COOGHIBHMA

A 0GbEAMHEHHOTD
MHETHTYTA

N AASPHbIX
,_,‘F‘L}}J,ﬂl,l,",m,ﬂ,h, HCCAGAOBAHMA
AYOHA

(:éf’ 4: / Y : E1-84-444

g &Gazdmckl, K.lovchev, E.Okonov,
T.Tymieniecka®

ANALYSIS OF V°-EVENTS REGISTERED
IN THE STREAMER SPECTROMETER

SKM-200

* Institute of Experimental Physics,
University of Warsaw, Warsaw, Poland

1984




In this paper we describe scanning, measurement, identifi-
cation procedures and corrections which allowed us to obtain
data on A”s and K§ s produced in nucleus-nucleus collisions
at a momentum of 4.5 GeV/c per incident nucleon”/1.2.3/,

I. EXPERIMENTAL PART

The 2 m streamer chamber used as a detector was filled with
pure neon at atmospheric pressure and placed in a magnetic field
of 0.8 T. The fiducial volume (200x100x60 cm3) of the chamber
was divided into two parts 30 cm in width each by a transparent
copper wire electrode’/4/ and was photographed with three 56 mm
lenses, OKS1-56-5, The distances between the centres of the len-
ses were equal to 400 mm, and the distance to the focusing
plane (chosen as a beam plane) was 2400 mm. The average demag-
nification of the pictures was M=~ 1740,

Fiducial marks were located under the chamber. The accuracy
in measuring the fiducial marks was 0.03-0.05 mm at a distance
of 1800 mm.

To determine optical constants, a test-object with 287 cros-
ses (uniformly distributed on a 2700x1100 mm? area) was photo-
graphed. The coordinates of the crosses were determined with
the accuracy of 0.02-0,.03 mm.

The analysis was carried out for events obtained with two
types of triggering systems:

i) a tri;ger for inelastic projectile-target nucleus
collisions’/% and

ii) a trigger for central A -ATcollisions/Gﬁ

The inelastic trigger, consisting of upstream and downstream
scintillation dE/dx counters,selected inelastic interactions of
required projectile nuclei inside the chamber,

The central trigger consisted of upstream inelastic trigger
counters and, in addition, downstream veto-counters registering
beam, charged fragments and, in some exposures, neutron spec-
tators of incident nuclei. The cut-off registration angle was
2°9-3° for charged fragments and spectator neutrons.

Solid nuclear targets in the form of thin discs (0.2-0.3g/cm2)
were mounted within the chamber; the gaseous neon filling the
chamber was also used as a nuclear target.

The experimental set-up (fig.l) was described in detail
in Ref.’/¥,
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Fig.1. Experimental set-up SKM-200. The triggers and
trigger distances are not up to scale.

IT. SCANNING AND MEASUREMENTS

About 27000 inelastic *He--Ljand 18000 central nuclear (c-c,
C-Ne, 0-Ne, C~Cu, C-Zr, C-Pb and O-Pb) interactions were regis-
tered on films from the streamer chamber, and the corresponding
pictures were double-scanned for V° -events. Out of 980 V° -
events thus found 920 were twice measured with the use of semi-
automatic measuring devices. The remaining 60 events were un-
measurable for random reasons. The measured V° -events were
reconstructed, and the obtained V° -geometry was visually com-
pared with the corresponding pictures of the streamer chamber
agd, if necessary, remeasured. The measurements containing ob-
vious errors were excluded from the total set of the data, and
a final DST was completed by random choice of one measurement
for each V°-event. Average measurement errors, obtained after

the correction procedure described in Sect.III, are shown in
Table 1,

Table 1

Average measurement
errors
Ap/p 6.5%
A 40 mr
Ag 15 mr

III. IDENTIFICATION

The events were fitted to fulfil kinematical equations of
the V° -pointing fit (3C-fit) corresponding to A, A, K¢ de-
cays and y conversion hypotheses., The Bick code’/?/ was used for
fitting. The efficiency of the fitting program was estimated
to be about 997. The A and K% decays generated from the nuc-
leon—-nucleon (N-N) phase space (including measurement errors
in event generation) were used for this estimation.

x% and pull/8/distributions were used to correct values of
"point" measurement errors in the reconstruction program.

The shape of the y® and pull distributions are in good ag-
reement with the expected ones see, for example, Fig.2.
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The following criteria were required for accepting hadronic

hypotheses: g
i) the x2 value is smaller than 11.3 (the confidence level
is 1%); :

ii) the proper life time, r, is lower than 5.5 in mean life
time units, 7, (only 0.47 of A’s and K9"s survive this 1i-
mit value).

The analysis of electron pairs from y conversion in the cop-
per wire electrode, mounted within the chamber /9/ yielded a cut-
off value of 15° for an opening angle of y“s in this experi-
ment.

The opening angle distributions for Y“s converted in the
copper wire electrode and gaseous neon are shown in Fig.3.



Table 2
No. Possible Number Final
interpretations of events interpretation
1 A 159
2 AKQ 201 A
3 Ay 58
4 RS 9% } L
5 KSA 7 -
6 y 228 }
7 yA 3 ’
8 A 0
9 no fit 91

Since the precision of measurements and, consequently, the
reliability of V° identification were much lower for events
occuring close to the chamber walls, a cut on the fiducial vo-
lume was applied, see Fig.l. The resulting rejection of 8% of
V° —events concerns mainly no-fit events.

Table 2 presents results of the kinematical fit for V°-events
within this limited volume.

The final identification was based on:

1) Analys1s of kinematical plots, namely, a-p, plots, where
a= (p -p )/ p2,p+.p ,and p are the momenta of pos1t1ve nega-
tive decay products and V°, respectively, and p, is the trans-
verse component of momentum of either decay product 710/ The
fraction of K mesons and A°s thus uniquely Ldent1f1ed is
about 927 and about 507, respectively (only A and K§ hypotheses
were considered in this case),

ii) Symmetry con51derat10ns which lead to the conclusion
that the abundances of K$ “s (y“s) in the group AK{(Ay)

(mixed identification groups) (see Table 2) and in the

group are the same. The validity of this procedure is based on
the fact that in this experiment we have observed no unlquely
identified A decays and, consequently, the groups K°A and
yX may be treated as K¢ “s and y’s, respectively.

Results of the above two procedures are the same and lead
us to the conclusion that the groups A , AK and Ay may be
treated as A"s; the groups K% and K24, as® K% s and the
groups y and y&, as y”s,

The estimated contamination of the final A sample with other
(K$,y) events is approximately 37, whereas the final K§ sample
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Pig.4. The cos@* distribution for
the total A and K samples
separately; 0* is an angle in
the A(KS) CM system between

a positive decay product momen—
tum and A(KS) momentum. The va-
lues correspondv,ng to a uniform
distribution (x2%/NDF=18 for A’s
and x®/NDF<0.8 for KS’s) are
shown as a horizontal broken
lines.

Fig.5. The invariant mass dis-—
tributions for the total A
and K$ samples.
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is depleted by ~7Z. These biases were corrected for in the ana-
lysis of strange particle yields., Similar results were obtained
when considering events generated from the phase space for re-
actions NN-NAK and NN-NAK# used to test the fitting program,
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CM angular distributions of the decay products for the fi-
nal samples of A°s and K€ “s are shown in Fig.4 as an

example,




No uniquely identified A decay was found. Simple geometry
considerations and the analysis of kinematic and angular charac—
teristics of events in mixed-identification groups (groups (5)
and (7) in Table 2) yielded the upper limit of the number A~s
in our sample Njy<i.

Invariant mass distributions for the final A and K samples
are shown in Fig.5.

IV. CORRECTIONS

The procedures described in Sect.III selected 418A and
101K§ decays inside the limited fiducial volume.

The samples were depleted due to random losses of events
and biased due to selective losses of V°“s with configura-
tions and/or positions which reduce V°® detectability.

Main selective losses were due to a poor visual resolution
in the regions of high track density in the vicinity of inter-
action vertices. The region radius increases with the multipli-
city of charged secondaries and, consequently, with the mass
number of colliding nuclei.

In order to estimate the radius, the A sample was splitted
into 4 subsamples consisting of A°s emitted from (He-Li),
(c-C, C-Ne, 0-Ne), (C-Cu, C-Zr) and (C-Pb, 0O-Pb) collisioms.
The emission-decay distance, L,, projected on the picture plane
was determined for each event, The Bartlett method/11/was used
to obtain the calculated mean life time, <>, as a function of
the lower cut, Loymion L in each subsample of A-events. The
limited fiducial volume or the cut on lifetime equal to 5.57,
were taken into account. The procedure proved to be insensitlve
to the imposed upper cut, In Figs.6 and 7 are shown the <r>/r
ratios as a function of the L;,pvalue for A s subdivided in-
to four subsamples and for all K‘;'s, respectively. The L
values, for which <»/r, =1, 1increasing from ~12 cm for in-
elastic He-Li collisions to ~18 cm for central C-Pb and O-Pb
collisions, led to a decision of using Lg,q= 18 cm for all A
and K§ events, when A’s and K$°s characteristics produced
in various interactions are compared. It should be noted that
the lower cuts lead to a removal from the samples of A°s and
K¢ “s with momenta, P, l?wer than p=(Lg,;oM) Ko)/5.5r0.. €.8.,
for Loyp = 18 ecm A”s with p< 0.46 Gevyc and ®KYs with
p< 0.61 GeV/c are removed. Figures 8 and 9 show the total
samples of A“s and K9 “s (points), the removed regions of
phase space calculated for L o 18 cm (hatched areas) and
the phase space limits for Nﬁ—&AK (solid lines) and NN-NAKn
(dashed lines) on Y-P, (rapidity-transverse momentum) plots.

Losses due to a particular configuration of V° —events were
studied for A sample. Losses in the K sample were assumed
to be the same as in the A sample,
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caleulated for Lgoye= 18 cm.

Fig.10. The azimuthal angle dis-
tributions for A°s and KS°s
with L>18 cm, The wetghts cor-
rected for decay outside the
limited fiducial volume were used.
The values corresponding to a uni-
form distribution ( x/NDF = 1,2
for A’s and x%NDF =10 for

KS “s) are shown as horizontal
broken lines.

The following checks were per-
formed:

~ angular distributions of A
decay planes (Fig.10) and A decay
products in the A CM system for
A “s decaying in various regions
of the fiducial volume; possible
losses of events with a too step
V° production plane and/or one

of the decay products too steep to be easily detected in scann-
ing or reliably measured;
- opening angle distributions and correlations of the opening
angle with charged particle multiplicities in parent events;

(with [‘<LCUT

~ possible scanning losses of

"narrow" events.

The analysis showed that all observed irregularities are
consistent with statistical fluctuations.
Weighting factor, w , was calculated for each V°-event

). The weighting factors thus correct the sample

for unregistered (or rejected) decays occuring:
at distances L <Ly
after the particle has survived 5.57,

iii) beyond the limited fiducial volume.

Weights, W , were the only corrections introduced indivi-

i)

ii)

dually for each V° -event. The final numbers of
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A”s and K¢'s,

Table 3
A A ¢Hle | e oS
T g 8

P (L>18 cm) (L>18 cm) K3
He-Li 82 51 3.8 17 4 17.5
c~-¢C 26 20 1 l
C - Ne 60 39 4.2 13 11 9.3
0 - Ne 14 10 4 ]
cC~-Cu | 115 67 35 :

4.8 18 10.4
C - 2r 54 35 8
C-"Pb 27 21 9

7'4 7 603
0-Pb 40 34 4

the numbers of A"s and Kg's with L>18 cm and average weights,
<w>,obtained for L = 18 cm, are presented in Table 3.

Most of no-fit events (707 of group (9) in Table 2) turned
out to occur at a distance less than Lgyqp = 18 cm. The remain-
ing no-fit events (33 events) underwent a scrutinized check.

All of them were found to fail the fitting procedure for random
reasons (mostly a bad quality of the pictures), and they were
added to the A, K and y samples proportionally to the abun-
dances of the samples.

The above correction, the scanning efficiency (85%) and the
"measurability" of events (937) (both values refer to the V°
decays with L > 18 cm) were taken into account in yield esti-
mations.

The authors would like to express their sincere thanks to
Prof. E.Skrzypczak for fruitful discussions.
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Tasgsuoku M. M fap. E1-84~444
Ananns V®—coObuiTHit, PErHCTPHDPYEMbIX
Ha CTpuUMEepHOM chnektpomerpe CKM-200

PaccMOTpEHb MeTOOb MpOCMOTPa, H3MepeHuH, HIeHTHOHKALHU
¥ BHECEHHd TMOMNpaBoOK, KOTOphie 6bUIH HCHOJBLIOBAHLI HJls NOJIYYEHHA
paHHbx o cBoficTBax A~y K§ -wacTHi, DOM[EHHHX B HEYNpyrHx
H HEeHTPAaJbHRIX B3auMOZefcTBHAX, KOTOpDbe ObUld 3aperucTpHpoBaHb
B cTpuMmepHoM cnexrtpomerpe CKM=-200., leurpanpHbie coymapeHus snep
OTOHPpANHCE C MOMOHIBI CIeUHalIbHON TpUIrrepHoi cucrtemn. HoeHTHOH~
Kauua 6bnUla npoBefeHa ¢ HCHOoJb3oBaHueM Meropa GHTHPOBAHMA
/3C~ dur /, mpudem Bup xz—pacnpeneneunx oKasasjcs B XopomeM
COrNacHH ¢ oxHaaemsM,., Hcronlb3oBaHHe NOMONHMTENbHBIX KPHTEpHeB
HOEHTHDUKANMH NO3BOMIO YMEHBEMTEL NpuMech GoHOBHIX VC=cobniTHil
B rpynne A ~ go 37 u B rpynne K§ - mo 7%, uro 6ruc yurexo
NpH OlleHKe BRIXOZAa 3THX uYacTHil,

Pa6ora sBeinonHeHa B JlaGopaTopHu BLICOKMX 3Hepruit OHSH,

Coobmenne OGbenMHEHHOrO HHCTHTYTa SAAEPHMX HCcnepopauuit. [lyGua 1984

Gazdzicki M. et al, - : E1-84-444
Analysis of V°-Events Registered
in the Streamer Spectrometer SKM-200

Methods of scanning, measurement, identification and
correction are described. They were used to obtain results
on the A- and K{-particles produced in nucleus-nucleus inelas-
tic and central interactions detected with the SKM-200 strea-
mer spectrometer. The central nuclear collisions were selected
using the special triggering system, The identification has
been made by fitting the kinematic equations (3C~ fit ) and
the shape y?®-distributions appeared to be in good agreement
with the expected ones. The additional criteria for the identi-
fication has diminished the background V° -admixture up to 3%
for A- sample and up to 7% for the K$ - samples. That has
been taken into account to estimate the yields of these par-
ticles,

_The investigation has been performed at the Laboratory
of High Energies, JINR,
Communication of the Joint Institute for Nuclear Research. Dubna 1984




