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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, express
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pleteness, or usefulness of the information
contained in this report, or that the use of
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ABSTRACT

The mass of the EO hyperon is obtained from a single associated
production event in which both strange particles are observed to decay.

event is unusual, first because the ZO hyperon decays directly into an

The

electron-positron pair plusa A, and secondly because all the tracks are

long and of higher-than-average quality. The value of QZ obtained from
this event is 76.4 + 3.3 Mev, where Qs = é\/lzo - M,. For

MA = 1115.2 £ 0.14 Mev the massvof the Z  is 1191.6 = 3.3 Mev. Upon
averaging this value with the existing measurements of Alvarez et al and

. . _ +0.9 _ +0.9
Eisler et al, one obtains QZ} = 75.3 1.4 Mev and hence MZO = 1190.5_1'4

Mev,
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INTRODUCTION

During an investigation of the production and decay characteristics
of hyperons and K mesons in a liquid-hydrogen bubble chamber, a single
event of particular interest was found that enabled us to determinéthe Q
value of the ZO as 76.4 + 3.3 Mev. The Q value is defined as on =
Mzo—MA. Using M =.111'5.2 + 0.14 Mev, 1 we obtain MZO?. 1191.6 +
3.3 Mev.

Figure 1 shows a photograph of an associated production reaction

A

produced by an incident pion (track No. 1) of 1.085 + 0.015 Bev/c momentum.
The primary reaction that occurs at the poidt A i_S‘TT— + P'.v_> EO + KO.
The ZO decays directly into an electron-positron ‘pair, (tracks 8 and 9
respectively) and a A (neutral track No. 2). The A subsequently decays
at point "A" into a m and a proton, (tracks 6 and 7 re~spective1y).+
Finally, the associated KO (neutral track No. 3) decays at the point "'KO”
intoa w and a 1r+ (tracks 4 and. 5 respectively). ' E

Feinberg calculates that for equal relative parities of the ZO and
A particles, the 20 sh-ould decay by internal pair c.reatibzri, ZO' - A+ 'e+ te,
in 1/184 of the time (and 1/165 for opposite pafities). 2 ‘We have observed

“This work has been performed under the auspices of the U. S. Atomic

Energy Commission.

-“-This event is similar to an event reported by Eisler et a14 which gave
a Q value of 80 = 5 Mev,

1M. Gell-Mann and A. H. Rosenfeld, Ann. Rev. Nuclear Sci. 7, 407

(1957).

2G.,Feinberg, Phys. Rev. 109, 1019 (1958).
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over 100 events in which the 420 decays by its normal mode «ZO - A +y.

The one event that we have seen is therefore consistent with the predicted -

number. _ : .,
Strictly speaking, the Q of this reaction would be MZO - ZMe - Al

However, we have in this paper defined Q as just Q = MZO - MA to ..

conform with the definition of Q for the normal decay mode.

MEASUREMENTS

As far as ove'r-alll'q'ualit‘y‘ of the tracks is concerned this event is
above average. All tracks (including the neutral ones) are long and enable
the angles as well as the momenta to be measured with higher than normal >
accuracy. However, nd matter how high the quality of the tracks,” the
measured values will not perfectly conserve momentum and energy. Itis
therefore, necessary to vary the measured values until one obtains an
internally consistent set of values.

The fitting is done ‘piecemeal first by forcing tracks 3, 4, and 5 to

fit the decay of a KO, subject to the condition that

2 2

X

1l

z 0, (o - Byl
1 .

should be a minimum. | .
Here [Si is the adjusted 'least-squares'' value of a, and oui- L is

the mean square measurement error for the quantity a,. For the charged

tracks, namely 4, and 5, a, represents both momentum and angle measure-

ments, whereas for the neutral track 3, a, represents only angle measure-

ments, The momentum of the KO determined in this way will be referred

to as ﬁK(L° S. ).

A similar '"least-squares' fit is made on tracks 2, 6, aﬁd 7 to fit
the decay of a A of mass 1115.2 Mev into a proton (mass = 938.;1 Mev)
and a 7 (mass = 139.69 Mev). 1 The A momentum determined by this
least-squares method will be referred to as ﬁA(L° S.) . o S

The next step is to add the measured electron and positron momenta

vectorially. This momentum will be called j= (0). Now, from the vector

— - : pr - .
addition of Ppr(O) and PA(L' S.) , we obtain the 20 momentum, PZ(L' 5. ).
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The measurement of the incident =~ momentum from the curvature
of its track (No. 1) is completely dlsregarded because of the very 1arge
error associated with the curvature measurement of such high-momentum’
tracks. However, the direction of the incident 7", designated by the unit
vector@( ) , is used.

A0)  Z(L.S.)

The three vectors P , P R v nd P(L 5.)
inc K

in genera‘l will not
be coplanar and therefore will satisfy neither rnomentum'”‘ nor energy
conservation. In general these three quantities should be varied in such a
way that a XZ function analagous to that one used in fitting the A and K0
decays be a minimum. However, by a fortuitous circumstance,
momentum and energy conservation can be achieved by (a) varylng ©1nc
by only 0.02° in dip (1/50th of a standard deviation) and 0.12° in azimuth '
(1/3 of a standard deviation) and (b) changing fs&L 5.) by 3.4 Mev/c ’(I/ZOth
of a standard deviation) in magnitude and 0.1° in dip angle ( ~1/10th of
standard deviation), with no change in azimuth. _7

In order to summarize the values of the measured quantities as well
as to display how these values were altered , the momenta as well as the
azimuth and dip angles are tabulated in Table I. Table II summarizes the
included angles between the pertinent momenta before and after the final
adjustment. Here by is the azimuthal angle measured in a plane normal to
the magnetic field and )\i is the angle by which the track dips out of this
plane. A track with qu = 0° and )\i> 0 would move from left to right a‘n:d '

upwards out of the paper,.
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TABLE I
Measured and adjusted quantitiés for particles. *
Particle Quantity | Measured values Least squares Final adjusted
values valges
0 .
K Py 384.3 = 9 Mev/c
(track’ ¥, 115.3 = 0.3° | 115.3°
No. 3) A 2167 + 1.2° 21.3°
P, 387.9 £ 77.9 :418.8 Mev/c |
T Mev/c Same as least-
(track Yy 101.1 £ 0.3° {101.1° squares:values
No. 4) N, 9.4 + 2.0° 12.1°
i ____ —— b __
P, 117.0 £ 6.5 1119.3 Mev/c
+ ' Mev/c |
T G 226.5 £ 0.3°  {226.5°
(track . o} o}
No. 5) N 25.3 £ 1.2 25.5° ’
H
A P, 1651.4 + 30 Mev/c| 654.8 £ 20 Mev/c
0 [ 0 ‘ o] o
(track ¥, 102.7 0.3O , 102.7o 102.7O
No. 2) N, 6.5+ 1.2 7.5 7.4
) P 206.9 = 15.2  1202.2 Mev/c
T Mev/c )
(track o o
No. 6) 23 98.4 * 0"30 98.40
N 24.3 £ 1.2 24.0
P,{' 477.5 £ 63.9 |461.9 Mev/¢
Tl'+ Mev/c 1
(track e 104.5 = 0.3°  {104.4°
No. 7) x 0.8 +1.2° | 0.3°




UCRL-8199

Table I (conttd)
Particle Quantity{ Measured Valués Least quares | - Finall«‘adjusted .
v lvalues values
) P_. 23.2+1.17 0 T
e Mev/c
(track o
No. 8) ¢8 73.7 % 0.30
' )‘8 4.0 £1.2
17 | so7zset | T T T T T T e T
ot . .
et Mev/c Same as same as
(track Lpg 65.3 + 0.3° measured measured
No. 9) )\9 23.4 +1.2° values values
SR A ) S DR
P 112.1 = 4.0 o
1t | -
pr + . Mev/c
e te Yo 67.0 +0.3°
o
or | 19.7 £ 0.9
4 Ny
P 745.0 = 308 748.3 + 20 Mev/c.
=0 ¥ 97.9° 97.9° '
o N o
)\E 9.5 9.4
P.lc 1082.0 = 15 1085.4 + 15 Mev/c
Incident w~ Mev/_cS
(track Gy 103.7 + 0.3° 103.6° 103.6°
No. 1) : o o o)
)\inc -0.9 1.0 »-0.9 -0.9

e
All momenta have been corrected for ionization in the liquid hydrogen.

The quantityy.is the azimuthal angle measured in the plane normal to the
magnetic field, with y=0° corresponding to a track going from left to right

in Fig. 1;

)\i is the angle at which the track dips out of this plane.

+ . . . . .
"Corrected for radiation loss as well as ionization loss.

§Obtaulned from momentum conservation alone.
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Space angles

6 = cos /1} /P\ (degrees)

v e v

kv Measured Values Least Squal;e Valués Final Adjusted
Values
0.k 23.7+ 1.4 ‘ 23.4 £ 1.2 23.4
2N ' 7.5+ 1.4 8.4 1.2 8.4
0 te- 21.0 £ 1.5 21.0 £ 1.5 21.0
epre_‘ 16.8 £ 1.5 16.8 £ 1.5 16.8
epre+ 4.2 £ 0.4 4.2 :tv0.4 4.2
eprA 36.9 +0.4 36.5 £ 0.4 36.6
eprE 31.4 :i:O.';l 31.4
O rAS 5.2 = 0.7 5.1
6.5 11.8 £ 1.5 11.7




<y

-9- UCRL-8199

MASS DETERMINATION . . o

The rest mass in Mev of the _ZO is simply MZ;O = «/EZZ - cZP; where

Eg = Epr + EA° From the final adjusted values given in Table I and using

the value for the A mass of 1115.2 Mev, 1 we obtain EZ = 1407.1 Mev and

P = 748.3 Mev/c.

From these values one obtains for the value of the. Zonmas s,

Ms0 = 1191.6 £ 3.3 Mev and Q0 = Mo - M, = 76.4 + 3.3 Mev.

This value ofﬂQZO‘when averaged with the following existing deter-

minations of the Q value, QZO = 71.7f3’? (Alvarez et al. 3)‘ and

* : :
For the purpose of propagating errors, it is much more informative to
express the Q value directly in terms of the measured quantities Ppr’. PA
L - ‘_
and cos @ . Here® is the angle between P__ and B.. After suitable
prA prA Pr A e

approximations (for this event only), we have

Gy = of (WPl ML - By cone ]
z My ATYA T A% Pprn e
from which we obtain - e,
. 2 i
§P 2 E-Pé— cos 0 A ‘ 5P 2
5Q ~ pri A | PT A
Q rms Ppr EA Pa
—13—'— cOos 6 A
A P
and
. : N
&P - 2 5 /SPA 2 2
Q. .~ Q¢ |t +6.43 X 1077 [5—
. or A

From the last expression, one can see that the error in Q comes almost ex-
clusively from the measurement of the electron pair momenta. The latter's
error in turn comes primarily from multiple coulomb scattering and, 'second-

[
arily, from turbulence.

3Alvarez, Bradner, Falk-Vairant, Gow, Rosenfeld, Schr_n_itz, and Tripp,
Interactions of K~ Mesons in Hydrogen, UCRL-3775 {(July 1957); This Q.
value was obtained by the ﬁse of the £ - £~ mass difference reported by
these authors, the = mass of 1196.5 £ 0.5 Mev and the A mass of
1115.2 £ 0.14 Mev. '
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on = 77.4 £ 3.5 (Eisler et'a1.4) giv-esA as the value of Qs.0,

g = 75.379:9

=0 = 75.3_1 4 Mev,.

with a mass of

= +0.9
MEO = 1190.5_1°4 Mev.

To obtain this average Q value, two.values with gaussian likelihood,
functions must be averaged with a value tha‘t. has a skew likelihood function.
The likelihood function for the average Q!is just the product of the three
individual likelihood functions. | -

For ease in forming this producf, we averaged the Eisler et al value
with ours to give a composite value of Q' = 76.9 + 2.4, which of course is
still gaussian. This function together with the Alvarez et al function‘3
(neither of which is normalized) is shown in Fig. 2. Also shown in Fig. 2
is the final likelihood function. Each shaded area of this function
représeﬁts 0.159 of the total area under the likelihood function. This is
just the fraction of the area that lies beyond one rms displacement on a
normal gaussian distribution. The boundariés of the shaded regions then
form the upper and lower error bounds. The average Q value, which is
indicated by the vertical arrow, is then just fhat value that splits the

unshaded area into e'.c..]\.i'a;l parts.

4.Eilser, Plano, Samios, Steinberger, and Schwartz, Associated Production

of 20 and 60, Mass of the =0, Nevis Report 60, R-198, December 1957.

2 2
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FIGURE LEGENDS

1. Associated production reaction = + p - =0 4 KO, “The incident

pion (track No, 1) produces a ZO and a KO at point-""A'". The 20 decays
immediately into an electron-positron pair (tracks™8 and 9 respectively)
and a A (neutral track labeled No. 2). The A subsequently decays

at point "A'" into a m (track No. 6) and a proton (track No. 7). The

KO (neu:ral track No. 3) decays at point "K_O"' into a.w (track No. 4)
and a m (track No. 5).

2. .EO mass likelihood functions. Our gaussian Q value and that of

Eisler et a14 are averaged together to yield the gaﬁssian distribution
represented by the dotted curve. This composite gaussian likelihood
function is then combined with the likelihood function of Alvarez et
a‘13 which is represented by the dotted skew curve to give the final
combined likelihood function indicated by the solid line. From the
final likelihood function this average Q value is determined as |

_ +0.9
Q5.0 = 75.3_1.4 Mev.
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