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1. Introduction

A number of current problems in high energy physics are related to the investigation
of channels with one neutral particle [1, 2]. The possibility of separating such channels
using conservation of energy and momentum has always been extensively utilized in analysis
of bubble chamber data at low and intermediate energies. However in contrast to exclusive
reactions having only charged particles in the final states, which can be separated on the
basis of four constraint kinematic fits (4c¢ fits), reactions with one undetected neutral
particle can be separated only on the basis of one constraint kinematic fits (lc fits).

With increasing energy the separation of channels with one neutral particle becomes
less reliable, because the errors in the reconstruction of the trajectories of the charged
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particles become larger. In K-p interactions such final states have previously been separated
at energies up to 16 GeV [2].

In experiments with the Mirabelle bubble chamber the separation of lc¢ fit channels
(i.e. channels with one unseen neutral particle) is more difficult because of the large mo-
mentum of the incident particles and the reduced accuracy of reconstruction of events in
the fiducial volume of the chamber due to its design characteristics. A study of the inherent
possibilities of this chamber, undertaken for the pp experiment at 69 GeV/c [3], demonstra-
ted that at this energy it was possible to separate 4c fit channels, but the separation of lc fit
channels was almost impossible.

In this paper results of a detailed investigation of the possibilities of separating Ic fit
channels in the 32 GeV/c K~p experiment are presented. During the analysis of this experi-
ment at IHEP both 4c fit and lc fit hypotheses were included in the “GRIND” program
for topologies of low multiplicity (n, << 6).

In order to obtain undistorted parameters for reconstructed tracks, coirections for
systematic distortions, calculated using the method described in Ref. [4], were applied
to the results of the geometrical reconstruction program before calculation in program
“GRIND?”. On the basis of the results of the “GRIND calculations the following exclusive
channels were separated:

Kp->Kp+mrn'n)y+n° ¢))
K7p = Klewp+m(n"n7)+1° ()
K™p o np+mn'n ) +Kden )
K'p> K nt+mnr" n )+n, (4)

where m = 0, 1, 2.

Several systematic problems related to the separation of these channels, the analysis
of ambiguous events, the determination of the principal sources of contamination and the
experimental data for the evaluation of the cross sections for these reactions will be discussed
below. For simplicity reaction (1) will be treated as an example, which is the principal
object of this investigation.

2. Experimental procedure

The input data for this investigation were the lc fit events obtained at IHEP from
about 50000 primary interactions (the complete statistics of the experiment is 123000
events) in the 32 GeV/c K p experiment. The events were measured on HPD machines or
precision measuring projectors and were calculated with the standard programs
“H-GEOM”-“GRIND”-“SLICE”. Details of the data reduction can be found in a pre-
vious publication of the collaboration [5].

The best Ic fit hypotheses with ¥2 < 10 limited to a maximum of four and excluding
those hypotheses whose probabilities were less than 1/3 that of the best hypothesis were
written on DST in the order of decreasing probability P(x?). If a particular hypothesis
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had a probability P(x*) more than three times larger than the corresponding probabilities
for all other hypotheses, it was considered unambiguous.

In Fig. 1 the distribution P(x?) is shown for events for which the best hypothesis
corresponds to reactions (1) with m = 0, 1, 2. As can be seen from this figure, this distribu-
tion is almost uniform in the region P(x*) > 0.1, but has a maximum at small probabilities
which could be caused by contamination from other channels. Therefore only events for
which the best lc fit hypothesis has P(y?) > 0.07 (the boundary for this cut is shown in
Fig. 1 by the dashed line) are considered further.

In Fig. 2 (upper row) the distribution in M2, is shown for events for which the best
hypothesis corresponds to reaction (1) (the dashed histogram shows the corresponding
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Fig. 1. Probability distributions for reactions (1) with m = 0, 1, 2. The dashed lines show the position
of the cutoff chosen for the selection of 1c fit reactions
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Fig. 2. Missing mass distributions for reactions (1) with m = 0, 1, 2 obtained from real events (upper row)

and from events, which satisfy four constraint fits, but have been suitably modified to simulate reactions

with one n° (middle row) and two =®s (bottom row). The dashed histograms in the upper row correspond

to events fitting reaction (1) uniquely; the solid histograms in the upper and middle rows and the shaded

histograms in the lower row correspond to real or simulated events where the best fit is the reaction (1)

(P(x*) > 0.07). The solid histograms in the lower row have no selection on P(x2). The dashed lines and
arrows show the position of the missing mass cutoff chosen for further selection
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histogram for events fitting reaction (1) unambiguously). A clear =° signal is seen for all
topologies; the width of the n° peak is smaller for topologies of larger multiplicity which is
related to the greater measuiement precision for slower tracks. On the whole the resolution
in M2, in this experiment does not differ significantly from the resolution obtained in the
14.3 GeV/c K—p experiment (the ratio of the width to the half height dNJd(MZ,) for both
32 and 14.3 GeV/c for two prong events from reaction (1) is equal to 1.3). But even for
6 prong events with a 7% the width of the M 2., distribution is large enough to overlap with
the missing mass of 21%’s and a K° meson, so that some of the events assigned to reaction
(1) may originate from the corresponding reaction with 2n%s or from reaction (3). As is
seen in Fig. 3 (upper row) where the number of unique events fitting reactions (1), (3), (4)
respectively are plotted, and where also the numbers of events having various specific
ambiguities are shown, there are a significant number of ambiguous events. There is an
especially large number of events which have nearly the same probability for n° and K°
reactions. With increasing multiplicity the fraction of ambiguous events decreases.

As lower energy investigations have shown, the principal sources of ambiguities for
1¢c fit events are interchanges among the channels (1), (3), (4) and contamination from
channels with more than one neutral particle [6] which can also contribute to 1c fit events
classified as unambiguous according to the criteria described above. Therefore in order
to evaluate the quality of l¢ fit events the principal sources of contamination (separation
error of the second type) and loss (separation error of the first type) were carefully investiga-
ted for events lying in kinematic regions close to those identified as lc fit events.

For this reason we studied 4c fit events corresponding to the reactions

Kp - Kp+m(ntn), (5)

where m = 1, 2, 3. Discarding in these events one or several charged particles of various
types, we created samples of test simulated events with one (n°, K, n) or several different
missing neutral particles. Thus the multiplicity of charged particles in the test sample
was one larger than the multiplicity of the corresponding simulated 1c fit channel. The
distributions in M?,, are shown in Fig. 2 for test events with a single n° (middle row)
and 2n° (lower row). The solid histograms in the lower row in Fig. 2 have no selection
on x2; all other histograms in Fig. 2 have P(3*) > 0.07 for reaction (1). The distributions
in M2,, for events with one n° give an impression of the real resolution in M%;, for the
K-p experiment at 32 GeV/c. For each test event the quantity D? was calculated for each
1c fit hypothesis according to the following formula

D* = (‘M:\is - Iuieutr)zl(d ‘\’[;is)za

where M2, -— missing mass squared with respect to the remaining charged particles,
M?,,,. — mass squared of the simulated neutral particles, AMZ;, — error on missing mass
squared.

For a Ic fit hypothesis the value of D? is closely related to the yx2, since in this case
only one constraint equation remains. Subsequently, as in the real experiment, the four
best hypotheses were selected, the ratios of the probabilities of which were not permitted
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Fig. 3. Distributions showing how many events have a unique fit with P(3x?) > 0.07 to channels with
a ©°% K°, n and how many have the following ambiguities: 7°—K?9, n°®—n, n—K° and #°—K°—n. In the
upper row where real events are shown, the number of events in each category is plotted. The middle and
bottom rows correspond to events which satisfy four constraint fits, but have been suitably modified to
simulate reactions with one =° (middle row) and two =%s (bottom row). In the middle and bottom rows
the ratios of the number of simulated events in each category to the total number of simulated events are

plotted
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to exceed three, and value of D? itself was not allowed to exceed three (corresponding to
P(D?) > 0.07).

In Fig. 3 the numbers of test cvents with one n° (middle row) and two n%s (lower
row), for which one or several Ic fit hypotheses were accepted, are shown as an example.
From Fig. 3 it is seen that for test events with one n° in a laige number of cases (ranging
from 50% for 2-prongs to 20% for 6-prongs) two lc fit hypotheses (with 7° and K°) were
accepted.

Moreover, in the same figure it is seen that events with 2n°’°s rather often satisfy a Ic fit
hypothesis with one n°, although usually they satisfy two hypothesss (z° and K°). For
further analysis in order to reduce the contamination of 2r° events in the channels with
one n° an additional cut was made on M2, :(—0.3 GeV2 < M2, (n°) < 0.2 GeV?). As seen
in Fig. 2 (the dashed lines show the boundaries of the cut) for test events with one n° meson
(middle row) and 2n° mesons (shaded region in the bottom row), for which the best hypothesis
is reaction (1), this cut 1s the minimal one still permitting a detailed analysis of the contami-
nation. Corresponding cuts were made for M2, inreactions (3) and (4) (0.0 GeV? < M2, (K°)
< 0.5GeV3, 0.0 GeV2 < M2, (n) < 2.0 GeV?).

The probability (in %) is shown in Table I for test events simulating reactions (1),
(3) and (4), after applying the cuts on D? and M7, described above, to be assigned to the
1¢ fit channels with n°, K°, n. The upper number corresponds to selection according to the
best hypothesis, the lower one to unambiguously separated hypotheses. It is seen that for
events where the true hypothesis is uniquely selected, the contamination from competing
channels is considerably reduced, however, such a selection leads to a significant (up to
50 %) loss of statistics in the channel under investigation. The probabilities in various chan-
nels were calculated for determination of the contamination of the lc fit channel under
investigation using the corresponding channel with a K+K~ pair.

In Table II the probabilities are shown for final states with several neutial particles

being assigned to the final states (1), (3), (4) (upper and lower figures have the same meaning
as in Table 1).

3. Determination of cross sections

In order to obtain absolute values for the contamination it is necessary at least to esti-
mate the cross sections for reactions with several neutral particles. We obtained such
estimates for the channels with K2,.,n° and K°, =% n from our experiment by successive
approximation and for the channels with K®+mn® and mn® with m > 1, we used the ratios
of semiinclusive cross sections with various numbers of n%s from n*p experiments at
10.1 and 15 GeV/c [7]. Cross sections for channels with n+mn®, n+X+mn®, m > 1,
cannot be estimated in this way, because there is no experimental information for the case
m = 1. Rough estimates for the channels with m = 1 were made from general physical
ideas. These values do not have a substantial effect on the results. For the case m > 1
the assumption was made that the ratios of cross sections for formation of various numbers
of n%s with fixed final state particles corresponding to channels (1)-(4) has approximately
the same form as the semiinclusive cross sections. On the basis of experimental data for
n+p interactions at 15 GeV/c, the average value <{n,0) = 1.8 which agrees well with the
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TABLE 1
1c fit hypotheses assigned K-p+n° 7p+K° K-nt+n
according to selection criteria + charged + charged + charged
T mesons T mesons T mesons
Channels simulated (%) (%) )
67+2 15+ 1 1+ 1
K-prnEne
48+2 6+ 1 1+ 1
6+1 65+ 3 1+ 1
wpr+K° N
1+1 49+ 2 1+ 1
7+1 6+ 1 49+ 2
K-rtrn
3+1 — 48+ 2
67+3 15+ 1 4+ 1
K-prtrrtno
4842 5+ 1 2+ 1
11+2 65+ 6 3+ 1
wp2rtn-K© e
3+1 44+ 4 2+ 1
8+2 9+ 2 58+ S
K=2#n+27n —
2+1 2+ 1 54+ 5
71+5 13+ 2 6+ 1
K-p2rn+2mntn®
52+4 5+ 1 3+ 1
15+4 63+10 7+ 3
Tp3nt2n-K°
6+2 42+ 7 6+ 3
943 9+ 3 66+ 11
K-3n+3nn
3+1 —_ 5610
1242 20+ 3 13+ 2
K-pK+K-nEn®
72 9+ 2 10+ 2
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TABLE II

Probability (in %) that events obtaned from passing suitable 4c fit events, truncated to two or more neutral

particle types given in the first row, through kinematical fitting, would be assigned incorrectly to the Ic fit

reactions indicated in heading, after application of various selection criteria. The selection criteria and

the meaning of the upper and lower sets of figures for each simulated reaction are the same as in Table L.
Rough estimates of the cross sections for each multineutral channel are also given

1c fit hypotheses assigned v K-p+n° ©p+K° K-r*+n
according to selection criteria + charged + charged + charged
- - T mesons T mesons 7T mesons
?Ffixn?ls simulated | Oest(1h) (% ) (%) ! (%) B
12+1 14+1 1+1
K-p2r® 250 = * _
61 11+1 1+1
= 10+1 S+1 -
m-pKon® 250
9+1 5+1 —_
. — - 14+1
K-=nr® 300 -
— — 14+1
1+1 2+1 3+1
K-prt3n® 150 - T _
— 1£1 3+
= 4+1 — 1+1
2n-pK°2r° 250 = R
4+1 — 1+1
— - 3+1
K2rm+n2n® 300 .
+
T : 10+1 o “]‘4+ lw N +
K-prtn-2m® 450 —— - _— -
5+1 10+1 3+1
— 12+1 5+1
r-pretn-KOr® 240
10+1 541 +
1+1 1+1 16+
K-2ntnnn® 300 - —=
1+1 — 15+
— 2+1 — i
2n+2n-K°n 60 e B
+1 — 3+1
— — 4x1
K-prtr-rt3n® __ _ =
prtn T 3n 330 — = 251
— N 6+1 — 3+
np2rtn-Ko2n0 230
4+1 — +
— 2+1 _
3773w Konn® 80 - 1 -
9+1 14+1 10+
K-p2rn+2n—2n° 430 = - _
6+1 8+
— 19+ 3+
wp2rt2n- KO0 130
17+ 2+1
+ 3+1 +
K-3n+2nnn® 150
1+ 1
74 2+1 +
3n 3n K% 50
+ 2+ +
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corresponding quantities at 32 GeV/c, and taking into account the tendency for probability
of the production of several n°'s to increase as energy increases we calculated that

(A+2n0)/(A+7%) = 1.0, (A+3n9/(A+7°% =0.7, (A+4n°)/(A+1°) = 0.3,
where A is the final state without n°® mesons.

Estimates of the cross sections for channels with several neutral particles used in this
analysis are given in Table 1L

It is evident that if the relative probability of misidentification among given competing
channels is sufficiently small, the choice of the size of the corresponding cross section. is not
especially crucial for the calculation of the contamination and loss of Ic fit hypotheses.

Thus insufficiently accurate knowledge of the cross sections for certain final states
with several neutral particles, considered in estimating the errors of the determination of
the cross sections for channels (1) and (2), did not lead to a significant increase of the
errors of the corresponding cross sections.

We note in addition that if in a given reaction neutral particles are present which can
be detected, in case they are associated with an event, this event cannot contaminate a 1¢ fit
channel. Therefore the majority of the cross sections for test channels were multiplied by
coefficients ff, which took into account unseen decay modes, average potential weight
and the effective passing rate for ¥° or y for the data reduction system which was used
in this experiment.

To evaluate the actual cross sections of the lcfit reactions investigated, the following
system of equations was solved

N
oubi = o+ 3 ;B0 jrs

j=i=1
N
where ) o;;8,0; — amount of contamination in the i-th Ic fit channel (separation error
jFi=1
of the second type; E2), (1 —u;;)B:0,, — loss (separation error of the first type; E1), 6, —
uncorrected value of the cross section of the i-th lc fit channel with the given method of
separation of hypotheses, o, — real value of the cross section of the i-th I¢ fit channel,
a;; — probability of misidentification from j-th to i-th reaction channel. To estimate the
misidentification probabilities data from Tables I and Il were used with some additional
simplifying assumptions.

Results for the cross sections of reactions (1)-(4) are given in Table 11I. For compari-
son purposes the cross sections for the same reactions derived from 7¢ fit events (for
example, channels with a seen K° meson) or 5c fit events (events to which one y-quantum
from a n® meson decay is associated, and a second y-quantum is reconstructed using the
additional constraint equation M., = m,) are also given in this table. From Table 111
it is seen that the results of the calculation of the cross sections by the method described
above with corrections for loss (E1) and contamination (E2) are in reasonably good
agreement with the cross sections obtained for 7c fit and 5S¢ fit events. An exception is the
channel K-p — K%pn—n°. The cross section for this channel has been corrected for the
loss of events with short recoil protons by extrapolating the momentum transfer distribu-
tion. We note that cross sections for Sc fit events were calculated according to the first
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hypothesis with the restriction that —1.5 GeV? < M2,(y) < 1.5 GeV? and P(32) > 0.001.
For further analysis we will use the values for cross sections obtained for Ic fit events.
From Table III it is seen that for the channels K-p — K-p+m(ntn-) with m > 1 the
method described above provides a clean enough separation (with contamination <25%;),
however, the separation of analogous channels with a K° meson is very difficult due to
their small cross sections and large overlap between (1) and (3).

In Fig. 4 and 5 the Py, dependence of the cross sections of reactions (1) and (3) is
shown. The solid lines in the figure connect the experimental points belonging to the

B o Kp>K pr? i

B AKpeK prtn w0 ]

2000 - oKp=Kp2nar n® =

1000 |~ .

P K=K pn* 1]
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1 5 10 20 40 80

Piqp (GeVsc)

Fig. 4. Energy dependence of reactions (1) for m = 0, 1, 2. The solid lines show the general trend of the
Pyap dependence of the given 1c fit channels. The dotted and dashed lines show the behaviour of 4c fit chan-
nels without a ©® meson
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same channel. The dotted and dashed curves show the behavioir of nearby 4c fit channels.
These curves are taken from Ref. [8] and values for the cross sections at lower energies.

As seen in Fig. 4 for Py, > 10 GeV/c the cross sections for the channels
K-p — Kprntn~ and K-p — K-prtn—n° nearly coincide and have similar energy de-
pendence. For analogous states with 2(n*n-) pairs the cross section for states with
an additional #° meson at 32 GeV/c is three times larger than the cross section for the
corresponding 4c fit channel. Such a difference in the ratios of the 4¢fit and ¢ fit channels
between 4 and 6 prong events can be explained by the large contribution of single diffraction
to the reaction K-p —» K-prin~.

| « Kp~Kprmr® |
- . s Kp=Kprt2am m® -
b o Kp~Kp2r'3m n®

1000 ~
500 =
= ]
4 ]
O -y
1001~ + / b N \ t ]
- / Yo Kp=Kpr ]
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S0f / .
8 / this experiment .

10 3 A Lol 1 fl PR N T B U Y

1 5 10 20 40 80

P( ab {GeVric)

Fig. 5. Energy dependence of reactions (2) with m = 0, 1, 2. The solid, dotted and dashed lines have the
same meanings as in Fig. 4 for this reaction type
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In reactions with neutral kaons the cross section for rea~tion (2) is considerably larger
than the cross section for the corresponding reaction without n°® mesons (by a factor
of 2-4).

Thus at energies in the 30 GeV region the separation of multiprong lc¢ fit states presents
new possibilities for the investigation of the structure of exclusive states as the cross sections
for exclusive 4c¢ fit channels at this energy are considerably smaller than the corresponding
¢ fit channels.

4. Summary and conclusions

As this work has shown, the accuracy of measurement of the kinematic parameters
of particles in the 32 GeV/c K—p experiment permits a reliable enough separation of exclu-
sive channels with one unseen n° for charged particle multiplicity 4 and larger. The
separation of channels with an unseen K° is complicated by the large contamination from
kinematically inseparable reactions with 1 and 2n® mesons and the relatively small cross
sections of such channels.

The results obtained permit the addition of about 5000 lc fit events to the study of
4c fit events.

The energy dependence of the cross sections for channels with one =° meson in 4 and
6 prong events is analogous to the behaviour of the cross sections of the corresponding
channels without n° mesons at P, > 10 GeV/ec.
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