained by fitting the mass distributions in Fig.

A further comparison of the &" cross section
for the four reactions will be given in Sec. V.

IV. INCLUSIVE 6++ DISTRIBUTIONS

In this section we present the inclusive differ-
ential cross section of the ~" in the variables
t'= ~t —t~~ ~, the square of the transverse mo-
mentum (Pr'), Feynman x, and the rapidity in the
center of mass (y). These distributions will be
given for all four reactions (1)—(4). For reactions

Ml q
3 p(M)

Bw I'(M 2 M2)2 + M 2P2] $ 0
q p(M )

p(M)= (2.2m, '+q') ', Mo= 1.228 GeV, and I;
= 0.123 GeV. The fit was performed over the mass
range M(pv') &2 GeV and It

~

&1 (GeV/c)'. The
curve corresponding to the best fit of expression
(11) to the data can be seen in Fig. 1. The mass
parametrization of Eq. (11) is one of several that
give an adequate representation of the pn' mass
distribution . A fourth term in the polynomial
improves the y' contribution at low masses but
does not change the cross section; including the
third term does alter the cross section. The im-
portant point is that the same technique be used
for all four reactions. The cross sections ob-
tained by fitting Eq. (11) to the mass distributions
are given in Table I for all four reactions. The
cross sections displayed in Table I do not corre-
spond to any of these displayed in Fig. 2, since
the technique used here is different from those
used to obtain Fig. 2. The &"cross section for
pp reactions is in the backward hemisphere only.
We have also performed a fit to the mass distribu-
tion for each topology, results of which are also
given in Table I. The ~" cross section for a n'

beam is about equal to that for a w beam; the pp
cross section is about 40% higher than the v p
and the K 'p is about 20% smaller than the w p.
Let us define R, as the ratio of ~"cross sections
to the total cross section for an incident particle
a,
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(1), (3), and (4), the distributions were obtained
in two ways: (a) The data were divided into ap-
propriate regions of the inclusive variable, and
the pw mass distribution was fitted for the amount
of 4" cross section in each region using the form
(11); (b) the distribution was obtained for the mass in-
terval 1.12 (M(pe') & 1.32 GeV. As we have al-
ready shown in Table I for the total cross sections,
arid as can be seen in the inclusive distributions,
both methods give very similar results. The
number of events in our sample of reaction (2) is
a factor of 5 smaller than the number of events in
the other three reactions, so some distributions
for reaction (2) were obtained only by the mass
cut method.

TABLE II. Fitted parameters for der/dt'= &e-~~ and
for do jdpT =Ca-~& .

& j(GeVjc)-'] 6.7+0.4 5.4+ X.X 5.2+0.4
B l{GeV/c) -'],8.9+0.4 8.2 + 1.1 7.0 + 0.4 7.4+ 0.5

Similar slopes are obtained over the same t' in-
terval at other energies. The steepness of the
slope indicates that ~" production is peripheral
and suggests that the production mechanism is
consistent with a one-pion-exchange (OPE) model
including absorption. " This will be further dis-
cussed in Sec. V.

A. t' distribution

The t' distribution can be used to show the peri-
pheral nature of the mechanism responsible for
&" production. Figure 3 shows the t' distribution
of &'" produced in reactions (1)-(4), as obtained
by the two methods described above. A single ex-
ponential distribution was fitted to the mass cut
data for all four distributions, using the data up
to t'=0. 4 (GeV/c)'. The resulting slope parame-
ters are given in Table II. As can be seen, reac-
tions (2), (3), and (4) have almost the same slope,
while reaction (1) has a slightly steeper slope.

B. p&2 distribution

The procedure used to obtain the transverse
momentumdistribution do/dprm for the &" is simi-
lar to that used for the do/dt' distribution de-
scribed above. Figure 4 shows the da/dpr' dis-
tribution for Pr' ~ 0.4 (GeV/c)' for all four reac-
tions. %e have fitted a single exponential to the
mass cut distributions; the slopes are given in
Table II. Reactions (2), (3), and (4) yield the
same slopes within errors. The slope of reaction
(1) is slightly higher than the others.

IO.O

5.0

) pp

I I I I I I

(c) ~+p
IO.O

5.Q

I.O

V 0 50

E

~ lo.o

5.0

(b) K+p (d) vr p

I.O
N

i 0.50

E
NI

~ 10.0
~ 5.0

K+p

I.O

0.5—
I.Q

0.5—

0.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6
t'[(GeV/c) ]

0.0 0.2 0.4 0.2
P ((GeV/c) I

0.4

FIG. 3. Differential cross section do/dt' as a function of
t' for g" production in (a) pp, (b) K'p, (c) 7I'p, and (d)
x p interactions. The curves shown are the results of
the fits described in the text. The crosses are vlaues
obtained via mass cuts, the open circles are values ob-
tained by fitting the px' mass distribution for the t'
ranges 0 & t' & 0. 1, 0. I & t' & 0.3, and 0.3 & t' & 0.6

(GeV/c) .

FIG. 4. Differential cross section do/dpi' as a func-
tion of pz for 6" production in (a) pp, (b) K'p, (c) n'+p,

and (d) x p interactions. The curves shown are the re-
sults of the fits described in the text. The crosses are
values obtained via mass cuts, the open circles are val-
ues obtained by fitting the px' mass distributions
for the pz ranges 0&pz &0.04, 0.04&pz &0.1, 0.1

pg 0. 2, and 0.2 &pp &0.4 (GeV/c) .
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C. x,y distributions
(c) 7r+p

I I I I I

(c) 7r+p

0

b (b)K p (d) 7r p

Figures 5 and 6 show the Feynman x and rapidity
y distributions of the &", respectively. For reac-
tions (1), (3), and (4), we have obtained these
distributions by both fitting the mass distributions
in each x and y bin and by using a mass cut. The
two methods give very similar results except for
the region x & -0.7. In this region the overall
~t

~

=1 (GeV/c)' cut combined with the x cut severe-
ly limits the Pr' mass distribution to low masses,
below the central peak of the &". Thus, a mass
eut for high x includes a larger fraction of low
mass (below the &") combinations and thus over-
estimates the cross section in this region. For
reaction (2) we used only the mass cut definition
of &" for these distributions. All four reactions
have similar dq/dx and dv/dy distributions. The
x distribution of the &" peaks around x= -0.85
for all four reactions. This result is again in
good agreement with the prediction of Gotsman"
for an OPE model with absorption, which is that
the x distribution should peak near -0.85 for p~'
&0. 1 (GeV/c)'. The y distributions peak around
y = -2.4 in all four reactions.

In summary, the ~" seems to have the same
behavior in t', p~', x, and y in all four reactions.
This behavior is similar to that of &"produced in
& P (Ref. 16) and pp (Refs. 7, 8) reactions.

b
O

(b)K p (d) 7r p

I

-2.5
I I I

-2. l -2.5 —2.I

FIG» 6. Inclusive 6 production cross section as a
function of y for (a) pp, (b) K'p, (c) 7I'p, and (d) m p in-
teractions. The closed circles are the values obtained
via mass cuts, the open circles are values obtained by
fits to the px' mass distributions.

V. TRIPLE-REGGE ANALYSIS

In this section we will study &" production in
the framework of the triple-Regge model. The
schematic diagram for this process is shown in
Fig. 7. We denote the trajectory coupled to the
P-&"vertex by E, the beam particle by a, and
the exchange dominating the aE —aE scattering
by M. Since the &" cross section is constant or
possibly rising at high energies for reactions (1),
(3), (4), and possibly (2), we expect M to be the
Pomeron. Pomeron exchange has been shown'
to dominate already at 15 GeV/c in reaction (4).
A further test of Pomeron dominance can be made
by studying the ratio of &"cross section to the total
cross section, as defined in (12). If the Pomeron dom-

i Z" (I2&Z)

0 I I I -
I I

- I.O -0.8 -0.6 - I,O -0.8 -0.6
X

-0.4
a"(~zsz)

P

FIG. 5. Inclusive d" production cross section as a
function of x for (a) pp, (b) K'p, (c) x'p, and (d) x p in-
teractions. The closed circles are the values obtained
via mass cuts, the open circles are values obtained by
fits to the pm' mass distributions.

FIG. 7. Triple-Begge diagrammatic representation of
the reaction a p 6"X.
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TABLE III. A++ density matrix elements for t'&0.2 (Gev/c} . Our results and predictions
for OPE with absorption (OPEA).

OPEA

&33

Reps~

Reps&
t

0.08+ 0.03
-0.02 + 0.03

0.02 + 0.03

0.09+ 0.06
-0.08+ 0.07

0.01+ 0.08

0.12+0.03
0.02 + 0.03

-0.01+ 0.03

0.05+ 0.03
-0.03 + 0.03

0.03+0.03

0.12
0.06
0.03

inates at the beam vertexin reactions (1)-(4), then
Pomeron factorization would predict that the ratio be-
tween 4" cross sections for two different beam
particles a and b should be equal to the ratio of the
corresponding total cross sections a~

o(bp —A"X) or(bp)
o(ap —~"X) or(ap)

13

or, equivalently,

o(ap dl"X) (7(bp A"X)
o (ap) o (bp)

These ratios are listed in Table I and are indeed
equal to each other. The agreement for reaction
(2} indicates that although Pomeron dominance
could not be established from the energy depen-
dence alone, it is in fact valid in that case as well.
We will therefore make the assumption that M is
the Pomeron in our triple-Regge analysis.

Next, we will consider the exchange E. The
steep t' distribution and the shape of the x distribu-
tions were in agreement with predictions of an
OPE model" suggesting that E is the pion trajec-
tory. Another test for the pion trajectory can be
made by examining the density matrix elements
p», Rep», Rep, , for the &"decay. The values
which we obtained for the density matrix elements,
using the method of moments, are listed in Table
III, along with the predictions for OPE with ab-
sorption. The results are consistent with pion
exchange at the p-~" vertex. In our analysis we
assume only that M is the Pomeron and try to ob-
tain information on the exchange trajectory E.
With this in mind, we write the triple-Regge in-
variant cross section as follows:

f(s t M 2/s)=P(t)(M 2/s)~p'0 2as( )sap 0)

(14)

Q4

I I I I I I I I I

(0) pp

I I I ~ -C I I I

I I I I I I I I I

(c) Vr+P
r

-Q.4

-0.8

04

(b) K+P

I I I I

(d) 7T P

II-
I rl I I

II
I

-0.8~

model is valid. In this case, due to the width of
the &" resonance, the maximum value of M~'
kinematically allowed depends on the mass of the
particular pm' considered. To remove this problem,
we define the quantity" z =Mr'/M „', where M
is the maximum possible value of M~' for any
given t and pm' mass value. This distribution was
obtained for each reaction for all events with
1.12 &M(pm') &1.32 GeV (which, as we have shown
earlier, give a good representation of the ~" reso-
nance behavior) for several reg'ions of t. VFe fitted
each z distribution by the form z"", where b(t)
= &„(0)—2&s(t) =1 —2&s(t). The data points
shown in Fig. 8 are the results of these fits. The
solid line in each case is the expected m trajectory,
o,(t)=0.02+t, and the dotted lines are the p tra-
jectory ~,(t)=0.56+t: All four reactions are
consistent with the exchange E being a m trajec-
tory. Similar studies at lower energies for m p
(Ref. 5) and K P (Ref. 16) interactions found that
&s is consistent with a w trajectory at low t [~0.3

where P(t) is a residue function, n'(0}=1.0 is the
intercept of the Pomeron trajectory, us(t) is the
trajectory of the exchanged particle E, and M~
is the mass recoiling off the &", or the total ener-
gy of the aE system.

In order to determine the trajectory &E, one gen-
erally fits expression (14}to the Mx'/s distribu-
tion for various t intervals in the region where the

I I I I

-0.8
I I I

Q4
I I I I I

0 -08
t[(Gev/c) ]

I I I I

-04 0

FIG. 8. Regge-trajectory parameters O'E (t) as a func-
tion of t as determined by the present analysis (see text)
for (a) pp, (b) X'p, (c) 7t''p, and (d) jt' p interactions.
The solid lines correspond to the pion trajectory and are
of the form e = 0. 02 (GeV/c)2+i, and the dotted lines
are the p trajectory mp 0 56 (GeV/c) +
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(GeV/c)'j and with a p trajectory at higher t. Our
results indicate that the contribution from p ex-
change has diminished with increasing energy and
that at our energy, the one-pion-exchange diagram
is dominant.

VI. SUMMARY

We have measured the inclusive &"production
at 147 GeV/e in pp, K'p, m'p, and m p interactions.
All four reactions were measured with the same
apparatus and analyzed in the same way.

We have studied the energy dependence of the
&"production for all four reactions by evaluating
the & cross section in our experiment and from
published data at other energies in a way consis-
tent within each reaction. We found that the &"
cross section is consistent with Ap '+8 for the
first three reactions in which the recoiling system
off the ~" is neutral and may contain resonances.
Similar energy dependence has been seen in anoth-
er reaction [pp —&"I (Ref. 7)], where the sys-
tern recoiling off the ~" could also contain reso-
nances. Reaction (4) is constant with energy, as
expected for a system in which the recoiling me-
sonic mass is doubly negatively charged. The
same trend was found also for the reaction K p—~"X . ' These results indicate that in all four
reactions only Pomeron exchange remains at the
beam vertex at our energy.

We have also measured the &" cross section for
all four reactions at 147 GeV/c using the same

Breit-Wigner shape and the same expression for
the background. This permitted a study of the
dependence of the &"production on the beam
properties. The inclusive distributions of the
variables x, y, t', and P~ all have very similar
shapes for the different reactions, and their mag-
nitudes, as well as those of the integrated cross
sections, areyroportional to their total cross sec-
tions. This result is expected if the dominant ex-
change at the beam vertex of the diagram in Fig. 7
is a Pomeron and if, in addition, all four reactions
have the same exchange at the P&" vertex.

We have studied the decay density matrix ele-
ments for the &"decay, which gave results in
good agreement with that of a Reggeized ~-exchange
model with absorption. "

We have studied the &" recoil system using a
triple-Regge analysis. We have obtained the ef-
fective trajectory of the exchange at the p~" ver-
tex and found for all four reactions that it is in
good agreement with a pion trajectory.
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