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The rate for Ke2 decays (K - e v) is a severe test of the V—A theory
of weak interactions. The K meson can couple to the vacuum (leptons)
either as a pseudoscaler (P) or axial vector (A). The ratio of the Ke?

rate to the Ku2 rate is:
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where C7 1s an experiment—dependent electromagnetic correctiong zn this

experiment Cy = 0.861. For pure A-and pure P we have:
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Two'other groups have performed this experiment, Mann et al.(3) aﬁ the
Princeton—Penn accelerator with 7 + 4 events and Jones et al.(h)-at'Oxford
with 10 13T, |

- The experimental setup at the Bevafreﬁ is shown in Flgure 1. A double
focused electrostatically—separatea K' beam of momentum 540 MeV/e t 2% vas
stopped in a polyethylene target. The n:K ratio was 50:1 after separation.
The kaon beam passed through & 3 mm sciﬁtillator (s1) ana a 5 mm Lucite
threshold Cerenkov counter (Cﬂ) located at the mass slit. The Cerenkov
counter was used to veto pions in the feam. The beam entered the
spectromefer magﬁef'on the axis, passed through a 6 mm scintillator (SZ),
a 27 cm Be degrader, a 3‘mm sciﬁtillator (s3), a b—gap sparkbchamber, and
stopped in a.70 mn long x'3l mm diam. polyethylene stopper located lz.cm
downstream of the median ﬁlane’of the magnet. The stopper was covered on
the side and downstream surfeaces by.a 3 mm thick sleeve scintillaﬁor,

Beam plons were rejected by time of flight (S1-S2), a count from C., e
pulse "less thanvz x.minimum in 83, or a promptvcount from Sk.

Decay secondaries were allewed one oreit in the MS spectrometer. The
magnetic field was shaped'sQAfhat particles leaving the stopper with polar
angles in the range 70?;1150 were focused back to a point on the magnet
axis 12 em_upstream of the medien plane. The field in the center of the
magnet for Ke2 runs was 18,600 gauss, decreaéing;te 15,700 gauss-at the

maximum orbit radius of 90 cm. The design of the trigger system was based
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on the'faét that, of the charged‘particiés froﬁ all Kédecay modes, the
electrons from Ke2 decays have the highest ﬁoméhta, and hendé will reach
the largest radii in tﬁe'magnet. Sééondaries in a‘ﬁomentum 5ité of

AP/P = flO were requirea to péss throughvat least one 6 mm X 80 cm X 13 em
scimitar—shaped countéf at an évérage'spherical radius of 80 cm from the
magnet center. These counters were shaped to give a sharp lower momentum
cutoff to exclude triggers from Kﬂevn¢ decays. There were nine such outer

radius counters, (0) each in timed coincidence with the corresponding

 members of an l8—scintillator hodoscope (1) of 3mm x 8 cm x 50 em counters

at 20 cm radiusf Orblts in the proper momentum and angular bite startlng
at the stopper passed through Sh and at least 10 cm of a 300 p51 ethane
gas Cherenkov counter (E)l an T counter, and a cyllndrlcal Iour—gap spark
chamber at 24 cm radius. With eaéhvb counter Was avsét‘of two two—gap
fosm plate spark chambers. Rétufning td the axis of the magnet, the
orbiting particle passed again through the cylindrical spark chamber and
an I-hodoscope counter approximaﬁely 1800 from the outgoing track, and into
a 38 mm thick iead sleeve of 18 cm outside radius, in which electrons were
preferentially absorbed. Inside the lead sleeve was a smaller cylindrical
spark chamber in which survi?ihg muons were identified? Within this chamber
was a 6 mm cylindricalrscintiliator (M) to furthéf identify muons.

The ethéne Cherenkov counter efficiency was calibrated in a test beam

and then checked during the run using Ke3—decay electrons at 145-160 MeV/é;

both procedures gave an efficiehcy of 0.98 for detecting electrons.”
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The spark chambers were triggered on a stépping K'(SL—SZQS3¥E£¥§h),
with a delayed decay and grbit (Sh—Ii—Oj—Ik) signature and an electron signal
(E). An M pulse in coincidence with the orbit signature 1it a light which
was photographed wiﬁh ﬁhe spark éhamﬁers. |

Chembers on the inner radius (dﬁt't§ 26 cm) vere viewed directly
through a hole iﬁ tﬁe magnet ﬁolétip. Oﬁtér—radius chambers were seen
through a fisheré‘optical system, wiﬁh a maximum demagnifieation of 30@:1.
All events were scahned and measured with a compu£er—controlled precision
CRT scanning systéﬁ (sASS); spatial and momentum reconstruction were done
on a CDG—6600 cémputer. Each evént was required to have the secondary
orbit originate in the stopper and to have x2 < 3.5 per degree Qf freedom
‘for the orbit fit.

Analysis of 60% of the data yielded 45,000 candidates for Ke2 decays;
the se¢on&ary momentum spectra for these candidates 1s shown in Figures z2a
and Zb for events with and without a signal from the M scintillator,

respéctively. Most of these candidates are background from KuZ2 decays with

a delta ray or an accidental count in E. To effect the background subtraction,

events with secondary momentum P > 235 MeV/c were rescanned and classified

as either electron candidates (Figures 3b, 4b) or muon events (Figures 3a, ka),

according to the appearance of the track in the‘cylindrical chamber within
the lead cylinder. Muons were identified with 95%'accuracy, while 1% of the

electrons were identified as muons. The shape of this muon spectrum
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was used for the.background subtréction after normalization to the electron—
candidate spectrum in the 235, 236, 237, 238, and 239 MeV/c biﬁs. The Ke?2
spectrum after backgroﬁnd subtraction‘iSIShbwn in Figures 3c, be and 5.

Normalization rﬁns for the KuZ rate were made with the magnet set to
capture Ku2 events, without the electron requirement. Overall normalization
was made to the numbervof K decays (Sl;SZ—S3¥5ﬂ—§h) in each run. The KuZ
secondary momentum speétrum is shown in Figure z2c.

The Kp2 distributidns have a measufed center éf 233.7 MeV/c, 1.9 MeV/c
low, due to a magnet calibration error. .The center of thé electron distri-
bution exclu&iné bremstrahlung was'therefore ﬁaken to be 2hk5.0 MeV/c.

Outer bremstrahlung required a significant correction to the observed

~ rate because the electrons passed through an average of'.O93O radiation

lengths before.the midpoint of the orbit; only 0.638 of the electrons lost
less than 5 MeV/c dﬁE'UJth&E effects.(5) Corrections for virtual photons
and innef bremstrahlung givé an additional factor of 0.861(1).

From 60% of the data so far analyzed, 66 % 11 electron events with
momentum greater than ZMQ MeV/c have been found.in 72.3 x 106 sfopping K
decays.

In calibration runs, 6270 muons with momenta from 229 to 239 MeV/c

have been found in 89,956 K decays. These numbers lead to a relative

. . m
. branching ratio of 2.15 * .35 x 1077, Assuming that lfpl < |-= fAl, with

fp and f relatively real, this branching ratio implies

A
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FIGURE CAPTIONS

(a) Spectrometer side view.
(b) Axial view of spectrometer; section taken through -
‘median plane of -the magnet. A typical muon orbit

is shown.

Secondary momentum spectra: _ _ v

(a) " Data taken with Ke2 trigger accompanied by a'signal'

. fram the M scintillator. |

(b) Dapa.takén with KeZ trigger, not accompanied by av
signal from the M scintillator.

(c) Data taken with Ku2 trigger (M required), for

normalization.

Data from Flgure Z2a (Kez trigger, accompanied by M signal),
after visual classification into muon and electron categories:
(a) = Muon events. '

(b) Electron candidates.

(c) Electron events after background subtraction (see text).

Data from Figure 2b (Ke2 trigger, not accompanied by M signal),
after‘visual classification into muon and electron categories:
(a) = Muon e%éntsf

(b) Electron candidates.

(¢) Electron events after background subtraction (see text).

Final electron spectrum (sum of data from Pigures 3¢ and ke).

The curve is to guide the eye; it has not been fitted.
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