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We have measured the mass, lifetime, and a parameter of the =-, on a sample 
of 320 ¥-)produced i~ ~he Ecole Polytechnique_l x 1/2 x 1/2 m3 heavy liquid bubble 
chamber\ 1 by a beam\2; of l,45 ~ ,03 GeV/c K at the CERN PS. The liquid was freon 
115 (c2 F5 Cl having a density of 1.2 grn/c~, radiation length 25 cm); the magnetic 
field of the chamber was 1.7 W/m2, These events are from 210.000 scanned photos 
containing about 3 useful K- interactions per photo. (The n- contamination of the 
beam was less than 2 o/o). 

Selection of =- Events 

These =- were produced in the reactions 

K- + p --~ - + K+ (n°) or=-+ K0 + n+ 

K- + n --~ - + K0 (n°) or= + K+ + n-

Two types of events were retained at the scanning stage·: 

1) "Signed =- 11 : i.e. =- --~ A+ n-· followed by A --7 p + n- together with 
signature of K0 --7 n + + 1C or characteristic disintegration of stopped K+, all 
visible in the chamber fiducial volume. 

2) "Unsigned ;;-n: as above but with no visible K0 or K+ decay. 

We present here only results from 320 signed =-. The unsigned events are still 
being analysedo, 

The CERN events were passed through the THRESH-GRIND system( 3) and=- events 
selected on the basis of the usualX 2 criteria. Similarly ev~nts from u.c.1. and 
N.I.R.N.S. were passed through the N,I.R.N.S. analysis system\4J. Essentially equi
valent criteria were adopted for the Paris and Bergen events which 

had to satisfy the obvious coplanarity, transverse momentum, and Q value tests 
to within two standard deviations. 

Many of the secondaries (roughly 1/3 of the n- from~-, and 2/3 of protons 
from A0 ) stop in the chamber liquid.permitting precise estimation of momentum by 
measuring the range" For this purpose we have calibrated our range momentum relations 

using the decays K* --7 µ+ + v and K+ ·--~ n+ + n° (assuming ~+ = 0,4939 GeV) 
from K+ at rest obtained in. the same run, Thus for stopping particles., the momentum 
precision is limited essentially by straggling and measurement error (totalling ty
pically± 2 o/o). 

- Mass 

, We have 82 events where the n- from the =- stops L1 the BC liquid, permitting 
a particularly accurate =-· mass determination. They give a weighted mean 
=- mass of: 

11\,- ~ 1321.4 ~ 0.6 Mev I 

which we consider to be our best estimate, Note that any· possible systematic errors 
in the magnetic field table would have only a small effect on this value and that 
the exact value of the beam momentum is irrelevant. (MA = 1115. 5 Mev and Mn-= 139. 6 Mev 

were used). 
If essentially all ~- are included we have 

+ I\,- = 1321.0 - 0.5 Mev 

Th 1 . d . th th t d t . t. ( 5, 6) ese va ues are in goo agreement wi o er recen e ermina ions • 
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As a check we have calculated the A0 mass for those A1 s with stopping protons 
and n-, and find 

+ MJl. = 1115.7 - 0.3 Mev 

and for essentially all A1 s 
+ 

MA""' 1115.6 - 0.3 Mev. 
(6) 

The agreement of this A mass with other recent measurements , gives further. 
confidence that no significant bias is introduced by our various measurement and 
fitting proceedures and in particular by our range momentum relation. We find also 
that the analysis systems used by the various collaborating groups yield entirely 
compatible values and errors for the =- and A masses, and that =- masses calculated 
using only the fitted A and measured n- variables (no constraint) agree well with 
those calculated using in addition the measured;;- direction (two constraintfit). 

= Mean Life 

Using for each event the fitted=- momentum (for M=- = 1321 Mev) we calculate 
the =- flight time and potential flight time for each event, allowing for slowing 
down of the ;;- in the chamber liquid. A maximum likelihood estimate of the apparent 
mean life of the ~- gives the value: L ~~ = 1.82 ! 8:!~ x lo-10 sec. Fig. l shows 
the time distribution without corrections for=- escape or absorption. The maximum 
likelihood estimate includes the escape correction, of course, but we must correct 
this va).uE;J for loss of =- due to absorption in the liquid (see below). 

We have taken as potential path length· for each event, the shortest of the .. 
following 3 distances obtained by translating the event along the ='."' line Of flight: 

1) to the point where either the A0 or the~- decay point would leave the 
chamber fiducial volume; 

2) until the potential path length of the =- exceeds 15 ems (greater than 3 
me!ID lives for the highest momentum=- obtained). (Thfa avoids a possible scanning 
bias for long =-)~ 

3) to the point where the ;;- would have slowed down to 400 MeV/c. (This cut-off 
avoids .an uncertain corre~tion for absorption of slow:;;-. The choice of 400 MeV/c 
is arbitrary in so far as the absorption cross section is unknown, but we have veri
fied that the choice is not critical (fig.2)). 

To avoid further possible scanning bias and large measurement errors we have 
also rejected those =- whoso path length was less than 0,6 ems, or where the A0 

patli length from the =- decay point was less than 0,3 ems or greater than 20 ems. 
We have verified that these cut offs do not influence our result significantly· 
(provided that the first one is 0,6 ems or greater (fig.2)). 

We must correct the above apparent mean life for absorption of =- in the bubble 
chamber liquid. This correction is about 5 o/o if we take 35 :± 15 mb as a reasonable 
estimate of the total=- - nucleon cross section (this figure is consisto~t with 
some 14 =- interactions we havo actually ~bsorved in the liquid). 
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With this correction, our estimate of the - mean life becomes: 

. . 9 +0.17 x 10-10 '( ;;- = 1. l _0•15 sec 

0 
As a check we find the COJ"rected value of the mean life of the daughter A 's 

from the =- to be 

+0.20 -10 I T 11 = 2.44_0•17 x 10 sec 

""--------·----·----' 
These values are consi?tent 1~i th our more prel,in~inary results ( 7 ) and with 

~ther recent determ~nations~ 5 ' 6 ' 8 c 'rhus our ratio\ 7): t. =.olr ;;- = 2. o~g • 7 remains 
in good agreement with the 6I = 1/2 rule prediction, .5 
a:_ 

== 

It is well known(g) that the probability distribution of the angle G between 
the direction of motion of the proton (of the A0 ) in the rest frame of the A0 and 
the direction of the 1~0 in the rest frame of the ;;- is of the form: 

I ( Q) = l -; a A ex;; cos Q 

irrespective of the spin of the =. 
Fig. 3 shows our distribution of cos G, A maximum likelihood method gives: 

Tak . ·( 10) 
ing 

+ 
all. a=-== - 0.33 - 0.09 

+ 
aA = - 0.62 - 0.07 

we have 

compatible with other 

I a;; = + o. 53 ± o .16 J 
(5 6,12) 

recent measurements ' • 

Our sample of 320 signed =-,taken ~s 1 ~i~le,shgws no significant polarization. 
Thus we are at present unable to make ~nfje&'t"img?Ufa6'f' the =- spin or of ~ and y. 

=- Leptonic Decays 

Electrons are directly recognized at the scanning stage by their rapid spirali
zation due to bremsstrahlung in the heavy liquid (and occasionally by large 6 rays 
or by materialization of a bremsstrahlung quantum). The detection probability of a 
;;- electron secondary is about 80 o/oo We have found no cnndidate =- --1 A+ e- + v 
among the 320 =- with signaturec As one such event would correspond to the branching 

ratio =- --~ A + e- + v - ....1._ we conclude that this branching ratio is less than 
~- --~ A + n- - 250 

l o/o with 90 o/o confidence" 

=O + n --~ =- + p event 

We have found an event which we interpret as a =0 charge exch~nge. (Fig. 4). 
The=- and the K0 signature fit well (Ck-= 79.4 ± 8 Mev) and the=-, p and 
supposed ;,o linos of flight are nearly ;oplanar ( ( 1°, which is well within the 
deviation possible due to Fermi momentum). 
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We have found 2 events which could be examples of the reaction 

;;- + z _:_~- ;;ob + Z 1 followed by ;;ob --? = + n + 

on a nucleus in the chamber liquid. (The notation is that of Glashow + Rosenfeld(ll)). 
These two events give 

M__ + = (1533 : 7 Mev). and ( i515 1 20 Mev). Fig, 5 shows one of them. = 1t 

·i· 

.: .. 

'.' 

!. i 

..... ;. '. 
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Figure Captions 

Fig. 1 

Fig. 2 

Fig. 3 
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Cumulative distribution of observed~- flight times_(uncorrected). 
Bartlett method gives apparent ~- mean life of 1.82:!8:!~ x lo-10 sec. 
After correction for =- absorption in liquid, best estimate is 
,..,.. 1 91+0.17 10-10 . 
< -- = • 0 1 , x sec. = - • '+ 

Curves showing insensitivity of observed=- mean life with respect to 
various selection criteria ( 11 cut-offs 11 ) 

a) Minimum ;:;;- momentum; 
b) Minimum ::;;- flight path length from production point to decay point; 
c) Minimum A flight path length from ;;- decay point to A decay point. 

Distribution of angle Q between proton direction in A rest system and 
A direction in =- rest system. Maximum likelihood estimate gives 

+ aA a~-= -0.33 - 0.09, 
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