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ABSTRACT

A spark chamber experiment to measure the n"p - K°Y°
associated production at high energy has been recently com-
pleted at the CERN PS. Data has been taken at 6,8,10, 11.2
GeV/c for the incident =~ momentum. We present here further
results (Ref.l) at 6, 8 and 11,2 GeV/c based on ~1100, 1300
and 3000 events (about 60%, 65% and 90% of the available
statistics) respectively selected for the differential cross
sections.

The sum of the n"p > K°A? and »7p » K°z° differen -
tial cross sections is strongly peaked in the forward direc
tion and can be well fitted, for |tmin[s[t|so.hv(GeV/c)z,by
an exponential shape e2% with a=8.0:0.5 at 6, a=7.7*0.5 at
8 and a=7.8:0.lL (GeV/c)~2 at 11.2 GeV/c. The integral over
the interval |tminlslt|51.01 (GeV/c)? gives U0.5%¢6 ub at 6,
25.%:4 ub at 8 and 18+3 ub at 11.2 GeV/c, including syste-
matic errors.

A comparison is made with previous bubble and spark
chamber results and Regge Poles fits.

* CERN Fellow.
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1.- EXPERIMENTAL APPARATUS.

The experimental apparatus is shown schematical-
ly in Fig.l. The =~ beam, tipically 10° particles per burst,
is focused on the 1.5 cm diameter, 10 cm long liquid hydro-
gen target(l), which is concentric with a cylindrical spark
chamber containing both thin Al and Pb plates. The beam is
defined electronically by four scintillation and two Ceren-
kov counters. Two hodoscopes, with 7x2 and 7x7 elements re-
spectively, determine the incident =~ position with a *.2
cm uncertainty at the target and *.5 cm at the last spark
chamber.

A picture is taken each time an incident =~ fails
to give a pulse in the anticoincidence counter surrounding
the target while at the same time a pulse is detected in the
counter placed in front of the second spark chamber.

The hodoscope information is then BCD coded and
displayed on the same film where the 90° stereo images(z)of
the spark chambers are recorded. While the two thin Al foil
S.C. are designed to detect the charged tracks with a mini-
mum of multiple scattering, the last spark chamber(about 15
rad.lenghts of Pb) allows also the detection of forward emit
ted y-rays. We have found that in about 1 out of 10 pictures
a single V type event is present, while in the majority of
the others there is at least one y-ray.

2.~ ANALYSIS AND SELECTION OF EVENTS.

The V type events selected by the scanners are
measured on digitized tables. The coordinates of the sparks
are reconstructed in true space with an accuracy of t.06 cm.
A plane is fitted through them and straight lines are fitted
through the sparks which belong to the same track. The inter
section of the best fit plane with the incident =»~, as defi-
ned by the two hodoscopes, is taken as the interaction point;
the intersection of the two best fit lines as the neutral
strange particle decay vertex. The line joining the interac-
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tion with the decay vertex is assumed to coincide with the
direction of emission of the strange particle. We then cal
culate the partial angle 6, formed by this direction and
the nearest of the two charged prongs, and the total angle
6 between them. On the assumption that the observed event
is indeed a Kg -~ w7n~ decay, the K° momentum is evaluated
(Fig.2) together with the invariant mass of the associated
recoil and the other kinematical quantities of interest.

Events are selected on the basis of coplanarity,
collinearity, opening angle, recoil mass, position of decay
and interactions points.

The effect of the cuts introduced by the accep-
tance criteria have been extensively studied by comparing
the experimental distributions with the Montecarlo simula-
ted ones for various hypothesis about the production pro-
cesses. We have been able to fit satisfactorily every si-
gnificant experimental distribution and this gives us con-
fidence on the calculated efficiencies.

Fig.3a shows the reconstructed recoil mass di-
stribution at 6 GeV/c for events, within the fiducial vo-
lume, which satisfy the coplanarity and collinearity re -
quirements.

In Fig.3b the analogus, Montecarlo generated di
stributions for A°+Z°, v*(1385) and ¥*(1519) are shown, nor
malized to the values which produce the best fit linear com
bination to the experimental data (dotted line in Fig.3a).
It is possible to make a cut which selects events, produced
in association with a A° or £° recoil, with about equal ef-
ficiencies, while only a émall fraction of the events with
an isobar as recoil enter in the cut.

The resolution in recoil mass, while it is inde-
pendent of the momentum transfer and mass values, is however
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a function of the incident momentum and of the spark cham-
bers arrangement. For our running conditions we estimate
half widths at half heights of 90, 140 and 200 MeV respec-
tively at 6, 8, and 11.2 GeV/c. This fact, coupled with the
rather copious production of all neutral final state iso -
bars in our energy range,has made necessary a detailed stu
dy of the accuracy of the 'elastic' selection criteria and
of the effects of contamination from isobar events on diffe
rential cross sections.

At each energy we have evaluated the contamina -
tion within various cuts in recoil mass and opening angle,
by fitting the experimental mass distribution with a series
of isobars contributions, as briefly mentioned above(S). We
have then subtracted from the momentum transfer distribu -
tion of the accepted events the weighted experimental |t|di
stribution of the events in the recoil mass region from

which the contamination is produced.

For each case the differential cross section (see
ch.3) has been deduced and by comparing the shapes and abso
lute values obtained at the same incident momentum for dif-
ferent cuts we have reached the conclusion that the uncer -
tainty due to the method of analysis is smaller than the sta

tistical one.

The empty target contribution (typically 9% of the
full target rate) has been subtracted bih by bin from the va
rious distributions.

Fig.l shows the resolution in the momentum transfer
t for various t values at 6 and 11.2 GeV/c.

3.~ NORMALIZATION,

The incoming flux has been monitored throughout
the experiment. Contamination from e~ (0.4-0.2)% and u~(2-
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1)% has been measured and subtracted at the different ener-
gies. Corrections have been made for é-rays ((4*1)%. A s-ray
produced by the incoming particle before the occurrence of a
m"p »K°Y° interaction can reach the anticoincidence counter
and veto the event), strong interactions of the incoming and .
outgoing particles (about 2.5%), scanning (98%) and measuring
(about 95%) efficiencies. For the ratio Kg ~ m*r=/K° we have
used the value 0.33.

The effects connected with the lifetime (for which
we used the Rosenfeld values) of the A° (supposed to decay as
m"p in 67% of the cases) and Kg have been incorporated in the
Montecarlo program, which also take into account multiple scat
tering, measuring errors and the limitation of the fiducial vo
lume.

The overall systematic uncertainty has been estima-

+

ted to be = 15%.

4 .- RESULTS.

In Tab.I we list the results for differential and
integrated cross sections. In Fig.5, where the differential
cross sections are shown, we have also indicated the Monte-
carlo calculated relative detection efficiency as a function
of t. Its variation (essentially independent of the incident
momentum) is caused by the changing fraction of A »n p decays
which, with a probability depending on the A production angle
and momentum, trigger the anticoincidence. The values plotted
are corrected for it and the errors indicated are statistical
only (Phey include the statistical error for empty target and
contamination subtraction).

For |t| smaller than 0.40 (GeV/c)? the differen-
tial cross section 6an be well fitted by an exponential eal
with a=8.0:0.5 (x2=1L) at 6, a=7.7%0.5 (x%=6) at 8 and
a=7.8:0.4 (GeV/c)™2(x%2=6) at 11.2 GeV/c.
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Crennel et al.(Ref.2) in a bubble chamber experi-
ment at 6 GeV/c with U448 events obtained the value a=7.8:.5
(GeV/c)~? and a n~p - K°Y° total cross section of U414 ub.

Ehrlich et al.(Ref.3) with 101 events at 7.91 GeV/
¢ obtained a=9.7 (GeV/c)~? and a total cross section of a-
bout 32 ub. No other statistically significant data exist
above this energy.

Recently Hoang et al.(Ref.l4) have reported a spark
chamber study of n p - K°Y° in the forward and backward di-
rection at U GeV/c. They find a=8.57:.38 (GeV/c)~? for |t]
less than 0.4 (GeV/c)?2.

A systematic bubble chamber study of two body stran
ge particles production from n~ between 1.9 and 4.2 GeV/c is
reported by Dahl et al.(Ref.5). Some of the features found at
our energies, as the magnitude of the slope and the change of
slope at about |t|= 0.4 (GeV/c)? are already present in this
range of energy.

We have calculated the total cross section by inte
grating between |t| =|t, . | and [t[=1.01 (GeV/c)?. The values
obtained are 40.5%*6 ub at 6, 25.3%4 ub at 8 and 18¢3 ub at
11.2 GeV/c. In Fig.6 they are shown together with previous
bubble chamber results. It appears that the trend already pre
sent in the 2 to U4 GeV/c region is not in contrast with the
new results at higher energy. A good fit to the energy depen-
dence can be obtained with the simple power law E'Sﬁ#where E
is the CM total energy.

Recently a double Regge Pole exchange model, with
exact SU3 symmetry, has been proposed by Ph.Salin(Ref.8) and
K.V.L.Sarma and D.D.Reeder (Ref.9) and applied in particular
to the description of the associated production reactions.
It consists in a rather straightforward extension to these
strangeness-exchange processes of the model (Ref.10) success
fully used for the n"p and XK p charge-exchange and for the
m"p - nn production.
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A comparison of our results, with the calcula -
tion of the differential cross section based on the para -
metrization obtained at lower energies by Sarma and Reeder,
shows qualitative agreement. A more detailed study of pos-
sible fits within this framework is presently being carried
on.

5.- TEST MEASUREMENT OF X p > K°n.

During most of the running time we have trigge-
red the spark chambers also on neutral final state K in-
teractions. During a short period at 8 GeV/c we have taken
data only on K . Using this sample ( 65% of the available
statistics at 8 GeV/c) we have applied our method of analy
sis to K'p » K°n events.

The main difference is the flatness of the effi
ciency vs. t, since in this case there is not any more the
partial suppression of events, which is caused by A decays
within the anticoincidence counter.

We obtain with 169 events an integrated cross
section of 80 ¥ 16 ub for 0 < |t] < 0.9 (GeV/c)?. This va-
lue and the shape of the differential cross section (Fig.T7)
are in good agreement with the interpolation of the data of
Astbury et al.(Ref.Il)at 7.1 and 9.5 GeV/c.
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(2)
(3)

10.
11.

FOOTNQOTES

This special, He cooled, liquid H, target, designed by
P.Roubeau and built at Saclay, has such geometry that
it is possible to surround it with a 2.9 cm diameter
anticoincidence counter, to place the last beam defi -
ning counter at only 2 cm before the liquid H, and to
insert the whole target-counters assembly in the cen-
ter of the cylindrical spark chamber, without signifi-
cantly obstructing its view.

No stereo is provided for the cylindrical spark chamber.
For the cuts considered, the contamination ranged bet-

ween 3 and 12% at 6 GeV/c and between 15 and 30% at 8
and 11.2 GeV/c.
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TABLE I

6 GeV/e 8 GeV/c 11.2 GeV/e

oT=ho.5t6 ub 0T=25.3ih ub 0T=18i3 ub
|t | At do/dt do/dt do/dt

(GeV/c)? : ubeGeV-ec?

.02 .02 289 t 36 165 t 22 125 t 15
.0k " 27h t 32 150 t 19 99 t 12
.06 " 156 22 109 t 16 93 t 11
.08 " 177 t 2L 106 t 15 70 t 9.5
.10 " 131 * 20 65 + 12 56 t 8.5
.12 " 131 t 19 8L t 13 LY t T.5
L1h " 97 t 17 63 + 11 52 t 7.5
16 " 10k £ 1T 56 t 11 Lo t 6.5
.18 " 6L t 1k Ly t 10 4o t 6
.20 " 52 13 Lo.5 * 9.5 27 t 5.5
.23 .0k 57 t 8,5 32.5 % 6 2h.,8 * 3.3
.27 " 38 t 7.5 20.8 * 5 17 t 3
.32 .06 18.5 + L.,5 16.3 * 3.7 9.6 * 1.9
.38 " 21.8 * L.,2 12.8 * 3.1 7.5 ¢+ 1.7
R " 17.6 = 3.7 T.T * 2.5 bL,9 + 1.5
.50 " 5.4 = 2.7 L.s * 1.9 b9 =+ 1.3
.58 .10 9.1 * 1.9 6.6 * 1.k 2.9 £ 0.6
.68 " .5 t 1,5 5.8 * 1.8 1.6 + 0.6
.87 .28 .5 * 0.8 3.6 * 0.5 1.9 ¢+ 0.3
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FIGURE CAPTTIONS

Fig. 1 - Experimental apparatus.# # 2,3',3,4 are the beam de
fining counters; hod 1 and hod 2 the two hodoscopes,
which determine the position of ghe incident 7 ; % 5
is the anticoincidence counter surrounding the H_ 131
quid target. The cylindrical spark chamber, not*Sso
far used for the analysis, is meant to deétect y-rays
produced at large angles, as in I° or Y ° decays, in
addition to the charged decay products of the A. Two
threshold gas Cerenkov counters, used for 7~ and K~
selection, are not shown. SCl and SC2 are thin Al-foil
spark chambers which detect the charged decay of the
strange particles, while the Saclay spark chamber de
tects also the forward y—rays.:#6, in front of SC2,
is a coincidence counter.

The figure shows also the triggering logic.

Fig. 2 - K° » n*n~ kinematics at high energy. As it can be se
en from the figure a measurement of the total angle
0 and partial angle B is sufficient to determine the
K°® momentum. For about 85% of the available phase spa
ce the lines of constant 6 and ® are almost perpendi
cular to each other and, since lines of constant 6
are nearly parallel to lines of constant K° momentum,
a good precision can be achieved even when 6 (as it
happens in our experiment) is rather poorly known in
respect to 6.

Fig. 3a- Experimental distribution of the reconstructed recoil
mass at 6 GeV/c (see text).

Fig. 3b- Montecarlo distribution of the recoil mass for A°+3z©°,
v*(1385), Y*(1519).

Fig. 4 - Momentum transfer resolution at 6 and 11.2 GeV/c, for
various t values.

Fig. 5 - Differential cross section do/dt for n~p - K°Y° at 6,
8, 11.2 GeV/c and relative detection efficiency.
The curves superimposed on the experimental points re
present the direct prediction, according to a calcula
tion we performed, which follows from the Sarma and
Reeder fit (Ref.9) to the associated production at lo
wer energies.

Fig. 6 = Plot of the experimentally available values for
Utot(ﬂ—p + K°Y°), at incident =~ momenta above 2 GeV/c.

Fig. 7 - Differential cross section dt/dt for K p » K°n at 8
GeV/ce.
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