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= andE Production in # p Interactions
at 16 GeV/e

Production of & and§+hyperons has been studied in
16 GeY_/c nT__interactions. The cross sections are given
for £ and £ production. Distributions and average
values of c.m. production angle, transverse and longitu-
dinal variables are presented. The characteristics of
some = firal states identified are also presented.

The investigation has been performed at the
Laborytory of Computing Technigues,and Automation, JINR.
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1. INTRODUCTION

The data for this experiment come from
about 120.000 pictures obtained from three
exposures of the 2m CERN hydrogen bubble
chamber to a separated »=— beam having mo-
menta of 15.850, 16.275 amd 16.295 GeV/c,res-
pectively, at the chamber center.

We reported here only on the production
of E- and E' particles. The procedure for
jdentifying and analysing the V° type events,
as well as some results concerning the cross
sections for production of neutral strange
partic]ps in these interactions are given
in ref./Y and some references therein.

In section 2 we discuss the procedures
for analysing the data. Results on the cross
section determination are given in section 3.
General characteristics of E’s in c.m. sys-
tem and some average values for different
parameters are presented in section 4.Charac-
teristics of the E production channels are
separately treated in the last section.

2. SAMPLE SELECTION AND WEIGHTING

The film was scanned twice for all primary
interactions, within a central fiducial vo-
lume with at least an associated V°- or



Vi-decay indicating strange particles in
the final states. In the regular scan of the
film, events that indicated a possible cas-
cade decay (e.g., topology with a vo-decay
pointing to a kink in a secondary track and
which Tay on the opposite side of the secon-
dary track from the deflected track) were
compiled into a list of cascade decay parti-
cipants. AlT1l the events collected were mea-
sured on the digitized microscopes and geo-
metrically reconstructed’/?. The identifica-
tion of V°’s was performed on the basis of

a kinematical fitting/% The events having

a A° or A° associated with a kink were then
processed through all the selection criteria
of a cascade decay £ » A°~ and EY Azt

A check for consistency with track ioniza-
tion has been also done.

Finally 46 events which had a A° associa-
ted with a negative kink and 3 events, having
a A° associated with a positive kink, were
identified as charged 2 decays.

We have estimated the mass and lifetime
of E7?s, in order to test the quality of our
sample of events. The average value of the
mass is found to be M--=1320.60+0.63 MeV.
The lifetime for E~’s determined from our
data iscr = 4.11£0.56 cm.

Both these values are consistent with
world averages.

The observed number of & events was
weighted by a total weight, representing the
product of different weights obtained as fol-
lows:

1. In order to allow for loss of events
due to (a) imposing the minimum length cut-
of f of decaying particles and (b) their
escape from the finite fiducial volume, each
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observed decaying particle (E and A° from
= decay) was given a weight '
Lmin ) — exp (- Lpot )]—1 ,
L000S/\ LO
where Ly, is the distance from the production
vertex to the edge of the decay fiducial vo-
lume along the particle direction, Lo, 1s
the minimum projected cut-off length appro-
priate to the type of particle (in this ex-
periment the Timits were fixed at: Ly,
=0.2 cm for E’s and L _,,=0.3 cm for A’s, in
the observation plane), Ly is the mean decay
lTength (L =P cr, where m and ; are respecti-
vely the mass and lifetime of particle, and
P is the measured momentum) and » is the E
dip angle.

The average values obtained for all E’s
and A’s are Wg =1.06020.022 and WNVJ.184¢
+0.036, respectively.

W=[exp(~

2. A weight, Wy 1is associated with dis-
carding all E (E") events having a projected
decay angle ¢  less than 3° where a cut was
made. This weight has been determined from
the analytical form of the weight function
of the observed £ decay which is a function
depending only on the projection qof the =E’s
momentum, for a given o (see ref.’* ). In
order to obtain the ¢, value proper to our
experiment, we calculated the number of £’s
weighted by Wy for different 0, between
1.0 and 10.0°, cutting events for which the
projection angle was smaller than the assum-
edd,.The calculated numbers are given as
a function of ¢, in fig. 1. The 0, cut-off
chosen, 3°, is such that from there the num-
ber of weighted £ becomes almost constant.
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Fig. 1. Weighted number of £ events as
a function of the cut in projected angle.

The average value obtained for Wy 1s
W, = 1.273 +0.034

3. Number of weighted events has stil]

been scaled by the branching fractions for
A°(A°),

4. A correction is made, too, for the
scanning lTosses (1.04 for 2-prong events
and 1.01 for events of higher multiplicity).

Table 1 Tists the observed number of =
events as well as the corrected one, as
a function of topology.

As it can be seen from table 1 the ave-
rage multiplicity of charged particles in
events with visible E hyperons is

<n> = 3.82+ 0.22.

+0.67
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0.29.5.24

6n
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0.87+0.68
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number
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3. CROSS SECTION RESULTS

The cross sections have been calculated
by normalization on the total =~p cross sec-
tion at 16 GeV/c interpolated from measure-
ments obtained in counter experiments %,

The sample of events used here corresponds
to a "cross section per event" of 0.1477+
t0.0058 ub/event. _ .

The total cross sections for = and =
produced by »~ at 16 GeV/c have been found to
be: o-=1751+2.72uband o~ =1.16+0.67 b, respecti-
vely.” = _

Table 1 Tists the values for E~ and =*
production cross sections for different mul-
tiplicities of charged prongs.

Figure 2 displays the E~ topological
cross sections as function of charged topo-
logy, togerher with the average numbers of
E” ’s per inelastic »7p interactions. <n__>
seems to decrease slowly with increasing™ ng,.

The average numter obtained for Z7’s per
inelastic »p collisions is very small (<n- -=
=0.000054%0.000031). =

The data available for the variation of
£7 production cross section ins"p interac-
tions with the value of the incoming momen-
tum in the lab. system are summarized in
fig. 3. The line drown through the experi-
mental points is only to guide the eye.

4. MOMENTUM AND ANGULAR DEPENDENCES.
AVERAGE VALUES

The dependence of the E- production cross
section on the X andp? variables is shown
in figs. 4 and 5.Figure 4 plots F (0 as
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Fig. 2. Cross section for E” production and

average number of E™’s,(<ng_>), produced per
inelastic ap collisions as functions of
charge multiplicity.
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as a function Ofp%
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7S dxdp%

Fyo - distribution shows the usual exponential
behaviour at small p%. The solid line repre-
sents a single exponential fit to the data of
the form Aexp(-BP %) for 0< P%<0.65 (GeV/c)?
The parameters of the fit are A = 1206 525 (ub/(Gev/o)
and B=3.89"120 (Cev/9™® with a x° of 1.49 for
three degrees of freedom.

Figure 6. gives the plot P, Pf with its
different projections for all =7 ’s produced.
The 3=* produced are also indicated in this
figure (cross hatched). As is seen in fig. 6
the transverse momenta of the E’s are limi-
ted, almost all Zs falling in the region
below 1 GeV/c. Py distribution, like the
invariant x-distribution, shows that E7’s
are mostly grouped backwards with negative
value of P7.This effect is very pronounced
for E™ s produced in 2-prong events. Howe-
ver, there is an excess of 27%s in the for-
ward hemisphere produced mostly in 4-prong
events. From the angular distribution we
find a large accumulation of events in the
very backward direction for the =7 ’s (cos0*<-0.8).
The total forward-backward asymmetry parame-
ter A(A=B-F/B+F) is found to beaA=0.56+0.12.

Table 2 summarizes some average values
obtained for different variables for E7’s
as functions of the multiplicity of charged
particles.

In table 3 the forward-backward asymmetry,
A, is given for E~’s produced by ~~ of dif-
ferent incident momenta. As is seen in
table 3, A decreases with increasing incident

momentum.

F,(02) =

13
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Table 2
C.m. average values for ™ s produced in »7p interactions, as

Gl

functions of charge multiplicity

J¢n
2 4 6 Total

average values

Ccos oF> -0.847 + 0.057  -0.I69 + 0.I77  -0.588 4 0.I8I -0.473 + 0,099
< P> -0.895 + 0.108 -0.099 + 0,178 -0.696 + 0.206 -0.483 + 0,1III

L = = X =

< x> -0.322 + 0.039 -0.036 + 0.064 -0.250 + 0.074 ~0.174 + 0,040
< Pg> 0.400 + 0.050 0.5I0 + 0.072 0.5I4 + 0.114 0.473 + 0.042
<B&> 0.198 + 0.042 0.355 + 0.083 0.381 + 0.I70 0.304 + 0.052
<x>p -0.339 1+ 0.042 -0,033 + 0.075 -0.265 + 0,081 -0.185 + 0,052
<Pv%> E 0.203 + 0.045 0.386 + 0.097 0.386 + 0,192 0.319 + 0.061




Table 3
Forward-backward asymmetry parameter

Incident
momentum 5.5 8 10
(GeV/c)

16 25

ji:—g— 1.00+0.54 0.82+0.18 0.83+0.16 0.56+0.12 0.33%0.17
B+

5. Z -PRODUCTION CHANNELS

The E-events were processed through the
kinematic fitting program/7/wh1ch tried to
fit E production hypotheses. Only for about
40% of the E events there was obtained
a successful fit to the production vertex.
The hypotheses attempted for = production
involved an observed A°-decay from the E .

The reactions tried and topologies sought are
chown in table 4. Passing events were all
examined on the scanning table to ensure
consistency with observed bubble densities
and to resolve ambiguities. In the final
sample there were two ambiguous$ events each
of them between two = production reactions.
These were assigned to the different chan-
nels, weighted by the inverse of the number
of fitted reactions. In these events it was
not possible to distinguish by ionization
between K and ="

In table 4 are shown the number of events
found, as well as the cross section for dif-
ferent = production channels.

In order to determine the cross section
values we used the corrections discussed

16

C;? mb)
1.88+0.92
0.€5+0.32
1.67:1.38
I1.11+42.54

0.89
3.714+8.56

3.00
0.76+0.55
I1.1I1+0.80
0.764+0.55
0.56+1.27

0.45___

0.57

o

I
4
1,5
0,5
I
I
2

of
events

2

2

Number

b)
Fraction
expected
for given

2/9
4/9
2/3
2/9
2/9
2/9
2/27
2/3
4/9
2/3
4/9

topolosy

a)

Table 4
production reactions
Observeéd

(4),K°

decay
S(A)
S0A)
(1)
)
(1),K°
(A)
(1)
(1)
(n)

=,
—
=,
=
=
—
=
=
—_

3.098
3.073
8.079
7.434
8.079
8.706
3.480
3.910
3.883
6.344

Production
threshold
(GeV/c)

#Hictn©
+p§O
o KA

o pK*A
a) The particle symbols stand for visible two body decays in the bubble chamber;
1]

s
) Rounded decay branching rations are . used for simplicity.

1ot KHRC

npn KA

nn

I
oot KTRC

KK ot n®

“m o K'Ktnt
KoK KO

Final state

Cross section for




above in sec. 2 for each observed decaying
particle. In addition, the fitted hypothesis
is weighted by an additional factor, w,, for
each unseen neutral strange particle,

1

w
2 b
1-b,+ boexp(—Lpot/LO)

where b, is the branching fraction into
charged decay product.

The cross section for the first reaction
in table 4 can be determined in two indepen-
dent ways corresponding to the two kinds of
events fitting the hypothesis E7an K'K°
properly weighted. The number listed in
table 4, for the cross section is a weighted
average of these two values.

The general characteristics of the pro-
duction of the reactions Tisted in table 4
are illustrated in figs. 7-16 in which the
average momentum of each of the outgoing
particle is plotted.

It is noted that in most of the reactions
the events tend to have E” and a strange (K7)
meson going (nearly) backwards in the center
of mass and the other mesons being produced
forward or nearly symmetrically on the ave-
rage. P tends to emerge forward in the E (A%
reactions and backwards together with =l
in reaction Efpr K A°, where A° emerges in
the beam hemisphere.

We have examined the invariant mass of
the E 7' system for all events from all
channel group together and found no evidence
for any significant structure in this distri-
bution. Instead of this, the mass distribu-
tion of E K*system, for the same events,
shows some small and wide enhancement in the
effective mass region from 1.9-2.2 GeV.
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