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[lear Leon, 

At a recent wine and cheese seminar Roland Winston of the 
University of Chica~o reported on the latest measurement of 
the electron asymmetry parameter in si~ma- beta decay. The 
current experimental situation is summarized in Fi~ure 1 <ref 
1). A total of four measurements have been made. They all 
a.ree with each other and all disasree with the predictions of 
the Cabibbo model. The masnitude of the disaSreement is 
Sreater than four standard deviations for the latest 
measurement and almost six standard deviations for the 
cDmbination of the four measurements. It is siSnificBnt to 
note that the current measurements are consistent with the 
measured maSnitude of the form factor ratio 'sl/fl) if the 
siSn is taken to be opposite to the prediction of the Cabibbo 
model. 

Each of these measurements used the same basic 
experimental techniGue. In all of them a low energy meson 
beam was used to produce siSma-. The polarization of the 
siamas was inferred from a phase shift analysis. Two hydroSen 
bubble chamber experiments and the latest electronic detector 
experiment were done at the V*(1520) resonance in K- P 
scatterinS. The fourth electronic experiment was done with 
associated production in PI- P scatterins. All are low 
statistics experiments. 

Clearly somethinS is wronS with either these experiments 
Dr with the Cabibbo model. This disaSreement has been with us 
for over ten years. There is no fault that can be found with 
the current measurements. On the other hand, the Cabibbo 
model has been so successful everywhere else, and forms the 
Sroundwork for so much new phYsics, that it is unthinkable to 
many that it misht be wronS. 

My colleaSues and I would like to resolve this issue by 
performins this measurement by a radically different 
t.echniaue. 

As I will describe in some detail below, the current 
charsed hyperon beam apparatus, which we used for E-497v can 
in one week of runninS collect more than ten times the current. 
world sample of polarized sisma- beta decay events. With such 
a lar~e sample of events we will be able to studY possible 



systematic errors with techniQues unavaliable to the low 
statistics measurements. 

The only modi~ication o~ the apparatus reQuired is to 
recon~iSure the lead slass array to provide Sreater pior 
reJection. The lead slass which we used in E-497 was borrowe~ 
~rom E-400 (oriSinally ~rom E-288) and has been returned. 
However, preliminarY checkins around the lab indicates that 
borrowinS a su~~icient Quantity o~ appropriate lead Slass will 
be no PToblem. 

We know ~rom our E-497 data that at a production ansle o~ 
3 mtad and 250 GeV/c hyperon momentum, sisma-'s are produced 
;ith siSni~icant transverse polarization. Our analYsis o~ the 
siSma- polarization is incomplete, so ~or purposes o~ this 
discussion I will use P = 0.20 which is the measured value o~ 
siSma+ polarization at the same kinematics (re~ 2). We can 
reverse our polarization bYreversins the tarsetins ansle. 
The beam polarization is monitored by the siSma- --> N + PI­
decay mode for which we have excellent statistics. We can, i~ 
necessary, reverse the beam polarization every pulse in order 
to ave raSe over anydri~ts in the apparatus which could cause 
systematic effects. Our ability to measure the beam 
pblarization in the E-497 data clearly demonstrates that 
systematic errors are well under control. 

In this discussion I will restrict myself to measured 
numbers in order to estimate rates and sensitivity. As the 
result o~ this WORST CASE analysis will show, we can make a 
definitive measurement in a sinsle very short run. The 
apparatus is shown in Fisure 2 and a summary of the discussion 
below can be found in Table 1. 

At 3 mrad production ansle with 3El0 protons on tarset 
and 2~0 GeV/c hyperon momentum our sisma- trisSer rate in 
E-497 was 5000/pulse. These trisSers are mainly sisma- decays 
with a small contamination of cascade- and K- decays. Table 1 
shows the rates per pulse for the four decay modes contained 
within the siSma- triSSer. FollowinS in the table are the 
various ef~iciencies for each of the decay modes. The rates 
at the electron TRIGGER and OFFLINE electron stase are shown 
as well as the final ANALYZED rates. The leptonic triSSer . we 
will use will reQuire an electron siSnal ~rom the lead Slass 
array. The lead slass has a hole in the middle for the decay 
neutron and a Seometrical e~ficiency of 46% for decay 
electrons. Assumins a reJection factor of 50 for pions 
relative to electrons at the triSser level Yields a trisSer 
rate of 38/pulse. At the electron TRIGGER stase leptonic 
decays are 4.4% of the events. 

OFFLINE I assume we can achieve the same PI-/E- reJection 
factor as E-400, i.e. 200/1 (ref 3). More than 70% of the 
siSma- trissers survive our track findinS alsbrithm. Most of 
the 30% which fail are in fact sisma- decays uPstream of our 
fiducial volume. 97% of events which survive track findinS 
make Sood fits to either the siSma- or cascade- hadronic decay 
modes. 46% of the leptonic events also make acceptable fits 
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to the sisma- or cascade- hadronic deca~ modes. De~inins an 
ANALYZED event as one which ~its neither hadronic deca~ mode
~ields a sample which is 74% leptonic decays. The ra'te o~ 
anal~zed leptonic deca~ events is 0.56/pulse. 

In addition to the electron trisSer described above we 
will also take approximatel~ 50 sisma- triSSers per Pulse. 
These events allow us to monitor the siSma- beam polarization. 

The result o~ the above trisser and anal~sis scheme is 
0.56 Sood sisma beta deca~s per pulse or 1.7E4 in a t~pical
week (3.0E4 pulses/week). In addition there will be 1.0E6 
sood N PI- events ~rom the siSma- triSSers. 

For the purposes o~ this estimate the electron alpha 
parameter (~c) is calculated ~rom the UP - down as~mmetr~ 
( Ac ) ~or leptonic events. Since the N PI- and leptonic 
decay modes are kinematicall~ similar man~ s~.tematic errors 
will cancel in the ratio o~ the UP down as~mmetries for 
these two modes. 

(1) 

The absolute normalization o~ the as~mmetr~ scale is siven b~ 
the known value of the alpha parameter in the N PI- deca~ mode 
( ~~r= -0.068 +1- 0.008 ). A~ter correctins the alpha 
parameter for the N PI- back round a 3.4E4 event sam~le will 
~ield an ~ncertaint~ in as~mmetr~ o~ +1-0.09. This. is to be 
compared to the current world average value of 0.27 +1- 0.18. 

Recall from fiSure 1 that two possible values o~ the 
electron alpha parameter are consistant with the lJ,eaSI.J red 
value o~ the masnitude o~ Sl/fl. The value predicted by the 
Cabibbo model is -0.768; the other is +0.352. 

The table below t shows the val'.Jes of the UP down 
asymmetry we would observe ~or the N PI- decay mode and the 
two possible electron alpha parameters. 

MODE ASYMMETRY BEAM POL EVENTS 

N PI- 0.0087 +1- 0.001 0.20 10001'.. 

N E- NUE 0.0261 +1- 0.005 0.20 34k 

N E- NUE -0.0487 +1- 0.005 0.20 34k 

We believe that s'lJ~tematic errors in the observed as~mmetr~ 

are o~ the order of 0.001. 

We would run 3.0E4 pulses each ~or positive and negative 
tarSetins anSles to collect eaual samples with the sisma­
polarization UP and down. We would also take a point at zero 
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targeting ansle as a check of systematics. 

Thus a three week run will yield a 3.4E4 event sample of 
sigma- leptonic decays and a measurement of the alpha 
parameter to +1-0.09. At this level of precision we can 
distinguish between the two possible values of the electron 
alpha parameter by more than 12 standard deviations. 

The only externally measured number we must use in our 
analysis is ~N~. The measured sign of this parameter is not 
generally considered in Question but if this beta decay effect 
is confirmed this issue may need to be reopened. However, 
even if we were to Question the validity of the sign of this 
measurement we can distinguish between the two possible vaules 
by more than 4 standard deviations by comparing the absolute 
value of our measured alpha parameter to the absolut~ value of 
the values predicted by figure 1. 

There are several possible improvements for the design 
sketched above. The apparatus should easilw handle twice the 
beam on target (6E10 instead of 3El0). This will almost 
double the yield. The pion reJection in the lead glass can be 
made significantly better than 200/1 (ref 4), thus reducins 
the back round even further. 

The following institutions and phwsicists are committed 
to this proposalS 

Yale University P.S. Cooper, L.J. Teig 

Fermilab C. Ankenbrandt, A. Brenner, 
J. Lach, J. Marriner 

Iowa State Univ. W. Anderson 

University of Iowa E. McCliment 

LeninSrad Nuclear 3 Physicists 

PhYsics Institute 


Univ. of ChicaSo R. Winston 

There is the possibility of a graduate student from Yale, a 
graduate student from the University of Iowa, and a research 
associate from Fermilab also participatinS. 

We would like to make this measurement in the sprinS 1982 
running cycle, after the completion of E-630 in Proton Center. 
The hyperon apparatus can be installed and checked out in 
three to four weeks; data taking will reauire three weeks of 
beam. The online and analwsis programs reQuired for these 
data alreadY exist. If siven the opportunitw to take these 
data in the spring of 1982 we should be able to publish a 
final result within one Year. 
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We are able to accomplish this measurement in such a 
short time because most o~ the experiment is presently set up, 
but not installed, in Proton center. The ~ast electronics and 
online computer are still larsely intact ~rom our E-497 run. 
The e~fort reGuired to install this experiment is modest 
compared to the installatioM o~ a totallY new experiment. 
Furthermore, our time estimates should be Guite realistic 
since this will be the third time we have installed and 
checked out this apparatus. THe only major new work we must 
do is to assemble the lead slass array. We propose to do this 
in the lab be~ore the run. We will be able to sain-balance 
the lead slass with a lisht pulser system before the run so 
that only the absolute calibration need be determined from the 
data while we are running~ We believe that even i~ the total 
Fermilab 1982 HEP run is less than 20 weeks we will be able to 
accomplish this significant piece of phYsics. 

A resolution of this auestion is of major significance. 
If the Cabibbo model is truly incorrect then the implications 
are far reaching. Alternatively if the previous experiments 
are in error then the sooner this heresy is laid to rest the 
better. 

Sincerely yours, 

Peter S. Cooper 
Assistant Professor 
o~ PhYsics 
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Figure Captions 

1. 	 The current world data for the electron alpha parameter in 
sisma- beta decaw is summarized. The solid curve is alpha 
as a function of the form factor ratio sl/fl. Recoil and 
weak magnetism corrections are included. The values of 
the electron alpha parameter consistent with the measured 
magnitude of the form factor ratio are shown together with 
the four existing measurements (ref 1) and their average. 
The abscissa for the measurements is not significant. 
Also shown for comparison is the size of the error bar 
which will be produced by this measurement. 

2. 	 A schematic lawout of the experiment is shown. This is 
identical to the configuration used for E-497 and all the 
apparatus is the same except fo~ the lead glass array 
which is reconfigured. 



Worst Case Rate Calculation 

Primar'!:l beam: 

H'!:Iperon beam: 

Ileca'!:l modes: 
KE3 
SNPI 
LEPT 
CASC 

Rates: 
SIG- trigger 
Lead glass e·rf 

trig'ser 
'seometr'!:l 

deadtime 

TRIGGER 

offline PbG 

OFFLINE 

track eff 
kinematic eff 

ANALY,ZED 

400 	GeV/c 
3E10 

1 sec 


250 	GeV/c 
300k 

25k 


5k 

K- ---)­

SIG- ---> 
SIG- ---) 

CASC- ---) 

momentum 
protons per pulse 
spill length 

momentum 
back round muons per pulse 
beam particles 
PI- I 
19k I 
SIGMA­
PI- I 
150 I 

K­ I SIG­ I CASC­
800 I 5000 I 200 
trig'sers 

K­ I SIG­ I CASC­
50 I 4700 I 100 

B.R. 
PIO + E­ + NUEBAR 4.8% 
N + PI­ 100X 
N + E­ + NUEBAR 1.08E-3 
LAMBDAO + PI~· 100" 

1---) N + PIO 3S.8X 

KE3 SNPI LEPT CASC 
0.25 4700 5.0 35.8 

0.90 0.02 0.90 0.02 
0.24 0.48 0.46 0.48 
0.80 0.80 0.80 0.80 

0.04 36.10 1.66 0.27 

0.90 0.25 0.90 0.25 

0.04 9.03 1.49 0.07 

0.70 0.70 0.70 0.70 
0.43 0.03 0.54 0.03 

0.01 0.19 0.56 0.00 

notes 

1. 	 all rates are pet pulse 

2. 	 track efficienc'!:l is the probabilit'!:l that an event 
passes track findin's 

3. 	 kinematic efficienc'!:l is the probabilit'!:l that an 
event does not fit either the SNPl or the CASC 
deca'!:l h'!:lpothesis. 
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