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One may argue that this ratio could be incorrect in-
asmuch as events in the *(1530)overlap region of
Fig. 1(b) have been included as well as events that fall
in the K~(890) region of Fig. 2(a). Subtracting these
events, we obtain a ratio of 0.4 + 0.3.

Identification of the Ag decay mode as discussed in
reference 7 provides a confirmation of this isospin
assignment.

toThe $+ assignment for the " ~ (1530) is also favored,
based on an analysis of "*(1530)decay by one of us
(J.B.-S.). In the following arguments, we assume
that the Ao and are $+; the r and K are 0 .

~~The angular-momentum and phase-space dependence
of the decay rate may be expressed in the form

r ~(I '+x')'( (Pim),

where p is the momentum of decay products of a reso-
nance of mass M, and X, which is related to the size
of the interaction, is adjusted to a size of interaction
equal to h/2m~. The momenta for " ~x, ~, and "z
are 230, 390, and 410 MeV/c respectively.
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The low energy K beam' at the CERN proton
synchrotron stopping in the 81-cm Saclay hydro-
gen bubble chamber yielded many examples of
the following at-rest reactions:

K +p-Z +m
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In this note, the mass of the Z hyperon is de-
termined in terms of the better known masses~
of the other particles in reactions (1) and (2), by
measuring the momentum from the range of
stopping Z in (1) and from the momentum of the
A in reaction (2). The (Z, Zo) mass difference
is determined from the value of the Z momen-
tum in reaction (3).

A significant experimental error in the Z mass
determination arises from the uncertainty of the
density of hydrogen in the bubble chamber. The
hydrogen density was found by measuring the
ra.nges of a sample of 573 stopping p,

+ from stop-
ping m+. The mean range of the p,

+ is 1.049
a 0.0035 cm (statistical errors only), and cor-
responds to a, hydrogen scale factor of 1.068
a 0.0035.» Figure 1 shows the p,

+ range distri-
bution. As a further check, we looked at a sam-
ple of 400 stopping protons which came from A' s
directly produced from stopping Z via Reac-
tion (2). Using the known mass of the A, but
treating the A momentum and the proton momen-
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FIG. 1. Observed range distribution of p+ from
m -p decays at rest.

turn as unknown, we determined the best value
for the proton momentum from a two-constraint
fit to the A decay hypothesis. Comparison of
this deduced proton momentum with the mea-
sured length of each proton, via the range-
momentum table, led to a value of the hydrogen
scale factor of 1.068~ 0.008, in excellent agree-
ment with the value deduced from m+- p,

+ decays.
In the analysis that follows we adopt a scale fac-
tor of 1.068~ 0.005.'

In addition to the density, the magnetic field in
the chamber must be known to a reasonable ac-
curacy. ' The shape of the magnetic field was de-
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termined by a careful mapping over the volume
of the chamber at CERN. Using this shape, the
absolute magnetic field was determined to bet-
ter than +0.5% by measuring the momenta of the
m from a sample of at-rest reactions of the type
K +p-Z +m . A comparison of the mean value
of the m momentum with the value of 181.47
MeV/c deduced from the known masses involved
in this reaction served to fix the magnetic field
to better than +0.5$. (The mean w momentum
is obtained after correcting each measurement
for the fact that inverse projected curvature,
not momentum, is expected to be Gaussian dis-
tributed. )

(a) Z mass from range. —A sample of 588 Z
hyperons produced from at-rest (E,p) reactions
of type (1), with lengths between 0.95 and 1.15
cm, was used. The Z range distribution is dis-
played in Fig. 2. The mean Z range in the
stopping peak is 1.050+ 0.0015 cm (using a Gaus-
sian ideogram plot).

The mean measured range of Z from Reac-
tion (1) implies a Z mass of 1196.9+0.30 MeV,
adopting 493.9 MeV as the K massl and a hy-
drogen density uncertainty of +0.5%. If the 0.2-
MeV uncertainty in the E mass~ is included,
the value of the Z mass becomes 1196.9~0.36
MeV.

(b) Z -A mass difference from direct A mo-
mentum. —From the above sample of 588 stop-

ping Z from Reaction (1), we have found 285
A's from Reaction (2). These A's were selected
by the requirement that the A kinetic energy fall
between 34.35 and 39.35 MeV. The A momentum
was deduced from the (3C) fit of the p, v mea-
sured variables, using the A mass of 1115.36
MeVP These events are displayed in Fig. 3.
The mean direct A momentum was 289.3 + 0.16
MeV/c (using a Gaussian ideogram plot) 8 This
implies a Z —A mass difference of 81.7 + 0.19
MeV, including a +0.5% error in the hydrogen
density and a small error due to the magnetic
field uncertainty. ' The Z mass is then deter-
mined to be 1197.0+ 0.24 MeV when the error
of +0.14 MeV in the A mass is included.

The Z mass values deduced by methods (a)
and (b) are in excellent agreement with each
other. A combination of the three measure-
ments —the p,

+ range, the Z range, and the
A momentum —can be used to give the best esti-
mate of the Z mass as is shown in Fig. 4. As
deduced from range, the Z mass shows a dif-
ferent variation with hydrogen density than the

mass as deduced from direct A momentum.
The error bands for the Z mass from (a) and
(b) include the E mass and A mass uncertain-
ties, respectively. The best value of the Z
mass from Fig. 4, including all errors, is

M = 1197.0+ 0.20 MeV.
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FIG. 2. Observed range distribution of g from at-
rest reaction@ +p Z +n+.

FIG. 3. Observed momentum distribution for direct-
ly produced P from the at-rest reaction Z +p —A+a.
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FIG. 4. g mass from range, momentum, and
density of hydrogen measurements, as explained in
the text.

This result can be compared with the recent
measurement of Barkas, Dyer, and Heckmanv
of 1197.6+ 0.5 MeV using nuclear emulsions.

Vfe have made one further over-all check on
our results by measuring 20 events of the type

E +p-Z +v (E at rest), (4)

Z -P+wa (Z at rest). (5)
+

These events were from a sample of -4000 'E

produced by stopping K mesons. Events were
retained in the final sample if the chi-squares
for Reaction (4) were satisfactory and if the
range of the Z+ produced in Reaction (4) was
between 1.16 and 1.36 cm, and the range of the
decay proton was in the interval 2.43 to 3.08 cm.

The mean range of the Z+ (1.254~ 0.011), to-
gether with the mean range of the proton (2.748
+ 0.027) from the Z+-p+no decay at rest, deter-
mines both the Z+ mass and the density of hydro-
gen in the bubble chamber. A plot similar to
Fig. 4, exhibiting the interdependence of hydro-
gen density, the Z mass as determined from the
'E+ range, and the proton range, gives a Z+ mass
of 1189.5+ 0.5 MeV. (This measurement agrees
with the emulsion value of 1189.4+0.2 MeV. ) At
the same time the scale factor for the density of
hydrogen in the bubble chamber is determined to
be 1.068+ 0.010, which agrees well with our other
measurements of this quantity.

(c) Z, Zo mass difference. —A very accurate
(Z, Z') mass difference can be determined from
a measurement of Z momenta from the at-rest
reaction Z +p- 5 +n. The Z momentum can
be directly determined from the rare mode of
decay (-1/180), Z -A+e +e+, where the A de-

cays into p+m . This sequence occurs about
once in every 5000 reactions of type (1).

We have measured 18 of these events, where
the Z length is between 0.95 and 1.15 cm and
where the Z momentum is between 50 and 70
MeV/c. The momentum of the Z' is determined
from the vector sum of the measured momenta
of the Dalitz-pair electrons and the fitted A mo-
mentum. The weighted average of these Z mo-
menta is 60.3+0.9 MeV/c. ' This impliess a Z
- Z mass difference of 4.75+ 0.10 MeV. This
agrees with the previous value 4.45+ 0.4 MeV.'
Combining this result with our value, M~-

1197 0~0.20 Mev we ge™Z0=119225~0.23
MeV.

Summarizing, by assuming the masses M
493.9~0 2, and MA=1115 36~014, we have

deduced the masses

M = 1197.0 + 0.20 MeV

and

M o
= 1192.25 + 0.23 Mev.

Using M~+=1189.4+0.2 MeV, we see that

M - M o
= 4.75+ 0.10 Mev,

while

M 0
—M + = 2.85 + 0.30 MeV,

so that the prediction' of equal spacing within the
Z multiplet is approximately, but apparently not
exactly, satisfied. The observed deviation from
even spacing is in the same direction as that cal-
culated by Coleman and Schnitzer' from the
"leading nontadpole contributions to electromag-
netic mass splittings. " Their results for the Z
multiplet are M& -M&o=5.8 MeV and M&p-M++
=3.8 MeV with a theoretical uncertainty of the
same order as the difference between theory and
this experiment, namely 1 MeV.

The work could not have been begun without the
contributions of our collaborators in other aspects
of this CERN stopping K experiment, particu-
larly H. Courant, H. Filthuth, A. Segar, and
W. Vfillis. %e are indebted to the crews of the
CERN proton synchrotron and the Saclay 81-cm
chamber for their unflagging cooperation, and
to the scanners of the University of Maryland
for their perserverance and perspicacity.
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The differential cross section for the reaction

K +P-FY'+n

has been measured for (2.00+0.020)-BeVlc K
in the Brookhaven 20-in. bubble chamber using
the separated X beam from the AGS.

A total of about 100000 pictures vrere taken,
having an average flux of 6.21 tracks per picture
and a purity of 100@with a statistical accuracy

of 9.6%, as estimated from the number of 7 de-
cays found in about 40% of the pictures.

The events appear as beam tracks that inter-
act in flight producing no visible outgoing prongs,
follow&ed by decay of the X, into toro charged
particles. The value of the charge-exchange
cross section was estimated in the following way'.
From all the pictures 88 events were identified
as E'N. Identification eras based on kinematics
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