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: : o R o ABSTRACT ' v

N " A Spark cha_mbers were used to detect X=° +» K production by
e mes,ons on hydrogen in the ®  momentum range 1200 to 1400 MeV/c.
Differential cross-séction_ measurements are presented. The differen-
tial éross sections ‘rema,in unchanged, within the limits of staéistics,
- from 1200 to 1400 MeV/c. A measufement of the =° polarization
indicates that the polarization ﬁlay be changing rapidly with beam ‘ ‘

momentum, but poor statistics prevent establishing this conclusively.
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I. INTRODUCTION

A Purpose of Experlment

. The =° polarization experiment was 'c'onceived as a preliminary
to another experlment ~ a measurement of the ZA relatlve parity,
wh1ch requires polarized =015, _

The Z° polarization is obtalned from a study of the most-

common Z° decay mode
Z0> A%y, (D)

The ZA relatlve parlty can be obtalned from a study of the rarer

Dalitz-pair decay mode (branchlng ratio = 1:180) of the =°

o> A%+ (et reT). S 2y
' Both of these measurements were to be lattemp'ted-with the same ’~experi-
mental apparatus. Although the polarization data presented her_ein-
dicate the presence of =% polarization, there are not enough events
of type (2) to permit the parity determination. | '

The method of this experiment was to observe (in spark chambers)-

~decays (1) and (2) of Z%'s produced in the reaction

™ 4+p-> 204 KO
" at T momentum near 1.3 BeV/c. These events were identified by
their charged secondary products:. ' ‘

K® > w4 w” +, -
_ > e +e

A /ead conversion
E--o-.-*A°+'ym '
or : \ o ->.p‘+'+ o
/ + - - L e
O+ A%+ e" +e” I SR AP

Such events are identified by two vees (A° and K° decays) and a pa1r
of tracks emerging either from the lead (conversmn palr) or the pro- "
duction.vertex (Dalitz pair); they are then confirmed by k1nemat1ca1

analysis.



- photon must be along its direction of motion, so angular -momentum con-

. -‘2- |

B. Polarization Theory

Consider first the 'mos.t-common decay mode
"> A%ty | (1)
- This is a p_arity—censerving eleetromegnetic transition. Because the
Z0tg are produced in the parity-conserving strong intefactioﬁ
T ap -2 4K, o (3)

- any Z° polarization," 15;3, must be in the direction N —l;er—)Z’ i.e.,

normal to the =% K% production plane. The angular momentum of the

servation will cause the A polarization to be in directions other than
—
PZ’

employed, whe reby polarization in an arbitrary direction may be repre¥ '

It is therefore convenient for the density-matrix formalism to be

«

sented as an expansion in eigenstates of S
The sigma state can be represented by a spinor X5 for whlch

‘the density matrix is

" 1 = > . ' '
Py = Xpxg = U By T (4)

The lambda is represented by a spinor Xp = sz, ‘where T
is the transition matrix for this decay (1), and the density matrix for

the lambda is ' _
PA'-'XAXAT:TX'ZXZT Th=Tpyrt. (5

The lambda polarization is L o e -

A

~ where Tr means trace

= Tr (‘pAa')) =.T1'(T/p2 TT v), ' (6)

To find the form of the trans1t1on operator T note that it must
be scalar for even ZA parity and pseudoscalar for odd TA. parity. .
In the rest frame of the 2 the available vectors are 12, the direction n .v
- of the deeay Y, and e, whéere &.is the; 'photon electric or polarization vector, '_:
and the pseudovectors are .1:52 and n k X e. »Wi-th the requirement e

that T be linear in e (the vector potentlal A is linear in é, and the

interaction Hamiltonian is linear in A) the only forms possible are



- T e v - (kxé) = ? n even parit};f'(T s.rca_lv_a.r) : - (7)

T T 8 ~odd Périty (T p‘eeudo'sca._lar).." . o \(8)

( | S
<—I-5 >"T ‘ ;(.T’ . (ixé) —1-(1-!- B, ,.-'5?) v (l’;XeA) 3 evven arit
A t _ > VT : ' parity
K 5 (1+ P.-0){ 0 +ec0 odd parity.
Evaluating these expressions is. straightforwe_rd and gives
<-15>A\>= --15>'E+2(I3>Z'°;1)ﬁ . : | ) - even (9)
< >_ Byt 2(Pyr &e S . odd.  (10)

Because the 'piloton polarization is ‘practically' unmeasurable, oo
e and n=kXé are unknown Averaglng either (9) or (10) over all

possible directions of e glves

D

(Bpy=- By - RE. R

The XZ° polarization was calculated by means of this expression*, the

A polarization being measurable from the asymmetric distribution, IT%,' '

 of pions in A decay:

ITr<cos€)=—;—{:1+aA(-f’>A'11‘T\:)};:'._ - | (‘12)

where cosf =P, - k . Here k_ is the direction of the decay pion in

A

A% p+ 77, Thus the sigma polarization is obtainable from measure-

" ments of N, k, and fén for a sufficiently large set of events.

) C. ZA Paﬂty Theory

~In Egs. (9) and (10) we saw that for decay (1) the lam’bda polaré c

- ization (which is measurable) is correlated with the photon polarlzatmn

(which is not measurable) in a way that depends on the TA relative

parity. Several authors have shown that, in Dalitz decays of the E‘o_,

W td v LWL

* e well Known relatlon PA-;— - 1/3 P " is obta.lned by averaglng (1'1)

F A T AT

over all p0551ble dlrectlons of k. B

TR
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"memory' of the pho‘ton polarization is retained in the relative orienta- '
tion and momenta“'{ ‘of: the p‘é;irz.’?’ The 'cal-culation is complicated be-
cause the pair is.produced By a virtual photon that has longitudinal com-
ponents ahd nonzero mass.

In order to see the analogy between the photon and Dalitz-pair
parameters consider the sch‘ematic: diagrams of Fig. 1.

For the case where ‘lﬁ(e+)l = lﬁ(e

y|, Sucher and Snow4 found

expressions like (9) and (10):

(B )= - By 2By D) even ZA parity (13)
< >_ _ p + z(p . n)h odd ZTA parity, (14)
where : | | |
ko & (e+) +'l-:(e_),
g ¥ (e) - K (e
and : : o '
n o IQXCE .

The vector ¢ is in the di’rec‘tion of the electric field between the elle;ctrons
and is analogous to & in Eq. (8)v; thus the n's are comparable. The two
parity cases are switched because the fermion-antifermion pair produced
is p'seudoscala.r.‘ thn ISA is sazsraged over the inyarisnt-m‘ass distri-

- bution of the pair, the resultis™

<§A> = -k (B 1<)?}?o.43 [ﬁ('ﬁz-- 2) -n?l(ﬁz.z%)] . (s
For this general case of unequal electron momenta, 81 is no longer per-
pendicular to k as in {(13) and has been féplaced by m= kXn. This is the
expression required for the =A parity to be measured by our spark-
chamber technique because it requires no momentum measurement of the
electrons. Notice that one need not even know which is the electron and
which the p051tron, because <PA> is bilinear in ™ and n A calcula-.

“tion of the number of Dalitz-decay events required for the parlty to be
measured by this method is presented in Appendix A.

Since this experiment was performed, a ZA ?ari’cy measurement
has been reported by Courant et al., 7 who used the Dalitz-pair invariant-
mass distribution from Z%s produced by K-, mesons stopping in the CERN
80-cm hydrogen bubble chamber rather than the angular-correlation method | .

discussed here.

Ao



Photon decay Dalitz decay

MU-36099

Fig. 1. Diagram showing =% decay and parameters.
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Although the two.methods depend upon the sa.rr'le' calculational
approach, the invariant-mass distribution relies on detailed assump - -
tions éoncerning the electric form factors. Since the correlation
method is free from such assumptions, it pro{rides an independent
check of the CERN result. The analyzing coefficient 0.43 in Eq. (15)
is actually an average over the invariant-mass distribution of the pair.
For any particulér invariant mass, it is5

(1 - 4 mez/kHZ)I/(Z + 4 mez/kpz) < 0.5,
whelr'e kp is the invariant mass and m, ‘the electron mass. " In
principle kIJL can be measured for each event, but in any case it is
clear that the method is insensitive to the distribution of kH' More-

over the experiment of Courant et al. has established the: distribution of

k ,
V)



Ve
[

. =7 -
II. EXPERIMENTAL APPARATUS AND METHOD

A. Overall Description of the Experiment =

The_expe rimental technique was to photograph secohdary

- products of the reaction

‘T +p -3 4 K®

" in spark chambers. A beam of T  mesons from the Bevatron passed

down the beam channel (Fig. 2) and entered the expefimental apparatus

(Fig. 3). The beam interacted with protons in the liquid-hydrogen target

and secondary particles passed through the semi- cylmdrlcal spark cham-

. bers and were counted by the array of scintillation counters. When sig-

nals from the detectmg counters satisfied the electronic logic (Fig. 4),
a high-voltage pulse was applied to the spark chambers and the resultmg
spark tracks were photographed

B. Beam Design

)

The beam optics were designed to maximize.:: flux in'a narrow

-momentum region while confining the beam at the hydrogen target to a

. region 1 in. high by 5 in. w1de Also considered were the advantages of .

placing the high- pressure Cerenkov counter at a focus and the need for

 ‘an analyzing magnet just upstream of the experlment to permlt a beam mo-

" mentum measurement of each photographed event.

The T beam originated from a 2-in. diam copper target

flipped into the 6-BeV ci;‘culating proton heam of the Bevatron just

‘upstream of the west straight section. Negative particle's produced at

0° entered the beam channel at the beam window, Fig. 2.

The principal lens elements were an 8-in. quadrupole doublet, .
Qi’ placed as close as possible to the Bevatron to maximize angular
acceptance, and a s:.mzlar doublet, Q4, which refocussed the beam
onto the hydrogen target, Two 8-in. quadrupole doublets Q2 ~and 'Q3,-
constituting a field lens, were placed on either side of the gas ,éerenkov v
counter {at the focus of Q .) to minimize dispersion losses.

Momentum selection was provided by 8-by-16-in. aperture
bendmg magnets M1 and MZ near Q1 and Q4 respectively; M2

was placed just upstream of the experimental apparatus
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Fig. 3. Experimental arrangement with a photograph of an
event superimposed.
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Anticoincidence

Target Array Beam Gas Gerenkov
counters counters counters counters counters
A Ar Az u o (48) B, Bo C left C right

And | Adder | | OR |

v $ ; +1v‘
[ or_]

» Alpha Beta
_ coincidence coincidence
MM off gate
vy v ‘ l
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trigger gate
v v
Spark chamber Camera
capacitor banks odvonce
l L Siowoff
Bevrotron —» gate
To spark control ]
chambers signal
v v
Scaler gates
Scalers
MUB-4641

Fig. 4. Electronics block diagram.
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_ The geometry of the liquid hydrogep target (allewed beam area
1 inch high by 5 inch wide) allowed considerable horizontal dispersion
caused by the Bevatron's magnetic fleld | -
. Helium was maintained at atmospheric pressure along the beam

channel to minimize Coulomb scattering.

C. Experimental Apparatus _‘

1. General Picture

The liquid-h};drogen target and detecting apparatﬁe are shown in

Figures 3 and 5. Beam particles passed through a channel in fiducial

‘box G [Fig. 5(a) and (b)] where they were seen in beain chambers BC,

and interacted in the liquid-hydrogen target F. Mirrors BM show the

' 90° stereo view of the beam tracks. Charged secondary reaction

products passed through the semicylindrical spark chambers (which -
were normally behind field lens L) and were seen as spark tracks.
Mirrors S “provide a 90° stereo view of the tracks; the spark light is
reflected around the gaps by the hand-polished plates. A photogra‘ph of

a typical event in these chambers was superimposed on Figure 3, and a

* full frame is shown in Figure 6.

The 48-member array of scintillation countérs detected charged

particles. If a given minimum number (usually set at 5) counted with a

coincident beam track, the electronic loglc produced a high-voltage pulse
. to trigger the spark chambers. ' -

_ 2. Target

The chlef design consideration for the target was the need to
minimize the mass to be traversed by both the beam and secondary .
particles. Because high multiplicity of secondaries was used as the -
triggering criterion, it was irnportant to minimize construction mlate—
rials in the beam to reduce hlgh-multlpllclty stars caused particularly
by interactions of the beam with heavy nuclei. “

In addition there was the requirement of minimizing construction -

- materials in all directions within the solid angle of detection. The parity -

.measurement requii'es establishing the orientation of the plane e_f the

Dalitz pair. Because the mean opening angle of the pair is = 6°,

 allowed Coulomb scattering per electron is about 3°. Thus the target

was made small and thin- walled to reduce multiple scatterlng and gamma
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F po NOT
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ZN-5005

Fig. 5(a). Experimental apparatus. Counter array has been
pulled back from target and the spark chambers removed.
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=gl

O"ﬂ

(Y s A |
\G /
BC '
L]
A. Anti counter, A, L. Field lens projecting
B. Beam counter, B, over cylindrical
BC. Beam chambers chamber position
BM. Mirrors for stereo M,. Bending magnet , M,
view of beam chambers N- Nixie lights
C. 48 counter array S. Locations of stereo
F. LHo, target mirrors
G. Fiducial box I. lron shielding plate

MUB-5632

Fig. 5(b). Diagram of Fig. 5a.
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ZN-5033

Fig. 6. Photograph of an event.
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conver51ons, 1t was made small also to make A and K° vees visible
in the chambers for easy 1dent1f1cat10n, but scanning and resolution

 difficulties negated_ this advantage, as dlscussed in Sec. III.C.4. The

| flask was a cylindrical Mylar bag, 3 in. in diameter and 5 mils thick,

” supported by Lucite wedges in a 3.5 in. diam, 30-mil aluminum vacuum

. jacket that was evacuated below 0.02 micron:

o - 3. Spark Chambers

Four parallel-plate spark chambers-one at each end of the

‘ fiducial boxes upstream and downstream of M2 —defined .the incom-
ing beam and permitted determlnatlon of the momentum of each photo-

graphed beam track to better than 1% Each beam chamber had four

3/8-in. gaps. Iron plates 1- 1/2-in. thick at the apertures of M2 ‘

- ~shielded the beam chambers from stray magnetic field.

.The concentric semlcyllndrlcal chambers,- Fig. 3, comprlsed the
'primary detection device. Figure 7 is a photograph of the outer chamber.
The chief design consideration that led to the unusual cylindrical geom-
-\_etry was the desire to maximize the SOlld angle of detection. | '

The inner spark chamber had four 3/8-in. gaps; the outer had
'six. The plates were polished aluminum foil 3 mils thick cemented
into slots in the 7/8-in. - thick Lucite end and side pieces. Ninety-
degree stereo viewing was prov1ded by two 45° mirrors. To helpv
‘dlfferentlate similar tracks in the mirror view, optical baffles were

- placed radially, one in each gap, at different azimuths. These baffles o

o proved to be unnecessary, however, because the tracks were dlstln—

- guishable by variable spark densities and clarlty dlfferences caused by

| attenuation on multiple reflections around the cyllndrlcal gaps. For.

- rigidity and protectlon from mechamcal damage, the chambers were ‘

-covered with 30-mil aluminum plates with windows of 2-mil aluminum

- foil in the beam channel

Between the inner and outer chambers the chamber support o
frame had slots to hold a removable plate of lead, (semlcyllndrlcal

' 1/16-in. thlck) which had a WlndOW to pass the. 1nc1dent Tl' beam. _
- The purpose of the lead was to' convert gamma rays from thev decavs S

=0+ A% 4+ y.
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ZN-5007

Fig. 7. Outer semicylindrical spark chamber.
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The gas was.a commer'cial miXture ofI: .1,0%.‘ he.‘lium‘ and 90%
neon. , . R . S ,
4. F1duc1al Boxes |

- The f1duc1al boxes (the downstream box. can be seen in Fig. 5)

- were rigid structures of 1/2 in. alumlnum and 1/2 in. Lucite that

1 secured a convement and flrmly fixed optlcal system Shelves suppor-
ted the beam. chambers and machlned slots held the stereo mirrors.

" The downstream box con_tamed beam-coincidence and ant1c01nc1dence
counters; holes were cut in it to pass the incident beam and others were =

cut between the beam chambers and their stereo mirrors.

5. Momentum Determination o _

' The momentum of each photographed beam trac.k ;Nas de'termined
from the bending angle in M, ‘as shown in the mirror‘_views of the 'up-
stream and downstream beam chambers. Wire orbits were photographed
‘in the actual setup to establish the bending angle-momentum rela\tio_nshipf
"In this way the momentum of each event is measurable to betterv'than?.'i'.%', :
heing limited by the precision of the"beam-.tra‘ck‘ measurements.

6. Triggering System

To trigger the high- voltage pulse to the spark chambers, the
--electronic logic, Fig. 4, requlred a coincidence between the beam v
~ coincidence, alpha, a.nd the array,- ("Adder”, in Flg 4), and sometlmes -
U and D as explained below. - ” ‘ |
The array consisted of 48 sc1ntlllat10n counters 3/8-in. -thlck
whlch densely surrounded the semlcyhndrlcal chambers. They were
varied in size approx1mately inversely as the expected local flux of
particles to minimize events lost by more than one particle g01ng through
the same counter. : - o | : |
'The beam counters were: 8 -by-4-by-1/4-in. scintillators . B1
~and BZ’ 1-in. -thlck ant1c01nc1dence counter A1’ and gas Cerenkov :
‘counter é hav1ng left and rlght_ channels 'CL_F and | CR' . The beam ' _
' coincidence (alpha) required By» BZ’ no A,, and Cy, or Cp. Photo'- L

: ‘x,:;“f'"_';multlpher tubes (RCA 681 OA) were the llght detectlon elements in all -

: "counters

- d1s cr1m1nated agamst Ky P, :and. other slow: ba.ckground 1o Qther:dnti-counters,

The hlgh pressure gas Cerenkov counter (C) holdlng 450 psi nltrogen

tried and reJected, included AZ’ Just ahead of the target; A3 in the beam at the i "



e beam V_O ft "downstream of

R

the array Counter AZ, v_%'was dlscarded 1n n effort to save events w1th
o a backward p1 frOm the K° decay, these events 1ater proved to be un-_,-'__ :
resolvable.rv Counter A3 Was dlscarded because it- 1nterfered exces—-“"’-hf ST

31vely w1th the beam. - The water counters were removed because they

“increased the trlgger t1me and d1d not reduce the trlgger rate
“. . When 1t was, seen dur1ng the experlment that data accumulated
E too slowly to perm1t separate polarlzatlon and parltyﬁ measurements,

counters U and D Were 1nstalled around- the target in trlgger c01n~

c1dence. The1r purpose was to enhance the ratlo of Dahtz pa1r to- o
gamma decays detected while perm1tt1ng hlgher beam rates by reduc1ng o -
“'the background by means of the more strlngent trlggerlng requlrement .

l;f: the enhancement results from the fact that’ Dalltz electrons are counted

- 1n U and D, whereas gamma rays are ‘not. It Was . hoped that,” by con-'w’,ﬁ "

R centrat1ng on one momentum for which there was evidence of polarlza-

‘ tlon (1325 MeV/c), a s1mu1taneous polarlzatlon and parlty measure- -

. ment could be done.-.. .

. D. ‘Electronics - ";f_ S

L

1 Loglc S LT : . .
Tt _ On the electromcs ,block dlagram (F1g 4),, the spark chamber
v' tr1gger is shown to requlre B:l’ BZ’ CL or CR’ no. ant1counters, and
“the adder output produced by f1ve or more array counters target counters’
U and D were requlred durlng part of the runnlng ', .
. ' The trlgger was. 1n1t1ated by gamma c01nc1dence, Wthh also

: trlggered the Fast Off Gate, which - R ’

T a. .In1t1ated the camera advance mechan1sm, :

b.  Turned off several scalar gates; "; L _3;;»,__;' e
) © .c. - Triggered the Slow Off Gate, whlch turned off gamma and several
: KU v:,'_scalar gates unt11 the camerarwas fully advanced to the next frame,v_,]
o 'v 'whereupon the Camera-Advance reactlvated the Slow Off Gate._ o
2 Adder ‘ ’ ' ‘

The heart of the trlggerlng system was a. 50 channel adder dlS-.

. .

cr1m1nator wh1ch 11m1ted added and dlscrlmlnated the sum of output : B
pulses from the 48 array counters. It was set to requlre flve or: more v

. 1nput pulses
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The schematlc of thls un1t is shown in Flg 8. 'I'ts'response )
curve is shown in Flg 9, whlch 111ustrates its ability to count hlgh-

multiplicity: pulse s accurately

3. Spark Gap Capac1tor Bank

Obtalnlng hlgh mu1t1p11c1ty spark tracks of good qual1ty (four

.. to six partlcles per chamber) requires hlgh energy low-rise-time

high- voltage pulses to the spark chambers. '

A 15-kV low-inductance capacitor bank of three spark gaps
triggered the spark chambers. . Figures 10 and 11 are a photograph
. of the bank, and a circuit diagram for one gap, respeetively. Each

gap controlled three decoupled banks of up to ten 4000-pF 30-kV barium

' ~ titanate capacitors (Sprague No. 6134). The,capacitors were mounted

on copper sheets, the high-voltage sheets running only 1/8 in. from the
‘ground sheets to minimize inductance. Each 40000-pF Bank fed six

. 50-ohm coaxial output cables. For this experiment the banks were.

~ run at partial capacity, with 40000 pF for the 10000 pF cylindrical

~ spark chambers, _aﬁ_d 3000 pF for each of the 750-pF beam chambers.
"The banks supplied '15-kV'negative pulses. A 'spark-chamber cleari:_ng
field of +22V was used. Gap efficiency varied from aboﬁt 98% with )

.one track in the chambers to 70% with six tracks in the chambers.

~E. -Optics and Camera
1. Layeut _

The layout of the camera, mirrors, and chambers is shown in .
.Fig 12. The camera vie{!vs. the experiment at A. throﬁ.g'h mirror N.
A small mlrror S v attached to N, supenmposes the plan view of the' -
upstrea.m beam chambers onto the plcture A complete frame of an \
‘actual event is shown in Fig. 6. e ' o

A 5-ft diameter plano-convex field lens of 30 ft focal 1ength
vwas machined from Lucite, polished, and cut to fit over the down-
stream fiducial box and semlcyhndrlcal chambers

" 2. Alignment Procedure

The system was designed to be rigid to minimize alignment = .

' problems. The fiducial boxes were of rigid structure and were_hung. o
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Fig. 8. Circuit diagram of adder-discriminator.

Capacitances are given in microfarads.
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Fig. 9. Adder resolution for high-multiplicity inputs.
Counting rate of discriminated output pulses is
plotted against discriminator setting. The exist-
ence of plateaus demonstrates the discrete levels
of pulse height.



=22~

ZN-5006

Fig. 10. Photograph of three-spark-gap capacitor bank at
partial capacity. A one-foot measuring stick is shown
for size comparison.
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Fig. 12. Plan view of apparatus and optical arrangement.
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from the ends of a 2 ‘in | -thi‘ck aluminum plé,te bolted to the top of M- .
Final optlcal allgnment was achieved by adjusting the fiducial boxes
until, as seen through the camera, pre-etched fiducial marks on the
fronts of the boxes were aligned with mates seen in the mirrors on
the side suffaces.' A

3. Camera, Film, and Expoéufe Data

The camera was a modified Flight Reséarch Model 4c. With'a

~ film-advance cycle time of 40 msec' it was capable of taking as .many as

»ten 35-mm frames during the 0.4- -sec Bevatron beam splll tlme |
‘The experiment was light shlelded and: exposure was made W1th

an open f/8 lens on Dupont 140B film with Microdol development.

‘ Br_ightnéss losses'causod by mirror or plate. reflections were oompen-
sated for by neutral deriéity filters placed over the various views.. The
.dii‘ect viéw of the semi'-c'Ylindrical chambers and the mirror views of
"the beam chambers'Were covered with 0.3 density filters (intensity factor
of 2) and the dlrect views of the beam chambers were covered with 0. 6

denS1ty filters (1nten51ty fa.ctor of 4). _
. About 1.6 million events were photographed the polar1zat1on
‘measurement was made from about 300 =°K° events obtained from

1.2 million photographs taken with the lead converter in place,




A S cannlng »

General D1s cussion:t: .

The trlggerlng background was so h1gh (~ 4‘000(1) that a large

scanmng effort was requlred The measurlng load was reduced by

knowledgeable scanners who reJected before measurlng, events that .- .__1 ' '

o fappeared to be elther k1nemat1cally or topologlcally 1mpos sible. As '

'._-‘_The solutlon adopted was prescanmng of the fllm with 51mple qualltatlve

' »‘"selectlon rules and then second- scanmng by another group of scanners '

N . which could therefore represent gamma- conversmn electrons The S

1t turned out about seven events were measured for each flt found

o "'_‘.armed with an understandlng of the klnematlcal and geometrlcal cr1ter1a 1_' )

and of the. cyllndrlcal geometry

2. Scanning Ins tructlons

o a. Prescanning:" Prescanners selected events with four charged L

secondarles plus gamma- conversmn products, i’e,, tracks appearlng

'. only in the outer semlcyllndrlcal chamber and converglng at the lead

. prescanners also used spark countlng cr1ter1a to re_]ect events hav1ng
'multlple beam or fragmentary tracks. . L " IR _‘ L

b. Second Scanmng Second scanners chose events to be’ .

" measured from those events selected by the prescanners - They under'-"': Ll

. stood the production and decay processes,' used klnematlcal cutoff rules, ’

'and also knew deta1led constructlon technlques to establlsh the allowed

.. " 'range of apparent curvature of tracks in the cyllndrlcal geometry, as

o discussed-in Sec. III. A 3. They reJected events whose four prongs

“‘1ntersected the incoming plon track w1th1n a 1/8-in. 01rcle, events

g which clearly or1g1nated outside the target and events for Wh1ch 1t was '

" not pos31ble to make i\ and K° vees.

3. Scanning Problems O A R G T

It would be a s1mple matter to instruct scanners to look for vees ‘ . :

- were. it not for the cylmdrlcal geometry, Wthh causes stralght tracks 3("'-"'

“ to appear curved, 1n general, 1n the mlrror v1ew. Flgure 13 1llustrates \ !

el

the effect; it is a photograph of a beam track pa531ng through the system, '

interacting with the cover of the chamber and sending backward a cha_rgedv o



e

secondary, ‘whose path appears hyperbollc 1n the mlrror view. The

| 'equatlon of a track as seen in the mirror is - " '

Ly v(Z. -_Zo)‘-‘- o o S .
'f:_.RZ-, - = e R (16)
S e tan® N :
(The varlables are shown in Flg 14.) Eridentl'y all trackéjappear'
curved in the mirror except those which are radial (b 0) and/or
without dip (Z = Z > A=0). In practlce, tracks coming from the target
‘region are nearly radial and appear straight. AR »

Second scanners were taught constructions to es.tablish limits
on the curvature possible to'a track inside the chambers in the region -
where the track is not seen; by means of these constructions, events

that looked topologically imposs‘éibll'e could frequently be rejected..
" B. Measurlng . . .

1. SCAMP Measurlng Dev1ces v
Events selected by second scanners were measured.on SCAMP RS o

and SCAMP III digitized measuring protract.ors. : Wlth these dev1ces the

measurer sees the event projected on a ground glass screen. He con- ’
trols a translating film stage and a rotating fiducial retlcle, a single |
se'tting on a spark track records on magnetic tape the orientation of
_the track or fiducial line arld the film coordinates of one point. Various:

constants and event codes were set on a parameter board.

" -2. Measuring Problems

a. Hyperbolic tracks. It was not necessary to fit a hyperbo‘la‘

to each cyllndrlcal chamber track to solve the problem of curved tracks
in the mirror view. It was sufficient only to measure three coordinates . .
‘of two points on each track; on the:SCAMP parameter board the meas- |
urer recorded the numbers. of the spark-chamber plates that were at

the ends of the segment of tra_ck he used for the measurement. In the

track reconstruction program, the intersectien of the track linés : with - .

the plate surfaces determined two sets of X, y, z coordinate points per

“track, and thus the question of track curvature was avoided.

&
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Fig. 13.
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Photograph of hyperbolic track image.
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Mirror views
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MUB-5742

Fig. 14. Distortion of a straight track by the cylindrical
geometry. Lambda is the track's actual dip angle
and apparent asymptotic dip angle.
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b.  Lead scatters. The ocattermg pomt of a tra.ck that scattered '.

at. the lead was used by the measurer to supplement the inner chamber

sparks.:

b, Hladen tracko If the locatlon of a track was ambiguous, e. g ;o

. 1f a track was hidden in one v1ew by one of two other tracks, the meas-
urer set on both of the possible locations; the fitting program analyzed the
event separately for the two cases.

-d. Poor tracks. Provision Was made for tracks that were .

' poorly determined because of broad sparks, falntness, or obscuratlon

The measurer set on such tracks twice, expressing limits on the poss1ble
'posltlons, "The settings were averaged and the measurements themselves
were used as expressions of increased error to be assigned to the track.”

e. : Inner—plate-.léff'e'c:t, An interesting effect, Whlch was not

‘actually a problem, was seen in the cylmdrlcal chambers. For track- to-

B "-»'-plate normal angles greater than = 30°, the spark did not follow ‘the partlcle

~path, but usually originated from the point where the particle path crossed.

" the inner (smaller radius) of the two plates bounding the gap. This effect

could be seen readily for any nonradial track by extrapolating the track in
from the outer chamber, Awhere it was more radial, to the inner chamber. =
- The regularity of the effect probably improved the accuracy of track
- measurements, but is not easily understood. The only explanation that
. offers itself is that the electric f_ield is greater at the smaller radius .
_‘”by enough to initiate the avalanche there most of the time; the field N
' variation across the gap is about 10% in the inner chamber where the
effect is generally seen. Palring of sparks opposite one another in
succeedlng gaps was seen with extreme clearing fields, but the 1nner;
plate mode was the normal condltlon at the clearing fleld used, whlch
v was selected emp1r1cally for maximum gap eff1c1ency , e
_ ‘ At track-to-plate~-normal angles greater than = 60° the res‘olu-";_'_ .
tlon is decreased by multlple sparks Wthh occur spread out along the .

- track..

o
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C. Selection of Events

1. Resolution - o

o . Event.: separatlon was difficult because of the hlgh background.

Furthermore the momentum and charge sign of every outgoing particle

was unknown, and none of the vertices (production vertex and decay

V,ertices of the A” and Ko_‘) was seen, excepf those for occasional

decays of neutrals in the active region of the chambers; thus the pro-

duction angles of all three neﬁtrals were unknown. [The converéion

electrons scattered so much in the lead (* 12‘? per electron) that their direc-

tions.. ‘We.re“ynot useful for providing a measurement of the production -

vertex.] _ |

' Attemp‘ts‘to select events by means of a Kinematical calculation

plus some simple geometrical checks sthéd a severe mixing of back- )

ground (of order 25%); moréover additiona'l,.'aiﬁb.ig'uity(2,\20%:).’.0‘ccurredA betwegn :

- K9 and A6 or between p and T from A‘_o decay. The kinematical

variable used as the fitting criterion was the angle between the track

of the measured proton and the calculated proton, the latter determined -

kinematically from the angles of the other parficles and the beam.—track

| 'momentum. Hereafter this variable is referred to as the error angle.
Figure 15 shows a distribution of events in the error angie of the’

best solution with rough checks on the topology and vertex location. The.

background. was intolerable and~a simple fitting .progl;am was written.

2. Fitting Program

The purpose of the program waé reduction of.the background to -
- anracceptable level and recovery of events with specific tracks known to
be poorly determined. v
Errors were assigned to the end p01nts of each track as freedom
of motion perpendicular to the track. A sta.nda.rd error was ass1gned by .
the program; it depended on the track- pla.te angle and the length of the
_tracks. The measurer could specify larger limits on the position of an
ill-defined track. The gamma-ray conversion point and the beam track
were not movable in the fitting proéed_ure because the fits were insensi-
tive to the former, and the latter were very well determined.
Fitting the oK hypoth'esis was" tried‘for evéry possible per-.
mutation of the four heavy particles [m~ T (K°) and p _TT‘ (Ao)] . The .
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Fig. 15(a). Distribution of events in proton error angle
with crude geometrical checks. (b) Distribution of
selected events in error angle. (The two distributions
do not represent the same size sample.)
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vevents were characterlzed by two parameters —-a chi- squared obtalned
from kmematlcal flttlng based on adJustment of track space angles
only, and a topological-check: parameter based.on the translational ad-
justment of the tracks into the correct topology, but an overall fit to
each event was not attempted. The angles of the tracks were believed
to be known better than the translational pesitibns. '
Computer time was minimized by ending the calculation for a
giveri permutation whenever any of several parameters exceeded a
cutoff, for example if the c,hi-squared‘ just to-adjust the tracks into
vees was too large; also, ‘quantities calculated'for,one permutation
were saved Whenever possible fer use with another permutation at the
expense of program s1mp11c1ty Runmng time on the UCLRL IBM 7094A
was about 4 sec per event.. ‘ '

3. Selection of Events

At first the chi-squared distribution was unexpectedly wide.

This effect was found to be caused by small-angle multiple scatters
at the lead that were not noticed by the me as_tirer_s.-‘m The multiple .' .
Coulomb scattering at the lead was calculate‘d' from the computed track
"momenta. - Most events had one or more tracks where the measurer
did not detect scattering at the lead but the calculated Coulomb scatter-
ing angle was one to ten times the angular error allowed to the track.
Let M be the measurement error expected from the rms projected
multiple Ceulomb scattering angle calculated for a track of gi'ven
- momentum traversing the lead plate Let E be the angular error
allowed to the track measurement by the f1tt1ng program. The ratio -
(R) of M/E (largest value for each event) was strongly correlated with
the poorness of fit; it was inferred that measurers were missing small ‘
scatters. These events were remeasured under the a'ssurnptio.n that
such tracks did scatter. Reasonable chi- -squared d1str1butlons resulted'.
If the sacttering ratio, R, was greater than 20, that combination of h
. tracks was re_]ecte_d as’lmpossa.ble, so that the lead provided a crude' '
~momentum analysis. ' T

' A solution was rejected if the path length of any particle in the
hydrogen exceeded its calculated range. This and the seattering ratio
limit of the last paragraph prpVed to: be‘po_'we rful in resolving ambiguous

solutions.



.geometry was imposed on the Monte Carlo events and they were analyzed
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Star llke events were re_]ected 1f both neutral tracks were

: .calculated to be shorter than 0.2 1n. T . e e S v' N
S v Flnally, any events w1th amblguous solutlons were re_]ected '
- 4 Checking Event Selection w1th Program FAKE

To check the programs and stat1st1cally check the selected
9

»o

- events for blas, program FAKE, ’ a Monte Carlo program wrltten to-

‘v;s_lmulate events in the LRL 72 inch bubble chamber, simulated ZOKO

events The multlple scattering and chamber geometry features of

" the program were dropped by changmg an 1nput code The experlmental

v .:'by the fitting program. Various problems such as amblguous solutions

V The only statlstlcally s1gn1f1cant difference between the two sets was

e an experimental select1on bias against long-path-length neutrals —

- were investigated. - Var1ous dlstrlbutlons were plotted for the s1mulated' S

events and- compared w1th the same d1str1butlons for the genuine events. 7

- essentially agalnst those decay1ng in the chambers. Tracks which

»

¥ appear in only two or three gaps ‘before scatterlng at the lead g1ve :

. poor resolution. The difference dlsappeared when decays in the cham- LR o

" bers were omitted from both sets. Polar1zat1on bias cannot be caused

by this type of effect, so these events were not omitted from the polar- I

- ization sample.

The d1fferent1al cross- sectlon of 0K productlon was est1— :
‘mated by correctlng the actual angular d1str1but10ns with geometrlcal
efficiencies (obta1ned from the Monte Carlo events) for various pro-

-duction angles; a severe geometrical cutoff was 1nst1tuted for the pur-. .

2 . pose of ellmmatlng scannlng -and trlggermg blases S : '

‘5. Background : : : .
The worst type of background event is m -+ p - A° + K° +o ,,t.f v

':Aa.cc1denta1 Y 51mulated by interaction of the lead w1th 2 stray gamma ray

or neutron. When this type of interaction passes as Tr + p—> =%+ K°

- any A polarization w111 cause apparent polarlzatlon in the s1mulated

‘Eo's. A search was made for acc1dental outer- chamber tracks on f11m
= of stra1ght through events at h1gh beam rate. No 51gn1f1cant productlon 1
 of this type of track was seen, possibly 1%; a Monte Carlo calculation '
estabhshed the probab111ty ofa A + K° + acc1dental v faklng a ZOKO

i . . : D

it
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at 15%, so that the contamination of A's should be less than '1% A |
A° K° ® background is not as troublesome because the A's are not llkely to
. be polarlzed the probablhty of faklng =K% was 20%. - With a cross
section of only =.01 mb, contamination from these events should be
less than 1%. Most of the background was from stars and quasi-stars
(star with one or ihore secondary scatters) originating mainly in the

target walls and chamber plates.

. D. Analysis of Selected Events @

1. Polarization Analysis by Maximum-Likelihood Method

The =° polarlzatlon (see Sec. II.A.) was analyzed by a maxi-
mum-likelihood program for the IBM 7094. S '

The decay angular dlstrlbutlon of a polarlzed A° s

1(cose)=7[1+aA(ﬁA-R)], 12y

m

- where R-rr is the direction of the decay pion in the A ‘center 6'f.mass.
With this expres sion, 'o,A is known experimentally to be negative. The

A polarization is
where 'k can refer either to EY or EA bece.use' (11) is'bilir‘lea,l'* in k.
Combining (42) and (1'1) gives o

ey [1 - <1‘5'-1‘<)<1‘<-’R1T>,] N € X0

Equation (11) ig in the center of mass of the sigma and (12) is in the

' . center of mass of the lambda. Equation (17.) is permlssﬂole prov1d1ng

' » we measure fgz -k ;'.n the =% center of mass.’ Problems of the
relativistic rotation of the A® polarlzatlon vector can beé avoided by
‘transforming the A’ and T firstinto the =% center of mass and
‘then into the A’ center of mass to evaluate (k ﬁﬂ). '

We thus write a likelihood function

LhanPy) = T 1 - ey By Oy Ry - Bl u8)

where i aenotes the value for:the'ith event. -



2 leferentlal Cross Sectlons

leferentlal cross Sectlons were obtalned by correctmg the.

‘angular dlstrlbutlon Wlth the geometrlcal eff1c1enc1es obtalned from

.the Monte Carlo events. Cosme power serles flts to the productlon

angula.r dlstrlbutlons were obta,lned v _j o
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IV RESULTsi

A Cross Sectlons Adder Eff1c1ency

ThlS experlmen'c was not de31gned to provide total or dlfferen—'
‘tial cross sections. Total cross sections are difficult to measure be=
'caﬁsme of uncertainty in the trigger’ihg efficiency of the adder for the
various-sized countérs, secondary interactioﬁs of particles with the‘
| apparatus, and uncertainty in the conversion efficiency of the lead.
The total ZOK° _crosé section, was calculated, however, as a check
on the efficiency of the adder; from a lead—cdnversion efficiency of 22%,
appropriate branching ratios, and geometrical efficiencies from the
..Monfe Caflo events, a total cross-section of 0.22 mb averé.ged over
‘all momenta is obtained. This is in agreemerit with recent results
which indicate a value around 0.24+0.02 (Ref. 10).

Differential cross sections were obtained by selectio'n'\of events
“with: (a) no'decays/in the chambers, to eliminate scanning biases |
against these; (b)v"no pértibles hitting the Lucite side and end pieces of
the spark chambers, to eliminate triggering biases caused by particles
missing counters and by interactions in these plates and to eliminate
scanning biases against particles with oblique track-to-plate angles;
and (c) no partiéles with léboratory angle greater fhan 90°, to eliminate
_triggering biases caused by particles missing the counter array. The
statistics were especially iaoor in the f_drward direction, because for-
ward sigmas produce fast lambdas, which are likely. to decay in the
-chambers, and because backward K°'s tend to have short paths and ‘
wide-angle decays. These differential cross sections are presented in

' - Fig. 16 along with those of»Anderson1 and Binford et al.10 The data

of this experiment at 1275 MéV/c are normalized to 228 pb for com- R

parison with Ref, 10. The data at 1325 and 1365 are no.rmalized to
225 pb for convenience. _‘Cosine' power-series coefficients of the curves
of Fig. 16 are presented in Table I and plotted against beam momentum = - B

in Fig. 17.
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Fig. 16. Differential cross-sections with statistical errors.
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Table I.
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The data from which these points were plotted are given
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Table 1. Co‘efficients‘of cosine power-series fits.
| T4 p> 20+ KO
Py~ 1125 - 1170 1225 1275 1275 1325 1365 1605
. Coefficier‘n: o Binfor&a Andersonb Binforda‘ .Binforda Thié exp't This exp't This exp't Schwaftzc
AO: 13.4+5.8 '1a8¢15 19.9£3.9 12.452.6 117¥5J 13.4£3.0 _1&5#16 :g4£12_

A, 57¢30_H{ 3.82.2 :3L0iiii i&3¢85“ﬁx&1i1a9_ 23.3£9.7 “1%9iiL8fQ7i63

: AZf'a:f238i57 208443 3.6£94  17.4%6.9 1.4%23.9 13.4411.6  7.0£11.8 42 11

A3 SR s | -4'5.0_#2_0.7_“'-49;7“4,1 2424374 -.33.'_5&_197.2 -3v6._8i2/z_.8 49 £29
" No. ofevents < d. RETE 4 a a4 78 50 17
Normaliza=.:265+12 248 265220 228416 228° 225° 2258 w124

L »tior‘lp.b". e

a.. Reference 1 0

'b. ‘Reference 11.. : . - . . .
c._f‘Joseph Adam Schwartz, Assoc1ated Productlon from 1 5to 2.4 BeV/c Ph D the31s), UCRL 11360

June 1964,

T %

d. . Blank spaces 1nd1cate data not availables

e, Not a measured cross sectlon..(see text ) .

Cepp-
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Fig. 18. Polarization results. The values of ap Py are plotted
vs cosine of Z° center-of-mass production angle. The .
momentum interval is printed above each graph. Errors
are the half-widths of the likelihood curves at 1/Ne of

the maximum heights of the curves.



B Polar1zat1on

' The Zo polarlzatlon results are presented as O‘A ‘ > in-
Flg 18(a) with the data divided into two productlon angle bins and
four momentum bins; Figure 18( b) shows the same data for three
production-angle bins. The lower row of graphs in each figure (Sec—:
tion a and b) shows the same data with regrouping of momentum bins. o .
Although the errors are large, there is more structure than '
would be expected from statisti'cal fluctuations alone if the polariza-
tion were small. In particular, asymmetry is noticeable, the polari-

ization displaying sign changes between forward and backward hemi- : .. ‘

. spheres of X° production angle. This effect can be seen in Fig. 19,

' 'in which the difference, Af{o an 2), between G‘A Ev averaged over the
forward production hemisphere and o.A ' averaged over the backward
productlon hemisphere is plotted as a function of beam momentum _

. Between 1200 and 1400 MeV/c, the function appears to go from a large RS
‘negative value to a large positive valuerand back to a large negatlve

~ value, reaching a maximum at about 1300 MeV/c.

C. Discussion of Results

The plots of cdsine series coefficients AAL in the expansion' L
do /dQ = Z Ay cos L9 in F1g 17 show that A, and A, are essentlally RERAS
constant, whereas a large A3 appears suddenly at 1225 MeV/c and A R
.increases 51mu1taneously The coefficients remain approximately con-_". AR
. stant to 1400 MeV/c; at 1605 MeV/c a large A term has appea_reda.nd S '
A3 has changed sign. A
The differential cross sectlons at 1125 and 1170 MeV/c are well L e
. fit by cosine-series terms to order 2, so they are explamable by s and , |
P waves alone. The sudden appearance at 1225 MeV/c of large A3 and -
A coefficients could be caused by interference of s-wave background w1th
| the f7/2 N* (1920 MeV). This resonance is centered at 1480 MeV/c, in” ,_'
beam momentum and has a half-width of 200 MeV/c, The contribution ' .
N ) of an s 1/2 7/2 term to the differential cross section is proportlonal to N
3 cosf -5 cos3 0, which is just about the proportion of these terms '
‘added to the dlfferentla.l cross sectlon between 1170 and 1225 MeV/c
- Although it could be merely a statistical fluctuation, the rapid change o

!
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in polarization with beamn mom_entunﬁ between 1200 and 1400 MeV/c
suggested by the data of Fig. 19 is at variance vwith.this.p'icture because
the polarizatio_h should not change rapidly if the dominant interaction term
consists of a élowl? rising resonant amplitude interferihg with a slowly
'varying background terrn_{ . o ‘ 5

The momentum dependence of A(G'APZ) in Fig. 19 suggests
that at least one other strong amplitude is active near 1300 MeV/c.
The existence of a large d5/2 amplitude would fit tﬁe =%K? produc-
tion data in several ways. The angular distribution at 1225 MeV/c
- would be explainable in terms of :ﬁi/ZdS/Z interference, which gives |
| the same angular distribution as ;s'i/zf7/2 interference. Rapidly

varying polarization could be more readily explained. The large

v cos’ angular-distribution coefficient at 1605 MeV/c could be explainable:
- as interference of d5/2 with the 1920 MeV f7/2N>:< amplitude. The .
angular distributions obtained at 1325 and 1365 MeV/c are not precise’
enough to exclude a."éubsta.ntial A5 coefficient of the sign found at ‘
1605 MeV/c because there is a strong negative correlation between.
A3 and A5 in the goefficient error matrix. Interference qf. dS/Z'
and f7/2 could thus already be preser}t at 1325 and 1365 MeV/c. In
any event at least four partial waves are evidently required to fit the
available data; a conclusive phase-shift analysis 1n this momentum
region will reqﬁire more precise angular distributions and polall';
ization measurements and should, of course, include information

. from elastic scattering and other inelastic channels.
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Fig. 19. Difference between ap P for forward X% production
hemisphere and ap Py, for backward hemisphere plotted
vs pion-beam momentum.
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’ V CONCLUSIONS | .

‘World statistics on =0 K° productlon in the region 1200 to '1500
MeV/c are weak, partly because the cross sect1on is low and partly be-
cause gamma rays are not detected in most hydrogen bubble chamber
=0 Ko events. The ZA parity determinations to date agree but are
not unchallengeable;7’8 there is little interesf in this problem now,
however, because of the mea.'surements.to date plﬁs thé successes
of the group-symmetry theories that put =° and A° in the sam.e'
~ supermultiplets with common parity. | |

The general problem of poor =° K° stvatistics‘isbprqbably
solﬁble by a spark-chamber experiment in which the adder technique of -
this experiment is u.se'd déspite the intense background encountered.
Increasing thé number of events by a facfor of ten would justify such an

experiment. The geometrical efficiency of this experiment was only

= 25% for complete events on the loose triggering mode (no UD counters), .-

and gamma-conversion efficiency was only ® 20%. The target depth
could probably be doubled; The number of events could thus in principle
be increased by a factor of 40 with a dispro’pdrtionately small increase
in background Better resolution. and larger chambers might also save
events with K2 decays. . ‘ |
This experiment would have yielded twice the number of =%s
had loose triggering been used throughout, and could have yielded another -
factor of 1.5 by the use 6f a larger ir_lnef_chamber to improve resolution
- and scanning efficiency for neutral decays downstream of the target.
Background triggers could have been reduced by = 30% by extensive
anticoincidence coﬁntefs around the insensit’ivé solid angle, a measure .
that was not taken in the hope of 'resolviﬂg events with a lost K° decay
pion. | _ | _ _' _
A further significant improvement could have been obtained with
- a 27‘O° (or 3/4) cylindrical sﬁark chamber. Such a chamber was con- »
structed and tested but was rejected because light-reflectiOn'at‘tenuation a
was too high -Achiex}ing better polish, e.g., by chrome plating, would
" make such a chamber fea51b1e, track 1mages would still be no worse v

‘then hyperbollc.
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One could however, do stlll better w1th a radlcally redes1gned )

experiment.. The use of streamer chambers Would provide several -

- advantages. Their 1sotrop1c nature would avoid loss of resolution from .
. tracks making oblique angles w1th the plates of ordlnary spark chambers, s
this problem, important for large solid - angle detectlon, was. notlced even Co

- with the cylindrical geometry of this experiment. Streamer chambers

show no loss of 'effic'ienoy for high-multiplicity tracks. When fine wire-.
grid electrodes are used, streamer-chamber tracks can be photographed )
from any direction and even through other chambers. .
Low light output is a disadvantage of streamer chambers that
may yield to study. Photographs are currently being .taken at £/2.5
with = 0.2-mm track resolation in both directions. 12 , ‘
Bubblel-chamber_r_neasurin'g devices and e'vent-proceSSing codes |

are readily adaptable to streamer chambers with or without r_naghetic

- field.
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Eq ' _-.:(315) by a Monte Carloprogram for the IBM 7094 The dlstrlbutlon i

Calculatlon ‘of the Number.of Dalitz! Decays
’ Requlred to Measure the ZA Parlty i

.,fDalltz palr decays of'lthe Zo have been 51mu1ated accordmg to ”

. of llkehhood ratlos for experlments contalmng as many as 200 events W

L has been obta1ned for flve values of sigma polarlzatlon No appr0x1-i Vv_'-'.:'l'

-t to determlne the event: the decay c051ne of (PZ’ A) and the orlenta- -
s .-tlon angle of the Dalltz plane determlne PA by Eq. (15) the decay c051ne
B [d1str1buted accord1ng to Eq ('12)] and the az1mutha1 orlentatlon of the . S

A _'and the llkellhood ratlo is. ¢

. "The events were generated accordlng to the -even- parlty ch01ce

l‘,:envelope equals’ the odds agamst exceedlng one standard dev1at10n

e - matlons were made beyond the averaglng used to obtain Eq (15); how..'::. L .'
eV r,r 1t has _been as sumed that the mgma polarlzatlon and all angles L L
are known exactly o . - , R o

Random number generatlon of four angles per ‘event is suff1c1ent e )

R ‘lambda- decay plane determlne k , The ].lkellhOOd functlon is'
'; -7',1?5_,(.1 f_".‘fA,PA_"' ‘_k‘T‘r-)‘.},- R e oRm T

_;f()
A

'_ .~fwhere the - and + refer to the even and odd parlty ch01ces of. Eq (15)

_ The median logar1thm of the l1ke11hood ratlo Vs the number of ‘
_events N in the samples is plotted as the central curve in ‘each sectlon . L
_of Fig. 20. (A separate graph is presented for each of five values of '

Z ) The probablllty of the result of an _experiment. fallmg within the -;_" R

.:The curves are well represented by the formula o

- L,"g,_R,-'i-»z .(. o D

Forty two thousand events were generated and analyzed for

L eachx of the flve graphs The computer runmng t1me was three rn1nutes e
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Fig. 20. Distribution of the logarithm of the likelihood ratio, R,
expected for a ZA parity measurement as a function of the
number of events in the sample is given by the central
curve. The rms spread in log gR for samples of N events
is given by the vertical width of the envelope (distance

between top and bottom curves).
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