
(ts*-?**?- / 

FINAL REPORT 

AEC CONTRACT AT(11-1)-2089 

- N O T I C E -
This report was prepared as an account of work 
sponsored by the United States Government. Neither 
the United States nor the United States Atomic Energy 
Commission, nor any of their employees, nor any of 
their contractors, subcontractors, or their employees, 
makes any warranty, express or implied, or assumes any 
legal liability or responsibility for the accuracy, com
pleteness or usefulness of any information, apparatus, 
product or process disclosed, or represents that its use 
would not infringe privately owned rights. 
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This contract was made to enable us to conduct a spark-
chamber experiment on K - decay at the Princeton-Pennsylvania 
accelerator, and to analyze the resulting film by automatic 
scanning techniques at Washington University. 

Participating in this experiment were the following 
faculty members: 

John Dobbs 
John Scandrett 
Malcolm Whatley 
Richard Zacher 

Two graduate students were involved, who are writing their 
Ph.D. dissertations on this experiment: 

Jerry Nurenberg 
Ernst Zinner 

The following persons also assisted in the initial phases 
of the experiment: 

Fred Geisler 
Charles Lady 
Peter Phillips 
Don Ragan 
Ron Rider 

The equipment was built in less than a year at Washing
ton University, and taken to Princeton in the spring of 1969. 
The experiment was run in the summer of that year, yielding 
176,000 pictures of stopping K undergoing various modes of 
decay. K _ events often resulted in pictures containing a 



muon track and two converting gamma rays. 15,000 of the 
pictures are intentional background pictures, obtained 
by mistiming the logic. 30,000 are K ~ pictures,.which 
are helpful in determining the efficiency of the chambers. 
The rest are K _, K -, K , or accidental background. About 
30% of the pictures with a K _ signature were taken with 
a 1" Platinum target in the external proton beam, the rest 
with a 3" target. The background was severe in the 3" 
target film, and it has proved impracticable to scan it. 
About 60% of the 1" target film has been scanned; the rest 
probably will not, because of financial and manpower limi
tations . 

The film has been scanned and measured automatically 
using a computer-controlled C.R.T. scanning device designed 
and built by us. For this device a complete system of 
utility programs has been written. These automatic scan
ning and measuring programsyield about 95% of the events 
that would be found by hand scanners and take an average 
of 5.6 seconds of CPU time per event. Measuring precision 
is quite satisfactory for this experiment. . 

To be acceptable for complete scanning and measuring 
an event must have just one charged track in the chamber 
which satisfies the charged-track logic, and just one 
shower in each of the other two chambers. Missing sparks 
are allowed in at most 2 gaps for the charged-particle 
track. A shower is defined as at least 2 sparks, the 
first two of which have to be close to one another in 
1 to 3 consecutive gaps, the rest inside a defined cone 
after the first spark (conversion point). 

Frames violating these scanning criteria are abandoned, 
and the type of violation recorded. The scanning and 
measuring program records the position of the beginning, 



part of the solution be zero. Most K ~ events give two 
real solutions; we assign these solutions weights by 
computing a probability for each solution using gamma-ray 
shower information. 

At present we compute this probability simply from 
the number of sparks in the shower. Figure 1 shows the 
average number of sparks in a shower as a function of 
gamma-ray energy. This graph averages over varying con
version points of the gamma ray and therefore over a 
varying possible length of the shower until it leaves 
the end of the chamber as well as over different angles 
of incidence. A more refined method takes these vari
ables for an individual shower into account by computing 
first a number of expected sparks, n , from the given 
energy, conversion point and angle of incidence, and 
then finding the probability of getting the observed 
number of sparks given this value of n 

^ 3 exp 
Figure 2 shows a typical probability distribution 

for (n , /n ). As indicated by the error bars in obs' exp J 

Fig. 1 , such distributions correspond to an energy 
resolution of from 32% for 200 MeV gamma rays to 70% 
for 50 MeV. 

Figure 3 is a histogram of the probability of 
one of the two solutions for a sample of K , events. 

^ y3 
This probability is normalized so that p(solution 1) 
+ p(solution 2) = 1. This method will allow us to find 
the right solution in about 75-80% of the cases. In 
many additional cases the ir° energy difference between 
the two solutions will be small, so that a wrong choice 
will introduce only a small error. 
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We have studied our accidental background by photo
graphing 15,000 events with the logic set up so that one 
of the particles of the event is known to have arrived 
33 nsec before the rest. The pictures taken were of all 
possible combinations of mistimings. Extensive studies 
using just the counters were made to measure the relative 
rates of these combinations of accidental events. The 
background photographs have been studied both by hand 
scanning and automatic measuring followed by kinematic 
fitting. 

A first analysis of the film has now been made, and 
variations of it are being considered. The analysis is 
capable of yielding two parameters, £ and A . If we 
are conservative and fit for only one, we hold A fixed 
at the conventional value of +.03, and find a value of 
£ around -1. This is in agreement with some other ex
periments. However, if we fit for both parameters at 
once we get A ~ -0.15 and £ * -3. We are now trying 
to determine whether any systematic errors remain in 
the data, and whether the statistical errors have been 
correctly estimated. A slight problem also remains with 
the Monte Carlo calculation. It predicts that of the 
candidates for K , production, 2 3% should actually be 
K 3. Hand scanning indicates that a better number is 
around 7%. We are searching for the cause of this dis
crepancy. 

Two Ph.D. theses will be presented in June 1972. 
One, by Ernst Zinner, will be concerned with the deter
mination of the parameters of K _ decay. The other, by 
Jerry Nurenberg, will concentrate on the problem of using 
electron showers to determine gamma ray energies. Both 
students are being supported on a science development 
grant from NSF during the first six months of 1972. 



We are grateful to the AEC for their support of this 
experiment, which we believe will contribute to the in
formation available on K _ decays. We regret that it 
has not been possible to continue this work, either 
through an AEC contract or by means of a grant from NSF. 
In these difficult circumstances, we have no immediate 
plans to do more work in this area. 
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Fig. 1 Average number of sparks in shower, 
for present chambers. 
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Fig. 2 Probability p for getting various numbers of sparks in 
a shower when the most probable number is seven. 
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Fig. 3 Histogram of number of events against the 
probability that solution number 1 is the correct choice. 


