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A‘bst ract

A sample of 794 £~ hyperons and 101 =° hyperons has been used

in a determination of the =~ and E° lifetimes, We.find 7. = 1.69£0,07 X10-10 sec
and T = 2.5t8'§x10_10 sec. The ratio of the E° decay rate to the =~ decay

1

rate, )\.:'.,o/)\.;‘_ = 0.6810.10, is within two standard deviations of the

|AT] = 1/2 prediction of 0.5. S e
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. Introduction

0

il

We report here a determination of the lifetimes of the =~ and
hyperons with greater statistical éccuracy than previously reported. 1_1.1
Our result is not in disagreement with earlier determinations. The ratio of

L]

‘the =% decay rate to the =~ decay rate, )\Eo/)\z_ = 0.68% 0,10, is within two
standard deviations of the |AT]| = 1/2 prediction of 0.5. 12
' Nine hundred =~ hyperons and about 200 =° hyperonsiwere observed
‘in an experiment that exposed the 72-inch bubble chamber to K~ mesons, The
inéident momentum was varied in 100-MeV/c steps from 1.0 1_&0 1.7 BeV/c.

Half of these data were obtained at 1.5 BeV/c.

' The =~ were distributed among the reactions

7 K™ +p- = +K,  828events; L my
12 n72 K +p—~ =-+K%+ 1r+, 53 events; L ' (2) 3
and 72 K +p—~ =" +K' +(9 19 events. - (3)

' ) . a0
The =% were obtained from the reactloor\;s

do K +p— 2°+K°% 1ol | @)
4o K +p- E°+K®+& | ~(5)
and 37 K +p- 50 + K' 4 47013 ~ 50 - - (6)

The = then decays, ﬁroducing a A. Only events in which the A from the

= decay is observed to decay.into two charged particles were included in our
sample. All except two decays were comp'aftible With the mode A - p + ﬁ'—;
 two of the A's were definite B decays, i.e., A~ p +te 4+ ;e' The problems
of determining the =~ and =9 lifetimes are sufficiently different that we

choose to discuss them separately. .
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. 2 Lifétime

Topologiéally, each ©~ candidate is identified é.s‘a two-pi‘ong with a
decay kink on the negative track and an éssoqiated ""vee,'" (See Fig. 1.) |
In reaction (2), there'may be a second associated vee. |

We have attempt'ed 'to minimize the systematic errors du:e. to scanning
" bias by imposing acceptance criteria; we require both the = and A to travel
at least 0.5 ¢m in the chamber. We have further insisted that both hyperon
decay points lie within a fiducial voiui'ne to ensure measﬁrability of the events.
These restrictions reduce the sample to 794 events. The film has been.
scanned twice to ensure that thére‘ is no dependence of scanning efficiency on
=" decay length. |

To deéermiﬁe’ the observed decay lives for each event we need the 1‘3\
momentum, path length, and mass for the & and A. The momenta were ,‘
determined by constraining each ev.ent as a whole, including the =~ producj:.idn,. .j_
=~ decay, and A‘decuay vertices to satisfy energycmomentum consérva’cion. ‘
‘Typically the hyperon momenta are determined to béttelj than 1%. Of the
. 794 events accepted for the lifetime analysis, only éneﬂ event yields ambiguous
interpretations for thé production process. The systematic error in the
‘hyperon momenta due to such 'misidentification is thus negligible. Each vértéx -
is well defined by at least two char‘ged tracks; consequently, thé ave_rage
precision of our hyperon length measurements .is about 1%. The mass uéed
3 fo;‘ the =~ was 13-21AMeV. | |

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

G
[ ;
1]

‘Fig. 2. | ' : S o o

'The probability, for the kth event, 'oflobséxjving proper times tx

: - ) : | T S
and ty for,the,.., and A.wlth cvleci:‘ay rat_':e.s :xiv‘-_'rz_‘ -and )\2 ‘_Y‘TA s
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P X\ )\ k()\i’ )\2))\ )\ exp(- )\1 1k Z Zk)

k(tik’ tox My

where fk()\ normalizes the probability to unity.

byt - | ,
2) f f dt2 X1)\2 exp(-)\it» 2t s
2axEy) |

where the allowable t, depend on t1.

The log of the likelihood functibn is then
' N

W(Xi,')\z) = lef()\i, )\2) = ;1 .1In Pk(tik’tZk; )\1, )\2)

= (N In )\1-)\ Ti) + (N In }\Z-XZTZ)

1
N (P bax(ty) B
- Z In dt:1 dt )\ Ay exp(-h t1- 2 2k)
k= Pk %2k
N _ ' ‘ , :
. Here >T1 Z 1 “and T Z ty, are the total proper times of flight for
=1 =] ‘ :
) MA\ ‘ MA,
the = and A, respectively; a,, = |e—— > a = R
ik » ,Cpk = 2k . SN
l : A _
/’ML1k S ML\ _ _ : R .
by = s by, = ; A, and A, are the minimum observed
1k CPy J= 2k SN 1 2 _

length cutoffs for the =~ and A, respectively. Lo is the maximum possible

—

= length for this event, and L k(x ) is the maximum possible length for the -
Fi\ of this event if it originates from the position Xy = (pkcti/-M)’,:. along
the 5~ path. : } e

The likelihood function was maximized as ‘é function of )\1 and )\2

[

simultaneously, 14 We obtain
1.69£0.06%107 10 sec, 15 -

0 2.59£0.09%107 20 sec. |

T

A
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Variation of A between 2.45 xiO‘iO sec and 2.75)(10-10 sec produces
a shift in 7.__ of less than '0.01><10‘»1° sec. This shift is small, since the

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

_size of the bubble chamber. : Variation of the various cutoff criteria produces

a shift in 7., of less than. 0.0inO_io_ sec.

When the various systematic dncertainties are included with the
'statistical uncertainty we obtain our final result,

o= 1.69£0.07x107 10 sec.

20 Lifetime

Topologically any zero-prong with two associated vees is a candidate
for é°K° production. (See Figf 3.) This topology includes "TT- interaction§
such as AK® br‘oduétion. The =~ contamination of the K~ beam was about ‘
' 2% at 1.5 BeV/c and up to 10% at thé other momenta. The rather large spread
in the momenta of the, contaminating w~ results in more frequent ambiguous
interpretations vyhén tHe incident momentum is not measured.accurately. To
minimize this effect only those events produced by a beam track longer than -
25 ¢cm have beén included in ouf sample. Th’é measurement uncertainty in
the in;:ident momentum is thus less than 3%. Furtiiermore, because of the
high w contamination at the lower momenta, the data with beam momentum
‘below 1.3 BeV/c were not included. |

® is not observed. Therefore

In general the 1jr° from the Qecay of a =
an event ié kinema;cically COnstrainéd 6n1y if theva_ decays ini the two-body
charged mode (A p + © ). Only those events in whichb‘the A.',v"apd the K® were
both observed to decay via their two-Body ch_argéd rnodesA'vwe're retained.. |
The K° was required to come directly lfvro‘m_tll'le 'pro'duction Vertex‘withou‘c“

scattering.
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The sample of 139 events sati.sfying the abéve requirements was | '
separéted into two categories. The ﬁrst'consisted of 61 events for which
the fitted A's were not consistent with coming directly from the production:
verfex.’ Of these 61’ events, 57 were unambiguous. K +p-» =%+ K events.
The remaining four events were consistent with K™ + p - =% + K® + #%, and
were eliminate;i'from‘ our sample. The second category of (139 - 61) =78

events in which the fitted A's were consistent with coming directly from the:

production vertex was then fitted to the following hypotheses:

(a) K" +p - =% +KP 3 constraints;
() =  +p - A +K° ' ‘ 4 constraints;
(c) 4 ‘p - =% + KO, 2 constraints;
“and (dyw +p>A+K°+ 1% . 1 constraint. 3

Of the 78 events of this second category 66 were identified unambighit‘ously‘
as follows: 37 2% K° events (a), 20 AK° events (b), five ZOK° events (c):
and four AK%n? events (d). Two additional?event_s were consistent with
».E°K°1r° production, and were removed from the sample. The remaining 10
events fitted both Z°K® (a) and Z%°K° (c); seven of these gave better fits for
Eoko productii)n a‘nd were included in lour sample. 16 Thus -'(57 + 37+ 7) =101
éve’rits were included in our sarﬁple‘. |

The distanée‘fr’o.m the A decay vertex to the =° p'rod.vixcti'on‘vertex
is ve;ry nearly the surﬁ of the 5% decay length plus the A deé’air length. The | . f
reason for this is that the A direction differs by less than 20 aegrees from o o
that of the =°.at our momenta. Events ';:vith A's %hat decay too close to the - r
production vertex can be misidentified in the scé.nﬁing procegs. Consequ‘ézll_tly,‘ N |
wé'reqﬁired that:the, ‘A decay at 1eastv0.5 cm fr'olm the production vertex. - No 1 N
=% events in our sample Qere:eliminated by f:his .réstrictio'nv; a posteArior’i vs.re""

would have expected only 1/4 event tAo fail _thié criterion. | . ‘ _ ’
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Evente could also have been missed because the A decays so far
from the production vertex that our scanners might fail to associete it with
‘the proper preduction vertex, By cemparing the events found within the
visible volume of the cﬁamber on tj..hevﬁrst scan with those fogr_ld on the seeond
scan we find that the scanning- e‘ffieiency is 99%, independent‘ of the{dis.tance
of the A decay from the production vertex.

The compl_ete' analysis of the reaction'ehain

K +p-> = + K°
| v . o
N -
¥
,J\-—;— {
Pt

1

proceeded as follows: Firstthe A and K° decays were fitted kmema.tlcally,'
. for the K° there are three constraints, for the A only one, since the linge
of flight of the A is unknown. An overall fit to the =° production and
deeay was then pez;formed,. using the A and K° momentum vectors obtained
from the A and K°‘decay fits, This overall ﬁt..is 'subje_ct to two kinematic
constraints: there are eight"equations of energy and momentu?n belence and
six ukanowns, ‘the mox;nentum vectors of 1.:he =% and the «° In add1t1on,
there is a geometrical constraint: the line of flight of the . A must intersect
‘that of the =° in space. 1 | |
The =% and A momenta obtalned in the flt have uncertainties of ehe
“order ef 5%. The flight dlstance of the =° and its uncertainty were »
calculated by usihg_ the 1ength of the 1iﬁk from the =° production to the A
decay vertex and the =° and A direction and errors obtained'f.rom the fit. 18
‘The uncertainty in the calculated. EO fllght dlstance is typlcally 20%

There are six events in the sample for which the deca.y pomt may be

measured 1ndependent of the kinematic fit, In four of these events the 1r°

b rend

from the =° decays into a y ray plus a DaLlit_z pair (e*).‘v In two events y?ray
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conversions associated with the =° from the E‘.° decays were observed near
the =° decay points. The decay points of these six ew)ents-were»also determined
by the method used for the other .events., The calculated lengths averaged
'15% (two standard deviations) higher than the measured lengths.
| The mass used for the =% was 1315 MeV. o

The distribution of proper 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, Q, into our probability function

2

"3k . | =
pk(Iﬂk’£3k; )\1:')\2:)2 L de(x"e’ik)Pk(ti(x)’tZ(x);‘)\1’ )\2)3
0
" where
j 1 w2 ia 2 o

Q(x,4) = exp [-(x-2)“/2 0]

'N[Z-n"O‘k_ ok
andy ' -

Pk(ti',"tz; )\1, )\2) = _fk()\i, )\2))\1)\2 exp(-)\it1-)\2t2),
as before. '
" The t1(x) and tz(x) are the proper times for fhe =0 and A, obtained by

i ) .
holding 23k constant and assuming that the true position of the =° decay

9

=0

was at a distance x from the =’ production vertex; I‘3k is the measured
. length of the link from the productioh vertex to the A decay poinf;
and nik and 0 aré, the calculated E° length and its uncertainty. We

obtain for the log of the likelihood function '
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wks %) = IndAh s X,) = 1’;1 In Pybpe tyyi Mo Ny)

= (Nln )\1-)\1?1)~+ (Nlp XZ-—)\ZTZ)

(Pax Doty | -
1 - 9 Aty Ayhy expl-dgty =X,t))
J0 : aZk(ti)'
§ i j%k.d . [1 i NS
+ In (2 X exp |5 =——s— =N (t {x)-t )N, ({t,(x)-t
5 " Ve, % LRy 18 ()=t =2y (E5 ()=t

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

t

only. We obtain o ' o i

_ +0.33
TEO = 2,50 -0.26

% 10~ 10 sec.

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

Ty = 2.59% 10”10

TA-: from 2.45)(10_10 sec to Z.75>’<10_10 sec produces a shift in T 0 of less 4
) [ < , : =
than 0.01X 10°1% sec. Asa consistency check we used the calculated proper

sec, the value obtained from the = events; variation of .

g

 times of flight of the A's to determine the A lifetime., We find

_ +0.37 10
A" 2.89_0.30

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

X 10”7 sec, which is consistent with other measured values. 14

K +p—- 52°+K® and v™ + p -~ =° + K° were included in our sample. ‘The

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

on our result; 7o varies froi’n 2.42)(10—10 sec to 2.61% 10"10 sec when these
10 ambiguous events are all included or all excluded, 'r"esp“ectively.

‘Variation of our cutoff criteria for events in which the A decays too

" near to or too far from the =E° production vertex produces a shift in 7o of

less than 0.15x% 10710 sec,
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When these systematic uncertainties are included with the statistical

and measurement uncertainties we obtain our final result,

7o = 2,570 x 10710 sec,

Discussion of Results

The determinations of the &~ and E° lifetimes reported to date are

19

summarized with our results in Tables I and IL It is seen that there are

no statistically significant discrepancies among these results.
. The ratio of the =° decay rate to the =~ decay rate provides a sensitive
test to the rule |AT] = 1/2 rule for nonleptonic, strangeness-changing weak

decays. 12 Our result; )\:.o/)\.:,_ = 0,680,410, is within two standard deviations

of the |AT| = 1/2 prediction of 0.5. - | Sy

K
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Table I. = lifetime.

0 -1

Experiment and reference E © Ne- T o (X 10fiosec) : ">\___“_(><1O_1 sec” ")
Trilling and Neugebauer, o } 7  >1.8 | : .
Fowler et al.,% . . 2 1 - 10 S

Fowler et al., © - 18 1.2870-21 © 0.78£0.19

Wang Kang-Ch! ang et{ al.,” o '11 3.5 1.2 . 0.29% 9.14 |
Bertanza etal.,® = 273 174t0A8 0.575+ 0,054
Connolly et al., 11 ' ' 0. ‘ .

Jauneau et al., * 7 | BT R T R S 0.524 + 0,044
Schneider, 8 o 62 1,55 0,31  0.65+0.13

Ticho, *° . S 386 1.77+0.42  0.565£0,038

This experiment 794 1.69%0.07 . - 0.592%0.025
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=0 lifetime.
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Experiment and reference

Alvarez et al,, 3

- Jauneau et al., 7

' Ticho, 10

This experiment

Neo TEo(xio'msec)
1 ¥ 1.5

16 3.970%

54 3.5’:3:7

101 2.5

10 -1

Moo (X107 " sec™ )

0.26 £ 0,07
0.29+0.07

0.40 £ 0.06
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=0
—t

This condition is equivalent to the requirement that the 5% momentum

vector, the A momentum vector, and the vector linking the point of

‘interaction of the K~ with the point of decay of the A be coplanar. It

was this requirement that was incorpozfated ihto our computer program;'
see B. Pardoe, Alvarez'Physics Note 398, Léwreﬁce Radia.tion Laboratory;,
1962 (unpublished). |

The flight distance so calculated is n_otrnecessarily positiv’e,' since the
calculated A line of flight may intersect'the, %9 line of flight before

rather than after the point of production; this causes no difficulty if the

" errors are properly included in the subsequent analysis. -

b

' The weighted averages of the & and E° lifetimes quoted in Tables I and -

£0.4
10,3

10

Il are 7. = 1.75=% 0.05)(107'10 sec and T = 3 X410~ sec. |

The resulting ratio of decay rates, A.o/ho . = 0.57£0.07, is within one |

standard. deviation of the }AT] = 1/2 prediction. Because of the

different methods used in the lifetime analyses by the various groups, such

"world averages, ' although interesting, may not be significant.
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Figure Captions

- Fig. 1. Production and decay of a ™.
- Fig. 2. Lifetime distributions of &~ land =%, The =° data are represelnted
by triangles, with the scale 6ﬁ the rigbt; the proper times of tixe =
beyond the minimum length cutoff are repregénted by circles, with
:the scale on the left. The number of events shown is not corrected for
'detectibn e‘fficiénéy; si_ncé the bubble chamber is very large cdrﬂp;reé'

with the mean decay distance of the =, the uncorrected data fit the

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

'T.;.io = 1/(2.5 X»'lO-io sec); the ‘slope of the lower solid line is
'r._;i_ = 1/(1.69_ ><1o'1° sec). These correspond to the best-fit values for

Tt 0 and To.. from the likelihood functions. The slope of the broken iirfg

is (2'7',__:_)-1 =’ 1/(3.38)(10-10 sec), corre.sponding to the |AT| = 1/2

prediction for the =° data. The two lines through the =% data have been

arbitrarily normalized to the t.= 0.5X 10-1o-sec point; the line through

the =~ data has.b been arbitrarily normalized to the t = 2.5X% 10-io;éec point.

'Note that the calculated proper times of five 2% g were negative (footnote
18).

- Fig. 3. Production and decay of a =°,
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-

"ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. '

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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