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A B S T R A C T  

In an experiment performed at Fermilab , we have observed the weak 
radiative decay ~o._, y o 7 . From a sample of 85 i 10 events we have 
pre]imin~zy measurement of the decay branching ratio r(.~°--* E°T)/r(-:°--,  
A~r°)= (3.56 -]- 0.42) ×10 -3 and the asymmetry parameter a z  = 0.20 ~ 0.28 

Several attempts to calculate the rates x-e and decay asymmetries x,3-e of hyperon 
radiative decays h~ve been made. Predictions for the branching ratio for H0._, E07 
range over almost two orders of m~g~itude. Table 1 gives a s,,mmm'y of theoretical pre- 
dictions. A measurement of the parameters for Ho__, E07 will help to further constrain 
the theoretical calculations since data on F.°---~ ~ S°7 are sparse. Only an upper limit of 
7 × 10 -~ , obtained by Yeh 7 eta/ . ,  has been published. 

TABLE I. A summazy of theoretical predictions for ~o.... EO7. 

Branching Ratio Asymmetry Reference 

10 x l 0  - 3  - 0 . 9  1 
9.1 x 10 - 3  - -  2 
7.2 x l 0  - 3  - 0 . 9 6  4 
5 . 8 7 x  10 - 3  - 0 . 5 8  3 

(2 .62-- -4 .58)  x 1 0 - 3  0 .81- - -0 .97  6 
1 . 4 8 x 1 0  - s  - 0 . 3 0  5 
0 .23X I0  - s  - -0 .99  5 

The decay ~o_., AfO ; ~r 0 _., 77 has a topology identical to H0__, Eo7 ; E0 __, A7 and 
our trigger was equally sensitive to both so our ~ sample contahed events f~om both 
decay eha;,i .  The decay cba|ni are kinemstically ambiguous over a substantial region 
of the awlilahle phase space due to the finite resolution of our apparatus. 
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The detector s (See Figure 1.) consisted of 3 multiwire proportional chambers 
(MWPC) followed by an analysis magnet with a 1.6 GeV/c transverse momentum bend 
followed by three more MWPC's. These chambers were used to reconstruct the vector 
momenta of charged tracks. The trigger required the coincidence V-T.S1 which indicated 
a neutral particle decay. In addition two scintillator hodoscopes, A and B, were used 
to select events with a pair of tracks. Two additional scintillation counters, P1 and P2, 
extended the coverage of the trigger to the most central region of the detector where 
the protons from A -* p ~'- were most likely to be found. This requirement served to 
select events with a visible A --* p ~r- decay. Following the last MWPC was an array of 
lead glass blocks. The center block of the array was missing to allow the neutral beam 
to pass through without initiating showers. The trigger required two separated dusters 
of blocks, not associated with charged tracks, to have a signal above threshold. This 
requirement selected events with more than one photon. 

~ vacuum decay C~ 
rei]i°n C I F'/JC4/ /C6 ~" 

t o r g e t / ~  ;7  C ? / ~  -I' - pzlll 
Hype~on I f / 1 - \ . ,  ~ gloss 
Magnet I m / Analysis , Magnet 

lore 
FIG. 1. Plan view of the apparatus showing the 800 GeVlc proton beam, the ~o pzoductlon 

target, Hypelon magnet, scintillation counters $1 and VI, multiwize proportional chambers 
C1-C6, the A and B scintlnatol hodoscopes, and the lead glass anay.  

A total of 8 x 108 triggers were recorded. The analysis program read the raw data 
tapes and reconstructed the charged tracks. Preliminary cuts to select events with a 
A were made as follows: (1) There were exactly two charged tracks of opposite sign 
reconstructed, (2) the effective mP-~s of the track pair, under the hypothesis p+~r-, was 
within 10 MeV/c 2 of the A mAAS. Further preHmlnary cuts to select ~0 candidates 
were: (1) There were exactly two clusters of hits in lead glass array not associated with 
charged hits, (2) both clusters had energy larger than 5.6 GeV. A fit was performed to 
find the ~0 vertex. It was required that a vertex could be chosen along the path of the 
A such that the A-y~/effective mass was equal to the E ° mass and that this vertex was, 
within resolution, upstream of the A vertex. It was required that the angle I 6 } between 
the vector from the target to the decay vertex and the vector along the momentum, be 
less than I mr. The A was projected back to the target and the distance squared from 
the center of the target was required to be larger than 0.15 cm 2. This rejected A's not 
associated with a E0 decay. The F. ° was projected to the target plane and required to 
be within 0.6 cm of the target center. It was further required that the direction of the 
.~0 momentum be within 1.5 ~ of the average beam direction. To ~llm;nate events with 
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photons that  lost a substantial fraction of their shower energy down the nnlnsturmented 
beam hole it was required that  the block in each photon cluster with the most energy 
not be adjacent to the beam hole. These cuts rejected badly reconstructed F.°~ Air ° 
or those not COrn|n s from the target and produced a data sample of 71832 ~o decays. 
Table 2 S11mmarizes the effects of the cuts on the data sample. 

To select E°--, E°7 events the requirement [ m.y ~ - n ~  [ > 40 MeV/c 2 was 
imposed. This cut rejected more than 99 % of the Ho_., Air 0 events while passing 33 % 
of the ~0.., y o 7 events. The peak due to the y0 was visible in the distribution of A7 
effective masses after this cut was imposed (see Figure 2). The smooth curve in figure 
2 is the A~ effective mass distribution for ~0.., E0.y events as calculated by our Monte 
Carlo simulation plus a constant background. 

TABLE II. Event selection. 

Cut Events 
Trigger 8 × 10 s 

Initial Reconstruction 330427 
I61 cut 272347 

Cluster timing cut 232236 
Reconstructed F. points to target 205490 

r z of A 161887 
Beam cone cut 113009 

No hole dusters 71832 
I m - ~  - m .  I 240 

I, 

i i  . . . . . . .  

FIG. 2. The ,£7 effective distribution. Both combinations of A7 effective mass s~e plotted. 
The s~ows show the location of the ~,o mnss and its reflection. 

To extract the branching ratio the A7 effective mass distribution was fitted ~o a sum 
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of the AT effective mass dis tr ibut ion for F-o_+ E07 events determined by Monte Carlo 
calculation and a constant background. Both A T combinations were used to fill the 
distr ibutions since bo th  had  narrow distributions for events due to F-0~ E0T.  The fit 
yielded 85 ± 10 F-o__+ Eo7 events over a background of 70 events within 15 MeV/c  2 of 
the ~0 mass with a x2/D.F, of 0.9. 

The branching rat io  could be calculated once the relative acceptance for the two 
decay modes was known. The acceptance rat io  was calculated by subjecting the Monte 
Carlo samples to the same analysis programs that  extracted the da ta  distributions. The 
overall acceptance for the F.°--+ Air 0 mode was 3.00 times the acceptance for the F-o_.+ 
E°T mode. The result was 

r ( z  ° -~ cT)  _ (85 ± 10) × 3.00 = (3.56 ± 0.42) × 10 -3.  (1) 
r ( ~ ,  ° .-~ A~r) -- 71592 

The denominator  is the number  of events passing all  cuts but  the 40 MeV/c  2 77 effective 
m s ~ S  c u t .  

4 , .  ~ '  ~ .  ; . ,- .~, d 

FIG. 3. The distribution of cos 8 used to extract the asymmetry parameter. The straight line 
is the result of the fit. 

To calculate the asymmetry,  events were selected such that  the smallest A T effective 
rams was within 15 MeV/c  ~ of the ~.0 mass. The background subtracted distr ibution of 
cos 8 was corrected for acceptance by Monte Carlo calculation and fi t ted to a functional 
form 

dN 
d(cos  0) = No(1  - a A a ~  cos 0) (2) 

where aA was taken to be 0.042 -I- 0.013 o and 0 was the angle between the proton and 
the boost  axis of  the ~o in the rest frame of the A .  The background was paranxeterized 
a s  
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dN 
d(cos o) = B(z + cos o) (3) 

where B was the number of background events and a s  was determined by fit t ing equa- 
t ion 3 to a dis tr ibut ion obtained from events failing the requirement that  the A7 mass 
be within 15 MeV/c  2 of the ~0 mass but  passing all  other cuts. The asymmetry  param- 
eter a~. was found to be 0.20 + 0 .28 .  Figure 3 shows the distr ibution and the result  
of the flit. Systematic errors were investigated allowing a s  to vary within the errors of 
i ts measurement.  The effect of the acceptance correction was investigated by  removing 
the correction from the calculation. Both effects were found to be small compared to 
the s tat is t ical  error. 

In conclusion, we have observed 85 ± 10 E°--+ Y.° 7 events in a sample of 71832 E ° de- 
cays. When corrected for acceptance this yields a branching rat io r (~0-+  E o T ) / r ( F . o ~  
Az -°) = (3.56 + 0.42) × 10 - s .  The asymmetry  parameter  was measured to be a z  = 
0.20 ± 0.28.  
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