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ABSTRACT

Recent progress in gauge theory of the weak and electromagne-
tic interactions provides a motivation for improving the data on
hyperon beta decays.l The Fermilab neutral hyperon beam is capable
of producing a sample of A B-decays at least an order of magnitude
larger than that used in existing world averages2 per beam day.

The experiment can be performed with the apparatus already in place
for Experiment 8. Hadron rejection sufficient for the purposes of
the experiment can be obtained by operating the E8 lead gléss Ceren-

kov counter in the manner described by Appel et al.3

for the study
of direct lepton production. The experimental setup is compatible
with that for the E8 Ap total cross section, so it can be run as a

short (2-3 week) extension of this run.

*
Principal spokesman




(1) Theory and Motivation

Until recently, the uncertainties in rates and form-factors
for hyperon B-decays, which are of the order 5% to 10%, were well
matched to theoretical uncertainties due to radiative corrections.
The development of the SU(2) x U(l) gauge model permits a calcula-
tion of these corrections. Sirlinl finds them to be of the order
3% to 5%. They depend on the particular quark model chosen to re-
present the hadrons at about the 1% level. There is also a loga-
rithmic dependence on the Z# mass, amounting to 0.5% over the
range 78 < Mz < 200 GeVv., Sirlin argues that remaining uncertain-
ties due to SU(3) symmetry breaking should be less than 1%.

Thus an improvement of our knowledge of hyperon B-decay para-
meters by an order of magnitude could provide a substantially im-
proved test of Cabbibo universality. rAlternatively, the results
can be seen as a test of the gauge theories themselves, or as a
means for getting an experimental "handle" on the details of the
models employed.

Since the experiment can be performed with existing apparatus
and a relatively modest expenditure of beam time, it seems worth-
while. We propose to collect a raw sample of %105 events, to in-
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sure 4 x 10 after cuts, to determine the branching ratio to 0.5%

and gA/gV to .01.

(2) Experimental Layout and Trigger Scheme

Figure 1 shows the experimental layout in the M2 beam. The
arrangement is identical to that for the beam-survey portion of

experiment #8, except that the lead glass Cerenkov counter has been



moved from the downstream end to the position shown and restacked
so as to intercept all electrons from A -+ e vp that traverse the
analyzing magnet. Here it will be employed in a manner similar to
that described in reference (3) to reject hadrons.

The fast logic will require, in addition to the "electron"
signal from the lead glass, an event that originates in the decay
volume and deposits a positive particle in a relatively small area
(25 cm x 20 cm) of the downstream proportional chamber. This logic

is a strong selector for a A-decay with Ep > 100 GevV.

(3) Hadron Rejection and Electron Detection Efficiency

Appel et al.3 have shown that a total-absorption lead glass
Cerenkov counter can be operated in a mode that rejects hadrons by
better than 2 x 104, while retaining an electron detection effi-
ciency of better than 80%, over the range 20 < E < 80 GeV., Their
counter is preceded by two radiation lengths of lead and divided
longitudinally into layers of depth 6, 6 and 12 radiation lengths,
the shower being nearly complete in the first two layers. Hadrons
are rejected by requiring:

(1) A signal substantially above minimum in a scintil-

lation counter following the lead.

(2) A high signal at the 6 Ly depth in the Cerenkov

counter, where the shower reaches maximum develop-
ment.

(3) A cut on E/p, where E is the total shower energy

and p is the magnetically determined momentum.

(4) Cuts on longitudinal shower development.



A loose threshold for criterion (3), plus criterion (2), al=-
ready provides a trigger that rejects hadrons by a factor of about
1000.

Our lead glass counter may be conveniently rearranged into 5
layers of depth 3 LR each. The range of electron energies covered
is 5 < E < 50 GeV, with a distribution that peaks between 20 and
25 GeV., Because bend angles in the magnet are an order of magni-
tude larger than decay angles, there is a strong energy=-position
correlation in the counter which may be exploited in trigger thresh-
olds. Assuming that hadron rejection scales inversely as energy
resolution, i.e. as vE, we should be able to match both the final
rejection and trigger quality of reference (3) to within a factor
2. This is more than adequate for the experiment as it assures
that even without kinematic analysis the A + pm  background will
be reduced to about 10% of the signal. ‘

Hadron rejection will be monitored in real time by removing
the trigger criteria for a preécaled fraction of the events. This
will also provide a measurement of A - pw— against our beam moni-
tors, required to obtain the branching ratio. Our mass resolution
(v5 MeV) is adequate to identify A - pnm  in the final data sample
as an internal check. To avoid limiting systematic errors, hadron
survival through all cuts must be determined to within about 2%,
and monitor calibration to 0.3%. Both of these goals seem reason-
able.

The limiting systematic error in the experiment probably comes

from determining the electron detection efficiency of the Cerenkov



counter. This will be done by inserting in the beam a lead conver-
ter sandwiched between scintillators to convert beam y's. The
small opening angle of the pairs insures a beam sample of e  that
nearly matches the energy-position profile of e from A beta de-
cay at the lead glass. We propose to perform such a calibration
once on each data tape, i.e. at roughly 2-hour intervals. Opera-
ting in this mode for 10% of the run time should produce a sample
an order of magnitude larger than the final data sample. If the
efficiency of 80% reported in reference (3) is achieved, we must
determine the electron "loss rate" to an accuracy of 2% to match

our statistical error.

(4) Geometric Biases

Electrons that decay forward in the A center-of-mass have a
high efficiency for entering our magnet aperture (v94%). Since
the electrons are relativistic in the c.m. frame, the decay geome-
try is independent of the center—of-mass energy. The only c.m.
spectrum bias comes from the elimination of electrons of less than
5 GeV, which are swept into the magnet coils. Approximately 5% of
the electrons are lost this way, nearly all from the lowest guar-
ter of the ¢.m. spectrum.

If events from the backward hemisphere are accepted, these
efficiency figures drop to 68% and 80% respectively. They increase
the data sample by only 15%, while necesgitating accurate Monte-
Carlo estimates of detection efficiency.

Because of the kinematic ambiguity in the O0-~C reconstruction

of the events, for some fraction of the sample one solution will




lie in the forward hemisphere, the other in the backward. This,
however, presents no serious difficulties in the final data analy-
sis if the geometric cut is taken into consideration in the nor-

malization of the distributions used in the likelihood function.

(5) Event Rates and Beam Time

The branching ratio? (A + e np)/(A ~ 7 p) = 1.28 x 10" 3. The

forward-hemisphere cut reduces this by a factor 2 and eliminates
the distinction between detection efficiencies for the two modes.
Assuming a hadron rejection (at trigger level) of 400 and an elec-
tron detection efficiency of 80%, we obtain a ratio of (n trig-
gers)/ (useful events) of 5/1.

The downstream chamber trigger insures a very clean sample of
A decays (the observed singles rate in this chamber comes predomi-
nantly from protons from A decay). In particular, flux, decay
kinematics and lifetime reduce the trigger rate from Kg > nteTv
to 10”2 the A rate, or 2% of the "useful event" rate, and the gas
Cerenkov counter eliminates these efficiently. |

"Useless" triggers include accidentals, which at the proposed
beam rate should be no more than a few percent, and events which
are geometrically incomplete due to MWPC inefficiency. Assuming
we can achieve efficiencies of no better than 97%, an assumption
we regard as conservative, we would lose 15% of the sample. Thus
it seems safe to assume that ~70% of our triggers will come from
geometrically reconstructable A-decays, giving data tapes that

contain:



Useful events 8%
A+~ pr 40%
Backward e , misc. triggers 2%
Prescaled "loose" triggers 25%
Useless triggers 25%

Our spectrometer is computer-limited €0 “d50 triggers/pulse
(data taking halted to wait for free buffer). This is well below
the beam limit, so beam rate can be adjusted to give this many
events on nearly every pulse. Assuming an average of 200 triggers/
pulse, we should obtain 15 useful events per pulse. We can thus
accumulate the desired sample in 7 x 103 pulses, or no more than
a few days. Allowing a week or two for beam and trigger tuning,
it should be possible to complete the experiment in three weeks of

beam time, even if our rate estimates prove highly optimistic.

The experiment requires about 2 x 104 A-decays per pulse,
which can be achieved with 5 x 108 PPp on target. The limit for
the M2 beam is in the range 109-1010.

The lead glass counter is not needed during the A total cross
section run. Thus the lead glass can be restacked and tested in

place while this run is in progress.
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Fig.1 (transverse scale 8X longitudinal scale)
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TO: T. Groves
FROM: L. Pondrom

SUBJECT: Addendum to Proposal #361, A+pe v

1.) Reasons for this Addendum

The neutral hypercon beam in the M-2 line at the Meson Lab has
been successfully operated, and yields for A°, and K; have been
measured, allowing calculation of the A°»pe v signal and the
K£+n+ehv background rate. In addition the decay =°+A°7n° has
been detected in the beam, and the flux of =°, which gives a
daughter A° which is 40% polarized, is roughly known.

In the proposal the electron detection and hadron rejection .
are discussed in terms of the lead glass array, which would have
to be moved from its present location 17 meters behind the spec-
trometer magnet (the last component in the apparatus) to a place
about 4 meters behind the magnet, and would have to be re-stacked
in a new configuration. It seems feasible to leave the glass as-
is, use it for tagging those A°*pe-v which are daughters of
=°+A°m° (the glass would detect the m°+yy in the manner it now
does), and to identify the e after the magnet by detecting the
X-rays from synchrotron radiation in the magnet.

2,) Yield Data
The maximum available 300 GeV diffracted proton beam flux in

the M-2 line is 10%/10%2,

12

Even for the typical incident proton
fluxes of *3x10~“, however, useable beam has been restricted to
5108 protons/pulse by background radiation of uncertain origin in

the Meson Lab detector building}/,mhemmeasuxaﬂ yield is

(A°»pr ) = 4000/108, which give§ 3A°+pe v /108, compared to 15/pulse
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quoted in the proposal. Such a rate is still substantial, giving
%4x105 beta decays in 200 hours. The Ki flux in the beam has been
estimated from the measured K;+ﬂ+ﬂ— decays to be 2000 K£/108 at
a mean momentum of 100 GeV. For a 10 meter decay volume, this
leads to (K£+ﬂ+e“v)/(h°+pe"v) n~ 1/2, This bacquoﬁnd is no pro-
blem in the trigger rate. Suppression of K£+wev in the beta decay
data sample must rely on kinematics and the m-p discrimination
furnished by the threshold gas cherenkov counter already operating
in the apparatus. This counter rejects protons below 160 GeV,
while counting pions above 26 GeV with full efficiency. Further
handles on the Kg background are furnishéd by the decay vertex dis-
tribution and by the presence of the charge conjugate mode
Ki»w_e+v, which can be separately isolated and studied. Some pro-
gress might be made with the K°+p-e+v samplé, which will be pre-
sent at the 1% level relative to the A° decays.
3.} Electron Identification and Pion Rejection

A 10 GeV electron passing through the E-8 analyzing magnet
(po=1 GeV/c) loses AEg?SO keV by synchrotron radiation, predomi-
nantlv in the X-ray region between 1 and 100 ke V. This enerqy
spectrum is similar to the one emitted in transition radiation when
an electron passes through a stack of foils, and has been detected
by several groups using MWPC's filled with Xe or Kr gas. A care-
ful discuséion'of detection efficiencies has been given beruan.l
To my knowledge no one has proposed combining synchrotron radiation
with ¥-ray detection in MWPC's to identify electrons from a dif-
fusé source, although the use ¢f synchrotron radiation and scin-
tillator detectors for electron Beam tagging has been suggested

by Busza, et a1.2 It seems quite feasible to use a Xe filled MWPC

behind the analyzing magnet in place of one of the normal argon




chambers to detect synchrotron radiation X-rays with high efficiency
and to exploit their number and pulse height as a trigger signal.
The fact that these X-rays are in the plane of the electron orbit
furnishes a further handle in background rejection. For example a
10 GeV electron will radiate about 16 X-rays between 4 and 100 KeV,
and a 2 cm thick MWPC filled with Xe gas at STP should detect about
10 of these X-rays on the average. A 10 GeV pion will lose a total
amount of energy AE“=(me/mﬂ)4 AEe, which is completely negligible.

The expected detection efficiency for a fixed amount of Xe
gas and various electron energies is now being calculated. Abun-
dant electron data are in hand with the present set-up and argon
gas in the MWPC's., Synchrotron X-rays are clearly visible in the
chambers, although no effort was made to detect them when the data
were being taken,

We now propose to replace the argon chamber (30 cm x 60 cm
active area) immediately behind the spectrometer magnet by one
filled with Xe, and to trigger on electrons bf requiring the syn-
chrotron radiation X-rays to ring up. The lead glass array would
then remain in its present location to detect y rays from 7m° decay.
4.) £E° Decay and Polarized Daughters

The decay chain EZ°+A°n°, A°+pn , w°+yy has been observed in
the present apparatus at a level '\:10“3 relative to A°+pw—. The de-
tection of the two vy rays is about a factor of three below that
expected, because of large hadronic splashes in the lead glass,
which may be partly alieviated by removing one lead glass block.
Optimistically, then, 1/300‘of the detected A°+pe v sample will

have a 40% polarization, or about 1200 in 200 hours of data.
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5.) Requested Running Time

Based on the present M-2 beam intensities, we request 300
hours to study A°+pe v, polarized A°+pe v, and K°+pe’v. This
should give 200 hours of good electron trigger data, resulting

in approximately 4 x 10° A's, 1200 polarized A's and 400 A's. -
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