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Abstract

;nclusiye A++(1236) and A° production in ﬂ+p and pp interactions is
examined in terms of a one meson exchange model. We find inclusive A++
production to be consistent with one pion exchange, and if one demands a
gap of at least one unit of rapidity between the A® and 1ts recoiling
mass, inclusive A® production 1s comnsistent with one kaon exchange. The
>, recoiling from the 2™ and A° 1s

CH
studied as a function of massing mass M2 for both n+p and pp interactions.

average charge multiplicity, <N



Introduction

There has been inéreasing ev:f.denc:e.l"-5 that inclusive A++(1236) pro-
duction in the hundred GeV range is mediated by one pion exchange. In
this paper we show that this is also the case for both the pp and n+p
interactions at 100 GeV/c. The average multiplicity, < NCH >, of the mass
recolling off the A++ produced in pp interactions 1is shown to be consist-
ent with that of = p scattering. Examining the mass recoiling against
the ATT from ﬂ+p interactions allows us to study“NCH> for off—maés—shell
n;n+ interacfions.

The quaﬁtum numbers for a A° produced backward in the center of mass
off a proton target are consistent with kaon exchange. Analysis of the
mass recoiling against the A° for the reaction n+p + A°X allows us to
study .< NCH > for off-mass~shell K+i+ scattering. A consistency check of

< N_., > is obtained by extracting < N_.. > for off-mass-shell K+p from the

CH CH

process pp + A°X at 100 GeV and comparing it with the on-mass-shell values.

Scanning and Measurement

The data consist of an approximately 100,000 picture exposure of the
Fermi National Accelerator Laboratory's 30 inch hydrogen bubble chamber

to a mixed, tagged positive beam at 100_GeVlc.§ This exposure ylelded



7821 pp events, 4304 1 p events and a combined total of 2418 events with

at least one neutral strange particle decay or y conversion. The tracks
from the primary verrex were measured twice on a Lawrence Berkeley Labora-
‘tory spiral reader.7 Half of the neutral decays and conversions were meas-~
\u;ed on a LBL Franckenstein, the ﬁther half were measured on a spiral
reader.8 All remeasurements were made on a Franckenstein., The measurements
were processed using the programs POOH and TVGP. The program SQUAW was

used to fit the neutral decays and conversions that were unambiguously
identified with a primary vertex and also to fit the 4 constraint hypothesis
for events with no V's. The overall scanning efficiency for V's was 96%,
while the overall measurement efficiency for neutral decays and conversions
was 89%, The scanning efficiency for four prongs and higher ﬁultiplicities
was 99%, and for two prongs was 93%.

The efficienc§ for measuring positive tracks in the.backward hemi-
sphere in the C.M. system is about‘96% for all topologies. Thus we have a
high efficiency for measuring the two positive tracks decayiné from a slow
A++e Protons were distinguished from pions or kaons both by automatic
ionization information and by a visual check of bubble density for labora-
tory momentum up to 1.3 GeV/c.

Tracks from neutral decays were assigned an identity, when possible,
by using ionization information., Ambiguous events were selected on the
basis of the confidence level of the kinematic fit and the transverse momen-
tum of the decay ttacké with respect to the line of £light of the mneutral.
Strange particle decays were rejected if they were within 2 cm of the pro~-
duction vertex. The number of decays satisfying the criteria of a A° were
135 (57) for pp (n+p) interactions. The contamination of the A® by y's

18 estimated to be less than 5%.



Inclusive A-H-(1236) Production

Since we can distinguish protons from mesons for laboratory momentum
up to 1.3 GeV/c, a cut of ltpA++] < .88 Gev’ is imposed in order t§ insure
that all decay angles of the A++ are covered. The invariant mass of all
proton - 1 combinations with |tpA++l < .88 GeV® 1s shown in Figure 1. A
strong A++(1236) signal is seen for both pion and proton induced events.
After imposing the above mentioned It[ cut and correcting for background,
the inclusive production cross sections of £++ produced in the backward
hemisphere are 1.24 _-l_-_ .12 and 1.04 + 0.10 wb for pp and 1T+p interactions.g
The pp result is in agreement with the result of Ref. 3, 1.36 + .14 mb.
For the reét of this paper a A++ 1s defined to be any proton--:r+ combina~
tion with 1.16 5_m(n+b) < 1.32 GeV and is limited to |t < .88 GeVz. For
those cases (24 evénts for pp, 22 events for n+b) where more than one w+p
combination satisfies our selection criteria, we chose the combination
which has the mass closest to 1.236 GeV. |

To test for one plon exchange we study the spin alignment of the w+p
pair in terms of the Treiman-Yang angle and the Jackson angle. The decay
angles of the proton are computed in the rest frame of the K++, the t channel
- frame. In this frame,the z axis is the direction of the target-particle
momentum (;) and the y axis is defined by ; X ;, where a'= momentum of the
beam particle. The distribution 1in the Treiman~Yang angle is shown in
Figure 2. For both pp + A++X° and ﬂ+p+ A++X° thisdistribution is flat,

consistent with one pion exchange. The t channel decay density
matrix element.RepB_l is determined to be 0.00 + 0.03 for pp - A++x° and

++

+
- 0.03 + .04 for m p + & 'X°., These values are in agreement with zero, as



expected from one pion exchange. Additional evidence of one pion exchange
ig ppovided by the Jackson angle (cos8) distribution, also shown in Figure
2. The cosf distributions are found to be consistent with predictions of
either the one pion exchange model (dN/d(cos8) =1 + 60829) or the one plon
exchange absorptive model (dN/d(cosh) = .37 + .39 cosze). We find (not
shown) that for M(n+p) > 1.32 GeV the Jackson angle distribution 1s strongly
peaked in the forward (cos® = 1) direction. This difference in the distri-
bution is additional evidence that we have a strong st signal. 1In the ot
region Pa3 is determined to be 0.13 + .04 for both p induced and " induced
reactions. Knowing that background is surely present and recalling the big
difference between the Jackson angle distributions in the A++ region and
the region of higher n+p magses, we do not feel that our measurement of P33
distinguishes between the one pion-exchange (p33 = () and the one pion ex-
change absorptive model (p33 =.,12). In su@mary, the spin alignment study
here shows that inclusive A++ production at 100 GeV/c 1s consistent with

one plon exchange in both w+p and pp Interactions.

Off-Mass-Shell 7 p and ﬂ-ﬂ+ Scattering

The diagram in Figure 3a represents inclusive A++ preduction via one

pion exchange. If, however, one wants to study the inelastic multiplicity
of the mass recolling against the A++, events due to processes shown in

*4 4 -

m)

Figure 3b must be removed (e.g. N = + A . These events are four prongs

that are consistent with no 7°'s or neutral strange particles being produced
(AC—QProng).lo In terms of Figure 3b a 4C-4 Prong event 1s an event of

elasgtic ﬂ-P or w-u+ scattering. Therefore, in order to study the 1nelastic'



production of X°® via ™ exchange, these 4C-4 Prong events must be removed,
Figure 4 shows the square of the recoiling mass of all events and with the
4C-4 Prongs removed.

After removing the 4C-4 Prong events in pp + A++X° the multiplicity
of X° should agree with that of the known ﬁultiplicity‘of inelastic 7 p
interactions. We parameteriZea the on-mass-shell m p inclusive multipli-

city by eq. (1)

<N., > --—4.5+1b//§+22ns.11

CH (1)

The lef; hand side of Figure 5 shows excellent agreement between the
avefage multiplicity of X° from pp ~+ A++X° without the 4C-4 Prong events
and eq. (1) (compared at the same M2 as sAfor the on-mass-ghell reactions).

In order to extract the average ﬂ—ﬁ+ inelastic multiplicity (right
side of Figure 5) we remove the 4C-4 Prong events from ﬂ+p -> A++X°. The
average'n—w+ inelastic multiplicity that we extract is an average of 0.6
units higher than for,w-p. Although the ﬂ—ﬂ+ muitiplicity appears to be
qualitatively flatter than the P multiplicity, it is not inconsistent
with the same functional form shifted upward. It 1s well known that the
ﬂ+b average multiplicity is higher than the pp average multiplicity by

5,11

about 0.3 units. We have now observed that the w—n+ average multi-

plicity 1s even higher (by about 0.6 units) than that of w+p interactions.

Inelusive A° Production

The total inclusive cross section for A® production 1s 1.1 + 0.2 mb

for ﬂ+p + A°X++'aﬁd 3.5 + 0.4 mb for pp + A°X++. 8 To calculate the cross

section for pp + A°X the A°'s that were going backward in the center of



mass and the symmetry of tﬁe reaction was used. The cross section for

n+b + A°X++_uses A°'s from both center of mass hemisphereé. For the rest
of this paper only A®°'s produced backward in the center of mass are used.
+ It is interesting to note that in n+b interactions there are no 2
.prong events with a A®, and in pp iInteractions there is only one event of
the type pp + A°K+p (elastic Kp scattering). Figure 6 shows the square of
the mass recoiling from the A®. This distribution is peaked toward higher
Mz values,

OQur large bins in M? aée not merely due to limited statistics. Even
with good statistics, the M2 distribution will be smeared by an unknown
amount of I° production. It is reasonable to assume that A® and L® are
produced in the same way, since they would involve exchange of the same
quantum numbers. However, the square of the missing mass recoiling from

the A°, M2

R from £® + A%y , is not always a good measure of the square

of the missing mass from the parent I°, M2 In the extreme cases where

e
the y makes a large angle with the recoiling mass as viewed in the rest

2

yo * The bounﬁs of M2 are

system of the I°, MZ

10 is an over-estimate of M

given in eq. (2):

1
2 1 2 2 2 2 2 2.2 2 .2
MAo .= ) 2 [[mzo + on ) MZ° + (mE° - mﬁo)(s - mzo +A (s, MZ° :MAo)]
Moo
L
| 2
2 2
vhere: A(s, Mi,, Hn°) = (g f (M£,+ MA°) (s - (Mz° - MAo)z)

n, = rest mass of I°
myo ™ Trest mass of A° .

For the energy of our experiment, Figure 7 shows the bounds of the uncer-



tainty, Mi, - M%n , ag a function of M2° when the A is actually the pro-

Z
duct of I° + A°y., It is not meaningful to have a bin size smaller than
the smear. Fortunately the region with the best statistics (large Mz) is

also the place vhere the smearing due to I° production is the smallest.

Off-mass-shell KtP and K+w+ scattering

There 1s recent evidence 12 that inclusive A®° production in pp inter-
actions 1s mediated by kaon exchange. For tﬁe reaction pp - A°X++,
< NCH(X++) > 1is, in the kaon exchange picture, the average multiplicity
of the off-mass-shell K+p scattering. The average multiplicity of the

.X%+ system as a function of Mz is shown in Figure 8. We compare these
values to the average multiplicity of the on-mass-shell K+p scattering of
s = Mz. Relatively few data are available for on-mass-shell K+p inelastice
scattering. We find that eq; (1), which represents the on-mass n-p in-
elastic multiplicity, can represent those (K+b) data with an uncertainty
of + 0.4 units.

Figure 8 (left side) shows the inelastic multiplicity associated with
the £ in pp interactions compared with eq. (1). Except at very large Mz
the off-mass~shell multipiicity {(dashed points) agrees with that for on-
mass—-shell K+p aﬁd ﬂ”p scattering. As s/M2 becomes small, éd does the ra-
pidity gap, Ay, between the A®and its missing mass. The one particle ex-~
change picture is not expected to be valid when Ay falls below one unit.

Demanding a rapidity gap of at least one unit between the A® and its mis-

sing mass (solid data points), one obtains good agreement with on-mass—
+ —
shell K p and 7 p scattering. With Ay less than 1, A°'s are presumably

produced in some other process, the average multiplicity of which seems



to be higher.

The average multiplicity associated with the A® in w+p interactions
15 showﬁ in Figure 8 (right side). At large Mz, the solid and dashed
points are those with and without at least one unit of rapidity betrween
the A° and its missing mass. ' The solid points are the extracted average
multiplicities of K+h+ scagtering. The walues of the average multipli-

cities for K+n+ are close to one unit above that of K+p for all Mz.

Conclusion

We conclude that the effect wﬁich we observed In pilon exchange from
inclusive A++ production is also present in kaon exchange. The average
multiplicity in off-mass-shell meson proton scattering agrees with the

on~mass—shell values, and meson-meson scattering has a higher average mul-

tiplicity than baryon-meson scattering.
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Figure Captions

Invariant mass m(ﬂ+p) for all np combinations. There 18 a
Itp4ﬂ+p[°0t of 0.88 Gev? made on the data. The above figure
corresponds to 809 {711) weighted pp (ﬂ+p) events.

The t-channel decay angles of the A++. The ¢ distributions

are compared with a normalized constant. The cos@ distribu-
tions are compared with both the one~plon-exchange (1+3 cosze
in solid line) and one-pilon-exchange with absorbtion (0.37 +

0.39 cosze in dotted line).

(a) One-pion-exchange diagram representing the production
process of A++.

(b) Diagram for A++ production in 4c¢ 4-prong events. To isolate
of f-mass-shell 7 inelastic scattering we remove events repre-

sented by diagram 3b,

Distribution of recoiling mass square M2 of the X°. The shaded
distributions do not include 4c 4-prong events. See Footnote 9
§

for background.

The average charge multiplicity of X® as function of MZ, not in-

cluding 4c 4-prongs. The curve shown is a fit of the m p on-mass—

-sh'ell inelastic charge multiplicity with substitution of Mz =g,

(Ref. 11),



Fig. 6

Fig. 7

Fig. 8
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Distribution of the square of the mass recoiling off the A.

For A's as product of £% A v, the bounds of the over-estimate

of M§ when M2 is used.

A
The average charge multiplicity of X++ versus Mz. At large MZ,
the solid and dashed points are those with and without demanding
at least one unit of rapildity gap between the A and its missing
mass. The curve represents the average multiplicity in on-mass-
shell K+p scattering (same as w-p scattering), with the substi-

tution Mz = 5.
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