ITSNQO379-301X

UNIVERSITE LIBRE DE BRUXELLES - VRIJE UNIVERSITEIT BRUSSEL

INTER-UNIVERSITY INSTITUTE FOR HIGH ENERGIES

NEUTRAL STRANGE PARTICLE PRODUCTION
IN ANTINEUTRINO-NEON CHARGED CURRENT INTERACTIONS

WASG Collaboration

Universities of Brussels (ULB-VUB)

Pleinlaan, 2 September 1991

1050 Brussels ITHE 91.03



PREPRINT
28 August 1991

Neutral Strange Particle Production

*in Antineutrino—Neon Charged Current Interactions

WAS59 COLLABORATION

S. Willocq®*, P. Marage?, M. Aderholz®, P. Allport®*, J.P. Baton®, M. Berggren'®,
E.F. Clayton®, A.M. Cooper Sarkar®, 0. Erriquez!, P.J.W. Faulkner?, J. Guy?,
P.O. Hulth!?, G.T.J ones?, MM, AMobayyen®, D.R.O. Morrison?, M. Neveu?, S. O'Neale?,
J. Sacton®, R.A. Sansum!?!, K. Varvell?, W, Venus®, J. Wells™, W, Wittek®

1 Dipartiinento di Fisica dell'Universita e Sezione INFN, I-70126 Baui, Italy.

SN ]

University of Birmingham, Birmingham B15 2TT, Ul
Inter-University Institute for High Energies, ULB-VUB, B-1050 Brussels, Belgnu.
CERN, CH-1211 Geneva 23, Switzerland.
Imperia.rl College of Science and Technology, London, SWT 2AZ, UIL.
©Max-Planck-Institut fiir Physik und Astrophysik, W-8000 Miinchen 40, Germauy.
Department of Nuclear Physics, Oxford, OX1 3RH, UK.
Rutherford Appleton Laboratory, Chilton, Didcot, OX11 0QX. UI.

9 DPLPE, Centre d’Etudes Nucl,éalires, Saclay, F-01191 Gif sur Yvette, France.
10 Institute of Physics, University of Stockholm, 5-11346 Stockhiolm, Sweden.
11 Department of Physics and Astronomy, University College London, Loudon WCIE
6BT, Ul.

=T Oy G = 2

cn

! Now at Tufts University, Medford. USA.

Now at Cavendish Laboratory., Cambridge. UL



Abstract

Neutral strange particle production in 7 Ne charged current interactions is studied
using the bubble chamber BEBC, exposed to the CERN SPS antineutrino wide band
beam. From a sample of 1191 neutral strange particles, the inclusive production rates are
determined to be (15.7 £ 0.8)% for K% mesons , (8.2 + 0.5)% for A, (0.4 & 0.2)% for A
and (0.6 + 0.3)% for ° hyperons. The inclusive production properties of K° mesons and
A hyperons are investigated. The A hyperons are found to be polarized in the production

plane.



1 — Introduction

2

The production of neutral strange particles in high energy neutrino and antineutrino
interactions has been studied extensively.!™'* It is generally considered that in the case
of 7 charged cwrrent interactions strange particles are produced maiuly by the following
mechanisis (see Fig. 1) :

(a) associated s3 pair production in the hadronization process,

(b) direct charm production on the strange sea (3 — T transition). with an s quark as
spectator and possibly an 3 quark from the Cabbibo-favoured decay of the  quark.

(¢) Cabbibo-suppressed direct production of strange quarks (¥ — s transition).

Mechanisms (a) and (1) give rise to an even munber of strange particles, wlereas mechio-

nism {c) produces single strange particles. ‘

Neutral strange particles are quite easily and reliably identified in large bubble chan-
bers, in contrast to most other hadrons. Therefore, they provide an excellent testing
ground for the ideas of the quark-parton model as well as for hadronization models.

In this paper, we present results based on a sample of 1191 neutral strange parti-
cles produced in 13858 antineutrino charged current interactions (withh muon momentin
greater than 5 GeV/c) from an exposure of BEBC to the CERN SPS antineutrino wide
band beam. - ‘

In Section 2, the experimental conditions and selection criteria of the event sample
arve presented. The inclusive production rates of neutral strange particles are extracted in
Section 3. The differential rates for K° and A production and the single particle distribu-
tions ave discussed in Sections 4 and 5. A polarization is investigated in Section 0. Finally.

Section 7 summarizes the results.

—  Experimental Procedure

The Big European Bubble Chamber (BEBC) was filled with a heavy Ne-Hp mixture.
(75 mole % neon) and equipped with an External Muon Ideatifier (ENI) consisting of two
planes of multiwire proportional chambers, It was exposed to the wide band antineutrine
beam produced by 400 GeV protous from the CER> Super Proton Syuclhrotron (SPS).

For the present analysis. a sample of 51750 frames was carefully scanned for mter-
actions induced by (anti)neutrinos... The events were subsequently measured and recon-
structed using the standard CERN-HYDRA program cham. Details about the scanning = -

and measurement procedures can be found in references 15 and 16. The events were re- |
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quired to be inside a 17 m? fiducial volunie and to Lhave an identified muon of positive charge
with momentum greater than 5 GeV/c. The muons were identified using the EMI. with
an 85% efficiency for momenta around 5 GeV/c and about 99 % for momenta larger thau
10 GeV/c. If two or more muons were identified in the same event, the muon associated
with the incoming {anti)neutrino was taken to be the one with the greatest value of the
product {(p* .p&'ﬁ), where p# is the total muon momentum and pf is the muon momentiun
transverse to the beam direction.

Among the charged current events, 43 were too confused to e fully measured and
were rejected for the present analysis, as were 32 events with an uncertainty on the total
visible momentum or on the muon momentum greater than 30%. These rejected events
do not contain abnormally large numbers of neutral strange particles. As a result, 138538
antineutrino charged current interactions were selected.

Neutral strange particles were detected via their decays into pairs of hadrons of oppo-
site charge (“VO"): K - atz ", A s pa~ and A - P 71, By “K%" we denote botl K"
and 1KY mesons since no distinction between them is possible in the present experiment.
Al V° possibly produced at the antineutrino interaction were measured and constrained to
fit the above decay hypotheses to all physical origins. The fit probability was then required
to be greater than 107* for the fit to be retained. When more than one physical origin was
acceptable, the fit to the primary vertex was selected if its probability was greater than
1 % or if it had the highest probability. There were 1191 V® with acceptable fits to tle
primary vertex.*

In order to ensure good V0 detection and measurement efficiencies, the VU vertices
were required to be at a distance greater than 1 cm from the primary vertex and at least
25 cm in front of the bubble chamber wall. The cut at 1 cin was chosen empirically from
the distribution of the distance between the primary and V° vertices. Furtlermore, the
VY lifetime was required to be smaller than 6 times the corresponding mean lifetime. in
an attempt to remove the V° which have an acceptable fit to the primary vertex but
wlnch more likely originate from a secondary vertex. downstream from the antineutrino
interaction.

I tlus analysis. particular attention was paid to rhe chiojee of the mininmum accepted
value for the \*-probability of the fits. Indeed. backgronuds of several types are expected

to be concentrated at low probability. In particular, neutron or KY interactions giving

* In the case of A a.111biguity,- both V° and y fits were attempted. If an acceptable

fit was obtained for the 4 hypothesis, it was always selected. -
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tise to two particles of opposite charge, and genuine K" or A originating from a secondary
vertex, can occasionally give an acceptable fit to the primary vertex. On the other hand., it
was observed that the V9 with g fit probability lower than 5% have an average momentum
significantly larger than the VY with higher fit probabilities. A value of 0.5% for the lowest
acceptable fit probabﬂity has leen chosen, as a compromise between efficient backgrowd
rejection and reliable unbiased selection. '

The effect of the selection criteria is summarized in Table 1. Among the 1020
surviving the above cuts. 804 are unambiguous, viz. 463 1%, 333 A and 8 A, and 216 aye
amnbiguous, viz. 163 K°/A. 50 K°/A, 2 A/Xand 1 IK°/A/A (see Table 2).

The ambiguities between the different V0 interpretations were resolved by using the
distributio.n of the cosine‘of the angle (6*) between the positive decay track and the V7
line of flight (Lorentz boost difection) in the VO rest frame. For K0 . this distribution is
expected to be flat since the decay is isotropic in the K° rest frame (this“u-'ould not he
true for polarized A or A). The cos §* distribution for all K fits is shown in Fig. 2a.
It is observed that the ambiguous V? do not contribute significantly to the central region
defined as |cos 6*| < 0.6. The mean number of K fits per bin in this region cau tlierefore
be extrapolated to the whole range of cos 8* (dashed line in Fig. 2a) aud the fraction of
true K% among the ambiguous V¥ can be determined. As a result, the number of genuine
K° expected among the K°/A fits is 25 4+ 9, whereas it is 33 o 9 among the KO/ fits.*
The systematic uncertainty on these numbers due to the chojce of the central region is
estimated to be £2. This gives the following nunibers of neutral strange particles : 521
% 474 X and 25 . Table 2 sunmmarizes the results of the ambiguity resolution procedure.

The ambiguity resolution procedure only tells which fraction of the ambiguons V°
Lave to be interpreted as K° | A or X . The actual resolution of the ambiguity for each V¥
1s done on the basis of the ratio of fit probabilities, such as to reproduce thie results of the
above procedure. K0/A (K /) ambiguities are resolved in favour of the K hypothesis
whenever the I° fit probability is greater than 1.95 (0.95) times the A (\) fit probability;
the A interpretation is chosen in the cases of A /A and KO /A/N ambiguity.

A Monte Carlo stucl}'” of I\'O/A anc| KU/K ambiguities in BEBC indicates that the fit
probability provides an efficient separation between the different mass Lhypotheses, In this
case, possible contamination of the KU and .\ sawples e to an erroneous Iterpretation

of the ambiguities is small. ‘In the A sample (474 \ in total). the contamination would

¥ As expected, those two nunbers are nearly equal since the decay of XY mesons into

positive and negative pions is synumetrie, thus simulating A and A equally.



not exceed 5% even if the resolution algoritlun were to pick each of the 25 geuuine K"
appearing among the 163 I{°/A ambiguities. Similarly, in the Ic° sample, even if only the
genuine A and A were selected, this would lead to a maximum contamination of 8% (25
A and 17 A on a total of 521 I{?). However, the contamination of the A sample could he
large.

The cos 8% distributions for I{° and A , after the resolution of ambiguities, are shown
in Figs. 2b and 2c. The lack of A with large cos 6* suggests a possible loss of A with 7= of
low momentum in the laboratory : such A are indeed difficult to find and to reconstruct.
This 1s supported by the fact that only 2 out of 30 A with cos €* > 0.8 have momentwn
< 1 GeV/e, whereas 141 out of 444 A with cos 8% < 0.8 have momentum < 1 GeV/e.
The loss of A with momentum below 1 GeV/c is estimated by comparing the observed
and simulated 77 momentum distributions for A in that momentwn range (we used the
observed A momentum distribution below 1 GeV/c to simulate A decays). This loss will
be corrected hereafter by weighting appropriately the observed low momentum A : The A
decay angular characteristics are studied in more detail in Section G.

The unconstrained n7¥x~ and p n~ invariant masses for selected KY and A are
displayed in Fig. 3. Fitting the distributions with Gaussians gave mass values of
m(I%)= (497.5 % 0.7) MeV/c? and m(A)= (1115.8 &+ 0.4) MeV/c?, in agreement with
the Particle Data Group values.!® .

The V* are weighted according to the probability of decay inside the allowed region; a
region which is determined by the cuts on the distance from the primary vertex and from
the bubble chamber wall, as well as by the lifetime cut. In addition, the V° are weighted
according to their probability of interaction before decay. The combined V? scanning and
kinematical fitting efficiency is estimated to be (96 + 2)% from two independent V? scans
ad partial remeasurements. The average K and .\ weights shown in Table 3 also take
into account the branching fraction for neutral decay modes (including the undetected K7
component) and the loss of A with slow 77. No correction is made for the /1% or 4 /A
ambiguities which are expected to be negligible.

A final test of the quality of the sample comes from the lifetime measurement (Fig. 4).
The use of a maximum likelihood method!? vields menn lifetimes of | 0.86240.042) x 1010
for K and (2.64£0.13) x 107! for .\ . in good agrecment with the P.D.G. values'® (0.892

x1071% and 2.63 x 10710 s respectively).



3 — Production Rates

For the purpose of calculating production rates, the ohserved number of VU is weighted
as described above. Furthiermore, the nunber of charged curent interactions {(with or
without.V? ) is corrected for scanning losses according to the charged and neutral particle
multiplicities (see reference 16).

In order to be above the threshold for K? production, the total hadronic invariant
mass squared 1172 is required to be greater than (my + nigo )2, where my is tlie nucleon
mass. This cut reduces the nunber of V? to 1012, i.e. 518 K%, 469 A and 25 . The total
munher of charged current events passing the cut is 12289, leading to corrected production
rates* of (15.7 £ 0.8)% for K° , (8.2 £ 0.5)% for A and (0.4 £ 0.2)% for A . The
corresponding rates for 172 > 5 GeV? are (18.4 + 1.0)% for KY, (8.6 + 0.5)% for A and
(0.5 = 0.2)% for A . .

Table 4 summarizes the most statistically significant results published on KY and A
production rates in antineutrino charged current interactions. Comparison between these
data is difficult due to the different experimental procedures, different cuts and different
targets. For antineutrino energies averaging around 40 GeV, all K production rates seein
broadly consistent while the A rates vary from 4 to 8 %, with the lowest rates heing
obtained in 7 p iuteractions.  For completeness, the most sigﬁiﬁcant results in neutrino
charged current interactions are also given in Table 4.

Table 5 presents the semi-inclusive production rates for single and multiple VO produc-
tion channels. These rates are obtained by solving the complete set of equations relating
the number of observed events in each channel to the true number of events from all cou-
tributing production channels, given the detection efficiencies. The ratio (R) between the
rates for pair production and single production of neutral strange particles, defined as

-0y -0 -0 . . . .
(# ;} io i ﬁ ‘I\\ A_), is 0.60 £ 0.12, a value counsistent with most neutral strange particles

beine produced in association with another strange particle, either neutral or charged**.
&

* Tle systematic error corresponding to the uncertainties in the total weight and in the

resolution of the ambiguities hag been added to the statistical ervor in guadrature.
** I it is assumed that charged and nentral knons sre-produced with equal probability

and that IKOA (or KT A) pair production oceurs at 0.5 to 1'times the rate of NN

K™ or EEI{+) pair produétion;ﬂféﬁ"one expects the Tatio R to be in-therange 0.60 to -

0.67 if all V* are due to associated production. No associated production would result in

-1



The study of the production of £%(— Ay) hyperons is possible in this experiment,
taking advantage of the good v detection efficiency in the heavy Ne-H, mixture (density
0.71 g/cm? and radiation length 41.6 cm).

Fig. 5 shows the Ay invariant mass distribution. A definite peak at the T mass
(1.193 GeV /c?} is observed, where the mass resolution is 0.010 GeV /c?. The background
is determined by randomly combining each A with 4 from other events with similar values
of 1% ; it is then normalized to the number of mass combinations outside the T region
(1.160 to 1.220 GeV/c?) and fitted with a fifth order polynomial (curve in Fig. 5). As a
result, the number of T° above background is estimated to be 22 + 10.

In order to compute the T° production rate, the observed number has to be corrected
for the v detection and reconstruction efficiency (65 £ 1)% (see reference 16). as -well as.
for the overall A detection efficiency (see Table 3). The corrected number of S0 is found
to be 76 & 34, leading to a production rate of (0.6 & 0.3)%, while the ratio between TV
and A production rates is found to be (7.3 £ 3.3)%. The ouly other measurement of the
0 production rate comes from a neutrino experiment'® in which the rate was estimated
to be (1.1 + 0.3)%.

Table 6 summarizes our measurenients of the inclusive production rates of I{° mesons,

A, A and ZY hyperons.

4 - Differential Rates

The production properties of I{” mesons and A hyperons are studied as a function
of various kinematical variables which characterize the interaction as a whole: the an-
tineutrino energy E, the energy transfer v = E — E*, the square of the 4-momentumn
transfer between the antineutrino and the target nucleon Q? = 2E(E" — ph) — mﬁ. the
Bjorken variables @ = Q*/(2myv) and y = v/E, and the total hadronic mass squared
W2 =m% + 2myr — Q. E is estimated from the momenta of all measured charged and

neutral particles in the following way:

with § = | " p} |, summing over all particles excluding the muon. The variables Py and
7 denote the longitudinal momentum of particle i and of the muon, with respect to the _
IL 1 ].

antineutrine direction. The function f corrects the visible momentum for the loss of neutral

particles as determined by Monte Carlo!S.



Table T gives the average values of the kinematical variables distributions for the events
containing K or A and for the whole charged current sample with 2 > (my 4+ mpe)
The differential production rates for K and A particles as a function of E, », @2, x. y and
1772 are shown in Figs. 6 to 11.

Both Ik° and A production rates increase with increasing E, v, Q%, y and 1172 | the
increase being stronger for the IX° than for the A. The K° rate seems to level off at high
values of B, v, Q% and 1?2 (Figs. 6, 7, 8 and 11) and to decrease at high y values (Fig. 10).
The apparent lack of ¥ at high T2 was also seen in some of the other experiments? 14!,
including the one with the largest (neutrino) statistics. However, it is expected that the
smearing due to measurenent errors, particle misidentification and ¥ energy estimation
would produce such an effect. The possible loss of I° decaying inside high 111uftip1icity

Ladronic or electromagnetic showers may also contiibute.

Fig. 9 shows that both K? and A production rates are essentially independent of
«. This is in contrast to the strong dependence observed by Ammosov et al®, which was
attributed to the contribution from charm production off the strange sea, at small values
of w. However, it should be noted that a fraction as large as 45% 2° of all antineutrino
charged current interactions takes place on the sea. The effect in @ is thus not expected
to be large. Allasia et al'! report a decrease in the K° production rate with increasing .
while the A production rate is independent of . This decrease in the IK° rate cannot be
very pronounced since they report average values of x for IK% events {0.21 £0.02 for # n
and 0.20 £ 0.02 for ¥ p) close to those for all charged current events {0.18 £ 0.01 for ¥ n
and 0.23 £ 0.01 for 7 p).

The A production rate as a function of W2 (Fig. 11) is essentially flat below ~ 15
GeV? and increases above that value. This rise could be attributed to a threshold effect
for charm production. Indeed, the interactions off the strange sea are Cabbibo-suppressed
below the charm threshold (3 — ¥ transitions). Above the threshold for charm productiow.
the 3 — T trausition is favoured and the remaining s quark may recombine with valence
quarks to form a A hyperon. This threshold effect has no counterpart in 1 interactions
and is not observed in other experiments (see for example reference 14). The rise appears
for both ambiguous and unambiguons A . thus it i< not due to a contamination of the A

sawmple by Y.

To substantiate this interpretation, the V? production rates were examined as a func-
tion of W2 for the events with total measured charge Q = 0 (Figs. 12a and 12c) and

Q = 1 (Figs. 12b and 12d). About 90 % of the events with () = 0 are interactions on ;
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neutrons whereas nearly 85 % of those with ) = 1 are interactions on protons. At low 1772
, the A production rate is higher for interactions on protons than it is for interactions on
neutrons. In the case of interactions on proton valence quarks, a u quark is struck and the
ud diquark left hehind can then pick up a strange quark from the sea to formy a A or T
Liyperon (see Fig. 13a). On the other haud, in the case of interactions on neutron valence
quarks, the dd diquark left behind has to break up to produce a A or T (Fig. 13b). This
explains why the opening of the charm production channels is expected to show up more
prominently in ¥ n than in 7 p interactions, as observed in Fig. 12.

Other variables were studied separately for events with W2 below or above the oly-
served threshold. Within the rather large statistical errors, no significant difference was
ohserved. )

The data reported by Allasia et al'!, obtained under similar experimental conditions
(same ¥ beam and bubble chamber), are compared with our data in Figs. 11 and 12. The
Lund model predictions for deuterium, extracted from reference li (see also réference 12),
are shown as well. It should be noted that different smearing conditions might affect the
two data sets in slightly different ways. Good overall agreement between the Lund model

predictions and our data is observed.

5 —  Single Particle Distributions

‘The production properties of individual particles can be described as a function of:
1) the transverse momentum squared with respect to the direction of motion of tle
hadronic system, pZ;
i) the fraction of the W boson energy carried in the laboratory system, = = Eyo/i:
1) the Feynman-x variable, ap, approximated by 2p7 /T, where p} is the longitudinal
momentum (with respect to the direction of motion of the hadronic system) in the
hadronic center of mass system;
iv) the rapidity in the hadronic center of mass system, yt = %ln[(E* +pLE* —p)]
where F* 1s the energy in the hadronic center of mass svsten.
In this section, a cut at 7172 > 5 Gel2 in applied in order to decrease the influence of
exclusive channels at low energy. The V' production properties are shown in Figs. 14 to

1T and summarized in Table 8*. As in the previous section, data from reference 11 for the

* It should be noted that the distributions sliown Lere have not heen corrected for the

smearing due to measurement errors, particle misidentification and ¥ energy estimation.
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same 1172 Lave heen superimposed for comparison.

The p% distributions for K and A given in Fig. 14 were fitted by an expression
of the form A - exp[Bp7] for transverse mowmenta squared up to 0.5 (GeV/c)2. The slope
parameters were found to be B = —4.93+0.46 (GeV/c)™2 and B = —4.6940.52 (GeV /c) 2
for K’ and A respectively. Similar values have heen obtained in previous neutrino and
antineutrino experiments.

The z distributions are shown in Fig. 15. The mean 15 0.2520.01 for K° and 0.22+0.01
for A. There is an indication of a turnover at low = for the K data. Such a behaviour was
also observed in most other experiments although no turnover was observed by Bosetti ot
al!® in a study performed at higher E and W72,

The @ p-distribution for K° (Fig. 16) is a narrow distribution around zero while the .\
distribution is wider and mostly at xp < 0. This can be characterized by the asyminetry
parameter A defined as (Nrp — Ng)/(Ng + Np), where Np (Ng) is the munber of particles
moving forward (backward) in the hadronic center of mass system. The values abtained
for K% and A are A= 0.23 £ 0.04 and A= —0.72 £ 0.04 respectively.

The rapidity distributions (Fig. 17) show features similar to the r p-distributions,
although the rapidity depends on both longitudinal and transverse momenta. The wp
and y* distributions thus indicate that IK° (A) production essentially occurs in the central
(backward) region of the hadronic center of mass system. However, it is observed that
31 A (of which 18 are unambiguously identified) are produced in the forward region y* >
0.2. 28 of these 31 A belong to events with W2 > 20 GeV? , whereas only 17 of the 77 A
with —0.2 < y* < 0.2 belong to events with 172 > 20 GeV? . There is thus a signal for
A production in the forward region, with little background from K°® . It is interesting to
note that the A (also at high 1172) and forward A candidates found in this sample may be
interpreted as evidence for haryon-antibarvon pair production.

Overall, the data and Lund model predictions extracted from reference 11 and dlis-

played on the p%, z and v g distributions show features similar to our data.

6 — A\ Polarization

-\ polarization has heen studied in several cxperimentst 21 Jones et al?! observe
polarization in the A production plane, defined by the J and T directions deseribed below.
whereas Ammosov et al® and Allasia et al'! find polarizations transverse to the production
plane, defined by the A and 7 directions in the laboratory, but with opposite sigus.

Polarization is expected to occur in A production as a result of the space-time structure |
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of the weak current. When the W boson interacts with a valence quark of left-handed
helicity, the leftover diquark from the initially wnpolarized nucleon is expected to retain a
remmant polarization. This polarization may be transmitted to tle strange baryon formed
by picking up a strange quark from the (unpolarized) sea??.

The angular distribution of the decay proton in the A rest frame can be written in

the form

dN 1
deosf do  4rx

(14« By - p,),

where the parameter a = 0.642 £ 0.013 (from reference 18), }_’:1 15 the polarization vector
of the A and p, is a unit vector in the direction of the decay proton. The angles § and o
are the polar and azimuthal angles of the decay proton with respect to Py.

The axes in the A rest frame are defined as follows:

[
I
)
X
<

where .J is a unit vector along the current (W boson} direction and T is a unit vector in the
direction of the target nucleon (assumed to be initially at rest in the laboratory). Thesc
two directions define the production plane. It should be noted that this definition of the
production plane agrees with that of reference 21, whereas it is different from the one of
references 5 and 11.

The distributions of the cosine of the angle between the decay proton and the @', 3’ and
z' axes are shown in Fig. 18. A fit to these distributions using the above expression gives
the following values for the polarization Py : —0.56 & 0.13 . ~0.02 4+ 0.13 and 0.08 + 0.13
along the a', ¥y’ and ' axes respectively. A strong effect is observed in the direction
opposite to the current (Fig. 18a), whereas no polarization is found perpendicular to the
procduction plane (Fig. 18b) or along the =’ axis (Fig. 18c}. A svstematic error of £0.02
on the above numbers is estimated taking iuto acconnt the uncertainty i the resolition
of K/.\ anbiguities and the correction for low mony uttun 7=, No correction is made for
the 7 /A ambiguity. The effect is definite for +7 < 0 and persists for a series of cuts on the
kinematical variables (see Table 9).

These results confinn the observation by G.T. Jones et al?! that the polarization cow-

ponent perpendicular to the A production plane is consistent with zero and that significant -
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=1

polarization is observed in the A production plane. As a check, the polarization analysis
was repeated on tle sample of unambiguous K%, No significant polarization effect was

found in that sample.

—  Summary

The production of neutral strange particles in antineutrino charged current interac-
iions lias been studied in BEBC filled with a heavy Ne-Hy mix. The total munber of Y.
A and A passing the selection criteria is 518, 469 and 25 respectively for p* > b Gel'/e
and 172 > (my + myo)?. The corresponding number of charged current events is 12289,
The inclusive production rates are (15.7 & 0. 8)% for kY, (8.2 0. 0)% for A, (0.4 +0.2)%
for A and (0.6 £ 0.3)% for £° (included in the A rate).

Tt is found that both I? and A production rates increase with increasing E, v, Q% y
and 1172, the increase for the I being stronger than for the A . An indication for a charm
threshold effect is found in the A production rate as a function of 172

The production properties of 1K and A have been studied as a function of p3. =.
ap and y*. The results indicate that most 10 arve produced centrally while most .\ are
produced backward. These features are in qualitative a.greement with the quark-parton
model predictions.

Finally, the A hyperons are found to be polarized in the production plane while the

polarization perpendicular to the production plane is consistent with zero.
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TABLE 1: Total number of V° originating from the primary vertex
as a function of the successive selection criteria.
No cut 119
[>1.0cm 1110
dwan > 25 cm 1102
t < 67 1074
P > 0.5% 1020
TABLE 2 : Numbers of V? fits and their assignment to
‘ * different mass Liypotheses.
10 K°/A | K°/A | K°/A/A| A A/A A Swun
N 463 25 33 — — — — 521
A — 138 — 1 333 2 — 474
A — — 17 — — — 8 25
Sumn 463 163 50 1 333 2 8
TABLE 3 : Average weights and correction factors applied to K% and

A (the average total weight also includes a ~ 4% correc-
tion for overall charged current event scanning efficiency).

IK° A

VO scanning and kinematical fitting eff. 1.042-4-0.022

1.04240.022

Geowmetric detection efficiency 1.156+0.008 | 1.170x0.008

Interaction before decax 1.0634+0.004 {1 1.07240.006

Neutral decay modes 2.915%0.011 | 1.560+0.012

Low momentum 7~ —

1.0454+0.021

3.876+0.089 | 2.2314£0.072

Average total weight
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TABLE 4: Inclusive production rates for IX° and A produced in 7 and v
charged current interactions. < Ecc > is the average (anti)ueutrino
energy of the charged current event sample.
Reaction Cuts < Eco > #RY | KO Rate # A A Rate
(GeV) (GeV) dbserved (%) observed (%)
7 Ne this expe | gt = 5 7 > my 4 mipo 40 518 15.7+ 0.8 469 824 0.5
7ol P> 4TV > V5 ~ 45 20.8 + 2.0 7.6+08
7p L2 P> 4, W > \/5 ~ 45 18.4 £ 1.3 5.7 £0.6
7 Ne 1° P >5M >1.5 81 04 21.9+£28 37 6.5+1.2
p® E>51 > 1.0 ~ 45 88 |15.1+32| 46 | 45+09
7 Ne ¢ pt >4, E>10 ~ 45 350 16.4+0.9 257 6.3£04
' Ne 14 P> 2, E > 10 46 2979 | 168+1.2] 1843 | 65405
v Freon®* | E > 3,TF > 1.5 10 82 T.1+£0.8 6 31+04
v 2 P> AW > VB ~ 60 20.5 & 1.2 6.6+ 0.7
v 1?2 p* >4, > 6 ~ 60 17.44+1.2 44405
1 Ne 10 p*>5 W >15 103 203 23.0+ 1.7 98 5.7+0.7
vp? p* >3, E>51>156 43 359 17.5+0.9 180 4.54+04

-1




TABLE 5 :

Semi-inclusive production rates for single and multiple Vv

final states. X represents any hadronic final state which
does not contain I% A or A . The numbers i1 the secomnd

column are the “true” numbers of events in eacl of the 9

channels obtained by solving the system of 9 equations.
(p* > 5 GeV/cand W2 > (my + myeo )?)

Semi-inclusive chaunel # Eveuts | # Events | Rate (%)
observed | {solution)
7 Ne — pt K° X 408 738 £ 159 | 58412
TNe—put A X 404 {56577 | 44406
7Ne = put A X 19 14 +22 [0.11£0.17
7 Ne - pt KOKY X 28 402484 | 31107
TNe - pt KOA X 49 3714 £ 81 | 2.94+0.6
7Ne —» pt KOA X 3 25+ 17 | 0.194+0.13
7Ne - put AAX 6 304+ 12 {0.23+0.10
7Ne—- pt AR X 3 14410 |0.114+0.08
7Ne -t KOKO A X 1 34+34 [0.264+0.26

TABLE 6 : Inclusive production rates for 1% , A | A and S° . The
corrected number of charged current events is 12812, after
taking the scanning efficiency into account.

(p* > 5 GeV/e and 12 > (my + nipo)?)
Number of V° | Number of V° | Rate (%)
observed corrected
K¢ 518 2008 £ 107} 15.74£0.8
A 169 104G + 62 8.2+05
A 25 53 + 22 0.440.2
0 22 76 4 34 0.6+0.3

(1) The =° production rate has not been subtracted from the inclusive
A production rate.
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TABLE 7 :

Mean values of kinematical variables for all charged
current eveuts (CC) and for charged current events

containing IX° mesons or A hyperons.
(P > 5 GeV/ec and 2 > (my + mpo)?)

laboratory momentum.

(P* > 5 GeV/c and TF? > 5 GeV?)

I° A
<p> (GeV/e) 4.0040.19 | 2.6940.21
<p2 > (GeV/e)? 0.26£0.02 | 0.25+0.02
ph slope (GeV/e)~2 —4.93+0.46 | —4.69 £0.52
<:> 0.25+£0.01 | 0.22+0.01
<ap > 0.06 + 0.01 | —0.47 + 0.02
A = (Ng - Ng)/(Np + Ng) 0.23+0.04 | —0.72 4 0.04
<yt > 0.20 £ 103 | —0.69 + 0.03

19

CC Events K* Events A Events

E (GeV) 40.3 4 0.3 50.2 £ 14 442 1+ 1.5

v (GeV) 12.5 £ 0.1 18.7 + 0.7 16.0 £ 0.7

Q? (GeV?) 4.62 + 0.06 6.49 + 0.31 5.55 + 0.32

@ 0.218 = 0.001 | 0.210 £ 0.007 | 0.214 £ 0.007
. Y - 0.315 & 0.002 | 0.392 £ 0.009 | 0.353 + 0.009

2 (GeV?) 19.8 £ 0.2 295 + 1.1 253 +£1.2
TABLE 8 : Production properties of I° and A; p is the




TABLE 9 :

p 15 the laboratory momentum.
(P >3 GeV/ecand T > (my + mywo )?)

A polarization along the a', ¢ and 2 axes;

Selection.cuts P P, P.

No cut —0.56£0.13 [ —0.02+0.13| 0.08+0.13
ep <0 —0.63+£0.13 | —0.02+£0.14 | 0.12+0.14
tF >0 —~0.1140.45 | —0.06 = 0.40 | —0.01 £ 0.44
p<2GeV/e,orp <0 —-0.574+0.15| 0.02+0.16 0.02 +£0.16
p>2 CeV/e, ep <0 —0.824+0.27 | —0.24 +0.26 | 0.45+ 0.27
12 < 20 GeV?, ap < 0 —0.6040.17 [ 0.0440.19 | 0.18+0.19
W2 > 20 GeV?, ap < 0 ~0.694+0.21 | —0.18 £ 0.22 | 0.00 +0.21
() < 4 GeV?, 2p < 0 ~0.6140.18 | —0.01 4 0.17 | —0.05 + 0.19
Q% >4 GeV?, ap < 0 —0.64+0.21 | 0.0840.24 | 0.39 £0.20
&< 0.2, 25 <0 —0.4640.19 | —0.01 £ 0.18 | ~0.20 + 0.18
x>0.2 25 <0 —0.8540.19 | —0.0240.22 | 0.52 4+ 0.20
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Fig. 8
Fig. 9
Fig. 10
Fig. 11
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Fig. 13

Fig. 14

FIGURE CAPTIONS

Diagrams for dominant processes contributing to neutral strange particle production
in antineutrino charged current interactions.

Distribution of the cosine of the angle between the positive decay track and the 1
Jine of flight (Lorentz boost direction) in the VO rest frame. (a) All K fits beforc
resolution of thie ambiguities (the ambiguous VO are shown hatched); the dashed line
represents the estimated contribution from true K¢ decavs. (D) U after resolition

of the anibiguities (the contributions due to resolved ambiguities are shown hatched):

(c) A asin (b).

3 Distribution of unconstrained invariant mass; (a) ata~ mass for K%, (L) p 77 1ass

for A. The curves represent the fits described in the text.

Lifetime distributions for (a) K¢, (b) A. The dashed lines do not represent fits to
these distributions but were simply added to guide the eye. Their slopes are fixed by
the average lifetimes determined by the maximwn likelihood method.

Invariant mass distribution for all Ay combinations. The curve is the result of a
polynomial fit to the background as described in the text.

Average V° multiplicity as a function of the antineutrino energy E.

Average VY multiplicity as a function of the energy trausfer v.

Average VU multiplicity as a function of the 4-momentum transfer squared Q2.
Average VO multiplicity as a function of the Bjorken-x variable.

Average VO multiplicity as a function of the Bjorken-y variable.

A\.fera.ge V? multiplicity as a funiction of the hadronic invariant mass squared W72 for
(a) K% , (b) A . The data points for ¥ n (x) and T p (4) interactions extracted from
roforence 11 are also shown for comparison. The dashed curves are the predictious
of the Liuid model for deuterium taken from reference 11. Separate predictions for
neutron and proton targets have been combined assuming o(7p) = 2o(vn).

Average VO nultiplicity as a function of the Ladronic invariant mass squared 1172; (a) .
° in events with Q = 0. (b} K" in events with Q = 1. (¢) \ in events with @ = 0.
(d) A in events with @ = 1. The curves ave as in Fig. 11.

Diagrams for .\ production in 7 interactions ou valenee w gquark off (a) a protow. (D)
a neutron.

Differential distribution of the V? transverse momentum squared with respect to the
hadronic shower direction (normalized to the total number of charged current events).

The solid Iines are the result of the exponeuntial fits described in the text wlhereas the
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dashed curves are as in Fig. 11.

Fig. 15 Differential distribution of the fraction of the W boson energy carried by the V'
(normalized to the total number of charged current events). The curves are as iu
Fig. 11.

Fig. 16 Differential distribution of the Feynman-x variable (normalized to the total mwuber
of charged current events). The curves are as in Fig. 11.

Fig. 17 Differential distribution of the V® rapidity in the hadronic center of mass system
(normalized to the total number of charged current events).

Fig. 18 Distribution of the cosine of the angle between the decay proton direction and (a) the
2’ axis (current direction), (b) the y' axis ( perpendicular to the production plane), (¢)
the =’ axis, in the A rest frame. The lines represent the results of the fits desc‘ribed m

the text.
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