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• THE BRANCHING RATIO K - ev/K - 
A TEST OF V—A THEORY OF WEAK INTERACTIONS 

• 	John Frederick McReynolds 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

September 16, 1970 

ABSTRACT 

An optical spark chamber experiment utilizing an axially focusing 

cylindrically syimnetric spectrometer ha gathered.62.6 ±11K - ev events, 

giving a branching ratio Ke 2  Ki2  = 2.32 ± .39 x 1O, and setting new 

limits of 

f 	 i'I 
0 < 	< 1.75 x lO 	or 1.82 x 1O < 	< 2.12 x lO 

A beam of 500 K+/pulse with K/ = .002 from the Bevatron External 

Proton Beam was stopped on the spectrometer axis. Charged particles over 

. of 	were allowed a single orbit in the spectrometer. Such particles 

in a 12% momentum bite passed through a 300 psi ethaneCherenkov counter, 

a scintillator and spark chamber array designed for ± 1% momentum analysis, 

and into a lead cylinder, spark chamber, and scintillator array designed 

for muon rejection. 

Events were scanned and measured on SASS, an automatic scanning 

system. A total of 150,000 events were measured, analyzed, and 

kinematically reconstructed. These events satisfied trigger require-

ments for Ke 2 , for K - charged particle + 	and for normalization to 

KI 2' K'C2 and Ke3. 



The Vector—Axial Vector (v—A) theory has had wide success in 

predicting results of weak interactions, in measurements of decay 

parameters of various particles into lighter particles and in i and e 

capture by nuclei. Such experimentscover nuclear p—decay and all of 

the long—lived elementary particle decays (e.g., i, it )  K, n, Al  ). 

While V—A has in general predicted the observed decay rates, the 

possibility of a large admixture of pseudo scalar, scalar, and tensor 

(F, S, T) interactions cannot be ruled out without high—orecisiorl ex-

periments. This experiment is a measurement of the pseudo scalar 

contamination. The companion experiment to Ke 2 , the ice 2  has given a 

branching ratio of (1.25 ± .03) x 10. If the interaction were pure A 

(there is no V, S, or T contribution in this interaction as the it is a 

pseudo scalar coupled to the "vacuum' t  of pure leptons), the branching 

ratio would be calculated to be 1.25 x 10, while if the decay were 

pure F, the rate would be 3.5. This result indicates fp/(mefA/mit) = 0 
rn 	2 

[or —2, as 5 and  A  enter the decay rate as (5 + 	 • The purpose 

of this experiment is to test for changes in the interaction due to 

strangeness or due to a momentum—transfer dependence in 

5 [if f = f (q2 ) perhaps 5 (m2) 5 (4)]. The V—A prediction 

for the branching ratio (K - ev.)/(K 	v) is 2.22 x 10, including 

radiative corrections. 	. 	 . 	. . . 	. 	. 	 . 

..  ' i2" 
Two other groups ' ' have performed ke 2  searches as addenda to 

K - ic 0ev experiments, with a total of 17 .± 7 events. This experiment 

was planned to pick up 500to 1000 such events, requiring a spectrometer 

+ 
of wide angular acceptance, as a beam of 1000.stopping K /pulse in a 

7 gm/cm2  range bite was the maximum available. 
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II.• THEORY 

A. •K ev (without electromagnetic effects) 

The generalform of the interaction M -, Lv 	(meson lepton.+. 

neutrino) according to the current—current theory of weak interactions 

is 

< Lv I H 	M > = Z C < Lv I 	I 	> 	P1  I M > w 

where H  is the complete weak Hamiltonian, the i = S, P, V, A, T, the C. 

reflecting the strengths of interaction, the P1  the particular form of 

interaction, and I * > < 	is.  the sum over intermediate states. Possible 

states are p A > or n Z>. 

As noted before, only P and A are consistent with parity and angular 

momentum conservation for M, a pseudoscalar spin—zero meson. A is an 

axial vector interaction, hencemust be coupled tothe only vector• 

available, the momentum transfer to the lepton pair,q = q + , normalized 

to the meson mass, and a functionof the. meson mass. By Lorentz invariance 

its form is 

CA<*I 	IM>ifA()x(2)3/2 

mM is chosen to make f
A 
 dimensionless and to introduce no tmnewT?  numbers, 

as 
2 

mM 	mM mm  

P, a pseudoscalar, is only a function of the meson mass. 

CF  < 	I PA  I M> = i f 	(m) x (2t)3/2 
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The lepton currents are 

<v I 	 U(P) 75 	AL2m/(2)3 

I 	> = u(p) 7 7 V (p ) 2m /(2) 
e 	 v 	v 

Using the Dirac equation, (q '' 
+ m)J £ > = 0 and q 7 I v > = 0, 

which causes the m factor multiplying f, the decay rate can be easfl,y 

calculated 

•i2 	22 	
•2 

P(M-.v)= 	
(mM_rn2 	

AP 
MM 

For the v meson 	 .• 

• 	 2 	•2 	
1 -f +f 

'rn-rn 	'rn 	A 	P 
-+ ev) 	c 	e  

2 	2) 	 2 
-' 	 m - m 	rn • 	 •' 	

f 	+•f 
m A P 

Thus 

• R (pure A) = 1.25 x lO 

R (pure p) = 3.5 

For the case that both A and P are non-zero, R can go as low.as zero 

(with f/( 	A= -1) and as high as the pure P ratio 

In K decay the.situation is slightly different as CA  and C are 

reduced by the Cabibbo factor, which applies equally to Ke 2  or Ki 2 . 

Thus, assuming lepton universality in K and A decays, the fomula for 

RK should be the same as for the pion, changed onlyby themeson mass. • 
f: 

\ 
• 1  

2 	2\2 	
m 	 2 	
._ f+ f\ 

P(K-'ev) 	/mKme 	rn 	
A 

P(K 	v) 	k -rn 	•. 	m 	• 	• 	 - 
_f+fJ • 
mKA P/ 



R(pureA)=a.58x10 5  

R (pure p) = 1.10 

B. Electromaietic Corrections (5,6,7) 
= 

The relative decay rates are changed due to exchange of virtual 

photons, which changes the mass. of the lepton, and the emission of real 

photons of low enough enerr that the decay secondary.remains within the 

experimental momentum resolution. 

The renormalization due to virtual photons is actually a statement 

that the weak interaction operates on lepton "bare' t  masses. This results 

in a factor, calculable from quantum electrodynamics (to order a), of 

.2 
fm/me 	 m 

l+=!,e 	° 	1——n--1 	= . 963. 
m/m 	;.. 	 in 

I 	 e 

Undetected inner bremsstrahluiig and corrections to the decay 

operator due to virtual photon emission and re—absorption must be 

calculated together to preserve gauge invariance. This process leads 
_______ 	

(6) to a factor f = 	
+ 	+ - 
	where 

11  

 + b(X) 2 (1— x2+ x2 (8 	5 x2
£ 	[In

2 	 . 	2(1—X2 ) 

+ 2(1 + x2) L (1
-  x2) + 19 - 25 

2  1 - 	. 	 8(1 - x) a 
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= maximum acceptable enerr loss 

in 0  
x=—. 

inK 

2 
b(X) = 	2 nX 

l—x 

and 

L(y) 	I £fl(l —t) dt= — 

TI, =  virtual photon correctionfor lepton £ 

Pe = inner bremsstrahlung correction for lepton £ 

3 1  [—I(X) 	n ~ MK

(
) +22n(l—X2)—) 

- X2  (10 —TX2) £n X + 2 i ~ x2) L (1 - x2) 
+ 15 - 21 

2 (ix 
) 	

1X 	 8 (i—x )j 

1e 	
030 

= 
- 0056 

e =_ 08 5 0  

.0079 

= 881 
 = 893 

.987 

The entire correction is then 

C=fx(1+b).861 

These calculations do not include a structure effect (see Section V.A.). 
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The theoretical ratio is then 

	

R = F(K -, ev) 	- 	
2.22 x 10 	(pure A) 

TH 	F(K - v) 	 - L 91 8 	(pure p) 
44 
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III. EXPERIMENTAL APPARATUS 

A. The Stopping K Beam 

Beam 5b of the external proton beam (see Fig. 1), Channel 1, was 

used with a uranium target to produce 540 MeV/c ± 2% secondaries at 00. 

These secondaries were bent from the EPB by a C-nagnet directly behind 

the target, passed through a quadrupole doublet, a 500 KV, 10 ft. electro-

static separator, a second bending magnet, and were focused by the second 

qüadrupole doublet onto the collimator at the first focus. Approximately. 

3 inches after this focus were placed a 1/8" scintillator (si) and a 

differential Cherenkov countér(C), designed to count it mesons but not 

K's. The beam then passed through the third quadrupole set, the third 

bending magnet and the fouith quadrupole doublet, which focused and re-

combined the beam on the degrader and stopper within the M5 magnet. 

One-half inch before the degrader (11" beryllium) was placed .a 1/2 

thick scintillator (s2), and directly after the degrader, a i/li" x 1" x 1" 

scintillator (S3).  Beam particles then passed through a 4 x 1/8" gap x 

1-1/8" x 1-1/8" spark chamber and into the stopper, a polyethylene cylinder 

2_1/2" length, 1-1/4" diameter (see Fig. 2). 

The Sl and S2 photomultipliers were plateaued on K's. These counters 

were equally efficient in counting it's or K's, which have approximately 

equal scintillation pulses at 500 MeV/c. However, as the two counters 

were separated by approximately 16 feet, its arrived at. S2 some 5 nano-

seconds before K's, and could be discriminated against by timing by a 

factor of 5:1. The S3 discriminator was set for the larger pulses emitted 

by slower K mesons (30 to 200 MeV/c). (The momentum spread into the 
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degrader was 530 to 550 MeV/c.) This allowed another discrimination by 

about 1 :1. In additiOn the beam Cherenkov counter C was used in anti-

coincidence, for another factor of 5:1. The total it rate in the beam 

was monitored by Si S2 (timed for n's). The ratio was 50:1, giving 

BK a 30% 7t. contamination. (BK = SLK S2 53K 
 c S1K = Si timed for K's,

TC  

S3K S3 signal d.iscrimlnated by pulse height for K's.) 

The stopper, a polyethylene cylinder 2-1/2" long, 1_1/4" diameter, 

was enclosed in a 1/8" thick 3" long cylindrical scintiliator S4, to 

record the charged decay secondary of a stopping particle. 34 was timed 

with respect to BK with S2 timing, requiring the signal to be at least 

10 nanoseconds after the BK signal (about one K lifetime) and not more 

than 70 ns. after BK. The delay between 34 and BK was recorded by a 

time—to.--emplltude converter and a 100—channel pulse height analyzer. 

Large pulses from s4 were set in prompt anti—coincidence to DK, to throw 

out any it which passed lengthwise through the counter. An updating 

gate (Mi) prevented recording any particle which entered the system less 

than 100 ns. after another beam particle. 

The absolute monitor of the K rate was then DKM = (BK) (S4delayed) 

(Mi)( 	). There was no it contamination in DKM. 
large 

B. The M-5 Spectrometer 

The general design of this spectrometer has been described. 8  Our 

basic requirements were a large aperture, a possibility of measuring 

momenta up to 260 MeV/c with ±1% accuracy, a possibility of analyzing 

charged secondaries in a variety of ways, and a relatively low background. 

The spectrometer, similar to one first described by Richardson for 

studying p decay, was an axially symmetric, axially focusing magnet 
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(see Figs. 2,3). Particles starting on the axis and on the central 

plane (plane of synunetry) are focused back to that, while particles 

starting on axis but off the median plane are focused to a region on 

the axis an equal distance on the opposite side of the median plane, 

quite analogous to the focusing of a spherical mirror. 

• In general, only one momentum and starting point, can be focused 

back to an exact point, in accordance with Liouville's theorem. Momenta 

and starting points in the region, of the "object" or first focal point 

are returned to the region of the "image" or second focal point with 

some chromatic (momentum—dependent) and spherical aberrations. These 

aberrations are most independent and must be traded off against each 

other to obtain an acceptable field shape. 

For the purpose of this experiment, a 'relatively narrow momentum 

spread with maximum aperture was needed., as the decay secondaries of 

most interest, K - ev, K - p.v, and K -' ,ut each have a unique momentum. 

For electron calibration purposes, the peak of the .K -* icev electron 

spectrum at 150 MeV was used. The 1&-5 magnet at full power could produce' 

the field needed to capture particles starting on axis with up to 270 MeV/c 

with a maximum orbit radius of 35 inches. With a field of 18,600 gauss 

on the axis, tapering to 15,800 at 35 inches (see Fig. 1) in the median 

plane, Ke 2  secondaries at 2147  MeV/c were captured and focussed.' 

The M-5  pole tip's and current settings were designed by trial and 

error, starting with the ellipsoidal field which was known to give best 

focusing for an on—axis and central plane particle of specific momentum. 

An ellipsoidal field is produced by hyperboloidal iron pole tips without 

saturation. The cases including saturation were computer—simulated using 



- 11 - 	 UCRIr20031 

CTRIM, a program for soiving cylindrically symmetric boundary—value 

problemsJ 	Orbits were stepwise integrated in the generated test fields 

using the ORBIT—ARKThT—FUNCT particle orbit program 	to find a first 

guess for currents in the magnet coils. The magnet was measured at +O 

different field values and orbits again shot to determine optimum 

operating conditions. The CTRfl4 calculated fields differed from the 

measurements at most by 3%, with an overall accuracy better than 1%. 

The magnet was remeasured at the end of the experiment. The field was 

fitted to spherical Legendre polynomials for smoothing, and the fitted 

field used in momentum analysis. 

C. Orbit Identification 

(See Figs. 2, 3, 20) 

The stopper was centered on the axis of the beam, 5-1/2" downstream 

from the central plane. The stopper diameter of 1_1/4" resulted in a 

band 2" wide at the outer radius. From computer simulation of orbits a 

set of nine equally—spaced identical scimitar—shaped counters on the outer 

edge of the orbit was determined to be sufficient to provide an acceptance 

for momenta AP/P = 12% FWHJ4 with all orbits within 2% of the central 

focused momentum having equal acceptance after folding in enerr loss 

and stopper size. This effect resulted in equal acceptance for Ke 2  at Ke 2  

magnet setting and for Ki 2  at the K412 
 setting. The outer radius counters had 

inner edges at•28.'f5" spherical radius to give an equal lower momentum 

cut—off at all polar angles of emission of the secondaries. Particles in 

the momentum bite were accepted from .25 radians below to .50 above the 

median plane. The outer edge of the counters was 5.75" from the inner 
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edge on the central plane, with the same radius cut of 28.75!?, so that 

the spherical radial depth of the scintillators tapered to 4.75" at the 

extremities. 

The light pipes for these counters (see Fig. 5) cannot be described 

in their full majesty and horror. Suffice it to say that light from the 

1/1" scintillator had to pass through two 450  reflections, three bends, 

5 to  9 feet of lucite, and 2 to 30 inches of Pilot B to get to its 

respective photo cathode. The 6810 RCA photomultipliers were placed on 

top and bottom of the magnet. The counters averaged 90% efficiency at 

2300 volts (average). These complicated light pipes are another reflection 

of the problem of packing a large number of devices in a small and almost 

completely enclosed space. These light pipes came out .of the magnet 

between the magnet coils, along with 18 other light pipes and 216 spark 

chamber cables. 

The outer radius counter signals were put in triple coincidence with 

the proper two members of a set of eighteen stave inner (I) counters, 

each 1/8" x 30tt  x 2-1/4", taped together to form a 15"  dia. barrel 

centered in the magnet. Stave outputs were discriminated and added in 

pairs to form an effective nine inner radius counters. 

A typical orbit might pass through Ii, at the start of the measured 

orbit, 03 in the middle, and 15 at the end. The particle precessed 

approximately 160
0  from Ii to 15, taking nine nanoseconds. Hence the 

"start" signal had to be delayed for proper timing. To check for negative 

particles orbitting, the orbit coincidence system could be "reversed" 

(e.g., 15 03 II). The magnetic field was also reversed to check for 

asymmetries in the spectrometer. 
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D. Electron, Muon, and .Ganna Identification 

The stopper, enclosed in its scintillator Sil-, was supported inside 

an aluminum-walled 20 Atm. ethane gas Cherenkov counter, with a .080" 

spherical wall through which orbits exited (see Fig. 2). Light from 

electrons was reflected from a 2-cone aluminized mylar mirror to four 

RCA c-7046 5" photomultipliers behind 1" quartz windows at the downstream 

end of the magnete The signals from the tubes were discriminated and 

added. The electron (E) trigger required signals from two tubes, with no 

tube having a signal greater than 5 times the normal electron signal. 

Large pulses came mainly from pions creating Cherenkov light in the quartz 

windows and knocking on electrons in the degrader. 

Muons were not discriminated against in the triggering. Two 

devices, were used for their identification in later analysis. At the 

end of the orbit, at which .point the particles were focused to the upper 

half of the axis, a stainless steel cylinder filled with lead, 5.5" inside 

radius, 7.0" outside radius, 10" long, was 
I placed with the downstream 

edge at the median plane (see Figs. 2, 3). This cylinder was six 

radiation lengths thick, s.o that electrons generally showered while 

passing through it, while muons were simply slowed and scattered., 

stopping in the opposite wall of the cylinder. 

Within the lead cylinder was placed a 4 gap (3/8" gap) cylindrical 

spark chamber with the downstream edge at the median plane. Within 

this chamber was placed a 1/4" thick cylindrical scintillator (M), 7.5" 

outside diameter, with a light pipe curling out through the hole in the 

upstream face of the magnet, viewed by two photomultipliers. The signals 

were added discriminated, coincidenced with the spark chamber trigger, 
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and displayed with a light on the data box. 

To detect gaimna rays a set of eighteen 3/1" x 12l x 24" counters 

were placedat 36" radius, behind 1/4" sheets of lead (1 radiation 

length). These counters surveyed approximately .3 of 4it solid angle. 

The. counters were discriminated, coincidenced- with the trigger, and 

displayed on the data box, as well as being added together amplified, 

and discriminated to form the.gamma,(G) trigger requirement. These 

counters were needed to study decays of the type K - evy in K - ev, and 

provide a clean sample of K - t°ev events, with o 

E. Fast Electronics and Triggering 

(See Fig. 6) 

As stated before, DKM = (BK)(Sde1ayed). (MT)(iarge 	
was 

coincidenced with 0 and with either E or G to form KOE or KOG, which 

were the two trigger requirements for magnet settings Ke2, 2 and Ke 3  

(see Table 1). For 142 normalization runs KO was required for the trigger, 

achieved by switching B out of KOE. 

Scalars monitored the outputs of MOW, a three—fold scintillator 

coincidence, aimed at the EPB target, BEVJ  the number of BevatrOn pulses 

per run, B, BK, DK, DIM, KO, KOE, KOG, the eighteen possible 0 signals, 

and the Cherenkov counter noise. The scalars were typed out after every 

run. Nominal run lengths are listed in Table 1 and scalar nomenclature 

in Table 6. 	 . 	 . 

The discriminators of the 0, I, and G counters were built at LRL 

and the 0 18—fold coincidence was built by the Lofgren Group. All other 

fast discriminators and coincidence electronics were ChronetiCs (100 

series). 
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F. Orbit Spark Chambers 

Thin plate spark chambers were placed so that the rnnentum of the 

orbiting particle could be determined with high accuracy. The large 

cylindrical chamber showed tracks at the start and. end of the orbit 

while the outer radius chambers (two beside each outer radius counter) 

showed tracks near the midpoint of the orbit. The large cylindrical 

chamber was placed outside the I—barrel of scintillators. It was 20' 

long, .l- gaps, each 1/2" wide, made of .005" aluminum cylinders, the 

innermost plate at 8.125" radius (see Figs. 2, 3). The chamber was 

supported at its upstream end and was q .uite rigid in its place. A 72-

face 70  echelon mirror to measure depth in the chamber was placed at 

the downstream end of the chamber (see Fig. 20a). The downstream end 

track and reflection (outgoing)were therefore more closely spaced than 

the upstream (returning) track and reflection. The mirrors were each 

.85" x 2. 2 H 
 

The outer radius chambers had two 3/8" gaps with foam plates 

covered with .001" foil and viewed through the inner radius edge (see 

Figs. 2 )  3, 9). The outer, upstream, and downstream edges followed 

the contours of the outer radius counters, while the inner faces were 

flat 1/32" lucite at 24.5"  cylindrical radius. 

The large cylindrical chamber was pulsed at 14 kilovolts (KY), 

16,000 picafarads (pf), each outer radius chamber 12 KV, 8000 pf., the 

small cylindrical chamber, 10 KY, 16,000 pf., the beam chamber 4 KY, 

400 pf. The chambers were triggered by a 10 KY gap fired by a 1.5 KY 

thyratron. All gaps had an RC decay of 100 ns. The outer radius 

chambers needed a higher voltage due to line losses in the 25' input 



- 16 - 	 UCRLr-20031 

cables (five 50 fl cables in parallel per chamber). 

The chambers were regularly monitored with Tektronix .519 oscilloscope 

as well as continuously monitored by an alarm system for slow or xandom 

pulses. 	. 

G. Slow Electronics, Camera, and Data Box 

The data box (see Fig. 7) was a set of 64 xenon lights to display 

information on each frame of the film. Four circular lights at the 

outer edge of the data box were the master fiducials. The first row 

displayed the run and frame numbers as two 15—bit  binary numbers. The 

first eighteen lights in the second row displayed the gamma counter 

information, a light on indicating that that gaia.counter had recorded 

a pulse in coincidence with DKO timed to SI-i-. The other twelve lights 

recorded the trigger type, KOE or KOG, the gas Cherenkov counter signal 

(E), the cylindrical muon counter (M), and the K lifetime (eight lights 

in binary—coded decimal). 

The K lifetime wasmeasured by atiine—to--height converter turned 

on by BK and off by D}G'4 timed to sk. This sigaal.was input to a 100-

channel pulse—height analyzer. The PHA sial was coded and displayed. 

on the data box. The K lifetime measurement is valuable to check for 

backgrounds, which appear as prompt or flat distributions. 

The system was gated off for 70 milliseconds after each trigger to 

allow the Flight Research 35 mm camera to advance. The film was Eastman 

Kodak 2498. 

H. Optics 

The inner radius optics, including the large cylindrical chamber 5  

small cylindrical chamber, and beam chambers, was straightforward, using 
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all plane mirrors. The beam chamber was viewed through two 430  prisms 

mounted on its sides, through the hole in the M counter. The large 

cylindrical chamber stereo mirror, viewed through the large cylindrical 

chamber, has been described. The small cylindrical chamber, with no 

stereo mirror, was viewed along with the large cylindrical chamber 

through three large plane mirrors mounted on the upstream end of the 

magnet. The mirror in front of the optics hole in the magnet had a hole 

through which the beam passed. The large cylindrical chamber was viewed 

through a spherical lucite field lens mounted on the chamber. 

Figucials for the cylindrical chambers were Xenon lamp lighted spots 

mounted on the lead cylinder. Beam chamber fiducials were flashlight 

bulbs mounted on the sides of the prisms. 

The outer radius optics 	(see Figs. 8 1  91  Al) was essentially a 

nine—fold synmietric microscope lookingat a dual fisheye. Each outer 

radius chamber pair had two 2-1/2" radius fisheye concave spherical 

mirrors, one mounted upstream, the other downstream, providing a stereo 

approximately 900  apart. The images of these two mirrors were collected 

by two mirrors mounted between the chamber pair, on the fiducial support, 

in the center plane of the magnet at 31"  radius. The light went towards 

the axis and upstream to a flat mirror, through an achromatic lens and 

acutely upstream to the two large mirrors mounted on the front of the 

magnet around and below the beam, then to one of a ring of nine spherical 

8" diameter, 62" focal length astronanical mirrors, thence to the camera.. 

The deinagnification of the inner radius .optics was 100:1. The de-

magnification of the outer radius optics tapered from 100:1 at the near-

to.-the--fisheye end to 300:1 at the far extreme of the chamber. 
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The outer radius fiducials were mounted on the magnet yoke, bolted 

to the upstream end and sliding on a. bolt in a hole at the downstream end. 

This was necessary as the yoke flexed up to .050" at high fields. The 

fiducial panel was mounted at 34.8" in the center planewith a 32.5" 

radius on the face. Eight 1" circles were cut in the face, spaced at 

equal distances above and below the median plane, illuminated from the 

rear by electro-luminescent panels (see Fig. 7). 

I. Access. and Alignment 

As can be seen from the assembly diagrams (see Figs. 2, 3 1  20), 

access to the magnet was somewhat encumbered, the only openings being 

two 20" holes, one filled with the Cherenkov counter and I counters and 

the other with the K beam, degrader, optics, spark chambers, cables, and 

light pipes. Hence whenever any apparatus within the magnet.needed 

attention,.the removable downstreampole tip was backed out on a rail-

road track assembly, christened the "Homermobile" after its designer, 

Homer Allen (see Fig. 10). Moving with and attached to the poie tips. 

were the Cherenkbv counter, the barrel of I-counters, the downstream outer 

radius optics, and the large cylindrical chamber stereo mirror. 

Removal of the pole tip was usually quite easy. Re-insertion was 

typically a slow process of aligning and jacking the ten-ton device such 

that the I-counters, with 1/4" clearance, passed into the large cylindrical 

chamber and around the lead cylinder, and the pole tip, with 1/16" radial 

clearance, passed into its hole. Shims were placed between the sides of 

the pole piece and the hole surface to align the optical system to within 
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.015" (measured radial repositioning error). The position along the 

beam line was always the same, as the pole tip was bolted into place, 

and at maximum field the force on the pole tip was nearly. 600 tons. 



IV. DATA ANALYSIS 

A. Scanning and Measuring 

170,000 photographs were scanned on SASS (Semi—Automatic Scanning 

System), a DDP-24 (8K core) controlled.precision CRT film scanner with 

a 61j. minimum step size developed by the Lofgren Group. A track-

selection algorithm was developed for the scanning program "MISSION 

]4P0SSIBLE!t: 

A fiducial scan (see Fig. 7) gave a grid sep with four 

data box fiducials as the masters for each frame. In 

reference to the data bOx, coordinates were measured for four 

fiducials mounted.. at a radius of 6.25" for cylindrical chamber 

scanning, four beam chamber fiducials and eight gap marks and 

eight fiducials for each outer radius pair of chambers. 

In each frame the data box was scanned and recorded. The large 

cylindrical chamber was scanned as an eight—gap, sixteen—sided 

chamber, seeking exit and return tracks. If exactly .f our "tracks" 

were found with reflections (fainter "tracks") on the clockwise 

side of the heavier tracks and within an acceptable distance 

interval, SASS autnatically proceeded to the outer radius 

chambers. If three or five or more "tracks" were found, SASS 

called the operator for "help", which .was given by light pen. 

If two or fewer "tracks" were found, the event was rejected, 

recording only the data box. 
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3. Having had the proper "tracks" selected SASS proceeded to scan 

the four outer radius chambers opposite the large cylindrical 

chamber sparks, in which chambers outer radius tracks were 

likely to be found. Then the beam chamber was scanned. If on 

any outer radius or beam scan more than one track was recorded, 

"Help" was called. 

14 	The small cylindrical chamber was scanned and all information 

recorded. 

5 	A single 125—word record was written on tape for each event. 

The minimum spark size necessary to record a spark was three 

successive hits; or lBi.t. In the worst case of a 300:1 demagnification, 

this leads to a inimumtrack resolution (spark diameter) of 6 mm. The 

average was six bits, or 11 ma resolved. 

B. Spatial Reconstruction 

Spark tracks were reconstructed in the program KEREC in the CDC 6600 

at a rate of 15 èvents/secónd. Spark widths were ca1ulated from knowledge 

of the number of SASS hits and the demagnification, to obtain experimental 

variances. 

The large cylindrical chamber and small cylindrical chamber measure-

ments were relatively simple with 

.Z 	=Dtan.3A0 +z
LCC 

where D separation of track and reflection and Z. position of stereo 

mirror. 

The outer radius reconstruction was considerably more complicated 

(fish don't seem to have much trouble with fisheyes -- only people. . 
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The basic equations (see Fig. 8, 9) are 

p sin [( + a)/2 ] = 2 tan a [1 + ( p1 2 ) (cos [( 	)/2] - 1/2)] 

and 

€ = P COS [( + a)2] 	p12  - p sin [( + a),! 2 ] cot () 

p = radius of fisheye = 2.5"; £ = distance toachromatic lens 	50J4"; 

= angle of rar crossing optic axis near the focal point, missing by 

distance €; and a = angle of incidence of ray to achromatic lens. These 

equtirs can be approximated to .01% accuracy for a < . 02 

sin (/2) = [(2 tan a)/] [1 - .25 (2 tan2a)/] 

and 

= .712" sin2  (/2) - . 036" 

Calculation of spatial position from these equations and a. knowledge of 

the geometry of the magnet is a simple but tedious process and will not 

be reproduced here. (See Appendix.) 

Sparks which were calculated to fall outside the chamber were fouxid 

to be due to double tracks in the chamber and were discarded. 

For a preliminary orbit fit, a parabolic fit in r—z and a c.ardioid 

fit in r—G were made for each event and events with too large a x2  in 

the fit ('-'1000 with 6-18 degrees of freedom) were checked, dropping the 

spark which raised the x2  most, and refitted, in order to lower back-

ground from extianeous sparks. 

C. Momentum Reconstruction 

Spatial data from KEREC and smoothed magnetic field measurements 

on a 1" x 1" grid were input to KEMOM which utilized the subroutine 

set ORBIT—ARKINT—FUNCT—FIELD to steinte grate orbits in the magnet. 
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0rbits were started at a point calculated to be the maximum cylind-

rical radius of the orbit, hence Pr = 0. Initial conditions with this 

constraint were a momentum estimated from the vector potential at the 

maximum radius, a Pz/P6, and spatial coordinates, calculated mainly from 

ou.ter radius data. 

The orbit was shot in cylindrical coordinates with a continuous 

momentum loss corresponding to muon momentum loss in ' i steps, first 

"ahead" in time, then "backwards", ending at the radius of the LCC tracks. 

Five orbits, separately varying P0 , P, r0, 0, and Z0, were shot to 

calculate derivatives and a x2 minimization procedure was followed, 

• stopping when 2  changed by less than .05 X 	 When such an orbit was 

reached, the orbit was continued back to the stopper within the Cherenkov 

counter, with continuous loss inside the gas and discrete losses in the 

walls and stopper. For correction for the enerr loss in the stopper, 

an approximation to the position of the K decay was made. The orbit was 

run into the center of the magnet (using cartesian coordinates, as orbit 

trajectory solutions in cylindrical coordinates involve a (l/r) term 

which causes errors near r = 0 for discrete integration techniques). 

The beam chamber spark was extrapolated to the region of the orbit and 

the point on the orbit nearest the extrapolated beam. track was ehosén0 

This process had an average error of 0,25" or 1)4 MeV. 

All data calculated by KEMOM, as well as input data from KEREC, was 

packedinto 20—event (3300 word) records on tape for further processing. 

All data was then stored on the IBM Mass Storage System (MSS. or chipstore). 

All accepted data was histogrammed and various cuts applied, 

requiring events: a) to come from the stopper, b) to have a track in 



each view of beam chamber, .c) to have proper run—frame sequencing (for 

rescanning), and d) to have x2/N < 3.5 (x2 expected = 1 per degree at 

freedom, with siz parameters fitted and a minimum N of eight; a minimum 

of two constraints per fit.) Events with N =6 were checked and rescanned 

if scanning error was evident. 

Processing was found most convenient in the 400 ft. film rolls in 

which the data was gathered and scanned, as KEMOM took .3 central 

processor seconds per reconstructed event, or 2000 seconds 'per run et 

on the computer. 

D. Rescanning 

(See Tables 2, 3) 

All events taken with E required in the trigger with reconstructed 

momentum Po > 235 MeV/c were rescanned to check the small cylindrical 

chamber and the genral frame for p. or esignature. The particle tra-

jectory entered the lead cylinder approximately normal to the surface of 

the cylinder. Muons continued through the cylinder, losing ener{, 

scattering through small angles, and emerging at the inner side. The 

region of the small chamber (with respect to the large cylindrical 

chamber return track) into which some 95% of the muons passed was called 

the "mu corridor" (see Fig. 12A).' Events with two tracks in the proper 

position in the small cylindrical chamber in relation to the large 

chamber sparks were called "identified muons" or "p." (e.g., in Fig. 12A, 

events with abed, abef, abgh, but not abch or abgd). Events with only 

one track near the return spark (e.g., abc, abe, or abg) were called "p.1" 

f or "muon in". Events with one spark opposite the return spark'(e.g., 

abd, abf, or abh) were labelled "p.0" for "muon out". Sets of small 
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chamber sparks which showed.a track outside the "corridor" (e.g., abw or 

abx) were labelled "tW t' for "wide—scattered muon". If either no tracks 

appeared to be rery small radius, as would be expected from a shower- 

produced low enerr electron, the vent was called an "e" Borderlines 

between the "e" designation and "iI", 	and ?Wtt were often quite 

hazy, such that in the end these three infrequent classifications were 

• 	
grouped with ' te", and the background subtraction applied to the enlarged 

group. 

• 	 This examination was done on a scanning table by the author. One- 

fifth of the events were rescanned a .second time to check for scanning 

biases. 	 • 
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V. RESULTS 

A. BaOkgrounds 

Non-K Decays 	. 	 . 

All events in the KOEM and KOEM samples are apparently from K decays 

(see Fig. 13), with, the major contribution from K 	cv, and also events 

0 	 +0 
from K —' ev,. K - ev7, K - it ev, and. K - it it . Two specific backgrounds 

were checked, by running only it mesons or protons in the beam, and by 

changing the ic/K ratio.by  a 'factor of four. Neither effect produced 

any significant background. 

Muons with Delta Ra)rs 

The KOEa4 and KOEJ4 suffered a second prOblem cauing a widening of 

the K2 peak. The 7 s emerging from the stopper can produce S rays of 

a maximum enerr of 5.5 MeV, while electrons are counted above 2.5 MeV. 

Hence 's which lose 2.5 MeV or more in addition to normal enerr loss 

in either the stopper or the ethane may have knocked out a 5-ray causing 

a pseudo-electron K42  peak some 2.5 MeV lower in enerj than the tTpure' t  

peak. Using a 5--ray spectrum 

015 '1 	1  electron gm.-1 
2  

cm MeV 2  
maxi 

we find that .001 of the 's leak through into the KOE and K0EM event 

sample, approximately the size of the hump on  the low momentum K4i 2  peak 

(see Fig. ]J+, 15).  such-rays are unfortunately captured in a magnetic 

bottle and carried downstream towards the Cherenkov phototubes, merrily 

radiating until they reached the Cherënkov limit, after an . avrage of 

20cm.  

a 
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3. Kp.2  Background Subtraction 

Resolution of events rescanned (see Tables 2, 3) was made into two 

bins, of identified 	and of questionable L's (p.1, 110, p.W) and c's. 

It was assumed that all background for P0 > 235 was due to Kp. 2  secondaries. 

This assumption is reasonable from several standpoints. In Fig. 19 some 

KOE events are shown, along with the rescanned data showing contributions 

to the e rate from all sources. The Kp. 2  peak and the rising Ke 3  spectrum 

(cut off by the lower end of the resolution curve) are consistent with 

the known rates. ,t mesons at 245 MeV/c have a range such that they would 

be identified as p.'s, even if it's were producing a significant number of 

orbits. It was further assumed that the spectrum of identified p.'s was 

equivalent to the spectrum of 11's leaking through into the e candidate 

sample (i.e., the only inefficiency was the SCC track recording). Given 

the previous assumption, this will only have errors from statistics. 

The background subtraction was made by fitting over the five 1 MeV/c 

bins, 235-236 to 239-240. This was done separately for KOEM and KOEM 

event types (see Tables 2, 3 1  Figs. 111., 15). While the errors in the fit 

may be large (3 S.D. effect = 15%), due to the rapid fall of the K4 2  peak, 

the effect on the branching ratio is less than 2%. Due to the unforeseen 

problem of ö—rays counting in the Cherenkov counter, thus changing the 

spectra for KOE vs. K0G, the KOG and KOGM events could not be used as a 

normalization. . 	 . 

The x2 curves for a variety of different event sets are given in 

Fig.].],. 	. 	.. 	. 	. 

After the muon background subtraction, 67 ± 10.8 events remained as 

Ke2  electron candidates (see Table 4 Figs. 17, 22). 
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. K - evy Background (non._bremsstrahlung) 

This experiment also measured the decay K -* evy, utilizing 

scintillators covered with one radiatiofl lenh (.25") or lead over .26 

of 47t solid angle (see Fig. 2). Decays of this type should have the 

y—ray of high enerr and highly collimated opposite to the electron 

direction. 	The calculated efficiency for detecting the'X when the 

electron is captured is .45. The four events in the region P > 240 

MeV/c with trigger KOEG indicate a contamination of 4.4 ± 2 events in the 

K - ev sample, reducingthe number of events from 67.0 ± 10.8 to 62.6 ± 11.0. 

B. Error Calculations 

1. Mnentum Width 

The mentum width of 7 MeV/c FWEM is explained mostly by spark size 

(see Fig. 14). The average, outer radius spark had a measured size of 11 

imn in the radial direction, while the z size was 7 mm, due to the unfortunate 

property of our optical system to measure the •z with the close fisheye and 

the r with the far one.. Of course the mentum is determined mostly by 

r which is approximately perpendicular to the field lines. The large cylin-

drical chamber, to capture..two tracks in the presence of background and 

due to operating in a 19 kilogauss field, had to be pulsed with a longer 

and higher voltage pulse than those which produce fine sparks. The outer 

radius chambers stiffered a similar but lesser problem in 15 to 17 kg. The 

result was p  of course, bright but fat sparks, (the large cylindrical chamber 

aVerage spark width was 8 nun) very good for scanning machines but poor for 

accurate track determination. A calculation of the momentum width braodening 
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due to this effect, using a uniform field and circular orbits for simpli-

city,.yields P/P = ± 1.5%. 

Randn Cherenkov Counts 

In calibration Kj2  running, 14  E triggers were recorded in 

coincidence with 5914.6orbits. This corresponds well with an 

observed leak through rate of .0025. in Ke 2  running. The total Y,4 2 
 leak— fl . 

through rate is then .0035. 

Entymological Problems 	. 

The 5946 Ki12  calibration events (see Fig. 14) is an under estimate 

by 5.5 ± 1%. The calibration runs were taken at the start and end of 

each roll of film. The data was read into the momentum reconstruction 

program in one—event records and read out ..packed in 20—event record. A 

programming error ended the program after the last event was input, 

without clearing the output buffer. This lost 12 ± 2. of 180 reconstructed 

events per roll of film. 10.8 of these would have fallen.within the K 2  

eventdistribution. Hence the number of Ki 2  events for calibration is 

6270. 

4.. 	Magnet Setting 	. .. 	. 	. 	.. . 

The K412 
 peak in all Ke2 running is 233.7 MeV/c,1.9 NeV/c lower 

than the accepted value, indicating a magnet measurement normalization 

error of .008. This lowers the iCe 2  effective momentum from 214.6.9  to 

25.0 MeV/c. 	. 	. 	.. . 
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Electron Recognition 	 . . 

From trIggers of the type K0E1 AND K0E4 in the region below 225 

NeV/c, which includes only. e t  from Ke 3, a rejection rate of 2/202 

was found for scanning in the small cylindrical chamber. 

Cherenkov counter efficiency was found to be 98.4 ± .. 2 in a beam 

test and is quite consistent with the 1483 Ke3  events in the momentum 

region 14162 MeV/c.(see Fig., 18), expecting 1490 50 from the 

rate and published branching ratios (12)  

Resolution 

The momentum spread of the muon decay secondaries measured at the 

Ke2  and K4 settings was 7.1MeV/c FWHM. This width was taken for the 

curve generated to fit the Ke 2  spectrum. 

Bremsstrahlung 	. 	. . 	. .. . 

Outer brenisstrahlung corrections, significantly reduce the observed 

rate. The decay secondaries passed through an average of .0930 

(errors reflect stopper size) radiation lengths of material before the 

midpoint of the orbit. Using the formula 

—y a1 	(n (E /(E 	
)

)

a 
P(E > E 	•) j 
	e 	. dy 	

r(l + a) 

where iE = maximum acceptable enerr loss = 5 MeV 

a = ( radiation lengths)xn 2 

and integrating over the distribution of the stopping beam, .636 ± 024 

of the electrons are retained in the wnpie. 

'S 
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C. Conclusions 

D}Cvi Si S2 S3 Tic 
514 Mi served as a normalization for all run types. 

The experimental detection efficiencies Ee 
 and E are calculated in 

p. 

Table 5. The result is then 

E ) 	
(electron events/monitor at Ke 2  setting)/ 

K - ev.. 	e 	e = 	efficiency for detecting Ke2 electrons) 
exp 	

N E 	
muon events/monitor at ç12 setting)/ 

K -' 	p. 	 (.Kp.2 muon detection efficiency) 

(62.6 ± 11,0 )1(7 2 .3 x 16 	(.98 ± .019)) 

(6270 ± 79)189,956 x .929 

= 2.32 ± . 39 x 10 

f 

	

Setting R. = R 	and solving for _2 	(assuming f and f i' 	exp 	 In 	 p 	A 

InkA 

relatively real, in accord with TCP)in terms of 

	

= Rp 	

2 	
= 2.11 ± .35 x 10 

	

2 	2 

= 4.85x10 3  

B 
exp 

K (ure A) 

IS 

A 

	
26 

mk 

	+ 
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f 

.995 ± J .892 ±. .i148 

m A 

—.995± 	
4+.076 

.081 

- .051 • 
	o76 

- 	—.081 

—1 939 + .081 
—.o6 

Here, as in it decay, f 	0 or there is a cancellation Many persons 

believe the fomer to be true, according to the original V—A theor(16)  by 

Feynman and Gell-44ann. Conservatively this experiment can say at the 90% 

confidence level that 

f 
< 2.lOxlO 3  

A 

and that assuming TCP invarianc, either 

1 90 x 10 	< f p 	< 2.10 x 10 

or 

0 < 	< 167x10 

fA 

The corresponding limits for the pion are 

.007 ± . 013 

f 	
—1.97± .013 

m A 
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Direct cnparison of If If I is impaired by the arbitrary nature of the 

mass dividing the momentum transfer to the lepton pair )  which we have 

taken to be the mass of the decaying meson in each case. 

1% 
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Appendix 

FISIIEYE OPPICS 

There are two fisheye mirrors, 1 and: 2, with focal points on the 

optic axis fI=(X f, Y,, Z f). (See Figs. 8, 9). 	 * 

Off the optic axis, the effective focal point is 

.-  
p 	

-. 
. 	=f 

	

.i . 	i 	1 

= (X1f, Y f  + € siny, Zif - € cos7) 

= < (z axis, optic axis) 

For y = it/2 1  q= 0 (see Fig. Al), 

[cp = < (plane of spark and optic axis, plane of Z axis and optic 

axis)]. 

A line to a spark through P. is 

= (0, cos 	sin 

• 	Forcp 	Q. 

(sin 	sin QP , vs f3 , sinp cos 

	

For. CP 	 0 	 S 	 • 

1 	• i 

where 
1. 	0 	•0 

•= 
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sin p sin 	
a ix 

	

20 
= 	cos 	cos y + sin y sin 	cos cp 	

= ( . ly 
— cos 	sin y + sin 0 coscp cosy 	a. ) 

For a distance from P
i
along line (i) of 	there is a point 

= i + ?\i i 

The separation s of q and C12is 

1q1 -q2 1 
2 	

1/2 

= [ (P
u— 	 a - 2 a2) ] 

= 1 a (P1  - 	+ 1 a - 2 a2 )
li  

s(7\1,?\2 ) 

= 	a2  (P2 - lj + 2 a2 - i a13) 

S (?\j 	?\2) 

Setting these equal to zero to find the relative minimum, 

a. - 2 1 
	a2. + 1 al  ( 1  - 	= 0 

and a similar equation with 2 4-9 1. 

Solving these equations we find 

	

= 	{a - a2j  (Z a lk a2:)] (p13  - P2 ) 

l_(lalka2k) 

and similarly with 2 4- 1. 

1' 
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• • The track position t is then 	• 

- 	1 -+ 	-, .-+•• 
t=(P1 +P2 +? 1 a1 +? 2 a2 ) 

with an error 	 . • 	 • 

E = 	s (, 

to be combined. with spark width to calculate the variances. 	• 	• 
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Table 1A. TYPICAL FIIAvI FORMAT 

Run # 	Type Trigger Purpose 

1 KO, KOG Calibration 

2, 	3 Ke 2  KOE,. KOG Data 

Ke 3  KOE, KOG Cherenkov .  Calibration 

5, 6 Ke2  KOE, KOG Data 

7 Kit KO, KOG Ganuna Counter Calibration 

8 K4 KO, KOG K4 	 Calibration 

Table lB. RUN SETTINGS AND LENGTHS 

Type Time Lengths Field (kg) 	Coil Currents (Amp—Turns) 
(nan) DKM MON Frames (M5 Center) 	outer (z>8 in) Inner (Z<8in) 

Ke 2  120 4 5x105  107  500 18 60 	8 05x105  5 90xlO 

4 1.3xlO 3 10  130 18.167.45x10 5.96x1O 

8 7x1O 10 130 15.67 	5.05xlO 5.68xlO 

Ke 3  25 6  1O 	2x10 250 12.27 	3.43xlO 5  .7xlO5 
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Table 2. KOEM EVENTS 

(1) (2) () (4) (5) (6)  (7) (8) (9) 

p e e-W Q Tot . 	(6)-(8) Error 

235 9 3 31 15 6 64 138 58.5 5.5 9.1 

236 18 4 26 4 '4. .56 136. 57.5 -1.5 	. 9.0 

237 8 6 19 4 4 41 86 36.4 4.6. 7.2 

238 7 1 4 2 0 14 47 19.9 -5.9 4.5 

239 4 0 3 1 1 ' 	9 28 11.8 '-2.8 3.6 

240 5 0 3 2 0 11 17 7.2 4.8 3.7 

241 .5 I 2 .0 1 9 5 2.1 .6.9 3.1 

242 4 1 0 . 0 0 5 3 1.3 3.7 2.3 

243 5 0 0 0 . 	.0 5 2 .8 4.2 2.3 

244 4 '  0 0 1 0 5 2 .8 4.2 2.3 

245 0 1 0 5 0 . 5 	. . 	2.2 

246 1 0 . 2 3 0 0 3 1.7 

247 3 0 3 0 0 3 1.7 

248 0 '1 ' 1 0 0 1 i 

249 1 1 1 .4 .6 1.1 

250 . .. 1 4 -.4 1 
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Table 3. KOEM EVENTS 

(1) (2.) (3) () (5) (6) (7.) (8) (9) 

p e e-W W ____ (6)(8) Error 

235 35 5 16 . 94 30 180 1234  183.1. -3.1 14.4 

236 19 + 	2 	. 18 65 27 131 866 128.. .2.8 12.3. 

237 19 2 13 4.1 9 84 571 81 -.7 9.8 

238 10 4 4 30 2 50 31 9 1.8 -1.8 7.6 

239. 7 1 6 .1 0 28 168 2.9 3.1 57 

2O 	,+. 2 0 2 6 3 13 105 15.5 -2.5 

21 5 1 2 5 3 16 54 8.0 8.0 4.1 

22 ,. 	5 1 3 4 0. .13 20 .3.0 10.0 3.9 

23 1 0 . 	2 0 3 10 + 1.6 1.9 

244 3 1 . 	1 0 . 	5 5 . 	 •7. .3 

245 1 2 1 4 6 9 31 21 

246 0 2 2 2 3 17 15 

211-7 1 . . 	1 0 0 1 1.1 

218 2 . . 2 1 .1 1.9 1.5 

249 1 1 1 1 9 11 

250 0 . 	 0 0 0 0 1 

251 1 1 0 . 	0 1 

252 0 0 0 1 

253  

25 

n 
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Table 1..  KE 	SPECTRUM 

(1) (2) (3). () (5) (6) (7) 

p KOEM KOEM Tot Error Th . () 
2 

(.6) 

o 4.8 -2.5 .2.35.2 5.0 -.52 .27 

241 6.9 8.0 149 1 6.7 1.74  3• 

22 3.7 10.0 13.7 1 .7 8.2 1.17 1.36 

23 4.2 1.6 5.8 30 9.3 -1.17 1.36 

244 4.2 1•3 8-5 363 9.5 .30 .09 

245 5 31 81 30 8 13 02 

246 3 1 7 4  7 2 3 6.8 96 92 

2147 3 1 4. 0 19 45 20 

211.8 1 1.9 2.9. 1.8 3 1 11 01 

219 .6 .9 1.5 1.5 1.7 .13 02 

.250 -.1. . 	0 -. 1L 1 .9 1.3 1.69. 

251 1 1 1 6 16 

670±108 2  916=X,12DF 
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.Tab1e5. 

Detection Efficiencies for Electrons.in 
Ice 2  Running and Muons in K42  Running 

Correction to Ee Correction to E 

Momentum Window 

P~t = (228-239), Pp0 = 234 3 949 941 

Pe = (240-251), Pe 	245.0 
0

= 

C 
7 
Bare Mass .963 1.0 

Inner Bremsstrahlung. 

and Virtual Photons .881 . 987 

Cherenkov Counter .98 1.0 

Outer Brexnsstrahlung .636 ± .024 1..O 

Rescanning Misidentification .99 1.0 

Product 498 929 
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Table 6. COINCIDENCE NOMENCLATURE 

Name Inputs Function 

MON Ml, M2, M3 External Proton Beam Monitor 

BEV Bevatron Pulse Count Number of Bevatron- Pulses 
#33- 

B Si 	S2 Pi Mesons in Beam 

BK Si 
K 
 S2 S3K 

 C 
-- 	 A. K Mesons in Beam- 

DK BKS-l- Stopping K Mesons 
large 

DKM DK Mi Stopping K Mesons With No Extra Beam 
• particles (overall normalization) 

0 1 •0. 'K iS Triple—coincidence Systems Counting 
1  Orbits in Spectrometer Magnet Aperture 

and in Momentum Bite 

KO DKM, 0 Orbitting.Decay Secondaries from K Mesons 

E Ci, Ciiarge Electron Signature 

G G. .Gana Ray Signature 

KOE KO, E K - Orbitting Electron 

KOG KO, G K - Orbitting Particle + y Ray 

M M Cylindrical Scintillator (Muon Counter) 

4 
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FIGURE CAPTIONS 

Fig. 1 Bevatron External Proton Beam, Channel 1, Beam 5B. 

Fig. 2 M5 Spectrometer Magnet Interior - Side View. 

Fig. 3 M5 Spect±onieter Magnet Interior - Axial View (with typical 

orbit). 

Fig. 4 Magnetic Field in Median Plane (as a function of radius for 

the four run types). 

Fig. 5 Outer Radius Light Pipe Assembly. 

Fig. 6 Fast Electronics Diagram. 

Fig. .7 (a). 	Fiducial Exposure. 

(.b) 	Visible Event Exposure. 

Fig. 8 Outer Radius Optics (simplified). 

Fig. 9 Outer Radius Optics (in magnet). 

Fig. 10 Homermobile.  

Fig. 11 Chi—squared Plots 	. 

. 	Electron Candidates, Ke2  Setting, P > 240 MeV/c. 

Muons, Ke2  Setting, P > 240 MeV/c. 

Muons, Ke2  Setting, 240 > P> 229 MeV/c. 

Muons, K12 ,Setting, 20 > P > 229 MeV/c. 

ElectrOns, Ke 3  Setting, 162 > P > 1115 MeV/c 

Fig. 12 Particle Recognition in the Small Cylindrical Chamber 

(a) 	The "Muon Corridor". 

(b), 	(c), 	(d) 	Muons in "Muon Corridor". 

(e) 	Typical Wide—scattered Muon (pM). 

Typical One—Track—In Muon (tI). 

Typical One—Track—Out Muon (i0). 

(h), 	(j), 	(k) 	Typical Electron (e). 
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Fig. 13 Kaon Decay Lifetimes (slope of line = 12.35 ns.) 

 All Events, Ke 2  setting. 

 Electron Candidates, Ke 2  Setting, P > 2110 MeV/c. 

 Muons, K4.12 Setting, 240 > P > 229 MeV/c. 

Fig. 14 Data Samples 

 KOE Trigger Without M Light (K0E), Ke 2  Setting. 

 KOE Trigger With M Light (Ko), Ke 2  Setting. 

 DKO rrigger,.A1l Events, Ki2  Setting. 

Fig. 15 KOE Events, P > 235 MeV/c 

(a). Muons (identified in SCC) 

 Electron Candidates. 

 Electron Spectrum (with muon background subtracted). 

Fig. 16 KOEM Events, P > 235 MeV/c 

 Muons. 

 Electron Candidates. 

 Electron Spectrum (background subtracted). 

Fig. 17 Ke 2  Spectrum (sum of 15c  and 16c). 

Fig. 18 Ke 3  Spectrum at Ke 3  Setting. 

Fig. 19 KOE Trigger, Ke 2  Setting (all events not recognized by 

computer as muons, with electron candidate spectrum). 

Fig. 20 Spectrometer Apparatus (magnet open). 

Fig. 21 Momentum Acceptance (at Ke 2  setting). 

Fig. 22 Calculated Ke2  Spectrum with Bremsstrahlung and Momentum 
window. 

'1 
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This report was prepared. as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or 
Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such con tractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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