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were made to the six angles at each energy. The
addition of the fourth term did not significantly
improve the fit, and had only a slight effect on
the other coefficients. The coefficients for fit
(3) and the normalization-free ratios B/A and C/
A are also presented in Table I.

Although the normalization of the data appears
to differ considerably from that of other experi-
ments,*® the normalization-independent ratios
(Fig. 2) are in good agreement over the region of
interest. Since a violation of time-reversal in-
variance would be expected to manifest itself in
the ratio C/A,' a meaningful comparison of Re-
actions (1) and (2) should be possible when data
for the latter process become available.
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The reactions 1= +p =71~ +X+p, X— 7t + 1, for incident 7= energy of 25 BeV, has
been analyzed within the framework of the multi-Regge exchange model.

It has been conjectured independently by sever-
al authors’ that the multiparticle production am-
plitude, in a certain well-defined kinematic re-
gion, is essentially the product of two-body Reg-
ge amplitudes. We shall refer to this as the mul-
ti-Regge exchange (MRE) hypothesis. The con-
sistency of this assumption with experimental da-
ta has been investigated by several groups,?® but
always in kinematic regions where the validity of
application is uncertain and additional assump-
tions are involved.* We have looked for MRE in
the reactions

T=+p—-1—+X +p, (1)

X—-nt+n—, 2)

at an incident 7~ energy of 25 BeV, always work-
ing in a kinematic region where the theoretical
assumptions leading to a MRE form for the am-
plitude are kept to a minimum. Simultaneous
with the requirement that the p and 7~ momentum
transfers be small, we demand that all invariant
masses (except that of the X) be large. This is
the first time that this particular kinematic re-
gion has been investigated experimentally. The
events were selected from an 80-in. bubble-
chamber exposure at the Brookhaven National
Laboratory by the Walker-Erwin group of the
University of Wisconsin.

At a fixed incident energy, the amplitude for
Reaction (1) will depend on four variables, if we
treat X as a stable particle of definite mass. We
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take these to be the two momentum transfers

— - )2 = - 2
tn-(nf ni)<0, tp (Pf PZ.) <0,

and the two final-state invariant masses

snX=(1rf+X)2, sXp=(‘X+pf2' I
ailty)
A~B_ ”(”)g (t )s m 7a1Xa2(tﬂ’w’tp)sXp
1+ exp[—iﬂak(t)]
ck(t)= k=1,2.

1+ ak(t)] sinnak(t)’

where a1(t;) and a2(¢p) are two exchanged tra-
jectories which will depend on our choice for X.
The trajectory a1(f;) couples to the initial and
final pions with strength 874 n(tn), a1(ty) and
a2(tp) couple with X through the residue YaXa,ln
w,tp ) while as(ts) couples to the external pro-
tons via Bpa p(t . The variable w occurring in
Yo, Xa, (T,, w, tpfls the angle, as measured in the
X rest frame between the normals to the plane
determined by the pions and the plane deter-
mined by the protons. The crucial point here is
that the trajectories a1(t;) and ag(tp), as well
as the residues Brqy 7(fr) and Bpa,p(tp), may be
determined from appropriate two-body reactions.
The only unknown occurring in the amplitude is
}’alXaz(tm w, tt))

The primary object of this Letter is to demon-

C!z(tp)

Here the particle symbol stands for the four-vec-
tor of that particle, while the subscripts “;” and
»” designate “initial” and “final” [Fig. l(a)].
The MRE hypothesis states that when both final-
state invariant masses are large, the amplitude
for Reaction (1) in the region where both momen-

tum transfers are small will receive contribu-
tions of the form?®

¢ (tp)Bp 2p(p)

3

strate that the data are consistent with MRE if
a,(0)~ 3, @,(0)~ 1. This indicates that if the iso-
spin I of the X is 1, p and Pomeranchukon (P) ex-
change are most important; while if the X has I
=0, the P’ and P may be the dominant contribu-
tors. The data clearly exclude double-Pomeran-
chukon exchange as the dominant production
mechanism for Reaction (1). If the (/=0)/(I=1)
X production ratio is small, then the 7=0X may
still be produced primarily via double-P ex-
change.

There is, in general, an ambiguity as to wheth-
er a particular 7~ should be grouped with the 7+
to form an X, or whether it should be called T
We take 75 to be, by definition, that 7™ which
makes the smallest momentum transfer with the

FIG. 1. (a) Kinematic diagram. (b) f{z~t, scatter plot. The line lt +2t,1 =0.8 is used in making a momentum-
transfer cut of the data. To the scale shown, the kinematic boundanes are given by the lines tp =0 and £; =0,
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incident 7, i.e.,
-——r =)2| = < - —)2
l(nf m )3 It"\ |(1TX m )4,

where 7y~ designates the 7~ that is included in X.

We have indicated that Eq. (3) is expected to
hold when both final-state invariant masses are
large, while both momentum transfers are small.
More precisely, we shall restrict ourselves to
events where syy and sxp lie outside the final-
state two-body resonance region, i.e.,

2 2
sﬂXZZ BeV? (40%), sXp>4 BeV? (25%),

sﬂp=(1rf+pf)2>4 BeV? (2%). (a)
The percentage indicates the fraction of events
that are removed, at each stage, as a result of
the cut employed; we begin with ~2000 four-
prong, four-constraint events with identifiable
proton, Our results are insensitive to the exact
location of these, and subsequent, cuts. The mo-
mentum-transfer constraints will be described
shortly, Other investigators® have not required
that both final-state invariant masses be large.
Justification for this must rest on some, as yet
ill-defined, generalization of Dolen-Horn-Schmid
“duality” to multiparticle amplitudes.* Since this
“duality” principle frequently does not work in
two-body reactions when we include only one or
two trajectories,® we feel that if we want to dem-
onstrate the validity of Eq. (3), we had best work
in kinematic regions which are free of “duality”
uncertainties.

When the X mass is large (above the n*ry ™~
resonance region), the dynamics presumably are
described by triple-Regge exchange. Since the
number of events here is small, we ignore these
for simplicity and confine ourselves to the dou-
ble-Regge—exchange region by requiring

mX2=(n++1;X")2$2 BeV2 (8%): (b)

except for X =g(1.650 BeV).

We have, in addition, removed those events
where one of the 7’s from the X resonates with
either the final proton or 77, i.e.,”

(r+ +Pf)2#=mA2 (18%),

%,m 2 (31%). (c)

(m*+m ‘)2¢mp m

f

a1(0) + oz1’(0)t,,s

A x<explc it )s”X X

f |

a2(0) + g (0)ip eXp(Cztp)

In order to see if our data are consistent with
MRE, we first look for an accumulation of events
[satisfying (a)-(c)] when the momentum transfers
ty and fp are both simultaneously small. This is
one of the most striking features contained in Eq.
(3) (exponentials in momentum transfer arise
both from the B’s and the s® factors), and will
determine if a multiperipheral signal is present
in the data when the final-state invariant masses
sgx and sxp are both large. The result is shown
on a t;~ty plot in Fig. 1(b). Note that there is a
large excess of events when both ¢’s are small
even though phase space vanishes at the bounda-
ries of this plot. We now isolate this multiperi-
pheral signal by restricting ourselves to the
small momentum-transfer events contained with-
in the region

It"+2tp| <0.8 BeV? (40%), (d)

and examine them to see if they are consistent
with the expected detailed MRE structure. We
have not treated ¢ and t; symmetrically in (d)
because the peaking in 5 is sharper than the
peaking in {;. This asymmetry is our first indi-
cation that double-P exchange is not dominant.
Double-P exchange would require all distribu-
tions for Reaction (1) to be approximately sym-
metric under the interchange t; —tp [recall that
mp and pp elastic scattering have similar diffrac-
tion peak slopes implying, via factorization, that
Bnapn(t)zBpapp(t)]. Note that earlier analysis??
did not incorporate this type of momentum-trans-
fer cut (d). We have found it useful in sharpen-
ing the MRE signal.

The cross section for the 250 events which re-
main after the application of conditions (a)-(d) is
95+ 10 ub.

To proceed further in the analysis, we assume
that y is independent of w and may be parame-
trized® by y xexp(git, + &atp). The consistency of
this assumption will be checked later. Similarly,
we parametrize the 8’s by By n(tr) < exp(baty),
Bpa,p(tp) <exp(b2tp). The signature factors ¢p(t)
are slowly varying in ¢ and will be set equal to
constants. Altogether, with a linear approxima-
tion for the trajectories, the MRE amplitude may
be put into the form

’ Ci=bi+gi’ i=1y2- (4)
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To obtain some feeling for the relative size of
a,(t) and a,(t), we examine the s;x and syp dis-
tributions [ Figs. 2(c) and 2(d)]. The differences
in scale are striking. Approximately half the
events have sxp> 15 BeV? there are no events
with s;x > 15 BeV?. This asymmetry automatical-
ly excludes dominant double-P exchange and im-
plies a,(¢) <a,(¢) in the small-f region under in-
vestigation.

In this Letter we will not attempt a determina-
tion of «,’(0) and a,’(0); anticipating the fits we
will obtain (i.e., 1=p or P’,2=P) we shall take
these as inputs to be 1/BeV? and 0, respectively.

The following iterative scheme is used to com-
pare the amplitude with the data. We first guess
that o,(0)~3, a,(0)~1, and c,~5, being guided
by our knowledge of two-body reactions and our
expectation that 1=p or P’, 2=P (we know b,
~2.5 and we might expect a comparable value for
&2)- We then integrate over s;y, sxp, and tp,
fitting ¢, by comparing the resulting ¢; distribu-
tion with experiment. The results are shown in
Fig. 2(a) and favor c,=~1. Since this distribution
is more sensitive to ¢, than to any of the other
parameters, iteration will be possible. The next
step is to take o,(0)~3, a,(0)=1, and c,~1, and
to fit ¢, with a tp plot as shown in Fig. 2(b). Note
that c,~ 5 works quite well although the first ¢y
bin appears somewhat underpopulated. Fixing
¢,~1, ¢,=5, we now fit @,(0) and @,(0) from the
spx and sy distributions [Figs. 2(c) and 2(d)].
Note that although a plot in one of the s’s will be
rather insensitive to ¢, and c,, it will depend

EVENTS/BeV?

e

EVENTS/02 Bev?

»
=

EVENTS/5 BeV?
n
o

FIG. 2. (@)-(d) ¢q, tp, Sxp, and spx distributions,
respectively. Note scale changes. The shaded events
in this and succeeding graphs correspond to 0.7 BeV
<M x<0.83 BeV, where My is the mass of the X. Only
about 3 of these events are actual p’s. To simplify the
calculations, the theoretical curves were computed as-
suming an average X mass equal to 0.765 BeV.
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rather critically on both «,(0) and a,(0). For ex-
ample, in the sy, distribution, high values of
Sxp depend most sensitively on a,(0), as expect-
ed, but low values depend both on «a,(0) and a,(0).
A consistent fit to the qualitative features of both
s distributions is found with a,(0) =%, a,(0)~1, in
agreement with the predictions of MRE if 1=p or
P’, 2=P (recall that the p and P’ trajectories
have comparable intercepts at ¢ =0).

Although our sy fit [curve 4, Fig. 2(c)] works
quite well for large values of Sxp there are def-
inite discrepancies at low Sxp- These can be
corrected, without altering the goodness of fit to
the other three distributions, by adding in a
small contribution with @,(0)=1, a,(0)~$ and al-
lowing it to interfere with the main term in the
amplitude.®

Identifying 2 =P, taking cp=5 from our analy-
sis, and using bp=~2.5 from two-body reactions,
we have gp~2.5. Since b, is essentially unknown,
we are unable to estimate g,.

We now check our assumption of the indepen-
dence of y on w by computing the expected w dis-
tribution and comparing it with experiment [Fig.
3(b)]. Note the fit is satisfactory; no variation
of y with w is needed.

To understand what comprises X, we have plot-
ted the invariant X mass for events which satisfy
all constraints except Fig. 3(b). Note that while
some p is present (~20 events), no strong f (<15
events) or g (<3 events) signal is observed.
Since the g lies on the same trajectory as the p,
the difference between g and p production may be
attributed solely to differences in y and phase
space factors. Phase space favors g over p by a
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FIG. 3. (a) X invariant-mass plot. The solid line is
obtained from Eq. (3) assuming y, Xa, is independent
of X. (b) w angular distribution. The solid curve fol-
lows from Eq. (3) assuming Y o Xa, is independent of w.
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factor of 4 [solid line, Fig. 3(a)]. Consequently,
the middle residue y must fall dramatically as
we move along the X trajectory from p to g. We
have estimated theoretically the f/p production
cross-section ratio to be 25 assuming a1 =ap,
ag=apforf, aj=ap,ag=ap for p, and Yapfap
=Yappap: Since the experimental f/p production
ratio is ‘<1, we have additional evidence that dou-
ble-Pomeranchukon exchange is either severely
suppressed or absent.

In summary, we have found that (1) multipe-
ripheral events exist even when final-state invari-
ant masses are large. (2) The multiperipheral
events are consistent with a MRE structure. We
find ap(0)~1, ap(0)~ 3, and/or ap/(0)~z, in
good agreement with determinations of these pa-
rameters from two-body reactions. Double-Pom-
eranchukon exchange is not dominant. (3) The in-
ternal vertex y is independent of the angle w.

(4) Multiperipheral f production is suppressed by
a factor of at least 25 over what one might expect
from double-Pomeranchukon exchange. (5) Multi-
peripheral g production is small indicating that
residues considered as functions of external
mass are strongly damped with increasing mass.
(6) The cross section for the MRE events is 95
+10 ub. We have used the MRE model, normal-
ized to this cross section, to predict cross sec-
tions for this same reaction at other energies.
We find that the cross section peaks at around

10 BeV with a maximum value of ~165 pb. How-
ever, at this low energy, ambiguities in grouping
the final-state particles may become serious.
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