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Abstract 

A sample of 794 :=;-hyperons and 101 E 0 hyperons has been used 

- . -10 in a determination of theE and E 0 lifetimes. We.fmd T'='- = 1.69±0.07 X10 sec -+0.4 -10 0 
and Tzo= 2.s_

0
•3 x10 sec. TheratiooftheE decayratetotheE-decay 

'·, 

rate1 ";..>:::0/"A'='_ = 0.68± 0.10, is within two standard deviations of the 
._. .... 

t .6. T j = 1/2 prediction of 0. 5. 



-1- UCRL-10819 

. Introduction 

We r.eport here a determination of the lifetimes of the :=:;- and :=:; 0 

h . , . t' 1 . h . 1 d 1- 11 yperons w1tn greater statls 1ca accuracy t an prev1ous y reporte • 

Our result is not in disagreement with earlier determinations. The ratio of 

the Z 0 decay rate to the:=:- decay rate., X.-:: 0 1>..>;:;<- =. 0.68± 0.10., is within two 
..... ...... 

standard deviations o£ the J ~T] = 112 prediction of 0.5. 
12 

Nine hundred :=:-hyperons and about 200 Z 0 hyperons were observed 

in an experiment that exposed the 72-inch bubble chamber to K-: mesons. · The 

incident momentum was varied in 100 -MeV I c steps from 1. 0 to 1. 7 BeV I c. 

Half of these data were obtaine~ at 1. 5 BeV I c. 

The :=:- we.;e distriputed among the reactions 

K -+p:- >;:;<- + K+ 828 events; (1} 7'- .-c J l! 
l :1 01. -,,_ K - + p- ::;- + Ko + 

+ 'IT I 53 events; (2} 

and 1:1. K - + p- :=;- + K+ +Ci), 19 events. (3) 

The :S 0 b . d f h . 'q\JO were o ta1ne rom t e reactlons 

L.{D K - +p- >;:;<0 + Ko, (4} ..... I 0 I 

4o K - +p- >;:;<0 + Ko +~ (5} ..... 

and 
l_ 

>;:;<0 +K++'IT-;13 (6) 3'2.- .K +p- ..... "' s-o 
The Z then decays., producing a A. Only events in which the A from the 

Z decay is observed to decay .into two charged particles were included in our 

sample. All except two decays were compatible with the mode A ~ p + 'IT-; . . . 

two of the A 1 s were definite J3 decays, i.e., A- p + .e- + v . 
e 

The problems 

of determining the :=:- and Z 0 lifetimes are sufficiently ·different that we 

choose to discuss them separately. 

-- _, -- -·--· ~ -- ----- ----- ~ --- --~--- -- __ . ·- --~ .. ---- t-: 
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E- Lifetime 

' 
Topologically, each:=::- candidate is identified as a two-prong with a 

decay kink on the negative track' and an associated 11vee. 11 (See Fig. 1. ) 

In reaction (2), there may be a second associated ·Vee. 

We have attempted to minimize the systematic errors due to scanning 

· bias by imposing acceptance criteria; we require both the E and A to travel 

at least 0. 5 em in the chamber. We have further insisted that both hyperon 

decay points lie within a fiducial volu~e to ensure measurability of the events. 

These restrictions reduce. the sample to 794 events. The film has been· 

scanned twice to ensure that there is no dependence of scanning efficiency on 

E decay length. 

1! To determine the observed decay lives for each event we need the , 

momentum, path length, and mass for the E and A. The momenta were 

determined by constraining each event as a whole, including the E- production, 

~ decayl' and A decay vertices to satisfy energy~momentum conservation. 

Typically the hyperon momenta are determined to bette~ than 1%. Of the 

. 794 events accepted for the lifetime analysis, only one event yields ambiguous 
\ ., 

interpretations for the production process. The systematic error in the 

·hyperon momenta due to such misidentification is thus negligible. Each vertex 

is well defined by at least two charged tracks; consequently, the average 

precision of our hyperon length measurements is about 1%. The mass used 

for the :=:-was 1321 MeV. 

The distribution of proper times of flight for our sample is given in 

Fig. 2. 

The probability, for the kth event, 

and t 2k forthe ·::;- and A with decay rates 

i/ / 

of obse:t;ving p'roper times t 1k 

. .:.1 -1 
A-1 = T E _ and · A-2 =. T A is 
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where the allowable t 2 depend on t 1• 

The log of the likelihood functibn is then 

N 

UCRL-10819 

w(X1' >..2) = lnf (>..1, >..2) = ~1 . ln Pk(t1k, t2k; >..1, >..2) 

N 

-[ 
k=1 

N N 
Here T 1 = £

1 
t 1k and T 2 = f=t t 2k are the total proper times of flight for 

the.S- and A, respectively; a - (MA1\ a - (MA2\ , 
ik- cpk/s' 21<-:-· cpkJA 

. /ML1k) 
1 

. (ML ~ 
b!k = \ cpk :;;: , b 2k = cpk

2)1>' A 1 and A 2 are the minimum observed 

length cutoffs for the and A, respectively. Llk is the maximum possible 

S length for this event, and L 2k(x1} is the maximum possible length for the 

A of this event if it originates from the position X : 
1 

the E: path. ' . 
:{ ; 

The likelihood function was maximized as a function of >..1 and >..
2 

. l 1 14 w b . s1mu taneous y. e o ta1n 

= 1,.69±0.06Xi0-iO 15 . 
sec, 

-10 = 2.59±0.09X10 sec. 
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Variation of TA between 2.45 X10-
10 

a shift in T~- of less than 0.01X10-
10 

sec. 

UCRL-10819 

-10 sec and 2. 7 5 X 10 sec produces 

This· shift is small:, since the 

E and A lifetimes are correlated only through the correction for the finite 

size of the bubble chamber. Variation of the various cutoff criteria produces 

-10 ' 
a shift in T'= _ of less than 0. 02 X 10 sec. -

When the various systematic Uncertainties are included with the 

'statistical uncertainty we obtain our final result, 

-10 1.69± O.O:Z X 10 · sec. 

E 0 Lifetime 

Topologically any zero-prong with two associated vees is a candidate 

for =: ° K 0 production. (See Fig. 3.) This topology includes Tr interactions 
.] 

! 

such as AK0 production. The Tr contamination of the K- beam was about : 

2% at 1. 5 BeV I c and up to 10o/o· at the other momenta. The rather large spread 

in the momenta of the. contaminating Tr results in more frequent ambiguous 

interpretations when the incident momentum is not measured accurately. To 

minimize this effect only those events produced by a beam track longer than 

25 em have beJn included in our sample. Th'e measurement uncertainty .in 

the incident momentum is thus less than 3o/o. Furthermore1 because of the 

high Tr contamination at the lower momenta .. the data with beam momentum 

below 1. 3 BeV I c were not included. 

In general the 'ITO from the decay of a E 0 is not observed. Therefore 

an event is kinematically constrained only if the A decays in the two-body 

charged mode (A- p + Tr -). Only those events in which the A 1~nd the K 0 were · 
' ! 

'~ both observed to decay via their two-body charged modes .were retained .. 

The K 0 was required to come directly fromthe pro'duction vertexwithout 

scattering. 
./. 
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The sample of 139 events satisfying the above requirements was . 

separated into two categories. The first consisted of 61 events for which 

the fitted A 1 s were not consistent with coming directly from the production 

vertex; Of these 61 events, 57 were unambiguous K- + p--. 2° + K 0 events. 

The remaining four events were consistent with K- + p _.. S 0 + K 0 + 11'
0 , and 

were eliminated from our sample. The second category of {139 - 61} = 78 

events in which the fitted A 1 s were consistent with coming directly, from the 

production vertex was then fitted to the following hypotheses: 

(a) K + p ·-- t;:;<O t Ko 
....... J 3 constraints; 

(b) 11' + p .... A+ K 0
, 4 constraints; 

(c) 11' +p - ~o + Ko 3 2 constraints; 

and (d) 11' + P.:..,.. A + Ko + 'Tl'o, 1 constraint. 

Of the 7 8 events of this second category 66 were identified unambiguously 

as follows: · 37 $° K 0 events (a}, 20 AK0 events (b), five ~°K0 events (c), 

and four AK0
11'

0 events (d). Two additional events were consistent with 

S°K0
11'

0 production, and were removed from the sample. The remaining 10 

events fitted both S°K0 (a} and ~°K0 (c); seven of these gave better fits for 

I 16 
S°K0 production and were included in our sample. Thus (57 + 37 + 7} = 101 

events were included in our sample. 

The distance from the A decay vertex to the $ 0 production vertex 

is very nearly the sum of the $ 0 decay length plus the A dec'ay length. The 

reason for this is that the A direction differs by less than 20 degrees from 

that of the $ 0 .at our momenta. Events with A 1 s that decay too close to the 

production vertex can be misidentified. in the scanning process. Consequently, 

we required that the. A decay at least 0. 5 em from the production vertex. No 

;,::A events in our sample were eliminated by this restriction; a posteriori we 

would have expected only 1/4 event to fail this cl'iterion. 

' !], ,, 
'I 

. ,, 

., 
,;. 

,. 
~: . 
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Events could also have been missed because the A decays so far 

from the production vertex that our scanners might fail to associate it with 

the proper production vertex. By comparing the events found within the 

visible volume of the chamber on the first scan with those found on the second 

scan we find that the scanning efficiency is 99o/o, independent of the distance 

of the A decay from the production vertex. 

The complete analysis of the r,eaction chain 

+ 

proceeded as follows: First the A and K 0 decays were fitted kinematically; 
·! 

for the K 0 there are three constraints, for the A only one., since the lin~ 

of flight of the A is unknown. An overall fit to the ::; 0 proch.:>.cdon and 

decay was then performed~. using the A and K 0 m:omentum vectors obtained 

from the A and K 0 decay fits. This overall fit is subject to two kinematic 

constraints: there are eight equations of energy and momentum balance and 

I 
six unknowns, the momentum vectors of the ::; 0 and the 11" 0 • 'i rri. addition, 

there is a geometrical constraint: the line of flight of the . A must intersect 

. that of the :=; 0 in space. 
17 

The :=; 0 and A momenta obtained in the fit have· uncertainties of the 

order of 5o/o. The flight distance of the ::; 0 and its uncertainty were 

calculated by using th~ length of the link from the :=; 0 production to the A 

decay vertex and the ::; 0 and A direction and errors obtained from the fit. 
18 

... The uncertainty in t.he calculated 2: 0 flight distance is typically 20o/o., . 

There are six events in the sample for which the decay point may be 

measured independent of the kinematic fit. In four of these events the 11" 0 

. from the E: 0 decays into a '( ray plus a Dalitz pair (e±): IIi two events -y-ray . 
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conversions associated with the ,.o from the :::; 0 decays were observed near 

the S: 0 decay points. The decay points of these six events-were-also determined 

by the method used for the other events •. The calculated lengths averaged 

15o/o (two sta~dard deviations) higher than the measured lengths. 

The mass used for the :=: 0 was 1315 MeV. 

The distribution of pa:oper times of flight for our sample is given in 

Fig. 2. 

The uncertainty in the individual proper times is appreciable, so we 

fold a Gaussian error function], ~k into our probability function __ 

. Pk(l1k''t3k; >..1, >..2:)= 0 . dxQ(x~.e.1k)Pk(t1 (x), t2(x); >..1, >..2)' 

where 

and 

as before. 

1 
Q(x,~.) = 

,JI.;' (] k 
exp J- (x-1) 

2
/2 (] ~] 

The. t 
1 

(x) and t
2 

(x) are the proper times for the :=: 0 

\ ., 

and A, obtained by 

holding 13k constant and assuming that the true position of the :=: 0 decay 

was at a distance x from the :::o production vertex; .t
3

k is the measured 

. length of the link from the production vertex to the A decay point; 

and .£t1k and a k are the calculated :=: 0 length and its uncertainty. We 

obtain for the log of the likelihood function 

! 

·, . 
·I 



N 

+ ) 
0:1 J

13k r 
0 dx exp r~ 

This likelihood function was maximized as a function of the ~ 0 lifetime 

only. We obtain 

This result is rather insensitive to the A lifetime assumed: we used 

TA = 2.59X10-
10 

sec, the value obtained from the ~-events; variation of 

-10 . -10 
TA from 2.45X10 sec to 2.75X10 sec produces a shift in T'=<'o of less 

1-10 i ! ..... i' 
than 0. 01 X 10 sec. As a consistency checlc we used the calculated proper ·; 

times of flight of the A 1 s to determine the A lifetil;ne. We find 

289+ 0· 37 10- 10 h. h. .· .. h h. d 1 14 
TA = • _0_30 X sec, w 1c 1s cons1stent w1t ot er measure va ues. . 

As previously mentioned, 7 of the 10 events that fitted both . 

K- + p- ~ 0 + K 0 and iT-+ p- ~ 0• + K 0 were included in our sample. The 

sample has been varied to determine the effect of these ambiguous interpretations 

-10 . '6 -10 
on our result; T'=<'o varies from 2.42 X 10 sec to 2. 1X 10 sec when these ._ 

10 ambiguous events are all included or all excluded, respectively. 

Variation of our cutoff criteria for events .in whichthe A decays too 

near to or too far from the ~ 0 production vertex produces a shift in T'=<'o of 
•-< 

less than 0.15x1o- 10 sec. 
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When these systematic uncertainties are included with the statistical 

and measurement uncertainties we obtain' our finai result, 

+0.4. -10 
-r:==:o=2.s_ 0 .. 3 x10 sec. 

Discussion of Results 

The determinations of the:==:- and.S: 0 lifetimes reported to date are 

summarized with our results in Tables I and II. 19 It is seen that there are 

no statistically significant discrepancies among these results. 

The ratio of the :=:: 0 decay rate to the E- decay rate provides a sensitive 

test to the rule ].D.Tj = 1/2 rule for nonleptonic, strangeness-changing weak 

12 I decays. Our result, A.o;;<o >..';:;' _ = 0.68 ± 0.10, is within two standard de:Viations 
....... ....... 

of the ].D. T j = 1/2 · pre.diction of 0. 5. 
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Table I. :=::- lifetime. 

Experiment and reference 

Trilling and Neugebauer, 
1 

Fowler et al., 2 

Fowler et al., 
4 

5, 
Wang Kang- Ch 1 ang et al. 1 

6 Be rtanza et al. , , 
Connolly et al. , 11 

7 9 
Jauneau- et al. ! j 

Schneider, 8 

T . h 10 
1c o11 

This experiment 

'7 

-2 

18 

11 

273 

320 

62 

356 

794 

-10 
T>;:;t_(X 10 sec) 

...... 

> 1.8 

1 - 10 

1 28+0,.41 
. -o. 2 5 

3 5 
+3.4 

• -1.2 

1 74+0.18 
• -0.15 

1 91+0.17 
• -0.15 

1.55:1:0.31 

1. 77 :1: 0.12 

1. 69:1: 0. 07 

-I 

-10 -1 
X.'='_(X10 sec ) -

o. 7 8 :1: 0. 1 9 

0.29±0.14 

0. 57 5 :1: o. 054 

o. 524 :1: 0. 044 

0. 65:1: 0.13 

0.565:1: o. 038 

0.592±0.025-



Experiment and reference 

3 
Alvarez et al. 1 

7 Jauneau et al. 1 

T . h 10 
lC o, 

This experiment 

-11-

Table II. 2° lifetime. 

-10 
N2 o 7 "::: o (X 1 0 s e c) -

1 '::j 1.5 

16 3 9+1. 4 
• -0.8 

54 3 5+0. 9 
• -0.7 

101 2 5+0.4 
• -0.3 

-ucRL-10819 · ·· 

10 -1 
X.":::o (X10 sec ) -
0.26±0.07 

0.29 ± 0. 07 

0.40 ± 0.06 
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-10 
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..... 
3 +0.4 0 -1o . 

= .1_ 0• 3 Xi sec.:! 
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Figure Captions 

Fig. 1. Production and decay of a ;:: -. 

Fig. 2. Lifetime distributions of E:- and :E 0
• The E: 0 data are represented 

by triangles, with the scale on the right; the proper times of the:=:-

beyond the minimum length cutoff are repre~ented by circles, with 

the scale on the left. The number of events shown is not corrected for 

detection efficiency; since the bubble· chamber is very large compared 

with the mean decay distance of the ;::, the uncorrected data fit the 

decay curve well. The slope of the upper solid line is 

T;~ = 11(2.5 X10-
10 

sec}; the slope of the lower solid line is 
•·-< 

-1 I -1o T"=' _ = 1 (1.69 X 10 sec). These correspond to the best-fit values for 
, ... 

T"='o and T"='_ from the likelihood functions. The slope of the broken lin~ 
'-< '-< 

. < -1 . I -1o I 1s 2Tz_) = 1 (3.38 X 10 sec), corresponding to the ].6.T] = 1 2 

prediction for the E: 0 data. The, two lines through the :E 0 data have been 

-10 
arbitrarily normalized to the t. = 0. 5 X 10 -sec point; the line through 

the;::- data has been arbitrarily normalized to the t = 2.5X10- 10-sec point. 

Note that the calculated proper times of five :E 0
' ,s were negative (footnote 

18). 

Fig. 3. Production and decay of a :=; 0 • 
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ZN- 4106 

Fig. 3 
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