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ABSTRACT
We have determined the KEIN parity using the reaction n+p 4-K+Z+ .
A crystal containing polarized protons was used as the target. We have
compared the coonting rates for events produced from protons polarioed

parallel and antiparallel to ﬁi, where ?i is the polarization of Z's pro-

‘duced from unpolarized protons and has been previously measured. A higher

counting rate was obtained for events for which the protons were polarized.

« This means that the KZN parity: HKZN =T =<1, This

-
parallel to P D

z

‘result depends only on the assumptions of spin L/2 for the sigma and parity
conservation in the reaction. The relative probability of odd vs. even

KEN parity is 21:1. Our result agrees with the usual expectationé (as

from SU ) and with a previous experimental determination.
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INTRODUCTION |
The‘method we have ‘used to determine the rélﬁtive intrinsic parity
of the K and X particles (QKZ)‘is due to Iﬁlenky,l.who shows that the differ-
ential cross section for production of a KX final state by a pion-proton

collision is of the form

96,0 = 2(6)], (L+mTB)) . (1)
ﬁ is the product of the initial and final state state intrinsic-éarities
and is equal to Iy X Hﬁp. Note that I = “Tesye T is the component»(%-ﬁ)

of proton polarization parallel to the normal of the production plane, This

normal is taken to be

- -
P Sl

|k X |
7
Py, and %%Io are the pplarization (§z~ﬁ) and differential cross

section for production from an unpolarized proton target. -Tﬁe only
assuﬁpﬁions necessary in the derivation of (1) are‘thaﬁ'pafitj is‘con-‘.
served and that the £ has spin 1/2.

At the pion energy and angular region of our experiment and with
our definition of. 2 ; the‘average sigma polarization is known to be
positive, as determined ffom experiments with unpolarized targets.z’B’J+

| Complete separation of events produced from polarized protons
cannot be made and the final sample of events contains "background"
events produced from nucleons'bound in complex npclei in our polarized
target. These bound nucleons are not significantly polérized and thus

serve only to dilute the effect.

The number of events produced at any angle is the sum of background



| | B
events (b) and events from free hydrogen (fh) . -

dc do; 4
E% = E%lb + E%[O(l +ITR) .

The prodﬁction cross section for a target whose polarization is in the

&

direction © 1s
do do; . do| (4 .
'Eﬁiup = Eﬁ'b + Eﬁlo(l + I-I'TlPZ:) =N, + N,
. 7/
For target polariiation of the same magnitude, but in the direction -n we have:
dsy,  _dg, . do _
Tlaom = @lp * anlo( -MITIBg) =My + Ny
where Nb is the cross section for K+ events from non-hydrdgen nuclei,

and Nﬁ a is the cross section for K+Z+ events from hydrogen.
’ . . .

We now form a quantity e , the asymmetry in counting rates for

~ the target polarized parallel and antiparallel to the normal.

do . 4oy - '
c = Eﬁlup - Eﬁldowh _ (n, +N) - (W + Ny)
T do do;, - (N +N)+ (N +DN.)
Tolup * Tlaowm P N, + Ny

) Nﬁ - Nd _ Nu - Nd ) Nuv+ Nd
Nu'+ N& + ENb Nu + Nd Nu +4Nd + 2Nb ;

The first term is the asymmetry in counting due to the free hydrogen and

thevseéond term is a dilution of the effect due to the presence of back-

gfound. We can write this as

. € =¢'f
N -N
w4 _
e'= HITIPZ
u d
N+ N, o e
f= T T A fraction of total number

u d b of events that . come from.
free hydrogen.
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Thus the asymmetry in counting rate €, with background included is

e-HlTlP £. - (2)

ITI, Z’ and f are positive so that the sign of ¢ determines the KXN parity
(HKZN = =II) . Formula (2) assumes equal magnitudes of polarlzation for
protons polarized in the direction nor -n . The error introduced by using

formula (2) is well within the statistical accuracy of this experiment.

II. EXPERTIMENTAL TECHNIQUE

A schematic of the experimental apparatus can be seen in Fig. 1.
" A beam of 1143 Mev/e n+ was focused on the polarized proton target
polarized ip a horizontal direction perpendicular to the beam. A - Kf
detector placed below the beam line and the>polarized target defined a
vertical plane of scattering ‘The detector was sensitive to K of
momentum 370 < Py < 600 MeV/c. The detector was designed so that K*
produced from free hydrogen with‘c.m. angies 45° < eKﬁ* < 100°  would
~ stop near the center of the sensitive region of the detector. The sen-
sitive region was a water Cerenkov counter‘ CT of inner dimensiensQ
12"x12"x14" which counted the fast decay preducts of the k'

X' -y BR (Branching Ratio) ~ 63%

K" - x*n° R ~21% -

Upon electronic detection of a stopping _K+., spark chambers
were fired and photographed te record the trajectories of the K+
and.its decay products ae well as the incident ‘n+ trajectory.

The asymmetry of counting rates for K+Z+ produced from free
hydrogen polarized parallel or antiparallel to n gives the K= o

parity when Eq. 2 is used.
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A. Beam

Figure é'shews a diagram of the beam which was produced from an
aluminum internal target placed in.the north tangent tank straight section
of the Bevatron. A bending magnet ML induced momentum dispersion at focus 1
where a copper slit served to select a momentum band. At focus 2 the momen-
tum dispersionlwas partially cancelled. A 20 ft. long velocity spectro-
meter with crossed DC electric and magnetic fields caused the H and protons
~to be separated by about .6" at focus 2. A 4" copper bar at f, intercepted
the protons but not the pions. The pions were refocused downstream onto
the polarized target at focus 3. Momentum dispersion was removed at f5 by
bending magnet Mh. Accurate wire orbits were made between fl a.nd‘f2 and the

remalning magnets were tuned empirlcally to maxlmize coincidences of
1/4" square counters temporarily placed at fl, f,, and f3 The x'
beam momentum was obtained by correcting the wire orbit momentum by the
amount of energy lost by a n+ traversing material.in the beam. The
resulting beam momentum at the center of the target was 1143 MEV/E and
had a spread of 1k MeV/c as determined by measurement of x' tracks

in the beam spark chambers. The beam spot at f_ was about 1.3" in dia-

)
meter. Angular divergence in the vertical and horizontal planes was
+,6° and *1.2° respectively. |

The maximum beam achieved was hOQ,OOO n+.per pulse with 2 X lO12
protons on the productien target. Typieal beam intensity during the experi;

- ment was 250?000 % per sulse with a beam spill of 600 ms duration.
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"~ B.  Polarized Target

| The target consisted of four crystals of LazMg5(NO )12-2h H.O w1th
nominally 1% of the La replaced by Neodymium 42.‘ The free hydrogen in the
water of hydrationbwas 5.2 percent by weight of,tne target which overall
had a density of 2 and weighed 19.2 grams. The free hydrogen was polarized
by the process of dynamic nuclear orientation whlch has been described 1n
detail by other au.thors.5 |

Our target was operated in a.field_of 18.h Kg at a temperature of
l.EOK, and irradiated with about one watt of T0 GHz microwaves. The polari-
zation averaged 47% during the experiment, Polarization was reversed by
changing the microwave frequency by 0.2%., Because the magnetic field was
not chenged,'the geometry of the.experiment was the same for both polariza-

tions. Proton polarization was reversed every 2 hours following Heh refills

of the cryostat.

C. Detection

7 An event of interest consisted of a single n+ incident on the pelarized
target coincident in fime with a K+ ‘emerging from the target and stopping
in the K+ telescope. ﬂ+ were identifiea»electronically'with sclnﬁillation
counters in the beam. For the beam, the coincidence logic was |

‘ - Bl B2 Ahole .

with ‘B, a scintillation counter at focus 2 (f ), similarly B, at f5 s
forming a time-of-flight coincidence which eliminated protons remaining
after the separator. - A ole ¥as a scintillation counter having a 1.5"-dia-

meter hole and placed in front of the: target to veto n+ not incident on

the region of the target.
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K''s were identified'by‘a xt telescoﬁe consisting of copper degrader,
Cerenkov.counters, scihtillatbrs and spark chambers arranged as in Figs. 1
"énd 3. The c opper degrader was e'different thicknese for each of the three
- adjacent 82 counters. These tﬁicknesses were ehesen to stop the K+ origi-
B nating from free hydrogen near the center of the 12" x 12" x 14" Cerenkov

counter CT « The K+ teleSCOpe'was sensitive to elastic K+Z+ events with

- center-of-mass angles (c m.) 45° < Ok * < 100° . K outside the interval

370 MeV/e < P < 610 Mev/c did not stop in C,

For the purpose of spark chamber triggers a K+.was defined to be a
slow (B < .75) particle incident on Cp at time zero followed by a fast parti-

cle (B > .75) emerging from C_ in the time interval 6-50 ns. This signified

T
the decay of a stopped K+. Thus the logic used to signal electronlcally a

possible stopped K was the follow1ng

- =(s, 52 8

stop C ) (C

5 )delayed 6-50 ns

" where S2 denotes any of the three 82 counters and MU denotes any of the

four M counters. Spark chambers were fired by the logic pulse

. R mmsugae
- Trigger = K stop DIPR PILEUP .

DIFR (double incident particle rejector) vetoed if two beaﬁ perticles ceme
within 450 ns and helped protect the K" telescope from accidental coinei—
dences. PILEUP integrated the beamiand vetoed if the beam spark chambers
had > L tracks within their sensitive time of about 1 ps.

Final 1dent111catlon oflK events was made by measurements of the
spark-chamber tracks which were recorded on film. The intersection of the
decay track of the mu spark Phamber and tne incident particle tracw in Kk

determined the ransge of the otODDIFF par+1cle. The momentum was obtained
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by tracing orbité‘thrcugh‘thc magnetic field surrounding the target and
fitting these‘orbits to the tracks in K1, X2, and K3. if the momentum was
within lQO MeV/c of the:momentum obtained from K range tables, the parti-
cle in the telescope was accepted as a K+.b The x, K and proton curves of
momentﬁm vs. range differ by more than 100 Mgv/b for‘the band of ranges
/cccepted by our detector., Because of the momentum resolution (~ 15%), a

more stringent cutoff could have removed valid events. This criterion was

sufficient to give a very pure sample of K mesons.

The electronic requirements for a trigger were sufficieﬁtly lax
so that only ~10 percent of the pictures had a genuine K+ in the K+
telescope. This 10 percent had a time disfribution of decay products
in agreement with the 12 ns XK' lifetime. The time distribution in
Fig. 4 shows no excess events at early.time ("prompts"). The lack of
"prompts" confirms that we have a clean K& sample.

A completc investigation into the causes of the elecfronic triggers
which did not involve an identifiable Kt was not undertaken. However,
the same K+ ‘detector was used in a subsequent experiment of a similar
nature6 in which the detector was more closely studied. Both this exper-
iment and the later experiment agfeed on the basic characteristics of'the
x* detector. Two separate classes of event triggers existed and these
comprised the bulk of the events in which a K" could not be identified.
Fifty percent of the pictures had no track in the mu chamber. These
events could be explained as due to particles which hit a mu'counter but
missed the spark chamber. Many of these events had‘a small pulse in the

mu counter which could have been due to Cerenkov radiation from a particle
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passing through its light pipe. ) In'a;dditiori,' ﬁhe' .Iféq._uiremen.‘b that 3 gaps
of a mu chamber fire meant roughly one of four particles hitting the
scintiliator portion of a muicounter missed the spark.chamber. A rough
calculation of the solid angles involved is in agreement with this inter-
pretation for events having no track in the mu chamBers.. The remainder
of the false triggers were mainly prompt events. Most of these triggers
were found to be due tb protons. These triggers are thought to be caused
by protons of B ~ .8 which did not fire Cereﬁkov veto-counters Cl and
c, (Bthres= 0.75) then fired Cerenkov counter Cp and a mu‘qounter.
Although the (sum p-CT) coincidence for these events must be delayed
6 ns from true prompts to result in a trigger, time jitter due to the |
physical size of the mu counter (5 ns) and.electrdnic effects such as
discriminator time slewing would alloﬁ some coincidences. A redesign
of the K’ detector could eliminate most of the above false triggers,
but would involve protectiﬁg the mu countérblight pipes. Accidental
“triggers are negligible for our experiment,

The time distribution was obtained by measuring the time seﬁara-
tion of the §3 and u scintillator pulses. All important counter pulses
~were displayed on a 4-beam oscilloscope and photographed each time the
spark chambers fired. Periqdic scans of this film were made during the
run to check the electronics. |
| The n+ trajectory was determined by four spark chambers in the .
beam. Two were upstreém of behding magnet M4 and two were downstream.
About 65 percent of the events involving K' had tracks in B.B.B By, of

17273
sufficient quality to reconstruct the n+ momentum,

4
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Tables I and II give a list of the counters and spark chambers

used in the experiment..

IV. DATA ANALYSiS

Film accumulated duriﬁg the experiment contained alternate blocks
of data that were taken with positive target enhancement and negative
enhancement. Here positive enhancement means that polarization was in
the direction of the‘magnetic field which, for our geometry, was in the
direction opposite to the normal of the scattering plane n . Data taken
with positive enhancément will often be called + data in the following
text. |

Thevdata was scanned in a mannef designed to equalize efficiency
" for the + and - déta. Events selected for measurement were then
measured on the SCAMP measuiing-projectof system at Berkeley. These
events were analyzed on a 7094 computer with a pfogram,-SHERLOCK, that
identified events having a genuine K in the detector. Purther analy-
sis and éutoffs to remove K+ events of low quality were done with

program SUMX.

A. Scanning and Measuring
Blocks of + and - data taken near to each other in time during
the experiment were scanned together on a dual projector machine. Twenty
frames of + data Qere alternated with twenty frames of - data and the
roll and frame numbers of events to be measured were recorded ‘as encount-
~ered. Thus, each scanner selected events from equal amounts of + and

- data. The alternation between the + and - data was to eliminate
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Table I. Details of counters. Counters labeled C are water filled

Cerénkov,counters,and the rest_afevscintillation counters.

e e
——

—— —

Counter

2A
2B

2C

Ahole

DIFR

1
14 2 x 12

o

oI ofH

Dimensions

10" x 10" X

-
=

10" x 2" x

1"
10" x 2 % X
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10" x 3 % X

-
=

1= PIE o= ol ol

11" x 11" X
‘ "

16" x 3 % X

Fhor D
&
ct
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|

diam hole
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5" diam § thick
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ln : ]
128X12 X 2
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&
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X

H

z
2]
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Photomultipliers

Remarks

CT70101

To64

T264
T264

Two T850's

6810A

68104 -

Six 6655A's

‘Six 6655A's

Four 58AVP's
7850
7850

TT46

- TT46

Wavelength
shifter added

- Wavelength

shifter added

Lined with MéO
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. biases due to scanner fatigue. Projector l and 2 of the dual beam pro-
‘ jector were randomlzed between + and - data without the knowledge of the
’scanner. Because 95% of the K 's are produced from non- hydrogen nuclel,
the number of events selected from the + data and - data ‘should be nearly
equal. This was found to be the case and serves as a check on the relatlve
eff1c1ency for 1dent1fying events in the + and - data.
Events were selected for‘measurement by the following criteria:
1. 'K2,IK3 and K) had one and only one track in them;
2. K, chamber had one and only'One "down" track,vmeaning a parti-
cle that was inclined downward-to'the horizontal plane;
3. ‘At least one of the four mu chambers had a track; and
'h.'iOne and only one S, counter fired | |
A track was deflned to be > 2 sparks in the chamber with the excep—
tlon that > 3 sparks were required for Kh and the mu chambers. The Kl
chamber had alternate gaps displayed in separate views. For this chanber
each split view was treated as a separate chamber and criteria (1) through
Q(M) applled. An event was accepted if one or both split K chamber views
showed the "down track._ | |
Measurement of the events selected by scanning was done on the_
SCAMP machlnes at. Berkeley w1thout attempting to equalize the amounts
.of + and - data each scanner handled On these machines the cross
hair was adgusted manually to glve the best visual flt to sparks 1n the
chamber gaps and the 6 s X, and Y film coordinates were recorded on
- magnetic tape. : | |

Computer analysis with SHERLOCK reconstructed the event 1n three
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dimensions from the'SCAMP £1lm coordinates and.identified events involving

a- K+o

Beéausevgood kinematic resolution was important, more stringent

cutoffs were later made. The final K+.sample satisfied the following

requirements:

4.

The K& trajectéry intersected the target crystal;

Range-momentum and the curﬁature momentum agreed within 100 MeV/c;
The K+ tréck in K4 intersected the decay track of the mu chamber

within 1.25", and this intersection was inside C.; and

T
XK' tracks in chambers Kl through K4 fitted a continuous trajec-

tory.

The total kinematic information obtained from the épark chambers

and electronics was the following:

1.
2.

3.
b,

Identification of n+ by time of flight,
- +

Momentum P, of the =,

Tdentification of X', and

Momentum §k of K' (best determined from observed range and

checked with curvature in the magnetic field).

Information could not be obtained directly from Sigmas which decayed

before reaching the XK1 spark chamber. However both the events of interest

and the background events can result in an additional particle being

present in spark chamber Kl via the decays:

A - pr R = 67%
5° o Ay ER = 100%
L) prt R = 67%
=t o pr R = 50%
=t o ong” R = 50%.}
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The -last mode has a émall solid angle for detection in Kl. In the other
decays the protons are kinematically constrained to be within about 20°
of the hyperon direcﬁion; If the assumption is made‘fhat the K+ was |
produced from a free proion, the 5t direction can be predicted and compared 3
to tﬁe Qbsérvediproton direction. We call the angle'ﬁeﬁwegn the X and protoﬁ
directions'ezv and define Gmax as the maximum velue oné:can have.for Gzp
, assuming the event occurred on free hydrogen. .
The answefs to the twb questions

l. Is there an additional track in Kl?

2. Ifsois 0. <60 ?
- Zp max

ﬁere.usea to label events. All subsgmpleslof_events selected in this
»ﬁannerveither gave no improvement in the data or cohtained{too few evenfs to
be statistically-signifiéant..'The final result‘did nqtiuse this selection.
For‘a giVen'incident pion‘momentum YK+Z+';events.pr0duced ffom free
hydrbgen wiil have a definite relation_between [Bﬁ[ and GK‘ giveﬁ by
the‘th-body kinematics. This relation can be used to eliminate a large
fractionvof'the background events involving K produced by‘cﬁher reac-
tioﬁs.' Iﬁ the nekt»sectién.we‘describe ﬁhe sourc¢es of backgrdund events

and the ‘means for reducing backgrOUnd;

_B. Backgfound
' .Because the target Waé_cdmposedlof’only 3.2 pércéﬁt hydrbgen by
weight a‘largé.numbér of‘ K+‘ arose frémv.ﬁ+ interactions,in the heavier
nuclei. The main backgroﬁﬁd feactioné were from bound néutrons _(ng)f |

~and bound protons (p) :
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"n+'nb »xtA
':r+_ n, - K,+Z‘.° _
:t+ Py K+Z+ \
In general bound nucleons have Fermi momenta.|§F|_~ 200 MeV/c.
Hence the K+ produced ffom these nucleons will not usually have‘pK

and. 0, that agreevwith the two-body kinematics as calculated for free

K
protons. We wish to selegt those events that.are consistenf with the
kinematics of the desired reaction, ﬂ+p . K+Z+v. In order to make the
selection it is necessary to calculate for each interesting event a para- -
meter that tells how far the particular event deviates from the kinematic
momentum;angle relation. There afe many satisfactory wéys of doing this.
" We have chosen a particulaf method, as follows. In effect.wé pretend that
| each event occurs on a free target proton and calculate the "missing mass"
of a_preéﬁmed unobserved hyperon. Where the observed K+ does not fit
the kinematics of the desired reactiom thé so~-called missing mass, called
m in our formalism, deviates from the sigma mass mg . For the desired
..events the values of m cluster around the value m, . m 1s calculated
from the relation: |

me _—'..(EJr +m - EK)2 - (B& -'Bk)a';

For ?ach event the quantity m was calculated and entered in a
histogram so the distribution of m values could be displayed. This
"mass" distribution should show a peek centered at m = m. correspond-
ing to events produced from free hydrogen in the'cfystal. Figure 5
shows the mass distribution of events produced from the polarized proton

target. No peak due to hydrogen events is observed at thé mass mz
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_because the peak is'dbscured by a large background.
To aid the‘séparation of background,'data were taken with CH2 in

place of the crystal. In the data taken with CH., which effectively has

2
four times more hydrogen per unit mass, the hydrogen peak stood sufficiently
above background events to allow an estimate of its position and width.

In addition the ratio of ﬁeak to backéround evehts in CH2 allowed us to
an estimate of this ratio for the crystal. |

In principle, one might expect some b@ckground from 3-body final
states such as KfAﬁ and K+Eﬂ. However the contribution of these events
is negligible. The experiment was operated at an energy.lower than the
threshold for producing thesé events in free hydrogen., While 3-body states

.might still be pfoduced in collisions on bound nucleons, the cross section
for this process is.known to be small ( < 10 pb as compared to 200 ub for
the desired reaction), and what few events there are must be spread thinly

-ovér a large range of the parameter m. The mass 'distribution for CH2
data ié shown in Fig. 6. Table III gives summaries of the data taken with
CHé and crystal targets.v Some date was taken with a tafget material chosen
to approximate the crystal target composition without hydrogen. The distri¥
butuion of theée events vs. m has a shape outside. the peak consistent with
the shape of the data taken with the Xtalvtarget and CHé target. The number

of events obtained from this "dummy" target 'is too small to make a direct

ﬂdetérmination of background in the peak region of the crystal data.

CH, Data

The events observed with the CHé target in place were treated in
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a féshion similar t¢ é§ents wifh the polarizéd.targef'and 8 histogram of
the valﬁes of m.:. wvas formed, as shown in'Fig. 6. The peak dvue to free
hydrogen e&énts stands out clearly. The backgrbund does not center at
thé sigma mass'fof several reasoﬁs. K+A events preferentiélly populate
thé‘lower mass region bebause-mA < My, . .K+Z events.are shifted to low
missing masé by the kinematics of collisions'with nucleoné bound in the
"potential well of a nucleus. The resolution of the'K+ deﬁector also
favors low mass values to some extent.

On the basis of this histogram we chose the range

1184 MeV < m < 1196 MeV |

‘as the band of m values to be used for the calculation of results (for
the polarized-target data).

In the region of 1190 MeV the CH, data of Fig. 6 shows a péak
with approximately equal amountsvof background and free hydrogen events.
"To confirm our interpretation 6f the histogram we have performed a Monté
Carlo calculation of 'the distribution to be expected from collisions on
bound nucleons in carbon. A Fermi model of.the nucleus was used to esti-
mate the XK' production angular distribution, and the detection efficiency
of our apparatus was folded in. The dashed line on Fig. 6 shows the result
of the calculation, normalized to the exberimental data. The shape fits

the data fairly well and confirms our observation of roughly equal amounts

- of peak and background events in the chosen band. From the Monte Carlo
calculation we estimate the background to be 4O * T events out of the total
of 88 * 10 events in the peak. This gives a ratio of-hydrogen events to .

background events
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_ No. free _ 88%10
" No. bkgd = LoxT

-1=1.20 % .
Tog 1=1 20 46

2
If we assume that heavy nuclei have reaction cross sections propor-

tional to A?/5 we can scale the quantity r to the polarized crystal which

CHp

has an average AXTAL =19

o
Tyran = Tom (% hydrogen (% carbon \ ‘ AL %
T Tydrogen ) Aihn
‘2 % heavy elements xraz, \ P hydrogen/ CH A

(1.20 # o.ué)(%)(%g)(%)lb

' +
Temap, = 0428 % .11

which yields

xr
£ =280 - 0215 & 065 .

This estimate depends only weakly on oui use of the'Aa/5 screening
iaw. Using this value of f, the average target polarization

7| ye = O-47 * 0.10

and the average sigma polarization taken from bubble chamber experiments,

we can now calculate the expected value of the raw asjmmetry, a >’ to be

epre

observed in this experiment.
< PZ > was obtained, using the angular distribution coefficients
of Doyle, Crawford, and Anderson2 at 1170 MeV/c, and averaging over the

*
angular interval (45° < 0 < 1oo°) of this experiment. Although these

data refer to slightly different energies, PZ varies slowly in this energy

region, and is always positive. One finds < Pz > = - 0.435 £ 0.13 .
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Thus the expected raw asymmetry

_ . “ £ = - 04k £,
fepredi_ <'PZ > lTl T ‘.Oh4 1'02;

if‘KZN parity is odd, and with the opp031tees;gn if even.

The CH2 data of Fig. 6 show most vathe eyents produced from free
hydregen-to be contained in the band of m QalueS’l2 MeV wide. This indi-
cates our resolﬁtion in m for the CH

2
Calculation shows that the resolution for the polarized target data is of

data of the order of 6 MeV or less.

the same order of magnitude. -

-1 P Py
nk

have errors which contribute to the resolution width. A calculation of the

For each event the quantities = = ngl, k = ]Ekl, 0 = cos

resolution for a typical'event gives the runs error.in the parameter m

P e W —

2 _ 2 2 2 ‘ : 7
om ™ = Ab + Ah + Ak -‘EAKAR + very small cross terms where A denotes the

‘contribution of a particular measurement error.
;;é =141 + 16.4 + 5.2 -vh.3
‘Smrms =% 5,7 MeV | » » |
This can vary by about * lQ%’for other events contained in our sample.

The largest cOntributiqn to the resolution width comes from the
uncerteinty in the momentum measurement of the ineoming pion. Since our
estimetes rest on somewhat arbitrafy'assﬁmptions in any case we have chosen

6 MeV as our resolution for m.- Any error in this width does not affect our

conclusions but may change the confidence level somewhat.

V. RESULTS
Figure 5 shows the missing mass distribution for data taken with the

target protons polarized positive and negatiﬁe;'.Dafa teken with negative
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targetvpolariﬁation wéré multiplied by l.lé‘béfdfé ﬁlotﬁing, to give‘equél
| areas outside ﬁhe region 1190 * 6 MeV. The error in this factor due to
staﬁistics_alone‘is abéut 5%.. If we had uséd béam monitors to normalize,
this factor would have been 1.04., In the'bin corresponding to missing
mass = ms there is an excesg of events for the data taken with negative
target polarization. Figuré T shows a plot of the asymmetry e = ﬁﬁ;_:_ﬂ;l
‘ (N +N7)

for each 12-MeV bin. The asymmetry in the bin centered at 1190 MeV corre-
sponds to greater counting rate for K'st production from protons polarized
parallel to the sigmﬁ polarization direction fz (as found in references 2 and 4).
This is in agreement with odd KEN relative parity. Figure 8 is a similar
plot with 4-MeV-wide bins using the same data.

The asymmetry we measure is an aVerage over the production angles

* .
h5o < QK < lOO0 o« Its value is calculated from the data of Table ITII.

237 - 1.12 (261)
Cexp T 237 + L.12 (261)

- 0.104% = ,050 .

- The error shown is Statistical, including the 5% ﬁncertainty in the normea-
lization factor. | | |

Figure 9 shows the comparison of eexp , and the epred calculaﬁed
abOVe{ with the theoretical possibilities allowed for the cases HKZN =* 1,
The exberimental poiht lies 1,1 standard deviations from the nearest point:
on the line corresponding to odd KIN parity, and 2.7 standard deviations
from the nearest point on the line correéponding to even KXN parity. The
ratio of probabilities for these two cases is 21:1.

This resﬁlt agreeslwith the prediction of Unitary Symmetry which

places the K meson in a pseudoscalar octet and the I hyperon in the octet .
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ot J*° rity“=_l/2+ .« Previous experiments to determine the ZA and KA p_aritYT’
have been performed with the result that HZAv=z+l ‘and'EKAf -1 , which

indirectly agrees with our result HKZ‘.= ]‘[K_A HZ‘.A = «1 . An earlier experi-

mental determination of KX parity was made by Tripp et a.l.9 using an energy

‘ | dependent phase shift analysis tq_analyze the reaction K p - Yo*(l520) - all channels.
Their result, which is less free of assumptions, wés also in agreement with '

_ e
- negative K5 parity.
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FIGURE CAPTIONS

Flg. 1. Spark chamber arrangement for the detection of K produced from

-

the’ pc*arv ed target. -
Fig. 2. Beam opt-cs; Not shown is a beam scraper at fl.
Fig. 3. K+ range telescope. Objects 1abeled K and p are spark chambers,
' S and mu are scintillation counters, and C stands for Cerenkov

[

water counter. A stopped K+ gives the signal

7‘ [Sl(SUM-S2)835152] [ CT(SUM-MU) ] delayed”

Fig. 4. Time spectrum of K+decays.

Fig. 5. Polarized target data. The dashed histogram is for negative
target polarization (sigma and proton spins parallel) and the |
solid histogram is for positive target polarization.

Fig, 6.» CHé data. The dashed line is the result of a Monte Carlo

calculation of K+ production from the carbon in the target.

Fige. T Asymmetry (e = %;—:—%:) in data of Fig. 5 calculated for each

12 MeV bin in m.

, + -
Fig. 8. Asymmetry (e =<%;—:—E;) in the polarized target data plotted

+ N~
in 4 MeV-wide bins.
Fig. 9. Comparison of the asymmetry observed in this experiment, eegp s
and the asymmetry predicted on the basis of polarization of sigmas

produced in unpolarized hydrogen, with the requirements of odd

or even K¥N parity.
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