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An upper limit of 0.50 (90% confidence level) is set for the branching ratio (q —np+y+y)/
(q y+y) in s. spark-chamber experiment measuring n +P (n+4y and n+2y) at 10 BeV/
c. This disagrees with a recent measurement of 0.90+0.10 for the same ratio.

A recent determination of the neutral branch-
ing ratios of the q meson' gave the ratios (q

y+y)/(7) all neutrals) = (41.6+ 2.2)%%up and (r/- w + y+ y) /(q - all neutrals) = (37.5 + 3.6) %%up.

Dividing these gives

—v'+n-v +y+r og0~0100-y+y

MeV wide, centered between 500 and 550 MeV.
Accordingly, only events with values of M~~,
the calculated 7t z invariant mass, between
350 and 725 MeV are selected for further anal-
ysis. The 4y data surviving this cut, 998 events,
include (76.5+3.0)%%up of any 7)-& +y+y events.

An opening-angle spectrum of these 4y events,
of the form (1/0, +1/(), ) = 6 ', where (I, is the

This error in r may be an underestimate due
to possible correlation errors in their statis-
tical analysis, about which we have no infor-
mation.

In a recent experiment at the alternating-gra-
dient synchrotron, we investigated final states
in v +p-n+gammas at an incident v momen-
tum of 10 BeV/c. Some results of the final
states with two gammas and with four gamma, s
have already been published' &' and these arti-
cles contain descriptions of the hydrogen tar-
get, spark chamber, etc. We have determined
an upper limit for the ratio r using pictures
of 2y events and 4y events in the same sample
of film:

r ~ 0.50 (90/p confidence level).
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The number of g-2y events is determined
from the spectrum of y-y opening angles, 0,
which is shown in Fig. 1(a). After subtracting
out ~ events from the tail of the r opening-
angle peak, and also contamination from my
events (m ~ 3) where only two out of the m gam-
mas have appeared in the spark chamber, there
are 1535+ 100 g - 2y events.

The number of q & +y+y events is deter-
mined from the opening-angle spectrum of 4y
events by comparison with Monte Carlo-gen-
erated r 7t phase-space events and g-r +y
+y events. The 4y data, analyzed as if all events
were 7tp7rp events, are presented in Fig. 1(b).
Monte Carlo-generated q- n +y+y events,
analyzed this same way, appear as a peak 200
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FIG. 1. (a) Distribution of y-y opening angles, 8, for
the 2y events, normalized to 8~n = 2m&/p&, where m&
and P& are the g mass and momentum; emin is the min-
imum allowed y-y opening angle for g's. (b) The n x
mass spectrum of the 4y events, analyzed as if all
events were 7t m events, showing a broad peak at low
masses and the f o peak at 1.27 BeV.
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opening angle between two of the y's and 0, is
the opening angle between the other two y's,
is shown in Fig. 2. Also shown are curves of
the same function for Monte Carlo-generated

phase-space events and g- v +y+y events.
Assuming that the experimental data consist
of only ~ ~ and g-~ +y+y events, a least-
squares fit of these two distributions to the
experimental histogram gives 275+ 75 q- v

+y+y events. The upper limit (90/p confidence
level) is 430 g- &'+y+y events. Because of
the presence of background (i.e., non-w07ta and
non-rl) events in the 4y data, these numbers
of q events must be taken as upper limits.

The detection efficiency of the spark cham-
ber for q-v +y+y events relative to g-y+y
events is 0.726+0.030. Combining these results,
we obtain r ~275/(0. 726 x0.765 x1535), or

r ~ 0.32 + 0.09 (peak of y probability)

r ~ 0.50 (90% confidence level).

We now discuss (a) the method of pairing the
y's, (b) the input functions for the Monte Carlo
programs, (c) the cause of the difference be-
tween the 6 ' distributions for the ~'v and g
events, and (d) the effect of background events
in the 4y data.

(a) To pick the "best" pairing, the relation-
ship 8min=2m/p is used, where 8m&n is the
minimum allowed y-y opening angle from the
decay of a digamma particle of mass m and
momentum p. For each of the three pairings,
the quantity (2m/8, +2m/8, ) is calculated, where
8, (8,) is the y-y opening angle of the first (sec-
ond) set of y's, and m is the 7r mass. If both
sets of y's arise from r"s decaying near the
minimum allowed angles, this quantity is ap-
proximately equal to p, +p„the sum of the 7ro

momenta. That pairing is chosen which has

p, +p2 closest to the incident & momentum.
This pairing method is used for all Monte Car-
lo and experimental events.

(b) The 7r 7r Monte Carlo events were gener-
ated so as to approximate closely the experi-
mental shapes of both the di-pion mass distri-
bution inside the 350- to 725-MeV mass cut
and the t distribution, where t is the four-mo-
mentum transfer squared. Accordingly, these
Monte Carlo events were generated using a
three-body m'~'n phase-space calculation, ex-
cept that the production angular distribution
of the n v system was taken as -e10t. Var

90

80—

70—

ca 60—

"50—
0
rn 40—

50—
O

Oz 20

IO—

998 Events

/
/

/
/

/
/

/
/

/

7r'7r '

.04
I I

.08 .I2
e ' (degrees) '

.16 .20

FIG. 2. Experimental histogram of the sum of in-
verse y-y opening angles, (1/8&+ 1/82) —= 6, where 8i
is the y-y opening angle between one set of gammas
and &2 is the same for the other set of gammas, mea-
sured in the n. P c.m. system. The method of pairing
the gammas into sets is described in the text. The

1 0 ~curves show Monte Carlo —generated e distributions
for m m events (solid line) and g m +y+y events
(dashed line). The curves are normalized to the same
number of events as the experimental histogram with-
in the region used for the least-squares fit, 0.080 to
0.152 deg

ous mass and t distributions (e.g. , with e4t in-
stead of e10t) produce only negligible changes
in the 6 ' distribution.

The g-&'+y+y Monte Carlo events were gen-
erated with a fixed g mass of 549 MeV. The
production angular distribution was taken as
-e t, which approximates the observed t de-
pendence of the g-2y events in our 2y data
and also that of Guisan et al. In the g rest
frame, the &'yy decay distribution is taken
via three-body phase space, producing a phase-
space spectrum of digamma masses, Myy.

(c) The different Myy spectraof the & .v and

g —7T +y+y events is the cause of the differ-
ence between their B distributions. (For

events, of course, the equivalent M spec-
trum is simply a spike at 135 MeV. ) This can
be explained as follows:

Consider the function (m/81+Myy/82), where
m is the &' mass, and 0, and 6I, have been de-
fined above. If both 8, and 8, are near their
minimum allowed values, then this function
is approximately equal to P/2, where P is the
incident @momentum (2.12'BeV/c in the v p
c.m. system). For 7rovo events, Myy=m, giv-
ing (1/8, +1/8, ) =B '=P/2m =0.137 deg ', and
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the 8 ' distribution of Fig. 2 peaks near this
value. For g- ~ +y+y events, the phase-space
spectrum of Myy produces a corresponding
spread of 8, values, thus smearing out the 8
distribution as shown in Fig. 2.

Clearly, any model of the decay g-w +y+y
which seriously distorts the Myy phase-space
spectrum will affect our upper limit for r. One
particular model of g decay has been consid-
ered. ' Taking the g as an initial quark-antiquark
state, it is assumed to decay via two succes-
sive magnetic dipole transitions: g- p +y,
p -m +y, where the po represents a virtual
1 intermediate state (the po, ~o, or yo). This
model produces a flattening of the Myy spectrum
compared to pure phase space, but leaves un-
changed the upper limit for r.

(d) It has been determined' that there is a
background of 15 to 40% in the low-mass region
of the 4y data. [threshold to 1.0 BeV in Fig. 1(b)],
due to feed-down from 37t events in which two
of the six gammas have escaped detection. We
have not been able to predict all the detailed
properties of such feed-down events, but rea-
sonable models predict 8 ' distributions which
are broader than the observed experimental
6 distribution. Therefore, introduction of
these background events into the fits to the 4y
data will decrease the number of p 7T +y+y
events in the best fit; in fact, a reasonable fit
can be obtained using only v m events plus 3v

feed-down events, with no g's. For this reason,
the value of ~ determined above, which assumed
the existence of only ~'Tt' and g-r'+y+y events
in the data, is considered an upper limit rath-
er than an exact determination.
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discussions.
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V. Cook, T. Ewart, f G. Masek, f. R. Orr, k and E. Platner ~~

Physics Department, University of Washington, Seattle, Washington
(Received 2 February 1966)

This paper presents the results of a measure-
ment of the magnetic moment of the Z+ hyper-
on. In addition to providing a test of current
baryon symmetry schemes, the experiment
also demonstrates the feasibility of several
new techniques in experimental high-energy
physics. Spark chambers were operated direct-
ly in very high (165 kG) magnetic fields, and
spark-chamber observations were made of the
complete production and decay event of the short-
lived sigma, hyperon (see Fig. 1). The gener-
al method for measuring the magnetic moment
was the same as that employed in several A'
magnetic-moment measurements. ' ' The pre-
cession of polarized sigmas in a magnetic field

was measured by observing the asymmetric
decay,

Z+ -7t'+ p.

In this experiment the polarization vector was
nearly perpendicular to the magnetic field (B),
while the Z+ momentum (P~) was directed along
B. For this case, a Z that moves a distance
LZ in the field will have its magnetic moment
precess through an angle

e =g I", F =2BL m /hP

where B is the average value of the field along
LZ, p, Z is the magnetic moment in units of


