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ABSTRACT

We have analysed about 85000 fast A° events, obtained in a fast proton
triggered experiment performed at the CERN-{ Spectrameter at 9 and 12
Gev/c incident © beam. Nearly 2500 A%K'n~ events have been isolated.
We find strong production of quasi-two-body processes A°k*© and z* K
consistent with u-charmel hyperon exchange. Results on I polarisation,

© decay parameters and differential cross sections are given for
1%*°(892) and n°K*°(1430) final states. A comparison is made with
the associate backward A (1520)K*° production seen in the four prong
reaction 1 p » pK K'n_ obtained in the same experiment.
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1. TINTRODUCTION

We have measured the 2° polarisation, the K+ decay parameters and the

differential cross sections near the backward direction for the reactions

np + A% k*x°(892) (1)
7 p + A2 k*°(1430 (2)
at 9 GeV/c and 12 GeV/c incident m momenta.

The data éf this work came from the fast-proton triggered experiment per-
formed at the CERN- Spectroxreter(l_4) . Fast forward produced £° were
accepted by the trigger through their decay 1° > pf“rr_. From a sample of
about 85000 fast A° identified events, a total of 1853 (616) candidates
of reacticn

np > A% K (3)
have been isolated by kinematical fits at 9(12) GeV/c. (See table 1).
The detection efficiency of the recoiling K« system in reaction (3) is
good enough in the @ Spectrometer to allow the measurement of the density

matrix elements of the K¥°'s decays.

We have also investigated other quasi-two-body final states produced by
hyperon exchange in this experiment, namely 7* K in the reaction (3) and
2°(1520) k*® in the four prong reaction:

Tp -+ pr(_K+1r_ (4)

2., EXPERIMENTAL CCNDITICNS

The fast-proton experiment has already been described elsewhere (refs.1-4).
The aim of this experiment was to carry out a systemat‘:ic study of baryon
exchange induced reactions. Let us recall here the essential features of
the apparatus and trigger which have a definite importance for fast 2°

reactions:

(i) Beam particles entering the @ were identified by a set of three
threshold Cerenkov counters. Their angle and position were measured
with a set of five MWPC's located upstream the hydrogen target which

was 30cm long and 3am in diameter.
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A cylindrical scintillation counter surrounded the target and was
used in coincidence. This counter inhibits then the detection of
neutral final state reactions 7 p » A%K® and n p + A%K*° with

K*O -+ neutrals,

(i1) Fast protons were selected using two high aperture threshold
Cerenkov counters in anticoincidence located downstream from
the @ magnet, and their momenta were selected to be greater than
half the beam momenta (0.5 pbeam) by using two coincidence

matrices (4) .

The geometrical aperture of the fast proton counters allowed a
good detection efficiency for protons with momenta greater than
6.5 Py and emitted with 81 ab < 150 mrad. ‘ghese Sondltloni
ensure a good detection efficiency for fast A~ + pr , with A
mamenta greater than 0.5 Py and free of bias for A° length

of flight less than 150cm.

We must emphasize that this experiment was designed to trigger on fast
proton events, and did not make use of the veto counter technigque used
in other fast A° triggered experiments.

3. SELECTICN OF THE EVENTS

3.1 Pattern Recognition and Geametrical Reconstruction

A11 the fast proton triggers recorded (see table 1) were processed through
our version of ROMEO (Q Pattern Recognition and Geametry Program). The
reconstructed events were treated by a vertex finding and fitting program
that we developed to find primary as well as secondary v° vertices. 'The
main criteria used in the V° finding program consisted of:

(i} Clear geametrical separation of the main vertex and the V° vertex
(ii) Compatibility of the V° mass with the A° mass assignment within

errors.

The A° mass distribution is centered at the A° mass , and its full width at

half maximum is 7.2 MeV. Only topologies with at least one charged track
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in the main vertex have been retained: the total number of v° candidates
with a mass inside the bounds (1.105, 1.125) GeV is given in table 1. The
background under the selected sample of reconstructed 1© is negligible,

The most important source of A° losses came from the A° geometrical recon-
struction. They are clearly visible in the A° length of flight distri-
bution: ¢ By studving a sample of simulated data through the SIMEGA-

A.
PLUMEGA-ROMEO chain of pnograms(4)

, we carmputed the efficiency e(ZA) , of
A° reconstruction as a function of 1 A (Fig. 1). The important losses for
A A< 60cm are due to the fact that fast 1°1s are very difficult to separate
geametrically fram the main vertex interaction: Events with 65 <7 S 140cm
are reconstructed with a high and wniform efficiency, and we have used this
result to check all our cross sections calculations. Finally for A°'s with
[2 I 140cm the efficiency decreases very fast: this is due to the carbined
effect of short measurable track length in the @ chambers and to the fast

proton counters geametrical acceptance.

We have also investigated other possible detection losses. The angular
decay distribution of the proton with respect to the A° line of flight, in
the A° rest frame has been found compatible with isotropy as expected.
Taking into account the efficiency e(l A) we performed a maximum likelihood
fit to campute the A° lifetime. Our results,verified for different length
of flight interval cuts,are consistent with the world average A° lifetime
value® = (2.632 + 0.020) x 10 sec. In particular, when selecting
enly A° candidates with 65 < 1, < 140cm (13402 events), we obtain:

1, = (2.568 + 0.063) x 1070 s

T eC.

A

3.2 Kinematical Fits

[ ——————

The reaction in which we are interested here

Tp 2%k (3)
can be observed in the 9 Spectrameter in the two following final state
topologies

A° + 1 prong (3a)

#° + 2 prongs (3b)
Events with either a m or a K missing in the primary vertex (3a) are due
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to the limited geametrical acceptance of the 0 spark chambers or to ROMEO
program inefficiencies. Consequently we selected the events with topolo-
gies (3a) and (3b) to extract the candidates for reaction (3). To this
purpose, we used the program KOMEGA, which is a kinematic fit program
adapted for 9 events, in a two step process. First we tried a 3-C fit to
select good A° events. About 90% of the candidates gave a good 3-C A°
fit. Second, using the previous 1° fit result plus the incaming and out-
going charged tracks in the main vertex as measured by ROMEC, we tried
1-C fits or 4-C fits for topologies (3a) or (3b) respectively.

a) 4-C fits for the A° + 2 prongs topology

Events with charge balanced A%+ 2 prongs topology were used to try 4-C
fits to hypothesis (3). About 4% of the candidates satisfied a good
kinematical fit with x? probability > 1%.

b) 1-C fits for the A% + 1 prong topology

This category of events contains good candidates of reaction (3) where
either the "slow" 7 or K+ is undetected.

Teking into account the resolution in the measurement of a missing particle
we first plotted the missing mass spectra for the events with a negative
(positifre) particle missing in the main vertex. We cbserved the expected
bump at the pion (kaon) mass. In order to optimise the signal/background
ratio we restricted our samples with the requirement that the missing mass
squared MM° to the hypothesis AOTT_(I‘M+) and A% (1) is such as:

-.1<mi< .3 Gev?

-.22 < MME < .08 GeV2
These cuts introduce a loss of good eveﬁts that we estimated to be 28 + 3%
and 42 = 3%, and the remaining background was found < 10% and < 7%
respectively.

Apart from doubling our statistics, these 1-C events allow us to verify
our acceptance calculations. The final statistics available can be seen
in table 1.



4, DATA ANALYSIS

4,1 General Review of the Mass Spectra

We show in Fig. 2 the Dalitz plot MZ(AO'IT_) versus M2 (K+'n_) for the 9 GeV/c
and 12 GeV/c data. We cbserve two clear accumilations in the K*°892 and
k*°1430 regions, and a strong density of events in the low 1%~ mass
region. The two invariant mass projections are presented in Fig. 3, for

the A%~ system and in Fig. 4 for the K+1r_ system.

Among the three peaks visible at low 2% mass values (Fig. 3), only the
first one can unambiguously be assigned to the well known I (1385) hyperon.
The two other peaks are 3 to 4 standard deviation effects above the back-
ground, and one could temptatively assign them to the £T(1670) I = 3727
and £ (1915) oF = 5/27 T = 1 hyperons!™). It is important to note that
these peaks remain even when we subtract the K*° signals (dotted curves in
Fig. 3). However, the background under these hyperons is so important
that we cannot properly analyse their production and decay properties. Also
we suspect that some remaining £° background coming from TP 19K~
reaction could contribute to those signals.

In the K’ invariant mass spectra (Fig. 4) we see a strong k*7(892) and a
clear K*0(1430) signal. This experiment reports, for the first time, the
production properties and backward cross sections for the K*°(1430) meson
in reaction (3).

For completeness we show in Fig. 5 the AOK+ invariant mass spectra, where
no N*+ baryon seems to be present.

4.2 study of Quasi-Two-Body Processes

The quasi-two-body processes present in reaction (3) can be classified
according to three different baryon exchange diagrams as shown in Fig. 6,

* These J’P assigrments are suggested by the spin parity series of the
baryons 4(1236), N*(1520) and.N*(1688) seen in our experiment in the
quasi-two body Nucleon-exchange reactions:

TP N*oﬂo(ll) as well as 7 p =+ N*Opo, N*Of0(4) and 7 p -+ N*owo(l2) .
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where the first diagram acoounts for backward production of k*® mesons.

Here only the quantum numbers of the I-hyperon can be exchanged, Mechanism
(ITI) can be associated to the production of I* forward hyperons, and
therefore hoth Iu = 0, 1 isospin in the u-channel can be exchanged. Finally,
mechanism (III) could explain the production of N* - A% via T =32
exchange (4 baryon exchange); unfortunately the AK partial decay modes of
the N*'s are not very well known, and the small nurber of events that we
obtained in the low mass A0K+ mass spectra make insensitive any conclusion
on this mechanism,

4.2,1 Backward K*o Production

The two clear signals visible in Fig. 4, show the backward production of
K*892 and K*°1430 mesons, via the mechanism (I) of Fig. 6.

We have fitted the K'n_ mass spectrum of Fig. 4 using a parametrization

of the form

M) = (M) 2P (1 + BW. + B

1) L+ By
where My is a constant, fixed at the K"~ mass threshold, P(M) is a poly-

(5}

nanial in M with free parameters representing the phase gpace and the
detection acceptance variation as a function of M, and the two Breit-Wigner
functions Bwi account for the K* resonances. The mass and width of each
BWi function were left free in the fit, and the best results have been
reported in table 2. We obtain lower values for the masses of these
resonances than those reported by the Particle Data Group(s) , mainly for
the K*(1430) and probably due to a systematic effect in our two-step
kinematical fit procedure.

Our purpose here will be to analyse the production properties as well as
the A° polarisation and the x*° decay parameters and verify if the simple
hyperon exchange mechanism is consistent with our data.

We have selected the samples of backward K*° events according to the
following K'r~ mass cuts:

K*°(892) 770 < M(K'v ) < 1100 Mev

K*°(1430) 1320 < M(K'7 ) < 1520 MeV
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The u' production distributions (u' = UWox ~ B U being the momentum transfer
squared from the incident m to the outgoing fast AO) are shown in Fig. 7.

We observe an accumulation of events at small u' values. We verified that
both the trigger acceptance and the @ optical chambers acceptance do not
affect these distributions (in the u' range considered here, we find vari-
ations of the order of 1 to 2%). In Fig. 7 we have also drawn the best
exponential fits obtained to the experimental u' distributions.

A detailed analysis of the K*° acceptance was performed with a quasi-two-
body Monte-Carlo simulation program. No bias in the K*© angular distributions
was detected in this analysis. We therefore computed the density matrix
elements pij for the K*°'s decays using as analyser the K decay angle in

their respective u-helicity Jackson frames.

The K*°(892) density matrix elements were obtained using the known & =1

decay angular distribution (10)

and applying the moments method. For this
calculation only the most backward k*© events were selected, e.g. those
satisfying u' < 0.5 GeV2 Our results (table 3} show that all allowed spin
projections are present. The pij values reported were obtained after back-
ground subtraction, using events in both sides of the k*° mass intervals.
However our results do not vary strongly with or without background

subtraction.

The angular decay distribution for the k*°(1430) meson was analysed with
the known JP = 2+ angular decay distribution, using also the moments method.
Table 4 shows the results obtained. We note that the matrix elements pij
with i or j equal 2 are negligible, implying that helicity-2 decay is
depressed in our data. This result is in agreement with the simple idea

of r-exchange dominant mechanism (Fig. 6).

We computed the A° polarisation for each sample of K*° events according to

the formula
1 <cosd>

-

P==
o <cos-6>

where o = 0.642, is the 1° decay asymmetry parameter, and ¢ is the angle
between the decay proton direction in the A° rest frame and the normal to
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the production plane. Our results are plotted in Fig. 8 as a function of
u', They are conpatible with the available data'’), and show that the A°
polarisation is positive in the backward region, like in the A°%° final
state. Concerning the dip observed around u' = .1 by Brundiers et al.,

(Ref. 7), our statistics are too low to confirm it.

To campute backward cross sections we have used the same method already
(4)

published in a previocus work to convert events into cross sections. In

addition, we have calculated the following effects:

A% losses by scattering in the target and chambers
losses due to missing mass cuts to select 1-C candidates
k*° and 1° branching ratics

losses due to K*© mass cuts

A° losses in the analysis programs.

We used the nominal sensitivity given in table 1, that includes beam
attenuation corrections, and we applied the same method as described in
Ref. (4) to correct for ROMEO inefficiencies and to deal correctly with
geanetrical acceptance of the trigger and the @ optical chambers. The
global acceptances are high (> 50%) for u' < 1 GeVz,r and the corrections
to be applied are not very important. Finally the estimated 5° contamin-
ation and the remaining background under the K*© signals has been sub~
tracted according to the results on the mass fits and the total backward

cross sections obtained in our experiment are given in table 5.

In order to campare our results on the K*°892 cross sections with the

(6-9) , we have plotted in Fig. 9 the compilation of g*© Cross

existing data
sections integrated in the u' < 0.3 GeV2 range. A good linear fit is
obtained, and a parametrisation of the form v ~ s gives n = +3.15 + 0.15.
Under the hypothesis that a simple Regge trajectory gives rise to this
energy variation through a dependence S°%o 2, we obtain o o ~-6, a value
sitting between the known I hyperon trajectories L, - ZY (-.86 + 0,%91) and

. (13)
26 EB( .30 £ 0.%) .

The presence of these two exchanges has been established by Ward et al(g)

in their study of the energy dependence of m p A°k® reaction cross

section near u' = 0.

191 oy el ] R TR PP UIFIRIS © HE L LT B R A e e e e



4.2.2 z* Production

It is clear from Fig. 3 that, there are three enhancements in the low 2%~
invariant mass spectrum, despite the fact that they lie over an important
background (> 50%).

We fitted the 2% mass spectrum of Fig. 3 using a similar parametrisation
formula as that given in (5). The results on the mass and width of each
of the three Breit-Wigner functions have been reported in table 2.

The first signal corresponds to the I (1385), J'P = 3/2+ hypercon, and the
production mechanism should correspond to diagram (IT) of Fig. 6.

£
Unfortunately, we do not have enough statistics and the backgromnd level
is too high to analyse precisely this low mass hyperons. We limited our
analysis to study the acceptance of our trigger and the 9 chambers for

the three hyperons assuming an isotropic decay distribution.

The global acceptance for the I (1385) is very good in the whole 1%~
angular decay distribution. The fast proton trigger acceptance depletes
about half of the angular distribution for the % (1670) decay, and this
is still more pronounced for the I (1915) decay.

Under the hypothesis of a wniform decay angular distribution (which is in
agreement with the data, at least for the T (1385), and a production
mechanism following the law d /du' ~ exp(-3u'), we obtain the total
backward cross sections given in table 5.

4,3 Backward K*° Production in the Four Body m p > QfK_K+Tr_ Reaction

Here we report on the backward production of k*° mesons via the quasi-two-
body reaction

7 p ~ A°(1520) K*° (6)
with the subsequent decay A°(1520) - PK -

The fast proton reaction
Tp > pfx‘K”n" (4)
for which we have already reported inclusive results(3) , has been obtained



-~ 10 -

from kinematical 4-C fits on the four prong charge balanced topology sample,
A total of 525 events at 12 GeV/c and 909 events at 9 GeV/c were used for

this analysis.

Fig. 10 shows the invariant masses p fK" and K'n~, for the 9 Gev/c data only,
where we can see the A®(1520) and k*© (892) signals respectively. If further-
more, we select the 96 events for which the pr" mass lies in the AO(1520)
bin, we obtain the K'n mass spectrum shown in Fig. 11. Here we have used
both 9 and 12 GeV/c data samples as our statistics is very low. We cbserve
in Fig. 11 that both K*°(892) and K*°(1430) appear to be produced backwards

in reaction (6).

The production mechanism of reaction (6) should follow the L-exchange as
illustrated in diagram (I) of Fig. 6. We camputed the cross sections for
these chamnels - backward K*(892) and K*°(1430) -, by using the method
described in ref.({4) and after all corrections were applied, we obtained
the results given in tablé 5. These cross sections were corrected for all
branching ratios. However they are model dependent in the sense that the
unobserved events were corrected by simulating through our quasi-two-body
Monte Carlo program the reactions (6) with the hypothesis that the
#°(1520) + pK_ decay is isotropic, and that the production do/du’ law
follows an exp (-3u') distribution.

CONCLUSIONS

We have investigated backward K+ production in quasi-two-body reactions
from data obtained in the fast proton triggered experiment done at the

? events, selecting fram these data
about 85000 fast A° candidates, then extracting a total of 2500 events of

reaction 7 p » A%K'r” at 9 and 12 GeV/c incident momenta.

@ Spectrometer. We have mainly used A

Our conclusions on this analysis are the following:

1. A strong quasi-two-body production of K*°892 and K*°1430 in the
backward region is present in the data.

2. The polarisation of the A° is clearly positive for both K*©(892)
and K*O(l430) channels.
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3. This backward production of k*° is consistent with a r-exchange

mechanism but our data does not disentangle which are the dominant

trajectories, e.g. whether Zu - ZY or ):B - E:S trajectories.

The analysis of the four prong reaction m p - pK K'n~ shows

evidence for backward K*° production in the quasi-two-body reactions
rp +A ©(1520) K*°(892) and A°(1520) K*°(1430), with similar cross
sections as those found for the chamnels associated with the A°(1115).
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FIGURE CAPTIONS

Fig. 5:

Fig. 6:

Fig, 7:

Fig, 9:

Fig., 10:

Fig. 11:

A° total reconstruction efficiency 8(17\) as a function of
its length of flight 7 It

2%*r” final state Dalitz-plot.

Invariant mass A% . Dotted line, K*°(892) and K*°(1430)
events subtracted.

Invariant mass K'n . Dotted line, M(A%r ) < 2 GeV/c events
subtracted.

Invariant mass A0K+.
Baryon exchange diagrams referred in the text.

u' distributions for backward K*°892 and K*°1430.
(9 GeV/c data).

Backward k*°892 cross section compilation as function of
PIAB.

P fK“ and K'n~ invariant masses from 1 p + P fK+K—1T_ reaction.
(9 GeV/c data).

K'n~ invariant mass for 7 p » A°(1520) K'n~ events. The
curve is the best fit to the data.



- 14 -

TABLE 1
Summary of selected events 9 Gev/c 12 GevV/c
number of triggers 1.6 x 10° 1.1 x 10°
nominal sensitivity 9400 evts/ub 5800 evts/ub
" total fast A° reconstructed 60606 25800
A° + 1 prong 15871 6873
A° + 2 prongs 25209 11382
AOK+‘IT_ events 1-C fits 1028 319
4-C fits 825 297
TABLE 2

Mass (M) and width (T) of the Breit-Wigner functions that give
the best fit to the K'n_ and A°r~ mass spectra, as explained in
the text (9 GeV/c data only).

M (Mev) I (MeV) M{MeV) T (MeV)

K*° (892) 888 + 3 63 + 9 T (1385) 1380+ 7 70 + 10
k*°(1430) 1385 + 10 103 £ 30 5 (1670) 1668 * 10 90 * 20
£ (1915) 1910 + 17 87 + 25

1. o AR by e s e e -
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TABLE 3

K*o(892) decay density matrix elements in u-helicity Jackson frame

No.of events

_(weighted) %00 P Pnfim °le
9 GeV/c 507 .33 = .05 .49 = 05 .19 + ,04 .07 + .03
12 GeV/c 185 .31 + .10 .48 + .09 .21 + .08 D07 + .05
TABLE 4

k*° (1430) decay density matrix elements in u-helicity Jackson frame

No.of events 0 0 o o 40 o o
(weighted) 00 11 1=1 11 1=-1 22 2=2 22 2=2

9 GeV/c 381 .34+.05 ,24:,04  ,37+.04 ,02+,04  .03x;04

12 GeV/c 88 .36% .11 L19+,10 .25+,11 .16x,.09 L03+,09
Re o Re p Re p Re p
21 2-1 20 10
9 Gev/c -.08+.02 -.02+.,02 -,03+,02 ~-,10+,03

12 GeV/c  -,09+.05 -.05+.05 -.07+.06 ~.05+,06
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TARLE 5
Total backward cross sections

9 GeV/c 12 GevV/c

Channel ' (ub) (ub)
' p + A°(1115) K*°(892) 0.39 + 0.05 0.16 * 0,05
A°(1115) ®*°(1430) 0.47 + 0.10 0.20 + 0.09
np -+ 2°2(1520) K*°(892) 0.48 + 0.14 0.16 + 0.09
~ 19(1520) ®*©(1430) 0.46 + 0.18 0.19 + 0.10
p >3 (1385) K 0.06 + 0,02 0.03 + 0,01
£7(1670) K 0.07 = 0.03 0.04 + 0.03
£7(1915) KT 0.10 = 0.04 0.05 + 0.04

Lm T

The K*° cross sections are corrected for isospin and branching ratio
of both K*© and ,° decays. For the 5(1520) decay in NR, we have used
. the ratio .46 + .01 given in Ref.(5).

The I cross sections have not been corrected neither for A°r nor
for A° decay branching ratics. The errors are only statistical and

do not include an owverall normalisation uncertainty of 15%.

(LY LR YT TR REL TR T T I T TR T TR ST ST
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