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Ce4eHI1R o6paaoaaHI1R cTpaHHwx 4aCTH4 a 4eT~pexny4ea~x 
IT-P -aaai1MOAei1cTai1RX np11 16 faB/c 

B pa6oTe, awnonHeHHOH Ha MaTepl1ane -100000 ¢oTOCH11MKOa c 
AayxMeTpoaoH aoaOPOAHOH nyawpbKoaoH KaMepw UEPH, npeACTaaneHw peaynb 
TaTw 11CC/leAOaaHI1R 3KCK/1~311aHWX 4eT~peX/ly4ea~x ITjp-B3ai1MOAeHCTai1H 
CO CTpaHHWMI1 4aCT114aMI1 np11 11Mny/lbCe nepai14HWX IT--Me30HOa 16 f38/c, 

06CY*Aa~TCR aonpoc~, CaR3aHH~e C aW411C/leHI1eM nonpaBOK 11 Ce4eHI1H, 
Ce4eH11R onpeAe/leHW TO/lbKO A/lR Tex KOHe4HWX COCTORHI1H 4aCTI14, rAe 
eCTb XOTR 6~ OAI1H 3aperi1CTpl1poaaHH~H a KaMepe V0 -pacnaA. 

AnA HeKOTOPWX peaK411H npoaeAeHO cpaaHeHI1e C Ce4eHI1RMI1, nony4eH­
~MI1 a APYrl1x 3Kcnepi1MeHTax np11 pa311114Hwx HMnynbcax nepai14H~x IT- -

Me30HOa, 

Pa6oTa awnonHeHa a fla5opaTOPI111 aw411C1111Te/lbHOH TeXHI1K11 
11 aaTOMaTI1KI1 0~~~. 

Coo6meHRe 06t.eliRHeHHOrO HHCTHTYTB SUiepHbiX HCcneaoaaHHA, .lly6aa 1979 

Ba 1 ea E. e t a 1 • 

Strange-Particle Cross Sections from 
Four-Prong IT-P Interactions at 16 GeV/c 

E1 · 12345 

Cross sections are given for production of final 
states with strange particles from four-prong IT-P interac­
tions at 16 GeV/c. A brief comparision of our results with the 
values obtained in other experiments of different IT--momenta is 
presented too. 

The investigation has been performed at the 
laboratory of Computing Techniques and Automation, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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1. INTRODUCTION 

In this paper we present the results of the 
investigation of the exclusive four-prong rrP 
interactions with strange particle production at 
a primary momentum of 16 GeV/c. 

The data presented here are based on a sample 
of about 100.000 pictures taken at CERN using 
2m hydrogen bubble chamber exposed to a negative 
pion beam. 

The methodical questions concerning scanning, 
measurements and the treatment of the neutral 
decay can be found elsewhere 111 • Details concern-· 
ing the applied procedure of data processing, 
especially about the separation of the hypotheses 
and the selection criteria used, as well as, some 
results concerning the classification of four­
prong events in different groups using a smaller 
sample of events are given in,-21. Therefore, we 
will discuss here only the problems directly 
connected with corrections to our raw data and 
determination of the cross sections. Cross 
sections are given only for those final states 
involving at least an observed V''-decay. 

2. CORRECTIONS TO DATA 

In order to obtain cross sections the raw 
data was corrected as follows. 

1. Scanning. A correction of 1.01 was made 
for the scanning losses. 

2. Fit probability. A probability cut-off of 
0.5% for both 4 constraint (4c) and (1c) channels 
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was used. The number of various channels was cor­
rected to allow for this cut-off. 

3. Measurement. Any event failinq to give 
good reconstructuion program output or satisfac­
tory FIT or NON-FIT hypotheses after three measu­
rement was labelled as "unmeasurable". Unmeasu­
red and unmeasurable events were allocated in 
a manner proportional to the passing events. The 
pass rate was about 80%. 

4. Ambiguous fits. When an event was fitted by 
acceptable (4c) and (1c) hypotheses, the 1c fits 
were rejected. When it was the case, the events 
were examined on the scanning table to ensure 
consistency with observed bubble densities and 
resolve ambiguities. A maximum of three hypo­
theses per event has been accepted into data 
summary tape. Each ambiguous event remaining 
was weighted by the inverse of the number of ac­
ceptable ambiguous hypotheses. 

Table 1shows summary weights for ambiguous 
(more than three hypotheses per event) events 
at different particular channels. 

Table I 

Summary weights for ambiguous (more than three 
hypotheses per enent) events at different 
particular channels. 

Channel ~ w. 
i I 

1/17 +1T-,TT-K 0 (A) 1.0 
p" +"-"-K"(Kor 1.5 
K+" + "-'"1{0(n) 1.4 
1T+TT+K-TT-K 0 (n) 1.9 -
pK + 1T -fr -K0(77°) 1.7 
PTT + 1T -K 1{0(17°) 2.4 

5. Detection. a) In order to allow for loss 
of events due to imposing the minimum length 
cut-off decaying particles and their escape from 

• 

the finite fiducial volume, each observed decay­
ing particle (K0

, A, X, ~+, ~-) was given a weight 

L min L pot -t 
W

1 
= [exp(- --------)- exp(- -------)] , 

L 0 cosa L 0 

where Lpot is the distance from the production 
vertex to the edge of the decay fiducial volume 
along the particle direction. Lmin is the mini­
mum projected cut-off length appropriate to the 
type of particle. In this experiment the limits 
were fixed at Ln~ip =0. ~ ern for K0

, .\ ~nd X and 
Lmin =0. 2 em for 2.-• s, 1.n the observa t1.on plane. 
L 0 is mean decay length and a is the particle dip 
angle. b) In addition, a weight w0 corrects for 
those~± events which failed the cut on projecte~ 
decay angle. w0 was determined in the same way 
as for ·:=- 's .'3/. c) For each unseen neutral 
strange particle but inferred from the energy 
momentum conservation, the fitted hypothesis is 
weighted by 

w2 
1 ·- b 0 

1- b 0 + b 0 exp(-Lpot /L 0) 
(semi-potential 
weight) , 

where b0 is the branching fraction into charged 
decay product~~ d) Each V0 -particle was further 
weighted by 1/b 0 or 1/(1-b0 ) such as the particle 
was observed or not in the effective region. 

Table 2 shows sample averaged values for the 
weights of the individual strange particles. 

Table 2 

Sample averaged weights for either visible (fit­
ted decay) or invisible (inferred from energy 
momentum conservation) strange particles 

W( \)viz t.n W(K") inv ~ 1.-!R 
i\( \) 1 nv 2.59 W(\) viz 1.8-l 

W(K)vi.~ l.{j;J W(2.-lviz 1.81 

W(K_,liHV :!.6;) ,.t) :!.U W(- viz 

W(K tvi' 3. :!ti 
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Because of the small probability of K-decay-

ing in the bubble chamber no+weight was assigned 
to it. Events with visible K- were not used for 
cross section determination. 

The weight for any fit was the product of the 
weights of the constituent strange particles. 

3. CROSS SECTION RESULTS 

The cross sections have been calculated by 
normalization on the total rrp cross section at 
16 GeV/c interpolated from measurements obtained 
in counter experiments ~~ The sample of events 
used here corresponds to a "cross section per 
event" of 0.1896 ± 0.0095 11b/event. 

The hypotheses attempted in this experiment 
involved at least a V0 -decay observed. The reac­
tions tried and topologies sought are given in 
table 3. The hypotheses with 1° production have 
not tried and therefore we could expect a conta­
mination in the A-channels from the L0 -channels. 

Table 3 lists our results for the cross sections 
along with the initial number of events used in 
each channel. 

For some reactions the determination of the 
cross sections is somewhat complicated since a 
certain reaction can appear under several topolo­
gies. For instance, the cross section for AK0 "+"+"-"-:can 
be calculated using the events with one visible 
A or those events with one visible Ko, or those 
events with both strange particles visible. This 
gave several independent values for the cross 
section. The number listed in table 3, for the 
cross section of this reaction is a weighted 
average of two values obtained as: first, summing 
up the weighting factors of all observed K0 decays 
(from events with one K0 visible and with both 
A and Ko visible) yields a cross section of 
27.5±4.611~ secondly from the sum of the weighting 
factors of all A decays, a value of 26.5 ± 3.3 11b 
was found. 

The K~K ~ cross sections come directly from 
events with both K0 's visible in the bubble 
chamber. The cross section for K~KL channel is 
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Table 3 

Number of events observed and cross sections for 
various channels 

Decay Total No or un- No of Fraction Cross 
Channel observed hyp. aabiguous events expected for section 

events given topology (,Mb) 

u77rr A 29 29 29 2/3 11.9!2.3 

A K+'/1'+1171-!f> .., 170 134 152 2/3 62.4!5.2 

K~,A 6 6 6 2/J 
27.0!5.6 AK<>n•ra-n- Ko 43 20 29.5 1/9 s 

A 77 40 58.5 4/9 

AK011•n•n-,,-,p ~~.A 18 18 18 2/9 24.2!5.7 

pK.K''Trn- Ko 
s 27 18 22.5 1/3 17.6!3.7 

pK+K~-/1-Tfl Ko 
s 94 47 69.2 1/3 53.6!6,4 

pK-K~+/1- Ko 
s 29 20 24.5 1/3 19. 1 !3 .8 

pK-K01f+'/f-~ Ko 186 123 152.7 1/3 118.6!9.5 s 
nK+K 0/f+n-r Ko 71 43 52.5 1/3 40.7!5.6 s 
nK-K 0 '/f+T/I- Ko 

s 69 42 53.5 1/3 41.6!5.7 

nK°K0n+II+A'I- 2K 0 
s 13 12 12.5 1/9 31.6!8.9 

pK°K 0n+n-n-no 2K 0 
12 11 11.5 1/9 29.1!8.9 9 

pK~K~rn-.- 2K
0 

s 6 6 6 4/9 3.7!1.5 

pK~K 0n•n-ll- Ko 108 65 84,2 '1/9 s 
pK~K~n+n-n- Ko -s - 76.2" 213 29.3!4,0 

pK°K0TR_R_ 1K 0 or 2K 0 
• 9 114 71 90.2 5/9 40,6!4.3 

JpnCi+'lf- 1 1 1 1 213 0.4 :b:~ 
AAPK+K-,- A' 1 1 1 2/9 1.1 ~t:~ 
ii~ nK+K-rR- ii,A 1 1 1 4/9 o.a•1.7 

-0.6 
'A~-prn-no A,.[- 2 2 2 2/3 1.6 !1,1 

A.Z:- pK+Koll- A,E- 1 1 1 4/9 1.2 :t:~ 
A ppK-K°K 0 '/f- A,lK: +4.9 

1 1 1 4/27 2.1-1.8 'lr•nrr•- l,r• 1 1 1 2/3 1,2 ~i:~ 

M Nuaber determined from K
0
-events after subtractin~ off K~K~-events. 
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I 
determined from a the events with one visible Ko 

Ill after subtracting off those single VO -events ..c 
C) 0 - which are K'gK'g. 

~~"" .... ~ .... The cross section for pK °K0 1T + 1T- 1T -· has been til "'"' - ~ 
;::! N - ;;; calculated in the standard way from the events in .... 

"' 0 .,; 
neutral Ko visible .... 

+I •• which both or only one was 
1-1 oD ., .;. (the probability that in the reaction at least Ill ,; :> "' neutral Kc dec ayes a K8 into charged "' one as par-M "' oD t- t- 4 ., 

"' oD t- "'M 

"' 1-1 :':: ,; .;. .;. 
"' 

,..; .; ,..; .;. .;. 
"' - 4 cO ai ticles is 5/9) . +I +I +I +I .. +I +I .. +I +I •• +I +I 0 "' 4 0 "' "' "' - "! t- "! t- "' !I ~ In view of the large quantity of data published ..... ...: .;. - "' 4 t- M ., 0 :; M 0 

~ 
..... - "' "' "' "' - - 4 4 '"' on the cross sections it is perhaps surprising -0 ~ ~ 

I 
~ ~ that we can compare so few of our cross sections .0 - - "' 

. .., 
::t 

' ;;; M ~ ~ in any meaningful way with the existing data. M H '"' +I +I .. ~ +I The brief comparison we present is therefore I "' "' .... ,;, "' a - 4 .... 
": "' '; 0 0 0 0 "' 0 ": intended as a guide to the reliability of our 

' ... "' "' ... t- "' "' "' data rather than as comments on the variation of 0 ... +I +I +I +I +I +I .. +I +I 
"' - "' t- "' ... ,_ - ., 0) ., 

"' 0 til ' • +I ,; _; ~ 00 _; _; _; cross section with energy. a "' ;;; ... -"' - - "' - - Table 4 compilation 0 gives a of cross sections .... 0-

for various reactions obtained in different .w ~ expe-
u ' ... riments . Moreover, for some reactions in table 4 "' "" -..;t (I) ' t- "' M "' ... ... ... M ... 
til .. +I +I +I .. +I +I +I +I the variation of the cross section with incident ;;. ... "' ... .... 0 "' "' .... 

(I) M - "' - beam momentum is also shown in figs 1-5. ...... til 
0- 0- .;-

I 
---.0 til 
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