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ABSTRACT

Results are reported from a streamer chamber experiment
performed at Stanford Linear Accelerator Center (SLAC) to
study the production of the ¢¢(1020) in O0ZI-allowed and
forbidden processes in TP interactions at 16 GeV/c.
Production properties of the K¥(896) are also studied and
discussed. The dala consisted of 300,000 streamer chamber
photographs of TP interactions and information from
Cerenkov and scintillation counters recorded on magnetic

tapes.

i\} T}lg,Q %m(D (1020) resonances are observed in  the

—1nclus1ve reactions
W+ P— OAN + X
T+ P — QK + X

No clear ép(1020) resonance 1is seen in the inclusive

reaction

TP . +X%

It is estimated that at least 35% of ¢,s are produced
in association with a pair of strange particles. The
longitudinal momentum distribution of K¥(896), expressed in
terms of Feynman variable Xf, 1is compared with the
predictions of the quark fusion model; 1t is observed that
the model reproduces well the experimentally observed

spectrum.
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CHAPTER I- INTRODUCTION

We have investigated the validity of the O0ZI rule by

studying reactions,

TP — 0K X L.
TC*_,,_P — @ + X J

and the production properties of the f¢1896)> resonance in

the inclusive reaction

TP — K" 4x I

both at 16 GeV/c, using streamer chamber photographs of the

interactions and information-from Cerenkov and scintillation

counters.

The origin of fhe UZI rule, its present status and a
brief description of a generalizea Drcli—Yan process called
the quark' fusion model is summarized. in Chapter IT.
Description of +the apparatus ' and gxperimentalAset up is
given iﬁ Chapter III. In~CHapter TV, the general procedgres
in conducting thé experiment, including data collection,
scanhing and measurement are discussed. Chapter .V covers
the reconstrﬁcfibn of' the events"from measuredAdafé and
description of the'processes in which charged and neutral
strange- particles were  identified. Anéiysis of the
particular feactions'(1—1, 2,‘3,44) ~and- the cross-section
calculations are presented in detail in Chapfer4VI. In

| Chapter VII is preSented. a comparison. of 'experimental

12 .
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results from this work with the predictions of theoretical

models.



CHAPTER II-THEORETICAL BACKGROUND

SUMMARY

In quark-parton models the ((l020) along with heavier

. AY
vector mesons J/ Y (3100), 7(3600) and T(S%O) are considered to-

be (QQ)- states. The 0zI rule éuppresSion of disconnected
quark lines 1in strong inferactions ‘has Dbeen  used to
interpret some of the production and decay propefties of
these states. Attempts have also been made to apply the
Drell-Yan - (quark—fusion) mechanism  to vector meson
production'in hadron collisjions. In this chapter, the origin
of the 0ZI rule and 1its applicability to the associated
production .of Pliow) i.n TI_+P interactions is described. The
application of generalized Drell-Yan ﬁechanisms tb K*
production in TGP is also discussed.

: : 1,2..3:4

A- The Okubo-Zweig-Iizuka (0ZI) Rule
1-Urigin ot the Rule

The. 0ZI rule is also caiied-the quark line rule and was
origiﬁally' proposed to explaih..the sfrohg suppression
of @_.meson decays into three pions. There is no other
conservation law or selection rule which would forbid éuch'a
reaction (Fig. II-1a) while allowing W -decay(Fig. II-]b)
to occuf. AThe-ratio of the relevant coupling éonétants is

experimentally measured to bet
.EleIL_ = .007 ' I

30\(’.T‘(, |

14



This ratio would be expected to be nearly unity, were

.4
the ( w_¢ ) mixing model to hold. Thus Okuboz Zweig and

Iizuka postulated a rule to characterize the éuppression of

the reaction of Fig. 1II-ta. The O0ZI rule is: all processes
involving a disconnected quark-antiquark line (a " hairpin "

diagram) are suppressed in hadronic interactions. In other

words, all processes in which a quark-antiquark pair belongs 

to one particle are forbidden. This rule evidently forbids

the reaction of PFig. II-1a while allowing that of .

Fig. II-1b. At ‘the_ same time the predominant decay of -<$

- into K-K+ is an OZI allowed process(Fig. II-1¢c).

2- Application to J/¥ Decay

The J7§K3100)_ is observed to Dbe a very  narrow

resonance, in spite of decaying mostly into hadrons( ["=100
Kev). A.néw selectidn rule was needed Ato explain this
phenomenbn because, despite the electromagnetic production
of JIY it has neither a typically narrow electromagnetic
width nor a -typically large strong interaction width. The
0ZI rule applied to (D—mesoni decay forbids, at 1least to
first order, transitions in which a (S§) quark pair is
annihilated and only non—stfange hadrons are produced. This
was generalized to I/%’meson by considering_it to be a
charmed quark (CE) pair so that it similarly would be
forbidden, to first order, ‘to decay into ordinary

(npn—charmed) hadrons. The 0ZI rule thus suppressed most of

15



the available decay channels for JV"Y which consequently is

seen as a very nai‘row' resonance.

' The 02I rule is a qualitative-'prescription and a
measuremeht- of its strength 1is needed Dbefore it can be
quantitatively applied +to any particular pﬁenomenon. The
procedufe to éuantify the O0ZI rule has generaly been to
measure the ratio of cross—séctions of forbidden to allowed

processes in particular reactions,

Z G (\\adron + kadroﬂ —» Forbidden P(OLCJ.)'C..))

R = - .
z_ 0 (hadron 4 hadrsn —, Attowed Processes )

Thus Okubo' has compared '¢) .to (DA"production in

exélﬁsive' channels and concluded that R can nof be large}

than .02.
3- Conjoint Production of ¢ or JIv¥

The 0zI rule, as described in previous sections would
require 'fhat a pair of. strange particles be produced in
éssociation with a Q) meson whenever the latter 1is created
in - a collision between non-strange hadrons. The rule would
require similarly +the production of pairs of charmed
partiéles in association with a 371(,“f,“y“etc. Thus a
quantitétive test of‘the-OZI rule in either case can be

achieved by measuring the forbidden to allowed ratio.

» U’(hadron + hadron Cb(or J’/’Y) + non-STrm\ge.(Charm))
0 (hadron .',hadran — @(or J¥) 4+ a‘PairOF STrange(clmarM)>

R=

16



LY , :
Lipkin has argued however that in the case of(p

—produétion a measurement of this R would not be a good test

ofAthe 0ZI rule Dbecause ofher dynamical consideratidns.

reduce +the probability of production of an extra pair of
strangé' particles. This might lead to an_ apparent
suppression of conjoint processes in favor of forbidden
processes, which would not necessarlly 1mply the fallure of
the 0ZI rule itself. Thus R is at least an upperbound to the

violation of the rule.

_ ' U '
Recently, the ACCMOR collaboration observed an
increase in the rate of KO production in éonjungfion

with (1) -mesons,

(MP)P — D v X + K U-2

They also saw some indication of the same effect

for p° p'UdubLlUH in association with ¢)-mesons.

In the present experiment we shall study in particular

the semi-inclusive reactions,

Tsp—O+N +X
| -3
TL+P-——’¢+K5+X

17



Thé cross—séction for these reactions at 16 GeV/c will

be given and compared with that for inclusive production of

¢)'a¢ the same incident momentum. In Fig.A 11-2, are
shown examples of ¢ production in the OZI-éllowed and 0ZI

“forbidden processes.
B- Present Status of the 0ZI Rule

‘Exporimcntal data on the'OZI rule uas 1t applies 0
production processes are very scarce and conclusions are
often contradictory. However, most of the existing eveidence
is in favor ofAthe.validity of the rule. The»preseﬁt status

can be summarized as follows;

s : : S .
1-R. A. Donald -from the Liverpool group studied the

reactions,
(SP;_.C[)K_K’ ' II -4aq,
;Sp__q)nn - S ¢ g1

at 3.6 Geve.They observed the suppression of the 021

forbidden reaétion(II—4b) as compared with thevreaction (

1I-44q). However, their result is based on & small number of
cvcnts, identified by'kinematic'fits. They have not studied
the phase space suppression of  the reactidn I1I-4a;
consequently their result remains only a qualitative test of

the rule.

18



13
2-Blobel, et al studied Q)'production in PP collisons

“at 24 Gev/c. They examined the 0ZI rule, by searching for
reactions in which a strange particle  was produced

accompanying ¢ . In particular, they compared,
PP — ¢ + X (nom-shange) h Ii-sa
with

pp_.,cparK;»f)(' - 1-5h

No tendency was observed for the 0ZI allowed conjoint
" reaction (II-5b) to dominate Q) producfion.

' s
3-A.Etkin, et al studied the reaction,

T+pP— KK KKn
at 22.6 Gev/c and selected 1¢ and 2 processes. A study
of the 021 forbidden reaction(II-6a), gave an order of

magnitude smaller cross-section for it than 4for the

0ZI-favored process (II-6b).

N4+ pP— OOn L l-a

4P K KN | -6
'4. A report from the ACCMORv‘ collaboration shows

. 4 o . .
.evidence for an increase . in the rate. . of Ks production in

reactions,‘
(/P) +P — KK X

when M(K-K+) is in the q;-meson region.

19



Given these experimental observations .and  their
somewhat coritradictory conclusions about the 0ZI rule, the
need.for further investigation of the rule is clear. = So
far,' most experiments have studied ¢ -meson production by

first detecting a (K-K+) pair. In bubble chambers however,
+

the low rate of visible K:t decay and inéfficiency of K
identification through kinematical fits have made it
difficult to obtain a good sample of eQents in which the
large geometrical acceptance could be exploited to study
particles accompanying the ¢ . Electronic spectrometers

also have acceptance limitations.
C- Quark PFusion Models
1-General Description

The picturelof nucleons obtained from analysis of deep
inelastic scattering of elec‘trons8 and neutrinos is that they
congsist of +three _"valence" guarks and a "sea“t of
Quark—antiquark péirs. Parton models provide information,
based on these data ébout the momentum distributions of the
quark and gluon constifueﬁts of the nucleon, and theorists
have generalized tﬁese results and have parametrized the
quark distribution functions fon pions and kaons as well as

1,9
for nucleons,

They have made use of this information and
applied parton models to large transverse.momentum,(high Pt)

reactions in hadron collisions.

20



In principle, an acceptable model must also describe

low-P, reactions quantitatively. One attempt to provide some’

information about iow-pt phenomena 1is the quark fuéion
model, which is a generalization .of the Drell-Yan
mechanism. Gunion and Landshoff have generalized the
Drell-Yan mecﬁénism and formulated a - model fof J/q’
production in hadron-hadron collisions. According to this
model, the J]hf‘ ‘is created as a result of fusion of a
quark Q emitted by one of the incident hadrons and the
corresponding antiquark Q from  the other. It is argued
that fusion of a pair df charmed quarks, (CC), from the
"sea" dominates in Jﬂf production over +the fusion of

ordinary non-charmed quarks.

al ' v
Nandi has argued that quark fusion model can also be

applied to proceSses which involve production of

ordinary(non-charmed) pseudo-scalar mesons and vector mesons
in hadronic collisions. Thus, according to. the model, a
hadron of quark content Q1Q2 1is produced from fusion of a

quark Qi -and an énti—quark Q2 from incident hadrons.
2-Inclusive Cross-Sections

To obtain ‘the inclusive cross-section .for a quark
fusion process a generaliéed form of the-Dfell—-YaAirelatibn
is used. This contains the quark distribution functions fin
. the initial hadrons as the only ingredients. Thus the

inclusive differential cross-section is given by

21



A B
£ ) a o\ . A - B ’
X 35 /3y g/ Hn){un /mf)x|xt (Fq(x.) % @) 4 f5 Fq(x‘))
R [ L )
X : .

where 1/3 is the color factor, m is the mass of the produced

BN a % v
vector meson and %_=(m + < B> ). For directly produced
L T
mesons it is assumed that (P Y= .25(Gew/c) . From the

Drell-Yan relations, we havé:

XR=><' + X,

x::’ﬁ-.\’.t ) X‘)’_;-"‘rls

which result in,
Xa = (X" % 4m [S)

and

X =‘/‘L('£X+ )(R)

I a

A : ’ ' . ) :
E; (x) is the probability of finding a quark § with a

momentum fraction x in the hadron A.

Reoéntly R.Kinnunoh‘hao comparcd cxperimental resulsts
on vector meson production in hadronié interactions with
predictidné of the quark fusion model. In this wnrk. the
quark distribution functions given by the Kuti—Weisskopf

9
model and quark counting rules are used where,

P 3, —
\{l(xy.—_ 1.7((+1.3x)(.,x)/\/x F
R W' '
't{:gx)= tCioxy [Vx ,
P pP. ' [ ' -
W= S _ )= $S_W/h = 0.36(1-%) /%
w0 d,d X , b

22



and where As is the strange quark sﬁppression factor in
the proton sea. For mesons the parametrization of the
Kﬁti—Weisskopf model based on several phenomenolgical

1% : :
arguments were used. Then for pions,
n

\L ) (x) = 0.75 (1= %)/ /X

>

for kaons

(x) = 035 (1ox)/ VX

and for the "sea" quark'contributions from mesons,
K T, K T, K 5
S (X) =S _ (x) = S_(t)/)\s =10.3 (I-X)/\/;'.
u,g dd 5.5

The model has reproduced well the experimental results

U] ' . -— :
for P and K* productions in PP and PP interactions.

The predictions of the model for K* and K* production
iﬁ TfrP‘ interactions at 16 Gev/c were also compared with
the existing experimental data. Contributions 6f Qarious
subprocésses fo thé production of K¥* and K* states are'given
in Table II-1. Predictions'of the <modé1 for differential
cross-sections. are presented in TFig. II-4, and compared

with the experimental data.

It can be seen that the predictions of the model are not

in perfect agreement with +the experimental results. This

. S
inconsistency for K¥ production in TL P interactions and

the model’'s success"in deScribing thevexperimentallresults

23



for PP interactions - suggest that the quark distribution
functions‘ in mesons are not correcfly parametrized. However

gome of the difficulties encountered by the model in

. .
describing the experimentally observed spectra for K* and K*

production can be attributed to the fact that in former case
several .subprocesses contribute to K*. production and in
the latter the contribution is only from "sea" quarks.

However, a simpler and more direct test of the model is
possible by comparing the experimental results for E;(sﬁ)

~production -in the forward region(&)oﬁ), where1$niy the
fusion of pion valence d and the proton sea quarks(V 8 )  is

present.

The results from the preéent experiment on K¥

_ + o : :
production in 1t P interactions are presented in Chapter VI

and a comparison ofAthe results with the quark fusion model

prediction is discussed in Chapter VII.
- D- Motivation for the Experimental Methods

' To overcome some of the difficulties encountered in
previous attempts to study the 0ZI rule in (b productidn

described in Section II-B, +the present experiment was

designed td. combine features of bubble chamber and counter

techniques in a single experiment.The procedure in selection
was to detect @-mesons by primarily ‘trigglering on forward
K- from 'ﬂTP qoliisidnst' The aqcurate'measurement of the
angles and momenta of interactions as ﬁell as the detection

of secondary particles aééompanying the '¢—meson - was

24



possible wusing streamer chamber photographs of the
interactions occuring in a hydrogen target near the center

of the chamber.

The choice of K- versus K+ for a trigger particle, was-.

. , + ®
made to avoid triggers from associated production of (K Y )
which are a ‘large source of K+ production. A streamer

chamber was selected as opposed to a bubble chamber because

of the relatively high beam and trigger rate that were

' possible.

.25
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CHAPTER III—EXPERIMENTAL APPARATUS .
A-General Description of the Expérimentallsetup

.This experiment was designed to search for mesons

containing strange quarks as may be produced in

ﬂf?’ interactions. The-?f'beam had a ﬁomentum of 16 GeV/C.

and was incident on a liquid hydrogen target 60 cm long. The

apparatus was designéd‘to select reactions of the class,
. o : :
T+ P —k+X , , o -1

'with K- momenta in the range 2.5 <P < 16 (GeV/C).

A schematic diagram'of the experimental setup is shown

in Fig. III-1. The major elementIWas the SLAC two meter

streamer chamber with the‘hydrogen target located near its

center. A set of scintillation counters including.counter S3
and anti-counters An and As, shown in the kig. 11I-1, and an

upstream differential Cerenkov counter defined the pion beam

at the torget. Forﬁard K- and ¢ from reaction III-1 were

detected by 20 channel picket fence counters Vi, V2, V3 and

V4; whose.4—fold coincideﬁces defined frajectories- emérging
from ‘the ‘target inlo 20 coarse momeéntum channnel. Final
momentum determination of the chargéd particles was
accomplished by measuring particle trajectonieé photographed
in the streamer chamber magnetic field. A K- trigger
required an incident 7% signal, a coincidence signal from

corresponding elements of at least 1 picket fence momentum
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chahnel, and a null signal from the appropriate channel of

" the 10 —ceil "K-" threshold Cerenkov counter located behind
‘the picket fence. ?his "K-" counter system was designed to
f distiﬁguish T's from K’s in the momentum range "P>2.7

(GeV/C) and the rejection efficiency was measured to be

' 99.84% at 9 GeV/c. Trigger signal which coincided with a

system ready signal pulsed the streﬁmer chamber to permit
Afhe event to be photographed, and also recorded on magnetio.
tape other dafa including scintillation counter latches,
pﬁise height in.the Cerenkov ' counters, scalers and’ other
-information.ffom'the system. The data were passed partly via
‘CAMAC}to a PDP-9 processor whichAin~addition to controlling
the tape drive provided on-line monitoring of the various
detectors. A second threshold Cerenkov counter, identical to
that used to establish the K;~trigger was mounted on the -
other side of the beam and pulse heights from its 10 cells

were also recorded. This "K+" Cerenkov. counter was used in '

the fihal data analysis to separate K+ mesons from pérticlés
whose trajectories extrapolated through the counter cells.
Detailedfdescriptiona of . the different segments of the

experimentaliapparatus are presented in following sections.
B-Beam

The.'nﬁ' mesons which comprised the beaﬁ for this
expefiment were produced by interaotions of the SLAC primary
electron beam, at enefgies of 19 to 21 GeV, in <ao.bery111um
target. Seoondary partiolesA'were fooused. by - a eorieo of

magnets;.forming_SLAC beam line 23, onto the successive focal
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points, F1 and F2 (see Fig. III-2). Two scintillation
counters, S1 and $S2 monitored the beam flux at F2. A
differential gas Cerenkov counter, Cf, was used to select

1" from contaminating K+ and P at this point.

The last set of the quadrupole magnets 23Q7—9, focussed
~ the beam onto the hydrogen target, in the streamer chamber.

A scintillator S3 (Fig. III-1) was used to detect particles
entering an area fx1“ ahead of the target. Two

scintillation anti—counters; AS and AN, signalled  beam halo
particles. The beam came in 1.5 M s buréts.with about 7
particies per burst and a 1 Ms dutj cycle. For most of. the

data taking there were about 120 burst per second.

+ . .
The beam signal m TU » yas obtained by forming a

coincidence between signals from S1, 82, 83, Cf and AN+ASJ,

_+ — |
TU =S1.52.83.CF. (AS+AN) | | S

Beam momentum was determined by meésuring 100 single
beam tracks from streamer chamber pictures aﬁd was found to
be 15.5+.8 GeV/c. The fraction of _ kaon 'and proton
contamination in the beam was estimated from ahalysis of the
data from the beam line Cerenkov'counter(éf). Table (III-1)
gives the fraction of each of these particles in the beam.
The momentuonf fhe beam was also determined ffom this
analysis to be 16+.13 GeV/C consistent with the beam track

" measurements. This analysis is described in detail in
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reference. 1. =~

The beam transport and monitoring SyStem also. included’

two small MPWC chambers, each constructed of four planes'of
‘X, Y, U and V with‘1mm wire Spacing. The information from

these MPWC chambers was to have been used in the final data

- analysis for measurement of the coordinates and direction of

the beam particles entering upstream of the streamer
chamber. However, the use of these information ‘was not
‘possible due -to inefficiency of the detectors and the

relatively large beam flux.
C-The Streamer Chambeg'ahd Target

The SLAC two - meter streamer chamber was the vméjor
instrument in the experiment since it allowed geometricél
parameters ffom interéctions to be measured. The chamber was
a box 2m long, ‘.8 m wide and .6 m deep filled with a 90%
neon and 10% helium gas mixture to which was added isobutane

one part in 1000. Three planes of wires formed the
transparéﬁt electrode. Electrode wires were of .25 mm

diameter and 1 cm spacing.

The liquid hydrogen target was a 60 cm long cylindrical -

tube 3.17 cm in diasmeter placed jusf above the central
electrode with its end cap at the center of +the - streamer

chamber. The liqﬁid hydrogen was in a vacuum jacket with

outer and inner walls of thin mylar of thick#tess ~ .01

cm. A foam and acrylié support waS'attaChed to the fbp.of

the vacuum jacket to. serve as d -ray absorber. Thrée
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fiducial X-marks mounted on +top of the | § -ray shield"

located the target 'th1Cally in the streamer chamber

photographs.

The streamer chamber was located in a 1 m gap between
two circular coils which with an iron return yoke provided a
magnetic field of 1.3 T. Three independent cameras were used

to photograph the chamber from above with a streo angle of

o
18 from each part. Numerical values for various parameters

in the streamer chamber photographic system are presented in
Table III-2. Fig. III-3 shows a side view of the

operational arrangement of the streamer chamber.
: 3
D- Cerenkov Counters

The K- and. K+ Cerenkov .counters were two
large-aperture, 10-cell threshold detectors. The counters
- were used as threshold detectors +to separate ,s from
K;s.-The K= Cerenkov counler was used Lo velo plons and
define the +trigger particle. These counters _have. been
describeg' in detail in 4Nuclear JInstruments and
Methods (see Appendix A).- The Cerenkov radiation produced
by charged particles traversing isobutane (dH(CHS)S) at
atmospheric gas pressure.was detected in eavh vhuwber by u
system of 10 light collecting cells. The index of fefraction
of the isobutane radiator was (me1.000131). Fig. | III-4
showes a projecfed view of one .of the identical
counters. The pion rejection efficiencies of all twenty

gells were measured during a test run, using a 9 Gev/c T
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beam. The overall averaged efficiencies were 99.848+.006%

" and 99.717+.008% for the K- and K+ Cerenkov counters,

respectively (see Appéndix A ). Statistical analysis of the
'pulsevheight spectrum from one of the Cerenkov ceils‘fér a9
GeV/c ‘ﬂfbeam, suggests a 'value of 21 for the average
number of photoelectrons genérated at the photo-cathode.

Given the following equation for Cerenkov light emission at

angle g,
n=A L sine m.3
where ' '
L= path length (225 cm)

aﬂd

A= 44 (from pulse height analysis)
then with @ =.02166 rd, corresponding to 3 GeV/c pions we
woﬁld' expect an h of 4 photoelectrons.‘ Assuming a Poisson

distribution we infer that +this n would give rejection

efficiency of € >98.1% for pions of 3 GeV/c. This momentum

‘value wa$ used in subsequent cuts in the analysis.

‘The pﬁlse height information from each of the 20' cells
was used in the final data analysis to identify K- and K+
mesons émefgihg from photographed interactions in the target

and extrapolated at a known momentum in a particular cell.:
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E- Trigger Hodoscope

Four sets of vertical "picket fence" counters, Vi, V2,
V3 and V4 were placed at 2; 3, 4 and 6.45 meters downstream

of the streamer chamber respectively. These defined the

trajectories of negative particles having momenta greater’

. than 2.5 GeV/c(Fig._ III-1). The momentum definition for a
,trigger particle was accomplished by requiring that
correspondiﬁg elements in the 4 picket fence arrays be
struck in coincidence. A null signal from the corresponding
cell of the K- threshold Cerenkov_counter excluded TU and

thus defined a K-(or P) as the trigger particle.

Each of the picket fence arrays consisted of 20 long
scintillation counters. Tables III-3, 4 ‘and 5 show the
" numerical values related to the physical configuration of

the counters.

Each scintillation counter vas viewed . by a
photomultiplier shielded with mu-metal and iron pipe. against
the 50—106 gauss magnetic field. The'averaged.efficiency of
‘the picket fence counter set was measured to be ( € =.482
+.OO1)(see sectioniV-F for details). Efficiencies, channel
by channel " aré given in Table TII-4. Fig. III-2 displays
thé picket fence counters in bléce; The "Logical Trigger"
wag - defined as a fast IOgiéal coiﬁcidencé of correspbndihg
elements in quadrupie array of éounters in anti-coincidence

with the appropriate Cerenkov cell,
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+
IP= L.ELV1i. V2i. V3up/V3down. V4i. Clk-
‘ where T is defined in equation III-2.

P-Electronics and On-line Monitoring System
Tt

1-FPast Trigger Logic

I 3 .
The main purpose of the fast electronics in +this

experiment was to define a master trigger. This master
trigger was a coincidence of logical trigger (III-4) with a
system ready signal which indicated that camera and computer

were free to record a new event,

MT= LT. SR

Schematics for beam and trigger logic are given in Fig.

- III-5 and Pig. III-6. Beam related signals were selected
by a 2 us wide gate, produced 5y a gate generator which  was
triggered Dby a machine gate received from SLAC gccelerator
control. The latter eensisted of 1 Ms pulses .eccurring at
the eame repetition rate as the primary electron beam, but
~ 1 Hs in advance of the. besm. The .output - of the gate
generator was vetoed by s8ignals indicating any of the

following conditions.

a) An event had already occured in the beam spill and a

logieal trigger had been generated.

b) The computer was busy recording the data from a

previous event(20-60 ms dead time).

I -4
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c) The manuai beam switch was off.

Finaliy, a master trigger (III-7) was genérated and the

rest of the apparatus, including ﬁthe streamer chamber

pulser, camera and computer readout, were triggered by it as

shown in PFig. III-7. As also shown in Fig. III-7, each

time a trigger occurred, aﬁy further trigger was vetoed by a

200 ms signal generated by the main gate in order to allow
for rechargihg of Marx generators that fired the streamer

chamber.
2- Cerenkov Electronics

The K- Cerenkov counter circuits had".two méin

functions:.

a) to produce a logic level which would 'discriminate

against TU in the trigger generation (III-4), and

b) to measure the total charge in each photo-tube pulse
in the corresponding channel of an ADC (Analog to Digital
Convertor), for subsequent logging on the »ﬁagnetic tape

record of each event.

Ten additional units also recorded the pulse height
information during the event ga%e for the 10 photo-tubcu ol

the K+ Cereﬁkov counter.
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3-Data Recording and On-Line Monitoring System

The on-line monitoring system consisted of a PDP-9
computer and a CAMAC interface.. The master trigger served

as an interrupt signal for +the PDP-9. When an interrupt

gignal was received the computer performed the following -

operations:

a) sent a 20-60 ms wide busy signél to veto the beanm

gate generator and further trigger;
b) recorded frame and roll number;

c) read into buffer all CAMAC data, including latches,

scalars, ApC’ s,APWC data and.the index of refraction of the

isobutané gas, then wrote this buffer on to maghétic'tape; -

: ,d) accumulated counter and other data for on-line

.monitoring of system performance

Data recording was completed when the streamer chamber

was photographed by three independent cameras and the film

was advanoed.
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TABLE III-1
Fractions of Various Contaminating

. Particles in the Beam

Particle " Fraction (%) Fraction (%) After_cf

xt* 4 8.1 | 1.1
P | 3.7 .ol
TABLE III-2

Streamer Chamber Photographic‘

. System’

Demagnification : 70

Film % . . Kodak




Width of the Scintillation Counters Used in

the Trigger Hodoscope (cm)

TABLE III-3

~ Elements
1l
2
3
L
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

3.0
3.0
3.0
3.0
3.0
- 2.5
2.5
2.5

2.5

,2'5
2,5

2.5 '

2.5
2.5

2.5

3.0
3.0
3.0

3.0
3.0

b.s
4.5
b.5

3.75
3.75
3.75

"

17.5

15.5' ’

by



45
TABLE III-4
Physical Configuration of the Picket

Fence Counters

| V1 V2 V3 Yy
Thickness (Inch) .125 .125 . .125 .25
. Relative Distance to
the Streamer Chamber (cm) 200 300 900 645
Distance Shifted to Left '
from Center Line (cm) 0 3 . | 6 13.5

Length (cm) o Lo - 60 . Lo 125




TABLE III-5.

Efficiency of the Various Elements in Trigger Hodoscope

me—

Channel | Efficiency’ Fraction of Triggersf
1 0.430 0.0976
2 0.663 | 0.1219
3 0.4k5 0.1037
b 0.365 0.0936
5 0.408 0.0788
6 0.476 0.0734
7 0.703 | 0.0478
8 0.467 0.0492
9 0.467 0.0391

10 | 0.535 0.0458
A1 0.514' | 0.0391
12 0.668 = . | 0.0492
15 0.527 | 0.0330
14 . 0.489 ~ 0.0175
15 ~ 0.283. 0.0236
1% 0.406 0.0209
17 0.142 0.0209
18 0.346 0.0128
19 - 0.387 0.0125
20 0.196 0.0108

L Efficiency is Averaged for Measurement Performed at the
Beginning and End of the Data Taking for Up and Down Elements.

T The Fraction of Triggers intuv Each Element is Determined
Using a Montecarlo Calculation. '
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CHAPTER IV - CONDUCT OF THE EXPERIMENT
A- Data Aéquiéition

quing May and June of 1978 the SLAC two meter streamer
chamber was exposed to the T beam at 16 GeV/c(see.section
ITI-A). During thé entire data taking period, routine
checks were done to verify the operation of the equipﬁent
including the scintillation and Cerenkov counter high
voltage supplies, the interferometer used to measure the
index of refraction of the isobutane gas. in the Cerenkov
counters, the isobutane and nitrogen gas'supplies used for
the‘Cérenkov counfers ahd the streamer  chamber oberating
devices. Ah on-line display program was also written to
plot counter information‘including‘the number of hits on
‘each element of the picket fence and the puise heights for

each Cerenkov cell. The quality of the streamer chamber

photographs was also checked daily to verify the operation '

of the photographic system. Scaler data were also recorded
manually at the end of each foll to monitor trigger
efficiencies. Test strips of film were examined ~and
monitoring measurements were made and anaiysed at the SLAC

film analysis facility.

Numerical values for various paramefers related to data

acquisition process are given in Table IV-1.



B- Scanning

Except for the off line monitoring analysis described

above, the film scanning and measurement were carried out at .

Tufts by Tufts and Michigan State University scanners.

Scanning of this film was done in two separate’ passes.
~In the first pass the film was searched for events with a K-
trigger track through the correct picket fence channels. In
the second péss it was searched for events with visible
neutral particle'-decays (Vees) and charged  particle

decays(kinks). The following sub—sectidns describe the

scanning procedures and the methods used to correct for

inefficiencies in the process.
1- Inclusive K- Scan

In this pass about 8 percent of the film (a total of
21787 frames) was scanned. Scanners were given a list which
summarized recorded information about counters in the picket
fence - and Cerenkov arrays, for each frame. AView73 of each
frame (taken by a camera centered on the‘ beam axis). was

first examined; All +tracks in the picture were roughly

checked to see whether a possible vertex existed within the

approximate target area, which was marked by the two
downstream target fiducials(Figure 1IV-1). ‘when‘ such an
event cahdidateAwaé found, further checks were.made to find
the track which caused the trigger in the counters. Each
scanning table was provided with a template which displayed

the approximate position of the 20 picket fence counter
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channels relative. to the target fiducials. It also showed
most of.the fiduciel marks on the streamer chamber. All
fast ﬁegative tracks were checked against the template. The
impact point of the particle on the V1 counter array was
found wusing a 1linear extrapolation from the énd of the
visible track in the photograph. Finally, an event was
recorded as legitimate if the channel humber inferred from
the template was within +2 of the channel number which Vmade
the logieal coincidence that triggered the streamer chamber
for that frame. Note that in the scanﬁing process, events
which contained more than 14 charged tracks were recorded
but not flagged for measurement. ‘This rule was also applied

to the " second pass"(Vee scan) as well.

~One of the major difficﬁlties which was encountered in
the scanning and measuring of this film was the presence of
multiple interactions in the pictures. Intefactioﬁs to
which the trigger tfack clearly did notipoint were excluded.
Yet in most.cases the resolution of these events was very
difficult, ‘becaﬁse the trigger track was too straight and
pdssible eVeét vertices were located  too <close together.
For such frames, the interactions werevtfeated as one single

event and the resolution of the problem was 1left to the

analysis program which extrapolated tracks to vertices

hidden in the target (APACHE see Section V-B).
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2- Vee Scan

A complete pass was made oh the film to search for

visible decaying neutral particles associated with a

triggering K-. In this pass was also recorded any event

. - _ ¥
which contained a kinking ftrack(a possible K¥ or z decay) .

The two clearest views of every frame were examined to

find +these Vees or kinks. A pair of positive and negative
tracks was .accepted as a Vee decay if the decay vertex was
visible in at least two views. When a frame was found to
éontain a Vee decéy-or a kink, it was then examined as 'in
the first pass,  for 'trigger track 1legitimacy and for a
primary event vertex. PFinally, ah event was recorded if the
Vee or kink was approximately consistent with an otherwise
legitimate charged particle event vertex within the target
area. A summary of the results from two scanning:passes is

presented in Table IV-2.
3- Scanning Efficiency
a) Vee scan

.To determine the detection probability of VO events, - 9

rolls, nearly 10 percent of the data sample (29OCO.frames)

were rescanned, in each case by a scanner different from the

one who had done +the first scan. The two results were
compared and a list of the events not found in common was
prépared. These events were then rechecked by the author

and by a senior scanner. Such events which were found to be
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illegitimate were ‘excluded. Finally the resulting records

. were compared and following information was extracted from

them:

N1= number of éyents recorded in first scan,

NZ: number of events recorded in second scan,

N12= number of events recorded inlboth scans.

The numerical values for these parameters areAgiven in
Table IV-3. If the 1loss of events» were random, the

probability that an event would be seen by a single scanner

1
would be, following the Geiger-Werner method,

Ei=Ni/N i=1, 2
where N is the total number of events present and Ni is the
number of events observed by ith scanner. The probability

that both scanners detect an event is similarly estimated as
E12= N12/N

Given that two scans were done independehtly and

assuming that the losses are uncorrelatéd,

E12 =BI1xE2.
Thus, '

2
E12= (N1xN2)/N ,
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N=(NixN2)/N12,

E1=N12/N2,

and
E2=N12/N1.

The global efficiency is defined as the probability
that an event can Dbe detected in at least one of the two

scans, therefore,

Eg= NO/N =(N1+N2-N12)/N= E1+E2-E12,
where NO is the total number of events detected by two

scanners.

To estimate the uncertéiﬂty in efficienciés; the
following formula, based on statistical uncertainties in the

number of detected events, is used:

ARl = fE'l ( 1-—~E1-)/N

'and

AE2= \| E2(1-E2)/N

The results for scanning efficiencies  are given in

Table IV-4.
b- Inclusive K- Scan

To estimate the detection probability for a legitimate
event( an event which léyiwithin the target area and was

associated with é legitimate trigger'track) , 5410 frames
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were rescanned from the film sample which had been scanned
and measured during the "first pass" for inclusive K-
events.  The two scanning results were compared and
numerical values for N1, N2 and N12, defined in the previous

section, are given in Table IV--3.

Following the Geiger-Werner procedure, above, scanning
efficiencies were estimated with the results presented in

Table IV-3.
C- Event Measurement '

Measurement of selected evehts'was done on vtwo 3-view
IPD (Image Plane- Digitizer) Préjectors. The ﬁrojection
lenses used were of focal lengths 90 mm(Machine 3) and 105
mm(Machine 4). Magnified images of the three views of the
film on a horizontal table were digitized in the X-Y. plane’
using optical encoders with least count .of 1 mil. The image
to tablé magnification of +the lenses was about 15.
.Corrections for distortion occuring in the projection process
were originalj'based upon measurementsAof a film on which
was drawn a- precision. rectangular grid with 1/2 cm line
spacing. However ‘it was later decided to use a complete set
of measurements of all visible fiducials(28 total). See

Section V-A for detailed description of the method.

The measurement process waé controlled and recorded by
a PDP-8 computer. The events selected-during the scanning
proceés were re-examined by the measurer for trigger track

legitimacy, for a possible event vertex and to éstabliéh the
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overéll topology of the tracks. 1In the case of the Vee scan
évents they 'wefé also checked for v's or kiﬁks in the
picture. ‘If still acceptable'the measurement of the event
was carried out. Initialy the locations in each view of

four streamer chamber fiducial marks were recorded. These

marks are shown 1in Figure 1IV-1 as circled points. The

measurement of the events wés then completed by recording in
ééch view the 1locations of six points along each track,
starting at the visible exit points of the t%ack from the
streamer chamber and working as cloée to. the primary Qertex

as the track remained visible. The maximum turning angle

measured for each track was 66’ref1ecting a liﬁitation in .-

the track reconstruction programs. Tracks of visible length
less than 1 inch'were measured as "two point" tracks at the
end and beginning.. The decéy vertex for Vees was measured
"as the 1last point on the negative track of the Vee decay.
Kink vertices were measured as the 1last point on the

outgoing track from decay vertex.

All of the selected events were measured.  The
measurement data which were on a 7-tré¢k magnetic tape, were
edited on a PDP-1 computer. The résulting output data was
processed through é program called PANEL which re-arranged
‘the  information to  be acceptable for the track
reconstruucfion program TVGP(SLAC event'format). ' The output
data from PANEL was then processed tﬁrough TVGP for event
reconstruction. Events which failed to pass  the

requirements(described in Chapter V) in any of  these

61



processes(PDP-1, PANEL and TVGP) were subsequently
remeasured. Téble IV-2 summarizes the pattern of the data

flow through various processes.

D- Corrections for the Loss of Events in Measurement

Process

1- To correct for +the loés of events' in obscured .

"frames, wc assign a weighl factor 1/Em where,

Em=( Ntotal/(Nlost+Ntotal)

where Ntotal is the total number of events measured, and
Nlost 1is the number of events recorded by scanners as

unmeasurable, in this case obscured.
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An estimation of Em was possible using the information -

from "K- inclusive scan" where Nlost=102 was estimated.

Thus, using Table IV-2 we get,
‘Em=.98+.002
2- Another correction factor defined by

Ehm= (Numher " of measurod. cvcnta)/(Total nuuber of

legitimate events)

Ehm was used to correct the data for the 1loss .of high

multiplicity events ( Note that the denominator includes the

high multiplicity events (n> 14)). ‘It should be noted that.



this definition is based on +the assumption that the
,fraction of the data that ig of any interest in the rejected
high. multipiicity event set 1is - the same as that in the
measured data sample. Using the numerical values given in

Table IV-2 Ehm was determined to be,

Ehm=.877i.004 For no Vee events

and
Ehm=.923+.002 For Vee events

3- A correcfion factor Ep was also calculated for the
loss of events in PANEL-TVGP. To get Ep the following

" information was .used:

G1= number of-events,which passed TVGP the first time,

and

 G2= number of events which passed after a second

measurement, having failed the first time
Ep is then defined as

Ep=(G1+G2)/G
-wﬁere.G is the total number of measurable events iﬁ the
sample. The procedure utilized here is based on the
‘assumption that the losses occur in uncorrelated random

processes such as:
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a) appearance of a bad character in the meéasurement

data record of an event (card images),
‘b) careless measurement of locations of fiducial marks,
¢) bad measurement of a track,

d) wrong coding of event type,

or variouse other uncorroelated ocauocco. In  all theae.

cases the 1losses can be characterized as random. However,

to eliminate a possible correlated cause of . event loss in

reconstruction processes, tracks which would definitely have

caused an event to fail, such as short (<! inch) and thick
traéks, were measured as "two point"tfacks in the
remeasurement process as well as the original measurement

process.

Given the random loss assumption, the successful

fraction of the fifst event measurements will be the same as-

that for the re-measurement set. Thus

G1/G= 62/(6-G1).

Therefors,

2
G= G1/(G1-G2),

8o

Ep=(G1+G2)(G1;G2)/G1=(G7-G;)/G1.
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. . 65
A fraction of the inclusive K- event sample (10 percent)_

was used to estimate the processing efficiency. The
numerical values for G1, G2 and»Ep("processing efficiency)

are giQen in Table IV-4.



E- Comments

The event selection, that 1is, the task of defining
legitimate interactions in the‘-scanning and measuring
processes, was made complicafed by the presence.of multipie
interactions 1in the pictures. The sqiutioﬁ chosen for this
problem was to treat them as single events in both scanning
and measuring. However, this choice further complicated the
process for ~the vertex finding program APACHE, and
consequently increased the uncertainty in mass

determinafioh; as will be seen in following chapters.

The high denéity of beam particles ( 8 1t /picture)

obscured the region in the pictures where fast forward

trigger tracks weré_to be fourid. This required close and

careful examination of the beanm regidn which could result in

a scanning inefficiency. It also resulted in the poor

measurement of those tracks which were'partly obscured by
the beam particles, giving large uncertainties in the track

parameters as retonstructed by TVGP.
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TABLE IV-l

Data Aquisition

Number of Beam Pulses 2.48101 % 107 |
Number of Beam Particle 1.279719200 x 107
Number of Particle per Pulse 5 to 8

‘Number'of Triggers ' 3 100 |
Number of Trigger per 7t 1.6 ¢ 153 to 2.5 % 153
Dead Time - ' : 9% |
Number of Rolls of Film 91

Number of Days of Data Taking Y5



TABLE IV-2

Scanning and Measurement Pattern of the Analysed Events

469

Quantity _ "X Inclusive Scan - Vee Scan

Numbee of Rolls Anaiysed Vi | 72

Number of Frames Scanned 21787 V253623

Number of Frames Recorded 8488 ' with Vee 25910
_ with Vee

- o and Trigger 9333
Rejected as High Multi-- _ :
plicity okh : 2014

Number of Events Measured
" in First Pass 6094 6560
Number of Reconstructed

Events from First Pass

(PDP-1,PANEL and TVGP) 3715 + BéfAPAc) 3805 4'778’

Number of Events Measured - S C
in the Second Pass 1559 ' 1619

Number of Events Measured

in the Second Pass.which

were not Measured in the L
First Pass , 501 377

Number' of Reconstructed
Events from the Second

Pass (TVGP) . ois+ 16'ZAPAC) - 1102 + 186




TABLE 1IV-3

Scanning Efficiency for Vee and Inclusive K Scan

Quantity : ~ Inclusive K Scan ' Vee Scan

. . 5 N . —— - . . i i
= ———— —

e ——

# Frames Recorded in
First Pass (N;) . 1713 751

# Prames Recorded in 20L1 - 846
Second Pass (NZ)

# Prames Recorded in :
both Pass 1478 625

Scanning Efficiency in
First Pass 72 1% 73 + 1%

Scanning Efficiency in ' _
Second Pass 86 + 1% 83 + 1%

Global Efficiencj - 96 !;1% : o 95 ¢ %




TABLE IV-4

Processing Efficiency

339

61 ' b13

.968
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CHAPTER V-ANALYSIS OF THE MEASURED DATA
A-Geometrical Reconstruction of Photographed Events

The analysis was carried out, first by reconstruction
of the tracks in real space,.using a modified version of the

1
SLAC Three View Geometry Program (TVGP).

A program PANEL, was written to translate measurements

frbm Tufts card image format into the SLAC TVGP input

format. For each event , the four.measured fiducials were

used in TVGP as the béses’for the transformation from the

projector’s image plane into a standard film plane. The

first part of the transformation was done in subroutine
ENGINE to correct fér magnification. of the 1lenses aﬂd for
alignment distortions arising from the prqjeétion of the
filmedlimages onto the table where measuremehts were hade.
The folloﬁing - procedure was developéd to generate “ the

necessary mapping functions.

1) Several times duriné the event méasuremént process
on each of the two tables the locations of all 28 streamer
chamber fidﬁciél marks were measﬁred carefully and
repeatedlj. - Alternatively, the locationé'were measured of
the intersections of linés drawn on a piece of film with a
precision 1/2v cm grid spacing. However, the finer
resolution of the interséction pointé in the fiducial marks
made their measurement moré appropriate for use.in the

mapping process.
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2) These points were mapped 1into the corresponding
points as measured on the same film byAa film plane ehginé;

through the transformations:
Xfilm=f(Ximage, Yimage)
Yfilm=g(Ximage, Yimage)

These functions were realized as third order polynomial
expansions whose coefficients {ai} and {bi} were determined

‘hy a least squareo mcthod.

: 2 2 3 1 2 3

Xfi1m=a1+a2X+a3Y+a4X+a5XY+a6Y+a7X+aBXY+a9XY+aTOY
' Vo2

. : 3 3 3 2 3 3

Yfilm=b1+b2X+b3Y+b4X+b5XY+b6Y+b7X+b8XY+b9XY+b1OY

These fitted constants were put into the TVGP
subroutine ENGINE whichl transformed 'every measured data
point into the corresponding film plane. Each time the
projection lénses of +the 'imagé plané digitizers wefe
ad Justed, & new set ot optical constants was éenerated- frOm
the fiducial measurements and used with the corresponding
data. During the measurement process special‘care~was-taken
to ensure that the filmed image was correctly locatcd with

respect to the origin of‘measurement coordinates.

A TVGP subroutine,' TYPSUB, was written for this

experiment. All negative tracks were reconstructed  as K-, P

and T and positives as K+, P and Ttﬁ charged. tracks
from Vee decays were reconstructed as é,rﬁ’and P. Kinking

‘tracks were tried as WI, ¥ and K. - The TVGP analysis was
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stahdard, with allowance for the gas filling and the absence

of glass window in the streamer chamber. A parametrized map

of the non-uniform (.~ 1.3 T) magnetice field of the

streamer chamber was provided for TVGP in subroutine FIELD.

The geometrically reconstructed track output from TVGP
-was a standard data recofd containing the values of all:

track parametefs and an additional data record containing

detailed spatial error matrices for the reconstructed tracks
which were needed 1later by +the vertex finding progranm

APACHE.

Measurement data were first processed throﬁgh TVGP to

establish and select events requiring remeasurement., The

resulting intermediate data were +then processed through.

APACHE ( next eeetion). As a test of measurement quality
the "Film Root Mean~Square" (FRMS) generated by TVGP for
each reconstructed track, was used. Fig. V-1 shows the
distributioin of the FRMS for measured tracks. These
figures show a clear dependence of FRMS on.measﬁrer. As it
cen be seen in Fig. V-1a the average FRMS for measurer
number 1 -is much leSSlthan that for all others.b The effect
of the FRMS in vertex reconstruction will Dbe discussed
further 1in "~ the next section. TVGP assumed a constant film
settihg error of 4 least counts (least count = 1 mil on :IPD

table), to carry out the fitting process..

75



An overall test of the accuracy of the magnetic field
and optical constants and the measurement process was made
by reconstructing KO and A masses from the charged tracks
in Vee decays. Using 712 %p and A, their inyarianﬁ masses
was measured to be 497.83+.8 and 1115.89 +.25, respectively,
which are consistent with current accepted value§'497.67i.13
and 1115.60+.05. Figures V-14 and V-15 show the nmass

distribution for %P and A analysed.
B~ Vertex Finding

The interactions of interest oéburred in the hydrogen
target centered in the upper half of the streamer chamber
and their tracks did not become visible until they femérged
into the .chamber volume some centimeter from the §ertex.

Thus the second step in event. reconstruction was

extrapolation of the appropriate measured tracks to find the

coordinates of a wunique production vértex and then to
correct the ‘track parameters given +this additional
constraint. The program APACHE had been deVeloped earlier
for the SLAC streamer chamber to do this. Selecting the
tracks to exfrapolate wads a major feature of APACHE.

: 1 ' 2 :
Program APACHE used a chi-square minimization method to

obtain the best .common vertex point in spacé fof observed
tracks extrapolated back in the magnetic field and through

target materials. ° The basic mathematical method is

summarized in Appendix B.
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‘ The main driving routine in APACHE was GTYPE which
.through subroutine DOIT performed the followinglstepskin
deciding which tracks should enter into the vertex

caiculation and ﬁhether or not a vertex so fitted was

acceptable,

1) All negative forward going tracks were extrapolated
into the picket fence counter array to check if they passed
through the picket fence elements. Tracks which did, were

flagged as candidate +trigger +tracks. Note .that fhis was

just a linear extrapolation'from the end of the track and

required only that it hit the V1 array somewhere.

2) To prevent primary beam halo tracks, which might
héve been measured, frdm being considered, all positive
particles with momentuﬁ greater than 10 GeV/c were omitted.
Positive particles above this momentum could not'arise in 16
GeV/c P interécfions giving a legitimate K- trigger of

momentum greater than 3 GeV/C.

3) A vertex track bank was set up starting with tracks

1 (trigger), 2 and 3. When any of these tracks had been
excluded in preceding steps the next ‘track in order 'was
used. - In subsequent steps additional tracks were appendéd

one at a time.

4) A vertex was reconstructed as described in Appendix
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4 78
5) Given the 'Xf for the vertex of n tracks, and given
v

(%, k=1, n), where )(‘ is - defined as,
™) . Tk o

T 1 t
')S‘n‘:(’x'v)n - (.xv)"\-—l ‘
APACHE had to accept or reject the vertex. This was done on
_ . |
the basis of the vertex 'xf and of the = X calculated for
. v

TK
the last track added to the vertex. Note that +the errors

entering into the y; determinations were celculated in -
TVGP assuming a fixed film-setting error of 4 least counts,
thus the actual errors resulting from the dispersion of the
measurements were not pfesent in the TVGP error matrices.
To correct for. this over—Simpiification‘in‘TVGP,bthe x;,s
were multiplied by a parameter "Fscale" to reflect the
actual measurement uncertainty of the event, where, |
. n (%
Fscale= ( %: (FRMS)/n) /16.
Here FRMS is the "Fit Root MeanJSquare" of each of the n

tracks as reconstructed by TVGP.

2

A-detailed study of the )(v dependence on FRMS ie-giVen
in Appendix C. 1In consequence the following criteria were

imposedvon'an n-track vertex for it to be acceptable:

a) Given 2n-3 as the number of degrees of freedom

(NDF), then % /NDF should be less than 3. This limit, for
v

five degrees of freedom (4 tracks), corresponds to a

confidence level of 1 percent.”



s

b) X for the last track added to the vertex should
Tx

be less than 5.

¢ ) Bach time a verfex was accepted, another track was
added to it and the process was repeated until all tracks
had been tried and a final acceptable vertex was fofmed for
them. 'When adding a track yielded an unacceptable_vertex,
the preceeding aéceptable combination was noted and a new

sequence started.

7)then a final vertex of 3 or more fracké' was found,
APACHE generated a data record similar to.that from TVGP but
with the vertex point included for each of the tracks cbming
from it and with track momenta and directions reCaléulated

to‘give their extrapolated values at that point (Appéndix

D). This proCéss was repeated for all other prSible'

combinations of tracks (n>3) which included a trigger
Qandidate. An event record ~was generated for each such

successful combination.

Track parameters for Vees (KO/N ) were obtained by
attempting a 1- constraint kinematicai fit to the Vees given
%he reconstructed charged tracks from them' (see Section

V-D).

All events successfully 'reconstructed by TVGP were
,processed through APACHE, and the data output from APACHE
were then merged with‘corresponding éountér information to
generate -a final data summary tape. . This was used for

- further analysis of the events.
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' C- Charged Kaon Identification
1- K- Identification

In order to reduce the pion contamination of the
triggering particles, the following conditions were required

for a negative particle to be accepted as a K-

a) The track had to be negative and forward with

measured momentum greater than % GeV/C.

b) When extrapolated +through the streamer chamber
magnetic field, the track was required to pass thfough:those
elements of fhé picket fence whose latch bits were recorded
as’ having contributed to the event trigger. A discrepancy

of + 1 counter for V1, V2, V3, V4 was allowed.

c) The pulse height.from the Cerenkov c@unter cell or
cells hit by the extrapolated track was required to be the
estublished  pedestal value. - The yélue . of pedestal
for each ADC channel corresponding to a Cerenkov cell varied
sli&htlj dﬁring the data faking period, thérefdre if was
estéblished sebérately for every 1500 frames of the data by
makinglusélof the pulse'height distribution and averaging

over pedsslal vulues.
The pion threshold of +the Cerenkov counter was 2.7
GeV/c and a 98.1 percent rejection efficiency for pions of

momentum 3 GeV/c was estimated. -
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The momentum distribution for trigger particles

selected by the above criteria is given in Fig. V-2.
2- K+ Identification

In order to identify the K+ among the positive
particles which entered the K+ Cerenkov counter the

following criteria were applied:

a) The track-was required to be that of a forward going

positive particle of momentum greater than 3 GeV/c

b) The pulse heights over pedestal from the cells hit
by the Cerenkov tadiation cone of the track were regquired to

vanish.

A test of the procedure was possible.by utilizing .the
‘K*°production. In a histogram of masses of,(K—Tg) pairs for
which the Tt* has produced Cerenkov radiation in the "K+"
counter, a strong K*°signa1 was seen with a small background
For comparison, Fig. V-3b shows a histogram of invarianf
masses‘ of (K-K+) ©pairs for which the K+ was identified by
the above criteria but was assigned a pion ‘mass for the
inQariaht mass calculation. No clear ﬁ*ésignal'is evident
in the plot. However, by aésuming a smooth fall off for
background, an excess of about 60 events can be detected
around the K*°mass ( 800<m(K4f)<96O MeV) which confirms the
possible K*° production due to pion contamination in positive
treckes. Considering the ratio of pion to kaon productiog

(GH%yK = 46) and the measured pion réjection efficiency of
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the Cerenkov detector (Eck= 99.717 percent), the
contamination of ({,s in the identified K+ sample can be

estimated from,

Nn+("'997‘7)/Nk+

where Nk+=Nﬁ*/46+Nﬂ;(1—.99717), giving 11.5 percent
corresponding to 85 K+,s for the sample of events plotted in
Fig, V-3b. Thus the possiblo K* produotion obacrved in the
spectrum of Fig. V-3b 1is consistent with the expected
contamination of 1fis in the sample of positive tracks

identified as K+..

D- Event Selection in the Streamer Chamber

Given the hydrogen target location and size and the

total charge {(+2) of +the incident particle and struck

proton, the vertex of a (TU' P) event ought to lie within the
target Dboundary and the reaction products should have a
total charge (+2). However slow protons may have not
emerged from the target , or'they and similar low momentum
tracks may have been excluded from event by the APACHE
algoritiu. Also associated ' tast tracks may have Dbeen
obscuredlby the beam tracks’éna thus missed. Therefore,'the
total charge seen in 63 perceht of fhe final events was not
+2. Subsequent culs also had to6 be madé to exclude - events
outside the hydrogen target and also to suppress fake,APACHE
solutions. Acceptable,evehts had £0l4meet the following

criteria, applied to each set of APACHE vertices for a
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measured event:

1) The coordinates of the production vertex of the
event as fitted by APACHE had to satisfy the following

conditions,

-65 cm € Yv < -5 c¢cm

] /"
R=(Xv+Zv) < 1.58 cm

in the coordinate system shown in TFig. V-4. The full
hydrogen volume extended ( -65 cm <y<-5 cm ) and had a

radius 1.58 cm.

2) The event must have had a fast forward negati&e
track flagged as a trigger track by the criteria of section

(v-C).

3) The tracks'associated with the vertex of . the. event

had to satisfy the following conditions on charge balance: '

‘0 < Net charge'of the event < 4.

This dondition allowed for as many as 2 missing négative or
positive tracks. Since APACHE would not necessarily
associate a poorly measured track with its actual vertex,
this criterion increased the effective APACHE efficiency for

event detection.
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After these cuts (V.D.1-3) were applied the ‘surviving

events were divided into two categories:

a) Events for which only a single APACHE solution
‘remained in ‘the data sample. The vertex of this solution
and its associated tracks thus defined the event for further

analysis.

b) Events with multiple APACHE  solutions sharing one
track as the +trigger vparticle. For these the remaining
problem wac to seleot; if poeosible, the actual 'oblution t0
which the identified trigger track belonged. The folléwing
parameters were used to resolvé the _ambiguities in theée

events:

2 1 .
i) The APACHE chi-square per -track, ~ (‘7LV /no - of
_PT A )
tracks). (This reflects the overall goodness of fit to a

single vertex),

kS .
_ii) The trigger track X tg (The contribution of the
trigger track to the above, reflecting the fit of this track

to a particular vertex),

iii) The total charge of the final event (insofar as
all relevant tracks have been measured the better fit might

be expected to have net charge closer to 2).

| Given these parametefs, the following tests were, made
on each group of APACHE solutions formed from a single

measured event (using the program APCUTS).
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4) If the 7 pt for one solution was greater than 2
a ] . ) .
A*)(pt of .all other solutions, then that solution was

excluded.

5) If X tgp ( X tg/X total) was greater than .5, and
was also greater than )Ctgp of all the other solutions, then

that solution was excluded from the data.

6) Among the.remaining APACHE solutions for the event,
those were selected whose track had a net charge differing

least from the total charge of the incident particles, (+2).
7) A weight defined as

APWT=1/ (number of unresolved APACHE solutions)

was assigned to each of these solutions remaining after all.

the above cuts were made.

It is to be noted that the cuts 4) through 6) above do
not reduce the total number of triggered events in the data,
but serve to define more precisely the composition of the
‘events; Distributions of APACHE ){: for the whole data set

before and after cuts are shown on figures V-5a, b (Note

that in Fig. V-5a each point represents'a solution ).
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E- Identification of Neutral Strange Particles

The TVGP event reconstruction provided all track
parameters for the charged particles'frém VO—decays. The
measurement procedure required that the beginning pointA of
the negative track in a Vee be the closesf point in Spacé to
the decay vertex. ﬁowever, for a large number of VO decays,
the vertex was not'clearly visible in all three views and
consequently only a poor measurement of the décay‘vertex was

possible. To overcome this problem' APACHE was used to

reconstruct the décay vertex by extrapdlation of the two

outgoing tracks back to a point in space.

After the decay vertex had been determined,':the VO
events were processed by' a kinematical fitting program
(SQUAW), where 1-constraint fits were attempted. to the

‘hypotheses,
i) KO _, ¥ + TU
11)A° _» P LT
iii) Y +P —— é+ +e- +Ps.

‘The single constraint was - the assumed mass of the

decaying neutral particle.:

If both KOs and IC hypotheses were unsuccésSful, that
event was deleted from the VO sample. Events with
successful fits to KO and A’ were further processed through

APACHE for reconstruction of the primary vertex and then
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through SQUAW for 3-constraint fits (neutral particle mass

and diréction), using a primary vertex determined from other

charged tracks by APACHE and the VO  vertex. At the
conclusion of this process a sef of KOs and A?vevents was
obtained which had successful 3-c fits to a production
-vertex. After application of the cuts described .in Section
V-D, a total 887 were left. Aﬁbiguities among these events

afe summarized in Table V-1.
[]
1- Selection of X0, A and Y Events

Table V-1 shows that 71 percent of the VO’s were
uniquely determined to be KO, ﬁc _or Y: by 3 and

1-constraint fits. The remaining 29 percent.were,ambiguous.

To obtaih abclean'sahple of ﬁC&and KOs’s the {.’s had
to be removed frbm the VO sample. Figure‘V—6 shows the
distribution of the depth coordinate Zv for the.Qertices of
'ail fitted Vees (2 ‘is measured ﬁarallel to the electric

field in the streamer chamber). There is an obvious peak at

the location of the streamer chamber electrode consisting of

a set of fine wires. This is éxpected because of thg_ very
small probability of pair création ( YPs _,e-e+Ps) in
heon—helium gas. Photon conversion is expected only in the
dense material in the chamber, i.e, the electrode wires and

the target.
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Figure V-7 shows the P, distribution for all VO,s.

Here, ﬁ- is the transverse momentum of the negative particle

of a VO decay relative to the direction of flight of the VO..

The transverse momentum E:has definite‘maximum values of O
105, and 206 MeV/c for Y, N, and KOs _ decays

respectively.

Pig. V-7 shows peaks at 0. , 100 and 200 MeV/c which
correspond to Y, N and KOs decay respectively. - In order
to'rembve the Y;s from our ambiguous sample, any'VO which
had 'é successful fit to Y and satisfied any of the

following conditions was called a Y
a) E was less than 20 MeV/c

b) The decay vertex was in the streamer chamber " H.V.

electrode, i.e,
=7 cm < Zv <-6 cm

c) The decay vertex was on or within the target, i.e,
. h | |
R=(X +Z ) < 1.587 cm
Figure V-8a,b show the Z distributions for VO events
after Lthese corileria Qefé imposed and the resulting gammas
were removed. One observes that the peak at the H.V.

electrode has_been-eiiminated.
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The remaining'problem was to separate the ﬁfﬁiéﬂd4 %Q%
in | the ambiguous VO sample. The transverse momentum
~distribution E_ for uniquely fitted N decays éhows a peék
at 100 MeV/c. Thus a simple method based on ?_ can be used

to select A° from (A°/KOs) mixture, as follows:

vo’s with B < 110 MeV/c are treated as if they were

A and, those with B,» 110 MeV/c, as if they were KO,
2- Test of the Consistency of the Method

A test of +the cohsistency of the method may be

performed as.follows:

a) assuming that KOs’s decay isotropicly in their rest
frame, one can-calculate the expected number of KOs/ s with

fi< 110 MeV/c

N(g)de = N, SinQdQ,

: = =, 2!
NGR) = Mg CRIFT) (R /" 7))

o

0 <P <p¥

Defining f as,

f= Number -of KOs’s for P*> B,> 101 MeV/c, then

for P*=210 (MeV/c)(KOs),

PMu - : - | : [}
Fenf CRIP)R/M U E YY),

F s Ne \/(' - (APMin/PMa;))
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and

F/NB :J( | - (PM;“’PM“)’-) .
From Figure V-10a,

£=431

and £/NO=.851
giving
- NO= 506

Therefqre the number of KOs’ s expected for the region P, <

-L .
110 is

‘N1=NO= 431= 75

Fig V-10b shows the P distribution for KO’s after final
cuts. From this plot the nﬁmber of KO in the region (ﬁ_A
<T10) is 61, conéistent with the expected nunber of %p’s

determined above using an isotropic, decay ahgular

distribution for KO in rest franme.
b) Lite time of A° and KOs:

The proper life times for VO’s were calculated using the
primary vertex, the deéay'vertex énd.the momentum of the VO.
Distributions of lifeFtime,in length unit CT‘for KOs and A°.

are given in figures V-12 and V-13 respectively.



Exponential fits to these distributions give the

following values:
CT=2.78+.11 cm for KOs
CT =6.8+.72 cm for N

These values for the mean lifetimes of the KOs and

-are in agreement with other measured values.
CTKOs = 2.675¢-066 and CTA =7.89% .06

The 5—10'percent error in our measured values can be
attributed to the decay of VO’s (KOs//\° ) in the target and
to the low statistics. To correct for target loss, each VO
is weighted by the inverse of detection pfobability of the
event in which it occurred, that is, +the probability that
‘the VO ~would decay ihside the sensitive and visible region

of the streamer chamber.
c- Mass of KOs and A’

Figures V-14 and V-15 show invariant mass distributions

for the. resolved KOs and N'. The mean valueénwere
m A =(1116.49 +.3) MeV

mKOs= (497.69 +.8) MeV

"to be compared with values. from the particle data handbook, . -

(497.67+.3) and ( 1115.60 £.05) for KOs and N respectively.
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An alternative method to calculate these masses used a

7fminimization. The Chi-Square was defined as,

N " 2
X = Z ((ML- "'\v°)/6-;>

where mi and ©0; were the measured VO mass and its
o ‘ 2 L
uncertainty respectively. Minimizing the X gave mVO as
the mass of the VO. From this method was obtained,‘
' Zma/of
mv0 = —= .
. . n

then, E:'/af

sl

mKO = 497.83%+.8 MeV
mA= 1115.89 +.25 MeV
3~ losses and Correction Factors

a) Losses ffom.VO'decays in the target or outside the

streamer chamber

Any V decay near the walls of the streamer chamber was

excluded by éefining the scanning fiducial volume of the

streamer chamber to be:
90 .cm < Y < +90 cn
=30 em < X < +30 cm

-20 cm < Z < +20 cm
in the coordinate system defined in Figure V-4. The

probability for i-detectionof a A  or KOs ‘is defined as the

.92



B L ‘ ‘ 93
probability that a KOs/N with the given direction and

momentum would be detected had the event occurred anywhere in
the target. Note that scanning rules required that a Vee be
recorded, whether or not a vertex was seen. To estimate the
losses, production vertices and azimuthal angles of +the VO
were generated randomly and for each given sqﬁared
transverse momentum P% and the Feynman variable Xf defined
as (P1/Js ), the direction of flight of VO particle and its
laboratory mean flight distance, 1O, were determined. The
detection probablity for a VO with a -given production

1 8
vertex, Xf, PE and azimuthal angle is

Et=(Exp ( ;Lmin/Lo)-Exp‘( —Lpbt/LO)),

where Lmin is the distance travelled by.VO in the target and
Lpot is the potential path along the VO direction from the
production vertex to the edge of:Athe‘ streamer chamber
fiducial volume. The average of Et over azimuth and X, Y
and Z of the production‘vertex was takén “as. the detection
probability for a VO.with a given f% and Xt. Einall& each
KOs/N in the data was weighted by' the invéfsé of the

_ , o X
detection probability corresponding to its Pt and Xf.

b) A weight Wneut was used to account for +the neutral

decay modes of KOs and NS



Wneut=1.55 4
Wneut= 1.46 KOs

Finally, every "KOs" or " N " with a proper life time
(CT>5¢T,) was excluded from fhe sample. vo's with 3c-fit
g(t greater than 16 were aléo removed from the VO Sample
(Note, 7Q;'=16 for 3 degrees of freedom corresponds to a
confidence level of .001)a These cuts were not expected to
affect significantly VO'stproduced in the target évents, but

should reduce strongly accidental coincidences.

c) After applying the above corrections, there- was
still observed a loss of VO decays in the region where the
beam track density is high. The loss can be seen in PFig.

V¥16 where Xbm is defined as:

Xbm =Xv- Xbeam
where Xbeam is approximated as, Xbeam=.05Yv, from a study of
the primary beaﬁ track spatial distribution. Using the
average number of events in neighbouring bins , the number
of VO events lost (Nloss), in the beam region was estimated

to be 57 . Thus a weight, Wbeam defined as
Wbeam:(NO+Nloss)/NO=1.04¢.OO6

was used to correct overall cross-sections, where NO is

the total number of weighted.VO's.

94



F—-Correction Pactors:

To correct the data for the loss of events in ‘various

processes in collection and analysis of the data, several

correction factors, each corresponding to ~the loss in a°

single process, were estimated. Table V-4 summarizes the
losses from these factors. The descriptioh 6f procedures
used in ‘their estimation were ©presented in appropriate
sections describing the process. The remaining correction

factors are estimated as follows:
1- CELT Efficiency

The Average efficiency of . the picket fence counters

performance in triggering process was defined as,

3.,-0_
E= 2Pi.Ei

tot

where Ei and Fi are the efficiency of the ithlkchannelA and
the fraction of +trigger tracks passing it. The values of

these péfémeters are given in Table III-5.

/
3~ Correction for Beam Scatterling in S3 and Target

End-Cap:

+
Scattering of the TU Dbeam particle in the 1/4 1inch

. oL '
thick beam counter 83 was accounted for by a correction

factor estimated as
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E =(EXP (-w/ AI)

where w=.635 cm and Ar=84.94 cm are the thickness of the
scintiliator and the mean interaction length of Wt beam at

16 GeV/c in scintillator respectively. .

To correct for interactions of the beam particles . in
the endcap of .02 cm thick mylar of the liquid hydrogen

target container, a factor was estimated as

Ecap= EXP (-.02 cm/xp )=-9997

\ . . ) _,.
where A7 =69.44 is the interaction length  of Tf* beam in

mylar.
4- Correction for Decay of Trigger Particles (k=)

The deteotion of an event followed the passage - of a
forward K- 'through the picket fence. counter énd Cerenkov
detector,(Ck—). Thus an event would not be recorded if the

K- decayed before it hit all four pickef fence arrays.

Given the momentum and direction of +the detected K-
tfiggef particlea, a cbrﬁectidn factor wae cotimated nn

follows:

For each detected K- trigger a factor Was defined as
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Edk-= EXP (-LO/Y ct0),

-where LO=the distance travelled by K- trigger to hit the
array V4, t0 is the mean life time of'K—, c velocity of
light and Y=Ek—/mk-. Here Ek- is the energy of the
trigger .particle. The. average .valué of Edk- was used in

final cross-section calculations (Table'V-4).
- 5- Dead Time -

A factor EQead=;923¢.OOO4 was estimated, ‘using  beam

counts reéorded.by scéler during the data taking period, to-

correct the cross-sections for +the unused beam particles

(see Reference 2 for detail of the method).
6- APACHE Efficiency
In order to correct for the 1loss .of events in the

process of vertex finding, a factor Ea was estimated:

Ea= The probability that a track is included in an
‘event formed by APACHE | |

In order to determine, Ea, a sub-sample .of VO events
was = selected.. Starting with 1744 events as input to APACHE
from this sample of events, the following information - was

obtained:
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N1 ( number of events with some final fits) = 1547

N2 ( Number. of events with' at least one APACHE fit
which included a VO)= 1144

N3 ( total number of events which after final selection

still included a VO)= 742

Assuming that APACHE will tfy all of the possibilities
" for vertex formation, it can be argued that N1 is the (or at
least is close to) total number of true interactions with a

VO. Then the APACHE efficiency can be defined as,

Ea= The probability that & VO is included in an

interaction vertex.

: : ' , + 4 T

Given that the average number of TU /burst =8, and that
the interaction probability Pi=( 1-EXP (-Lt/AI))=.059, then
the probablity of occurence of n interactions would be,

, n -
Pin=(8!/n!(8-n)!)Pi(1-Pi)
Thus,
| . 4
Pin (probability of only one interaction)=.308,
. _
Pin (probability of 2 interactions)=.067,

3 : ‘ L
Pin (probability of 3 interactions)=.008 ~vs.01.
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Pin, Pin and Pin are then normalized to total probability of

occurrence of a trigger which is proportienal to,
} e 3
Pnor= Pin +2Pin +3Pin=.472

Then,lfractions of the data which are expected to
contain respectively, single,'double and triple interactions
: are

{ 1 a t 3 3
Fin=Pin ,Fin=2Pin ~and Fin=3Pin.

'The probablllty that a VO will be included in either of the
twe or. three interaction . vertex events is 1/2 and 1/3
. respectlvely, thus- the total number _of finel interaction

vertices containing a VO,would be,

Nvv= (Pin+ /2Fin+3Fin)N2

and therefore the APACHE efficiency is

Ea=N3/Nvv=.7964.03

‘The error in thie'anumber‘_is'”beeed_~Qn‘ the  statistical

~uncertainties- in N2 and N3.



100

REFERENCES

1-A.Seidon, Ph.D. Thesis, University of California« Sahta
“Cruz (1975), University Microfilms No. 74-23,015 .'

2-C.Bricman, et al, Revieﬁ'of Particle Properties,  LBL—100,‘_
1978. i | |

3-See Reference 1, Chapter III

4-See Reference 3, Chapter VI



101

TABIE V-1

Pattern of Events Before and After Final Cuts

Before Apcuts and Trigger Inclusive Sample Vee Sample
Check S |

Number of Events . | | A | 1347

Number of APACHE Solutions 6512 1503

. Number of Events with Single

Solutions 329Q'> | . 733

After all Cuts

Number of Events ' : 3245 4 ‘ . 887
‘Number of APACHE Solutions | 3372 - 919 '

Number of Events with Single - o
Solutions : 2327 _ 502




TABLE V-2
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Ambiquity Pattern of 3C-Fitted V° Events

Total

S
K 530 107 58 695+18 (K°/A /Y )
(Unique) . (80%)
A° 107 95 . 92 274+ 18 (K°/A/Y)
4 - (Unique) ‘ (32%) |
y | s 72 7 137+ 18 (K°/A/Y)
: (Unique) (l?.Q%)
'TABLE V-3 |
' Selection of A and K° After Final Cuts |
After - , B, Life Time, Fiducial and X5 cats
xg 492
N° 220




TABLE V-U

- Correction Factors
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Neutral Delca‘y Mode of V°

 Correction Factors Inclusive v° Events
CELT 482 1482
Dead Time -923%.0004 .923+.0004 :
N Scattering in éB»and . _
Target End Cap ' .99 ‘ .99
fS-c'an'ni‘ng‘ .72 4 .01 .73 x .01
MeaSuring (Obscuréd Frames) >;98-'i . 002 .98 +« .002
(Gut on High Multlpllc1ty | o o .
“Events nt>14) : 877 % . 004 .923 4+ .002
'Pr009531ng |
(PDP-8, PDP-1, PANEL, TVGP) .96 .89
APACHE , .80. 4 .03 .80 & .03
K (Trigger).Decay .864 ¥ .03 .86k % .03 .
Loss for. Special Measurement '
of Events with Trigger on
High Number CELT Channals :
(n > 8) . .97 —————————
Loss of V Decay in Beam ro——— .961 X .006

(A .64+ ,008 /(K : 68 0024)
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CHAPTER VI- ANALYSIS OF THE ¢ (1020) AND K'(896)

PRODUCTION

SUMMARY

In this chapter, results are presented for the

semi-inclusive reactions:

T+ p—s P(1020) + Ko + X o | | VIO

T 4+ Py Qliozo) L N4 X . A V-2
and , | .

~Tfr.,_p____', K*(Xso') + X : VIi.3

where X represents any additiohal particle.
A<Conjoint Production of(D(wad)
1-Invariant Mass Spectra

As described in chapter II, much ofvthe métivation. for
- this experiment was to study prOduction'of the d>4meson in
conjunctipn with  strange particles. ‘Invariant mass
distributions of (K—K+).combinatians.were used to search for
the @—,meson resonance. Here K- and K+ respectiveiy are
trigger particle and a positive track identified as a K+
(mee mection ViC ). PFigure VI-1 shows  the ( K-K+ )
-ihvariant mass spectrum for events which contaiﬁ a visible
neutral strange,particle decay, i.e., a k; or AN . An
enhancement is seen <at' the . O mass.(iOZO MeV) . Thesé

: ) ) -...‘ s . : ° i °
events were separated into events containing a.Ks or A .



The (K-K+ ) mass spectra for both sets of events are
shown in figs. Vi—ZA, B, . The peak{at the ¢>Amass
enhancement is evident in both distributions. To .determine
~the ¢> contribution to this distribution quantitatively, it
was necessary to estimate the shape of the Dbackground in

this (K-K+) mass spectrum.

To generate the Dbackground mass distribution the

invariant mass of a set of pseudo-combinations was

calculated. A K- trigger pérticle from one event was

matched with a K+ from another event, with the condition
that theAtwo primary vertices have the same charged pérticle
multipliéity. Following this method a large number éf
cbmbinations were generated and a smooth distribution of
invariant 'masses was obtained. Onel possible éource of
‘inaccuracy of the method would be that momentuﬁ and energy
conéefvation wefe not obeYed properly in generating the
events. vHowever it can be argued +that the shape of the
background will  not alter because most events have missing
neutrals anyway. TheAresulting combinatorial background' is

shown in Fig. VI-3.

Given this background,distributiqh BG(m), the combined

mass spectrum of Fig. VI-1 was taken to have the form,

dN/dm=BG(m)+BW(m)PS(m) VI _y
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where BG, BW, PS represent baékground, Breit-Wigner and
phase-space distribuinns, réspectivély. The resonant signal.

O was describéd by a simple Breit-Wigner function,

L

BW (m) - r/+

Pl Vs
(m_m,) LM :
"where MO and Tﬂ' are, the masa of thc resonance ahd~bits
width respectively. . Note that a relativistic Breit-Wigner
fuction with a mass dependent width 154 not appropriate,
because the natural width for the ( (1020)-meson ( [ =4
MeV) is much less than the experimental mass resolution.
Thus the observed width ‘is mainly the effect of uncertainty
in measurement of the inVarignt (K-K+) mass, expressed as a

Breit-Wigner function.

The background BG(m) and phase-space facfor PS(m) were

assﬁmed to have the mass deperndence of the combinatorial
| baékground. The‘fit was then carried out err the . range
from 980 to 1400 ﬂeV, over which there wésAa substanial
number of events present. The Particle Data Grouﬁ valﬁe was

used for the resonance mass{M, =1020 MeV). The variables in

| ¢ | .
the fit were the width of the () (1020) mass peak and the
numbers'of backgrouhd and resonance combinations.‘ The width
of the resonance, which was adjuStéble, was found by MINUIT

to be 17 MeV.



Fits were also carried out for KOs and ﬁ: - dssociated

‘events by fixing the values of the Q) mass and width at 1020

and 17 MeV respectively.
2-Cross-Sections

Table VI-1 contains the numbers of ¢>' and Dbackground

events determined from fitting the reactions VI-1, VI-2.

In order to determine the production cross-sections for

these reactions, . the data had to be corrected for.

geometrical acceptance as well as for the inefficiencies 1in

-triggering, scanning, measurement and analysis.

To estimate the geometrical acceptance of the system as

a function of gthé longitudinal Xf wvariable ( Peynman

. ) F .
Xf:El/Pmax) and the squared transverse momentum, Pt, ofA the

qytmeson, the following prbcedure bésedon a Monte Carlo

method was used.

a) Assume that the differential cross-section for (b

productibn can be parametrized as
. 1 g ' -
F(Xf, Pt)=f(Xf)EXP(-BPt) -

b) Fix the value of B at an arbitrary but typical value

-2
of 3.5(GeV/c). - (Note:Several Monte Carlo calculations for
different values of B ranging from 2 to 5 showed that the

geometrical accepténce was not sensitive to the choice of B.)
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c) Generate Xf with values of 0. ,.1,.2,....:.,.9

, . |
d) With each ( Xf and Pt) for the "¢ , an isotropic

decay angular distribution was assumed for its decay in the

rest frame. Momentum vectors for the K- ~and K+ decay

products were then défermined in the LAB frame.

e) Trajectories of the product K- and KX+ .mesons were
simulated , using'the above momentum vectors and coordinates

of the interaction vertex located randomly in the target.

f) By extrapoiating these | trajectories, it was
determined whether the K- and K+ would haVe»ﬁit a picket
fence éhannel and Ek, respectively. The K- ,' aﬁd K+ were
required to have momenta of greater than 3 GeV/c, which was

the momentum cut applied to the data as well.

Figureé VI-4 shows the geometrical acceptance as a

function of Xf , as determined by this process.

To correct the data for the . geométriéaln'acceptance,
each (X-K+) combination with . an invariant mass less than
1100 MeV and a given longitudinal momentum variable Xf was
weighted by the inverse of fhe corresponding geoumelrical
acceptance for the same Xf. PFinally, an averéged correction
factor was determined for combinations with m(K X )< 1100

MeV.
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Each event was also weighted by the inverse of the
detection probability for N/Xs, W (see Section V-E for

detail of the method used to determine W ) -

A complete list of all the other correction factors
used in the calculation of the cross-sections is presented

- in Table VI-2.

- With the correction factors S0 applied the

cross-sections were calculated from the formula

6 = (NIFTE) Vs

Qhere Nx=number of events found in interaction
channel x, Ei are efficiency factors.and F denotes thé.total

tL .- + B 7. L.
jncident TU flux per unit cross-section (VI--7).

_Lg/XI | o
F :nn*_ (l/ﬂﬁ)(,_'e > | Vi7

where n _=number of incident T =1.20303x 10
nt | o

and | A =(A/Nar )(1/ 6 tot) |

A= Atomic weight= 1.01

, ' : .23
Na= Avogadro’s number =6.023 x 10
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p = Target density =.0708 gm/cm?
: - v 13
G tot= Total yg+p cross-section at 16 GeV/C=24.05 mb
Lz Target fiducial length =60 Cwn'

The interaction length is, therefore,

Al=984.5 Cm
and |
23
F=2.95584X10 event/cm"
Final results for the cross-sections are given in Tabie
VI-3. ' |

B - Search for Inclusive Production of The @—meson

Figll Vi—5 shows the distribution of invariant mass of
(K-K+) combinations from the inclusive data sample (see
Chapter V). Here K- is the trigger track and K+ a positive
particle identified as K+ by the procedurés of chapter V.
No clear 45 signal is apparent. An estimate of the upper
limit for the possible  (J(1020) contribution was made by
normalizing the combinatorial background spectrum described
in the previous section to the inclusive distribution. The
normalization was carried out for the mnaa range of

1500<m(K-K+)<1800 MeV, and then the resulting factor was
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used  to normalize the Dbackground- to the entire mass -

spectrum. This is presented in Fig. VI-5. No more than a

few events can be detected above the background in the mass

range of 980<m((K-K+)<I-J1QO MeV{ thus the' reéonance



cOntribution is conSistent with zero and its upperlimit can
be determined Ybased .on statistical error, i.e., to be of
order of 10 events. An estimation of the expeéted nunber of
lﬁ,s in the inclusive sample, as might be contributed by
conjoint production processes, will be presented in chapter

CVII.

The excess of events observed in the mass range of 1150
MeV <m(K—K¥)<1350 MeV can be'attributed to f*°production due
to pion contaminétion in positive tracks identified as K+
resulting from inefficiency of the Cerenkov detectdf (éee
Section V;C ). An vindication of the presence of these
contaminating particles is Seen.in Fig{ VI;7b wheré ”60-E*°
are observed in theAmass distribution of (K-1") pairs for
which"the positive particle is identified to be K+ buf is

éssigned the pion mass.
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C-INCLUSIVE PRODUCTION OF K¥(sd)
1-Mass Spectrum

Study of the inclusive production of the K*¥ is based on

the inclusive data sample described in chapter VI, whose

® (1020) content was discussed in the preceéding. section.
The invariant. mass distribution of{'(K-'¢+) combinations
consisting of a trigger pérticle .(K—) and a ﬁoSitive
particle assumed to be T, was used to examine K¥
production. . This spectrum is shown in Fig. VI-6. The
spectrum for (K—Tf) combinations for which positive
~particles.passed‘through the K+ Cerenkov counter and were

identified to be T is also given in Fig. VI-Ta. The

X¥(896) resonance is seen in both mass spectra. | No - clear

e _ A
high mass resonance (K*(1420)) is present in the spectrum.
2-Inclusive Cross-Section

The rcoonance produclion was détermined by titting the

mass spectrum to, .

dn(m)/dm-BG(m);Bw(m)rs(m) vl_é

where BG(m), BW(m). and P3(m) represent background, resonance

and phase-space contributions respectively. The resonance
signal was described by{relativistic Breit-Wigner functions

3
with mass dependent width:
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BW(m) - _ "™ M&ltm vt
| S V00 RO Vot o £ |
where
’ _ 1l
Fim) =T (3/9 7l
) r (¥ 9) EITR

and

P(m) = (°(,: +q:) .

Here Mr is the resonance mass, Tk its width, q the momen tum

of the decay products in the rest frame of the resonance, qr

its value at M=Mr and L =1, the relative angular momentum.
To describe the background, the function

BG(mj:A(m-mt‘)‘EXP(-z;m) ‘ | Vi

was used. The choice of"this functional form for the
background was made because it ﬁas conéistent with the 1§w
mass rise and with the overall shape of the combinatoral
backgroﬁnd, genefatéd for (K- ﬂf) combinatibns. ( It should
be‘ﬁotéd that the resonant'(iis peak is not at'fheA peak of
the  background, thus an exponential decline for the
background would have sufficed to estimate the resonance

contribution to the spectfum. )
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Given the background shape and assuming the same  mass
dependence for phase—space factor PS(m), then the MINUIT fit
was carried out over a Alargé mass range 640<m(K-K+)<18OO

MeV.

: ' . Y . . .
A Chi-square of %, /NDF-.2 was obtained. These fits are

shown in Pig. VI-6.

Values of the resonancé mass and width were also

determined from the fit to Be,

_ Mk*=896.2+5 MeV

and
Fk*= 100.4£12 MeV'

The mass. and width ofAthé resonance -is consistent -with
its established, values  oconsidering the wass  resolution

(M = §96.1, and T =4o.5).
e |

The cross-sections were evaluated using the formula
(VI-6) and +the number of K*,s obtained from the fit
Table VI-4 shows the final resﬁlis and also the cqrrectinh

factors used in the cross-section calculation.
3-Differential Cross-Sections

The ﬁ*°A'longitﬁdinal_ and  transverse  momenbum
distribution were found by dividing (K- m+) combinations

e X 4 L
into suitable bins in Xf and Pt. The (K-®') mass spectrum

. : [ .
for each range of Xf and Pt was then fitted to the equation

(VI-8) by fixing the resonance mass and width to be 896
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MeV and 100 MeV, respectively.

: . . |
The resulting dN/d® and dN/dX. distributions for

E£(896)A production are shown in figs VI-8 and VIi-9 -

respectively.
4-Geometrical Acceptance

The geometrical acceptance for the K- triggér from the
f; was a function of Xf and Pt, and also of the decay angles
of the K¥. The following method was used to simulate theiﬁ*°

production, and to determine this acceptance.

a) Assume that the differential cross-section -for K¥

production can be parametrized by Xf and Pt Aas
F(Xf, Pt)=f(Xf)EXP(-BPt)

b) Pix the value of B at  3.5. (Note :several Monte
Carlo calculations showed that the'geometrical acceptance is
not sensitive ‘to the value of\B for the i;, as 1t also was

not for ( production. )

c) Assume an isotropic decay anguiar distributiph for

the ﬁ;‘decay in rest frame.

fffs were then generated for the fixed values of Xf in
the range of 0.0 to 0.9. The geometrical acceptance was

determined by extrapolating the decay product K- into the

trigger hodoscope. Fig. VI-10 shows the geometrical-

acceptance as a function .of Xf.
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The longitudinal momentum distribution of ®*°  was
corrected for the geometrical acceptance at each Xf and the

resultlng spectrum is also shown in Fig. VI—9.

To obtain the depehdence'of the geometrical. acceptance
upon the transverse momentum of f*i the K*°p}oduction was
simulated using the disfribﬁtion.of Xt obtained above affer
the acceptance corrections were applied. The:acceptance as

a function of ﬁi is shown in Fig. VI-11. The data were

then correoted for geometrical acceptance and the resulting

distribution is presented in solid lines in Fig. VI-8.

- The cross-section calculations were performed by

adjusting Athe_‘data for the correction factors and the
geometrlcal acceptances 3 Figures VI-12 - shows the

distribution of Jﬁydx
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-TABLE VI-l

Estimated Number of § in Associated Channels

Reaction ' , - ' : Number of ¢

TP s oK p X - 7% 3

TL*}_’.,P__,(D.,,\‘.._X ' - ' 9%+ 3
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TABLE VI-2
Correction Factors Used in Estimation

of Cross=-Section for @

Production Peocesses.

: ' : .
Correction Factors Ny P —» Q)+K§+ X rf.,.P — ¢+A°+X
1- Averaged Geometrical 13.46 + 2,5 17.4 % 3.8
Acceptance for ' ' .
Production
2- Averaged Correction 2,47 . 1l.49

for &oss in Detection

of V° Accompaning ¢
Meson :
3- Vv (KOAA ) Neutral Decay 1.47 - 1.55
Mode : :
4- Other Decay Modes of @ 2,08 ' 2.08
Meson .
#5- A1l Other Correction 5,98 + ,52 - ‘5,98 % .52

Factors for Losses in
Experimental Processes

# This Correction Factor: ES is Defined as( /é—YTel') , where

@4 are summarized in Table V-4.
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TABLE VI-3
Estimated Cross-Sections for

~( pProduction Processes

& . + ; _ ° L .
MN+P — @.*.K:.".:X TL...P.-—;@-{-I\ + X

1.43 £ .92 ub : 1.44 £ .01 Mb
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TABLE VI-4

Mumerical Values Used in Estlmatlon of the .

Cross-Sectlon for Inclus1ve K Production

‘Number of ﬁ*o

-Number of‘n+
" Incident Beam

anlux
Correction Factors

Correction for Oiher

Decay Modes of K

Inverse Sensitivity -
( mb/event)

Averaged Geometg;gal
Acceptance for K
Production '

Estimated Cross-Section

Xe> -3

953 £ 35

9.31249 x 107
2,28807 X 1032 events/cm2
5.74 X .75

105

"3'7762 + 4.9 (nb/Event)

31.1% 2%

.1_15'.29&:"26.6 MY
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Fig VI-1- Invariant Mass Distribution of
(K-K+) Combinations

with visible strange
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' CHAPTER VII- CONCLUSION
A- The OZI Rule

As described in Chapter-II, the main objective of this

experiment was to investigate the validity of the 0ZI rule

and determine the strength of the rule as it applies to

(b production processes.

A search was carried out for reactions of the type,

4 P — b 4 X S v
o4 P — ¢ + K: + X - VI 2
4 p—®an+x VI3

where VII-1 denotes the inclusive'production of the ¢) and

VII-2 and VII-3 denote thé conjoint production.

As described in Chapter VI no obvious Q signal was
seen in the inclusive reaction VII-1 (Fig. VI-5), however,
clear: (b | resonances were observed in the semi-inclusive
reactions of VII-2 and VII-3 (see figs VI-1, 2 and tables
VI-1, 3).

In order to estimate the contribution of  the
semi-inclusive channels (VII-2 and VII-3) to the inclusive

production of the @-meson, possible conjoint processes

involving an extra pair of ground state strange particles.

may arbitrarily be'aséumed to ﬁossess eqﬁal probability of
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4 - 150
occurrence. Thus, if all high mass strange resonances decay
strongly into stable kaons(K or K) or hyperons( A or ),

then conjoint processes could be observed in reactlons of

- the form; |
AN -,wx @(K/K) - Vil-y
T +P — (K/K) @(z//\) | “ Vil-§

Table VII-1 shows the expansion of the reactions VIi-4
and VII-5 and the contributions of the various subproCesses'
to the semi-inclusive channels of VII=2, 3. The assunption
predicts that equal number of KOs and - A will be produced,

and that the total Semi—inclusive rate will bé,
(tz/q)(uumw o L k;]) + (12/4) (Number of [ (I)A"])

The cont*ibution of conjolnh processes to the inclusive

@ productlon can then be estlmated to be,

@v*‘”

N. = (,s contributed to inclusive channel=(12/8)N
Pric | |

where
S

NQDV' = N(DR’ "M/IAV‘V%A-’ + N(Dkf X wnc‘ x wa.k'

Here W1§AA =(1. 47/1. 55)1s the correction factor for .neutral
decay modes and W“Kﬁ\=( .47/1 .49) that for unobbervpd dpnayq

in the target and outside the streamer chamber



Then, using N =9 and N ., =7, from Table. VI-1; we
| oN Q% ;

calculate §§v° =46.2, the number of events in the entire run
which produced a Q-meson in association with a AN and ‘a
KOs. This number depends upon the analysis of thé
experimental data but not wupon the assumption that the
sub-processes in Table VII-1 are equally probable. Finally,
we infer that the contribution of conjoint processes to the
'observed‘ sample of inclusively produced <§,s(VII—i) would
be, ~
. N(Dpsc = .os(lzlg) N@v’ ~ eVen;s

where the factor 0.08 represents the fraction of the total
data sample used ih the present anélysis‘of indlusive @

production.

The observed spectrum of (K-K+) invariant mass for the
inclusive ‘daté sample shows no statisticaly significant(@
signal above the background. Considering the number of
events in the mass range of 1000<m(K-K+)<1060 MeV, and given
the mass resolution estimated from the mass spectrum of VI-1
(17 MeV), a total of 72 background events is estimated ta be
in the Q) mass range. Using the statistical uncertainty in

72 events ~ 8.5, an upper limit of 26 =17 events,

cOrrespondihg to a confidence 1level of 95 . percent, is»

estimated for the number of {,s produced inclusively in the
sample. The lower limit for the ratio R=6 0ZI/6 Inclusive
would +then be 6/17=.35 which means that at least 35 percent
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of the @,s are contributed by conjoiht processes. (See Appendix

D for a discussion on the effect of tﬁe-Kf contamination on

conjoint production of @ mesons- )



This result is also consistent with the fecent results

'reported by ACCMOR collaboration on.(b production in (1 /P)P

interactions at 63 and 93 GeV/c, which have_ set a lower
limit of 40 percent for +the contribution of conjoint

processes to ( production.

The sﬁbstantial (35 percent from this work and 40
Apercent ACCMOR) contribution of cdnjoint processés to @
production contradicts those theoretical models which
predict that 021 vielating procésses such as gluon fusion
and annihilation of light quarks(figs VII—?A, E)' dominate
the productibn of Q-meson in hadronic interactions. It
does however, rule in favor of quark fusioh modeis which
predict’ thét' the Q)—mesdn is 7produced .as the result of
fusion 6f s ahd ] strange-quarks from the incident hadrons

(Pig. VII-2c).
B-X* Production and Quark Fusion Models

Inclusive production of the K¥(sd) has been studied.
The transverse momentum distribution was fitted to an

exponential funcfion,

| dG‘/dPt=Aexp(—(3.31»_.6j)P2t )
The value of the exponential slope, B=3.31.6 (GeV/c?, is
typical of other X*° states produced in hadronic
interéctiongf Tablé VII-2 shows the value of B for several

K* states from different experimentsL
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The longitudinal momentum distribution was studied in

terms of the Feynmann variable Xf (P1/Pmax). The spectrum
covers the Xf range of Xf>.4, and'declines_sharply at high
Xxf(.8). '

The spectrum is'also compared with the predictions of a
quark fusion model described ‘in Chapter 1II .(see Fig.
VII—1>. As can be seen in PFig. VII-1, the model has
repfoduced the shaﬁe of the experimentally observed
distribution.'AA mégnitude comparison of the spectrum with
the prediction of the model also shows agreemehtlcbnsistent
~with experiméntél normalizatidn ﬁncertainty. The ﬁ(f for

~the fit is determined to be 5.8 for 6 degree of freedom.

The Xf distribution for K*  production in TCP
interaction at 16 GeV/c shows a peak.in the forward region
(see Fig. 1II-4), which is cléérly not fhé case in that of
the K¥° bbéefved from this pfesent work. Considéring that
the production of K*+ involves also contfibutions from
fusion of valence quarks in the proton (ﬁ) with sea quarks
in pion(VP§3 in addition to the terms involved in production
of K* (VRP;+SS), the forward peak may be attributed mainly

to the valence quarks of the proton.

C- Critique and Recomendation for Further Analysis

As was élearly demonstrated in previous sections the

major difficulty in . determination of the -ratio

(R=0"02I/6 inclusive) was the measurement of the inclusive

cross-section for ) production. .Mass resolution comparable

153



to the natural resonance width (['=4 MeV) was not possible
because of the  large uncertainties in hidden vertex
determination. The results on K*° production ‘also  involve

large wuncertainties reflecting the statistical errors and

uncertainties in scanning, measuring, processing and vertex

finding efficiencies. However, the continuation of the
experimental analysis and the complete measurement of the

remaining 90 percent of the inClusivp data will provide a

better determination of correction factors as well as a more

significant (10 fold larger) data sample for the study of K’
production. With the complete meaéurement of'.the data it

may be also possible to reconstruct, using APACHE, the VO
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decays hidden in the target volume which were not- detected .

in the 'V scan perférmed for the present analysis. This could
yield an estimated 15 additional = {,s produced in
association. with KOs or AN . Investigation of ¢ production
accompanied by charged kaons would also be possib1¢ ~using
complete measurement of the film. It would then be possible
to have a better determination of the @ cross-sections in

conjoint processes.

D- Critique of Experimental Procedure and Recomendation

for Improvement

The analysis of the data for this experiment. showed

that the invisibility of +the  interaction vertices

' constituted the major. difficulty in the 'ianalysis of

photographed interactions .in the streamer chamber. It was

not found possible to resolve multiple interactions visually



in the scanning and measuring process. For a large portion

of the data (733 percent ) the final result from the vertex

reconstruction program, APACHE consisted of more than one
solution (event vertex). Thus the task of selection of
these events was Dbased on rather erbitrary requirements
imposed on APACHE fits and event charge Dbalance. The
uncerteinty in determination of the primary vertex location
resulted in a poor mass resolution which was not sufficienf
for an accurate studyv of inclusive production of the @

meson. Hoﬁever a different arrangement of the experimental
setup and opefating conditions could have helped in
resolving the multiple interactions. A lower beam
rate(8 T /burst. in this work) could reduce the:fraction of
the data containing multiple interactions. The information
bfrom' beam PWC's could then have been used to determine the
.coordinates of the beam upstream of the streamer chamber and
thus add an -additional constraint +to the vertex finding
process in APACHE. The original plan. of . the experimen¢
included two planes of spark chambers located behind the K+
Cerenkov counter and the recorded information from them were
to be used later to identify (before scanning) these evenfs
which contained a forward positive particle hitting the
chambers without producing light in the Cerenkov
detector(Ck+). Such informatioh would reduce the size of
the data sample scanned for inclusive production of
(@—meson, requiring two forward kaon(K- and X+). The spark
chambers were excluded from the experiment because of their

inefficiency.
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 TABIE VII-1 .
Contribution of Various Subprocesses to

- - S 1 0
Inclusive Channels QKS and PN |

Conjoint Subprocess ~Semi-Inclus ive Semi-Inclusive

¢ A° P
K¢ x° 0 HPK®) + 1(PKO)
k¢ x° 0 3
x* @ x° 0. 3
¥ QK 0 0
K* QA 1 o0
k* Cpf 0 0
k" Qg 0 0
XA |
kP % 1 o
W PE 0 kS
x° Qg% 0 .
K Pg’ 1 3
x° QA 1 4

122 | Lo : 4
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TABLE VII-2 |
Values of the Parameter B Obtained from the Fit to
J6 2

O = 4857 4o the K" P Distributions
in Hadronic Interactions

Reaction | PLab (Gev/c) ?i_Slope B . Reference
_ _ e/t
' — —— —————— 3
PP k" X 12 3.63 .4 1 |
PPk X o 3.2¢.3 1

PP =K 4 X - 2k 3.3%.5 1

T —ak® 4 X 16 C 31e.2 1

Mp —ak X 6 - 3.8%.5 1

NP —K O X T 16 2.824.17 2

mp — E*°.. X .16 . 3.32.6 . (This »vbrk)
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APPENDIX A- PERFORMANCE CHARACTERISTICS. OF CERENKOV
COUNTERS

During a test run period, a 9 GeV/c T beam was used to

measure the efficiency of each of the twenty Cerenkov cells

with an atmosphetic—pressufe isobutane filling. At each of -

the four crossing points on an imaginary 3x3 grid that
divided the useful area of a mirror surface into nine equal
sectors, the pfobability<that a Cerenkov signal from a beanm
~ particle traversing the Cerenkov counter was measured by the

ratio,

| ‘n;c.s‘ /n.ss,

where TU was a logic signal for a 9 GeV/c Tf. entering '~ the:

streamer chamber. The counter S6 was a 1"1" square
scintillation counter of 1/4". thickneés placed downstream
from  the Cerenkov counter. The signal (TU.s ), therefore,
defined a TU particle traversing the Cerenkov counter. This
measufemeht was taken at a beam rate of léss than one Tf-per
1.5Ms beam spill. Even so account had to be taken 6f the
long decay time of RCA 4522 Cerenkov phototuﬁe pulses in
order tb obtain the efficiency measurement +to the high
precision desired. Hence a veto circuit was used so as to
ignore beam ™ occuring within .300 ns of another beanm
pérticle. The efficiency ranged from 98.8'percent to 100.0

percenf for the eighty points measured. These results were

combined for each mirror and are tabuléted in Table A.1.
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Averaged over the ten cells in each of the +two Cerenkov

counters, the -overall éfficien¢ies were 99.848 +.006 percent
and'99.717 ¢.008 percent for.the K- and K+ Cerenkov counters

‘respectively.



“Cell No.

Upber 1
2

3

Lowor 1

4

Averaga

TABLE A-1
Pion Rejection Efficiency

(9 GeV/c n-)"'

K Cerenkov Counter

99.78
99.82
99.89
99.84

99.84

99.85
99.80
99.88
99.88

99.88

99.848

.

%

“ i+

Sl 4

I+ I+ I+ i+

I+

.02%

.02

.02

K Cerenkov Counter

99.57
99.62
99.75

99.42

99.83

99.74
99.78

99.87

99.89

99.78

99.717

b 4
b4

b 4

I+

L4

A4 1+

I+

.03%
.03
.03
.04
.02
.02+
.02
.02
o1

.02

0082 -
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 APPENDIX B- APACHE VERTEX RECONSTRUCTION

1- The Vertex Finding :

The process of'finding the best vertex of a given set

of = tracks for which track parameters (beginning coordinate,
end.coordinate, azimuth, dip, slope and error matrices) were

known, was as follows:

a)'Given the coordinates'of the beginning point 'fk of
tracks and those of a trial vertex, Xv, (1n1t1a1y taken to
be at the center of the target), then sw1m each track by the

distance,

s=(Fv-Tx).  (afk/as), |
where ka/ds is the .tangent to the track at the point. fk.
This process 1is repeated"untllllt convergesg to a track
'p01nt.which is. the point of cloeest approach of ' that track
ta the trial vertex(iv) All other tracks are 31m11ar1y
extrapolated to find the point on them closest to XTv.

b) FOrm a j(' in terms of an adjustable pointnx, as

. n
d. b d L d - -
X = E-'(x;»__xv)ai(xc_xv)-
Where A; 1is the. inverse error matrix. Mlnlmlzlng 7(

-gives a point X which 1is taken as an 1mproved trlal

-
vertex, Xv.
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c) Given this new trial vertex, steps (a) and (b) are

repééted until the process con&erges. Cénvergence is
defined by successive iterations in which no +track changes
in length by . more than .1 mm in space. The X for this

fit is then used as described in section B of the chapter V.
2- Correction‘of Track Parameters at the Vertex

Given the best fit vertex, a simple method is used. to
correct the, track parameters to it. To simplify the
calculation, it 1is assumed that the dip angle is
uncorrelated with parameters in the X-Y plane. The basic
mathematical procedure of the correction can be summarized

in the following steps:
a) Coloumb Scattering

Track parametefé are cqrrected for multiple Coloumb
: . . .
scattering in the target and target walls.

b) Dip angle

. First the track is extrapolated from the beginning
point to the vertex. It misses the vertex by &z, then a
correction of At is desired to correct the dip angle. . Then

T
a % defined as,

. N ‘ 2 + '
X,l _ Az-1) N U.W; _ (‘A’L-M;SL)' N (At)’.
(51)"  (5¢) (512) (5t)
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is miniﬁized to determine the value of At. Here Zb is the

normal to X-Y plane coordinate - of the beginning point,

t=tan(dip), $z and $t are uncorrelated errors for t and z

corrected for coloumb scatherirng.
¢) Azimuth and K(projected curﬁature) Corpectibn:

The recalculation of theoe TVGP parameters is doné

using a' three point fit in the X-Y plane to a circle. The -

points used are the TVGP calculated beginning and end points

‘and the APACHE fitted vertex.

The fit to the cifcle woﬁld be correct if the magnetic
field was uniform. To account for the non-uniform maghetic
Afield'of the streamer chamber, the avefage TVGP calculated
momentum of the track is used to extrapolate the'tréck'from
the vertex to its 'begiﬁnig and to its end point. The
deflections in space from the TVGP points are found and

Subsequently<are corrected fof these deflections. Finally,
fhe fit’tﬁ the circle'ié made to thé"corfected’beginning and

‘end points and to the vertex.
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APPENDIX C- DEPENDENCE OF - APACHE > ON MEASUREMENT
UNCERTAINTY (FRMS) |

x

To study the dependence of the APACHE X, on FRMS of
the events, a sample of four pfong events was selected from
which were excluded events containing "halo“ tracké(ﬁositive
charge .with momentum more than 10 GeV/c). All of these

events were then processed through APACHE. Plots of )Q:

. versus average total FRMS were made and- a clear dependence

of )(t upon FRMS was observed. 75' was. then normalized
. v , ] .
to the actual measurement uncertainty for n tracks by a

factor Pscale defined as

L >
Fscale=( Z(FRMS)/1 én)
Comparison of the histogramé before and after normalization
for different intervals of <(FRMS)> showed that the x

distributions (figs. C-1a,d) before normalization tend

- broaden as <FRMS> increases. Howevef, figs C-25,d show that

scaled )(L distributions after normalization are similar.
This confirms fhat the scaled )Cz can be used as a general

variable to test the goodness of the APACHE vertex fits.

The Di-plot of Fig. C-3 shows the over-all dependence

2 T . E
of X on <(FRMS) >. The superimposed line shows a linear

dependence which is the basis of the definition .of 'Fscale,

above.
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APPENDIX D- EFFECT OF K* CONTAMINATION IN THE INCIDENT |

BEAM ON THE RATIO R= %Zr/g'q,u.c

(See Section VII-A)

The lower-limit for R= O:ZI/BbLﬂt was estimated to be. .35
using the measnred cross~sections for reactions VII—i and VII-2
and an upper-1limit estimated for the inclusive cross-section.
It can however, be argued that the contaminating k* mesons,
which accounted for 1.1 percent of the incident beam particles,
might have been responsible partly {or even entirely) for the
production ‘of (qJKg)'s.(It should be noted that strangeness
conservation does not favor.production of <?A° in K+P inter-
actionsi) Thus the cross- section for con301nt production of
¢ 1n TT P interactions would be. reduced to .5, Ovn From the .

. existing experimental data on @ production inl K*P and ;11"P

interaction; at 16 GeV/c, the ratio

OlKP= @+ x) o | :
,,O"'(’TT*F—-»CP-‘-X) — = 8.5 . for Xg .4 wavs'_f‘ound.

- 'The contribution of K+P interactions to the inclusive

cross-section for ¢ production is thus

| Skl X85 64
»9390;,, : +l|x856"

The ratio R for the OZI-allowed contribution to Q’produ—

"_"009 ’

v

tion in'n’P interactions thus can be estimated as

R‘ﬁ'r N o5 ‘0571 I EE 5 | x+35=0-19
' 6.9] £ ST o
ST P
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. It can be 1nferred however, ‘that the contribution of K+P

1nteract10ns to the production of (Q’Ks) s was not 100 percent
O?Trr—aqvk‘u [41-0f1-82 -l+(“
l4t.oft-f2 =

ibecause the experimental ratio (
is in agreement with the predictlons og#g model based on equal

probability of occurrence for conjoint processes. Significant
contribution of a possible kKt beam contamination to QDK;
production would be expected to yield an excess of observed

¢‘K; over (DA° . No such excess- 1s apparent withih the limited
statistics of the present data. We conclude that in the worst case
the ratio R could be réduced to as small as .19 by beam Kt conta-
mination.
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