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MEASURTMENT OF THE FOLARIZATION OF THE
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David Michael Weldon
v o . Lewrence Radiation ILaboratory
University of California

"Berkeley, California

December 1966

ABSTRACT

The average polarization of tﬁe-lz- produced in the réaction
X+ P >3+ K+ has been measured between @enfer—df-ﬁaés angles lBho
and 166° for an incident In— ‘momentum of 1145 Mev/b. A polarized
pfotbnﬂtarget was used and the =~ polarizatibn was.found.by measur-
ing the difference in the production-réte»of K+ mesons for prbtons
polarized aldng the production-plane normal and against it. Spark
chambers were used to record the x  and ‘K+ 'trajectories, and the
T momentum wa,;s obtalned from a magnetic speétrometér while the K
momentim was obtained from a rangé telescope. Each event was kinemat-
ically reconstrucﬁed in a one constraint fit to help eliminate events

produced from protons bound in heavy nuclei of the target. The X~

polarization was found to.be -0.36 % 0.46 .

Work done-under the auspices of the U.S. Atomic Energy Commission.
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I. INTRODUCTION
‘Measurements of the polgrization of the £~ in the reaction
w +p S5y o+ o o _‘ (1)
are of current interest as much for the value théy have in intérpreting

other experiments as for the light they shed on the reaction itself.

Perhaps the major impetus for studying polarization in reactionr(l)vis

that it would be helpful in an experimentxmaking a further check of

the Cabibbo theory of weak interactions.l In the decay

gonte +vV : : ()
the electron distribution relative to thé Z-~polérizatioh direction,‘
is predicted by ﬁﬁis theory, but for this particular correlation to
serve as a'test,-the b polarization-must be nonzero and if_the‘
polarization‘is not large its magnitgde must be known; There are
other correlations which do not involve the £~ polafization,'for:

example those involving the neutroﬁ polarization, but experimental

Cdifficulties make them difficult to measure. Because of the small -

.branching ratio for decay process (2) (1.3 X 10—3),>an abundant source

of pola}ized I~ is needed which could be suppliéd by reaction (1) if
the 2_ hyperons were highly polérized. | |
Another experiment in'which an‘abundant sourcevbf highly polarized
%7 would be helpful is the measurement of the decay parame£ers in
L on+ . i _ '(3)
Té measure all of the decéy parameters it is ﬁecessary to ﬁeésure

the polarization of the décay:neutron from polarized'zf. If the =~

AT

produced in reaction (1) is polarized, it is possible to measure both



-

meters in process (3)

w

tﬁe %" polarization and all of the decay par
from’studies of the % up-down decey asymmetry and the?polafization of
the-deeay neutron, but any additional information known about the
polarizatioh from other expariments aids in-extrecting more accurate
values of the aecay parameters.

- Finally, knowledge of the &~ polariiaﬁioﬁ in reaction (l) makes
"possible a fufther‘check of Charge independence in this reaction and
the reactione | v |

Ed l+_p-)Z‘,o + k% . - ' (4)

. and | | | |

Fip st ext - (5)

Cherge independence can.be ﬁsed to derive a set of triangle inequalities
which ?ﬁt limits on the hyperon polarization in any of the three reactions,
givenvthe hyperoh polarization in one of the others and the'differential
cross sections for all three.2 The inequalitiee'can be evaluated at any

particular angle or for averages over a range of angles. These predicted

limits can then be checked against experimental values.

At presenﬁ very little work'hes been done on L polarization in
reaction (1) because of the difficulty iﬁ measuring it. This diffi-
culty stems from the fact that the I, unlike the A or I, does not
reveal its polarization through decay modes in whicﬁ the'deeay nucleen
is correlated with the.eriginal_hyperon spin. -Over 99% of all b
.' decay as & —n + n but the deeay is almost® isotropie even if the I~

_is,completely poiarized;3’u

Several methods do exist for measuring the £ polarization
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a2lthough they are more difficult then the up-dovn esymmetry method.

- One- method requires measurement of the polarization of the decey neutron

in procésé (3) and relates this to the pdlarization of the hypéron
and to the veak interaction decay parametérs.S This ié a difficult
eXperiment to do because it is necessary tolsee the scattering,of é
significant number of the decay neutrons in ordef to'find their
polarization. Another methodArequireS'measurement.éf the decay
asymmetry of Z+.hyperoné producéd in the reaction |

x4+ Do+ K0+ () ()

. ‘ : .
and invokes charge symmetry to equate the polarization of the Z

- . - - + .
to ¥ polarization inx + p —-Z + K . In addition to charge

symmetry, this method depends on the validity'df the impulse approxi-

mation for ngglectihg effécts of the spectator proton. Nussbaum

et _;.6'have measured the average polafization in reaction (6) at an
incident pion momentum'of 1192 MeV/é and found it to be -0.52 # 0.41
for the average over all éngles. They ha&e'also vefified the validity
of the impulse approximation inasmuch as the -decay asymmetry of the'2+
produced in the 7 + D o5 + K + (n) was found to be similar to the

+ + + + :
decay asymmetry of Z produced innx +p-»X + K . A third method

assumes the validity of the principle of charge independence and

uses the triaﬁgle inequaiities mentioned to put limits on the %~ polari-
zation, but usually. the limits are not very restrictive. Using this
meﬁhod.Doyle-gg @;.7 find OPZ—(éos é) = B sin o + B, sin e cog.e with
B, = 1+ lO‘pb/sr.and B, = -18 % 25>pb/sr for reaction (1) at an

incident pion momentum of. 1170 MeV/c._ A:fqufth method -- the method



;.b,..
used in this expérimcnt'~-'proauces the-hypérons from initially
polarized protons a.nd measu'rnes the ratio of productignv cross sgctions;
for the case of targei protons polariéed along the normal to the

producﬁiqn plane (ﬁﬂ X KZ), and for the cese against the normal.

Details of +the experimental method are discussed in the next section. -
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II. EXPERIMENTAL METHOD

A. General Mefhod
According to the well-knovm fdrmalism the tfansition matrix for > 
reaction (1) cen be written as
M=glo) +n(e) 5 A, (D)

and the initialvdensit§ maﬁrix as

=) F, 8
pl_Z L , | (8)
=l _ o i

where xu is a spinor représenting the spin sﬁate of the.p?oton, PH

is the .relative probability for the.ﬁroton tovbe‘in staﬁe xu,‘

: ﬁ =’Rﬁ X ﬁz is the normal to thé productioﬁ plane, (5 is a vector whose
components are the Pauli spin matrices, and h(e),and g(0) are functions
of the production angle and énefgy; Eqdatioh (7 takes tﬁe‘relative
intringic parity of the KX system to be £he same as that of the np

system in accordance with the results 6f'severalbgroups ofvexperimenters.9’;c
The choice of the direction of the normal to the producfion planevis |
the,dne most frequently used in the literature. To be sbecific, the

2 axis is teken as the axis of gquantization and i is along Z. The

final density matrix is given By

pp = Moy ', B -‘ (9)
the cross section by
' Trpf ‘
_ If(e) = T;E;. ’ (10)
and the.polarization of the = by i
P.(0) - g% L )



In the case of scattering from an unpolarized target the initial
density matrix is : . ‘ o

_/.l/2 ! , : _
P17V o0 1/2f S o s

which when used with equations (7) through (11) yields the reaction

differential cross section

- 2 .

1,(8) = lg|® + [n]®, (12)
and the &~ polarization, - |
' . ' * : . ,

: " 2Re h g : ,

P.(6) = ———=25 . (13)
z 2 2
- |g|"*|n]

In the case of scattering from a polarized proton_fargeﬁ with the

protons fully polarizéd in the +2 direction the initial density matrix is

/1 o
Pi"lo o

and the cross sectioﬁ found in a similar manner is _
+ . .
I(8) = 15(0)(1 + P(8)) - (14)

When the pfotons are fully polarized in the -Z direction the initial.

_[o o
Py to 1/

and the cross section is found to be

I°(8) = ()1 - 7(0)). (15)

density matrix is

Combining equations (14) and (15) gives

r'(e) - T(6) e

P_(0) =
Z(_) 1*(e) + 17(6)

or in the case the target is only partially polarized by a fraction PT
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- +
P(@):l—-I(
2 T 1‘+(

9) - 1(0) : an-
o) +.17°(8) ‘ -

-

Here the degree of.target polarization has been assumed to be the saeme

for protons polarized along the normal and against it, an assumption

which is responsible for the simple form of egquation (17) and which is

well satisfied in this exper&ment. From eguation (17) it can be seen

that the polarization parameter can be measured by measuring the asymnetry

in the ﬁroduction of &7 hyperoes produced frqm a poiarized target as
the target is polarizedvfirst élong the normal and then against it.

In the particular target used in this expéfiment only 3% by
veight of the target constituted free hydrogen and theréfore b
hyperons were produced from protons bound in héavy nuelei in the tafget
as wéll as from free protons. A large percentage of these quasi-
elastic events can be eliminated by reconstructing each eveht kine-

matically and discarding those events vhere a large momentum (Fermi.

.momentum) of the initial proton is indicated. Kinematic variables

measured in this experiment are the momenta of the incoming ﬂ-(i;-)

+ v o .
and the outgoing K (E%+); the £ is not measured because it ususlly

decays before.reaching the spark chamber which could detect it.

. ’ +
However, it is very probable that most of the detected K correspond

- ' : +
- to the production of a £ , since for a two body final state, A, Z

or ° producﬁion by a nurincident on a nucleon is forbidden by charge

conservation; and if an extra particle is produced, not only is the

and

cross. section smeller, but it is unlikely that the momentum, production
. : {

+ .
angle of the K will ellow any confusion with simple associated pro-
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. . 4 , . - N L
The magnitude of the X momentum was Found from its range

duction. eg
in a renge telescops made chiefly of copper, water, and plastic AN
scintillator, while the magnitude of the n momentum was measured in - .

a magnetic spectrometer. Spark chambers recorded the particle tra-
: .. . o = - - ._,‘v
jectories. From kﬂ-and kK the mass of the unseen %I was calculated
| e A

from the formula '

Y =’ﬁ22 i Pzg‘ =\ﬂEﬁ Tl - EK)2 - (% "E)ﬁ)g ; - (18)

. . . - +
where Eﬁ and EK are totval energies of the n and X , respectively,

.énd m is thé mass of thérproton. ‘if the event was from a free
proton the missing mass of the unseen particle would.bé 1197.2 ;~jthe
mass of the £ --, but if iﬁ vas from a ‘bound proton; the Fermi
<v momentum would usually make the missing mass soﬁé other‘vaiué. of
course some of the'quasi4elas£ic events exactly_simuiate events from
free protons, and thié background was measured by means of a dummy -
’target similar to the crystal farget but lécking free hydrogen. With
the exception of hydrogen the dummy target was made of eléments of
approximately the same atomié number and mixed in tﬁe same proporﬁion
as the crystal térget.v Both fargets were of the same weighf, but the
dummy target was 1/3 lérger in volume. |

B. Experimental Apparatus

"l. Beam

The beam transport system, shown in Figure 1, was designed to

a

- + . .
deliver either & n beam or a separated n beam. The beam was tuned.
for negativély chafged particles during the course of this experiment,

and. the separator was not used since its purpose was to remove the



Schematic diagram of the beam transport system. Polarity of the quadrupoles was

arranged so that Qy, Qs, Q5, Qg Q9, and Q17
zontally while Qp, Q, Q7, and Qo caused it to diverge horizontally. Qg was

not activated.

X
-
Q
<
©
o
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- J.::':(P \

2

Concrete )
shielding

Velocity .
spectrometer

caused the beam to converge hori-

Polarized target

MUB-13684
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'large contamingtion of protons present when the beam was tuned for
positively charged particles. - The final image size was about 1.1 inch . ‘#M
verti&ally by 1.3 inch horizontally (FWHM). Vire-orbits Wefe used to
find the value of the current set in eaéh magnet'expéct fof magnets

Ql, QE;‘Qs,'and Ml whére:the currents were éet"empirically fo obtain.
the maximum flux of % mesons on fhe‘polariied férget. . For each :
‘event the momentum of thekﬁ- was obtaiﬁed from its bendipg angle
through M, as ﬁeaSuréd by spark Chambers B, thrqugh'ﬁh positioned
before and after th In order to improﬁe fhe precision of the momentum
measurement, magnet MM was shimmed to make the.integraliof‘mégﬁetic

. flux oﬁer particle.trajecﬁories (U/‘Bdl) more uniform. The error ih
méasuring the momentum dué to vériation ofL/NBdZ waé of the order

* 0.25%. Momentuﬁ spread of the beam was measured at * 1.5%. Limits
on the accuracy with which-tracks in the beaﬁ spark chambers could ' .
be measured as well as spétial variation of the‘magnetic field of |

- M, placed a limit estimated aﬁ +0.6% on the accuracy with Vhich-the
relative momentum could be meésured for each particle, but this was
adequate for checking tpe moﬁentgmbspread_df the beam and later re-
constructing each event kineﬁatically. Typicél'beam rates'were of

the order of lO5 ﬂf per Bevatrén pulse with a spill of 300 msec. The_».
momentum of the beam at the center of the polafized target was 1145
MeV/e.. - ' o : - .

2. Polarized Target S L .
' ' 2 <

The polarized target used in this experiment was'made of Na&

doped (0.2%) crystals of]LagMgS(NOS)le- 2l H,0 in vhich the protons of
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the water of hydration were polarized by the method of dynamic nucleaf
orientaﬁion.ll Tﬁis method first polarizes "éiectrons” of #he waT 2
ions by'the applicationvof a large magnétic fiéld whilé the cryétals
are held at liguid helium teﬁperatures; then the polarization is trans-
ferred from the electrons to the protons_by saturating forbiddeﬁ micro-
wave transitions. Targets of this type havé bgén discussed elsew-herelz"l21L
qnd only a few.of the speéifigations.of this targét afe quoted hefe.
The four crystals used formed'approximateiy a one-inch cube of weight
19.2 gms, and were cooled to a temperéture of l.EQK in a magnetic-field '
of 18.k4 kilogaﬁss."The microwave frequencies applied to polarize the
protons at this magnetic field are in the neighborhood.of 71 GHz, and
the protons éan be polafized either along the productioﬁ plane or agalnst
it by O.é% changes in the microwave frequency. By convention, the terms
positive or negative ephancement are used to describe the condition ‘of

the target in which more protons are in the higher or lower of the two

.caused
energy statesiby the interactions of the proton's magnetic moment with

the externally applied magnetic field. Because the magnetic field is.
:falong the production-plane normal, negative enhancement corresponds
to positive prqton polarization. i.e. pfoﬁons polarized along a .
Nuclear magnetic resonance'(NMR) techniques.were used~fovmeasure the
target polarization. Roughly speaking, tﬁe size of the NMR signal is
a measure of theitarget polarization and absolute calibratioﬁ is
éccomplished with so-called thermal equilibrium (TE) siénals--NMR

signals obtained from the target with the microwaves turned off and
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for which the dééree of.polarization is calculable from the temperature
of the crystals and the strength of the polarizing magnetic_field. Dur-
ing the course of thé'gxperiment the sign of target polarizationbﬁaé
changed épproximately'evéry:tﬁb houré aﬁd th¢ MR detectioﬁ‘system wva.s
'calibrated_eVery thfée days té avoid false asymmetries caﬁsed'by long-
term changes in the.éfficienCy'of any of thevexperimental‘apparatus.
.The'average value of ﬁhe target polarization over all data runs was
found to be 0.37 * 0.04 for positive erhancement and O. 38 0.0k for |
negative enhancement. In ofher experimeﬁts under similgr operating
| conditions the target polarization has often avéraged as high as 0.48,
however it has not beeﬂ possible to demonstréte thét measﬁiements of
- the target polarization in this experiment'are-iﬁ‘error. Thé assigned
error in targét polarization i1s a systematic error du¢ to variatioh of
the'tuningland sensitivity of the NMR equipment, and inaccuracy in

measuring the crystal temperature while taking TE signals.

3. - XK Meson Detector

a, Method of Operation

The arrangement of the spark chambers and éounters used to
detectﬂ XK' mesons is sthniin Fig. 2 and details of ﬁheir construc- -
tion are given_in~Tables I and II;, The beam of 1w mesons pasééd
th;ough counter Slb and ﬁ , and throﬁgh a hole in anti-counter Al §“
ﬁhich vetoed events in which the pion missed the target. . Counter D
was connected to a circuit (ﬁ;) which vetoed events in which.two - .

partiéles arrived in a period of 0.45 psec in ofder to decrease the



Tablae T. Details of Counters

Counter Dimgnsions . ‘Phof:omultipliers_ . I.{emar}:s

.Sl 3 1/2" diam 1/4" thick o TTh6 |

s 1t x 17 x 12" . two')7.850’s
'Al 16" x 3 1/2" 2.3/1;" with - 6810

1 1/2" diam hole

.Ae . 10 x 212" x 1/2" - 726k

D 5" ddam 1/4" thick 68104 .

c, 12 1/8" x 12 1 8 x 2 3/ . 8ix 6655A's " Wavelength 'shifter added
C, 12 1/8" x 12 1/8" x 2 3/8"  Six 6655A's : _ Wavelgngth ;hifter added
T 1 1/2" x 12 1/2" x 1k 1/2"  Four 58AVP's  Lined with Mgl

b g 16 5/8'; x 16 3/8" x 3/8" , ".7850 |

My s b 18 3/4" x 16 3/8" x 3/8" 7850

S5 10" x 10" x /2" C70101 I ,




| ~Table II Details of Spark Chamber Construction

Chamber
BsByBs,B,
%5
: K2
_ K§
K,
M0q Mg
oy, M

Dimensions

8“ x 8" X 2"

n in in
2" x 13" x 5

Front face 9" x 3"
Back Face 9" x 13"
Thickness 3"
7" X. 7" X l’%‘"

y 1
10" x J,-O" < §n

11\411 % 1211 x 3"

lLL l/)"'" x l)"l'" X 3!! )

16 1/4" x 14" x 3"

Gaps

Eight i/h”

Two 1/4"

Twelve 1/4"

Six 1/4"
Six 1/4"

Eight 3/8"

Eight 3/8"

Eight 3/8" "

Plate Thickness

2 mil Al.

Remarks

Two dummy gaps

Two dummy gaps

A1l chambers filled
with 90% Ne, 109 He




e

Polarized
target
mognet

Torget

. MUB-13695

Fig. 2. Elevatiov dlagram of the counter and spark chamber
~arrangement. '
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numbef of dobble ﬁrackslin the beam spark chaﬁbefs. This device was
- operating for.cnly about half of the éxperiﬁenf.: Onvthe avefagé, Bc

_ vétoed 9% of the total number of cvents vhich would haﬁcvbeen_recorded

if this C"J"CU.lt were. a,'bsen’c'. , K+ mesons prcduccd-in the target passed

' through sciﬁtillatofs éz‘vand s, » through water-filled Eerenkov coun~‘
ters Cl and.‘Cg ) acd étcpped in the large Waterffiliedvéerenkov

counter. T . The Eerenkov thrcshold for water is B = 0.75. so the
Kf"mesons (0.7 <B< 0.75) ‘did‘notltrigger anti-counters Cl and

C,, but elastically scattered n-(BYN 0;99) andvprotons» (0.81 < B <0.83)
did. The 1.%3 inch coppe:r‘ block degraded fhe..mom_ent_mn of the X mesons
so that they.would stcp in T . Once in T, a X meson decaying by |
either K 5 or K“2 bdecay producedva cﬁarged particle with B high
enough to trigger T . ,I: the particle passed thfough a side of T
‘covered by one of the four u coﬁnters it would aiso trigger a p counter.:
The ‘T. signal and the sum of the u counter signals (“sum)_ were put

into a coincidence circuit whoée output was in turn put into the master
trigger coincidence circuit which triggered the sﬁark chaﬁbers. Output
signals'from the T;ﬁsum;ccincidence were timed into thc master trigger
sc that the p and T counters would héve to give signals delayed by

6 nsec from a "prompt" signal to generate a master trigger. This would
further favor triggering on k"  mesons because they decay with a 12 nsec

. lifetimc. The width of the gate for the _T—usum-coincidence was 50 nsec

50 that this signal had to fall within an interval between 6 and 56 nsec

after a prompt signal from counters Sl-, 32 s and S5 . ‘Veto—counter

"'.ﬁ.,a.

=9, -
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A2 prevented triggering on evente in which there was an unscattered
beam particle and therefore helped eiimihate accidentals. The master
trigger can thus be'written as o

- e e e

D A6 G.A, (Tu

3182 3Pet1%1%2"

_sum),delayed *

Once triggered, the epark chamberso Bl Fthroﬁgh _35 recorded the ‘x;'
trajectory, sparklohambers 'Ki through Ku: recorded the K+ ﬁrejeg-
tory, While the |t chambers recorded the trajeotory of the K+ decayf_
products. 'Signals of individual p counters and of usum » as ﬁell as

of countere Cl ,,02 > T 4_81 s 85" and A2 were photographed oqve

four-beam oscilloscope. The delay time on these pictures between any. °

u counter signal and the S Signal wa.s later ﬁsed,as an additional

5

check of the experlment since a plot of the number of events with any

delay versus the delay time should show an exponentlal decay'curve

consistent with the K+' lifetime.

b. Efficiency of Operation

Overall the K detector discriminated very effectively against

n  mesons. Efficiency of the counters Cl' and C2 alone for elimin-

' ating #° mesons was measured at 99.5% without the added discrimination

of the delayed signal from counters T and .u . Discrimination acainst

protons was poorer. The problem was that elastically scattered protons

from the target had B ~ 0.83 which was close enough to the Cerenkov

threshold for a significant number of them to slip by Cl -and 02

i'w1thout registerinp but giving a small 51gndl in T . The required

signal from the p counters would also be preSent 1T the particle scattered
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1)

out of T or if 1t passed out through the béck of‘ T causing Cerenkov
light in the u counter light pipes. These light piées.covered L/A of
the béck of counter T . Eithér slewing of the i' discriminator for
small pulses or an.acéidenﬁal coincidence.éf two particles with the
later one triggering'the u counters would deiay the T—u~coincidence
by the required 6 nsec.:

Thése'generai conclusions concerning the K detector efficiéncy
can be supported by evidence obtained from analysis of the‘spark»cham-
ber pictures ahd from the distribution in the time delay between the

S, and Hom signals photographed on the 4-beam scbpe. Inspection

3

of the total of all scope plectures taken with the crystalitarget in

)

! place showed a p counter time distribution vhich could Ee roughly

fit by a prompt peak.containing 58% of th¢ events, a background uni-
formly distribuﬁed in time containing 28% of the events, and an exponen-
tial decay curve with a K+ lifetiﬁe containing l&% of the_events.‘
The flat background is the sorﬁ of time distribution expected from
accidentals, and when the spark chamber pictures were inspectgd,

about 1/4 of them did have two.or more tracks in the K chambers.

Over half of the events in the prompt peak also had very small p
counter pulses and blank Mu spark chambers as they would-if they

were caused by particles which wenﬁ out the back of counter T and -
triggered the‘counters by Cerenkov light in éhe light pipes. There is . .
some uncertainty. about the exact mechanism'Which caused the “sum

signal to appear prompt on the scope pictures dbut the “sum-T;

-
23
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coincidence signal to be delayed into the master trigger by the required

"6 nsec., Part of the answer could be slewing of the T discriminator for

£he small’ signals made by protons yhose.velocity was oﬁlj a little over
the Eérenkov threéhold.v Many of the T counter signalé for these prompt
events were much swaller than average. ﬁ
.Of all the pictures'takeﬁ, only.L/% weré meaéuréble since the re-
mginder ﬁsually had 2 or more_tracks.in the X ﬁhambers or lacked Mu
chamber tracks. The large ﬁumber of picturés lacking Mu chamber tracks
(L/é of.the total pictures taken) is expiained”by ?articles going out

the back of counter T and'triggering the W counters by éerenkOV‘light

~in the light pipes, and by the fact that the p céunters were 3%5% larger

than the Mu spark chambers. For the spark chamber picﬁures which were
measured, particles which entered the K telescope could be identified
by type from their bending in the'ﬁagnetic field of the polarized tar-

get. This is so because of K+ has half the momentum of an élastically

scattered =~ or proton, and protons can be distinguished from =~

by the direction of curvature; This method showed that very few
triggered the apparatus comﬁared to the number of prdtons. For the
measurable events %1% of the triggers were caused b& k" , Th vy =,
and 25% by protqns. It wés not poséible,to identify 27% of the events
and tﬁese events were probably caused by confusion of tw§ different

particles in different spafk chambers or by the production of an gxtra

particle in the final state which changed the momentum of the particle

detected in the X teliescope from that expecfed from either elastic
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scattering or from reaction (1). The time distribu@ionbfor the measured
;vents could be édeqﬁately»explainéd by aiﬁrompﬁ peak containihg L0% of
the events, a'flat backgréund confaining‘ée% of thé evenfs, and.én éxﬁonenf
tial decay curve with'ébout 12 nsec lifetimg cqntaining 38% of the events.
Results of the kineﬁaﬁic reconstructidn are in reasonable-agreement Wit£
the timing information if the K+'s are paiped with events unde} the
12 nsec lifefiﬁe cﬁrve, the and-protons as weli as l/h.Of the uniden-
tified particles aré paired with'prompts, and‘the rest of the unidenti;

- fied particles are paired with thg flat background in thé timing distri—‘
bution; |
b, Photography

Two . views in 90°~$tere6 were collectéd from each sﬁark chamber'and
brougﬁt to a %6 x‘5h'inch array of mirrors which was photographed at
f/8.5 on Tri-X film. The distance of all the images was arrangeq to be
31.6 feet. The format of the spark ghambef# on each picture (Fig. 3)
iequires some comment. Because of space limitations betﬁeen thé poie
“tipé of the polarized target, it was not feasiblé ﬁo p}ace a single
mirror on one side of eithe; the Ki or thev'B5 chambers to obtain
the side vieﬁ..'Side views were obtained by -extending glternate gaps-
on alternate sides of the chémbers and beveling each gap frame to a
45° angle so that light would be reflected througﬁ 90° into a direction
| perpendicular to the chamber plates. AThe shape'éflthe _Ki chamber-was
tapered to prevent each gap from blocking_the-view of the one behind it.
had‘onlyIQ géps sé tapgring ﬁas not necessary. This is the

The ’135
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reason for the two side Viéws of B5 gnd Kl , one for even nunbered
gaps and»one for odd, and for the shrinking of the width of these
chambers 5y a factor éf L in the side views. Fiducial lights whose
position in real.space vas carefully surveyed are éhown at two corners
of each view, and biﬁary lights in thé blank space shown in the lower
right hand corner of Fig. (3) gave the roll and frame nUmbers. The
four beam scbpe was photographed with a_DuMbnd oscillosqope camera
on Tri-X film and roll and frame numbefs were aiso.recofded (iﬂ binary)

on each frame.-
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TIT. DATA ANALYSIS

A. Scanning and Measuring

- To avoid.scanning bias, scanning criteria were made;véry loose'and
all.film was scanned twice, each time by a different scanner. Ail events
found by either scanner were measured and events ﬁhich éould.not have
beern K''s were eliminated'by the cémputér analysis. Each picture accep-
ted for ﬁeasufing was reéuired to have the folléwing qualities:

(a) Bach spark chamber tréck had a mimimﬁm,of 2 gaps firing.

(b) Each view of the Ky » Kz 5 8nd XK, chamﬁers haa bnly
.one new track but féiﬁter tracks were perﬁitted to be
present. ’

(¢) Multiple tracks were allowed in chambers"Bl  through
B5 » the Mu chambers, and in chamber Kl .

Events were allowed to have multiple tracks in the Kl chamber
because the magnetic field of the polarized target prevented removai
of 0ld tracks by the clearing field (200 V/iﬁch). Jons drifted parallel
to the chamber plates in the direction £ x ﬁ_ rather than toward the
plates so that at least one old*track was often present. Even neglect-
the effect of collsions,.the ion.drift velocity was calculated to be
only O.h cm/ﬁsec under the influence of the clearing field and the
polarized tafget magnetic field. Frequently there were more tracks
in the chamber than it could support, S0 that all tracks wére discon-
tiﬁuous. The splitting of the side views of Kl -into two viéws, one

for even and one for odd numbered gaps, added to the confusion and
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measurenent was sometimeé impossible. Events vere nét rejected when
i'the‘ K. cﬁambewaas wnmeasurable. Multiple traéks weré ailowed in::
'}thc Mu chambers because the decay chain: | |
xt - ﬁ+.+_ﬂ? _ ' (branéﬁing ratio O}él)
ey
-would give two or three tracks as one or both of the gémma‘rays
converted in T .
Since thg éntire,beaﬁ passed through the ghambérs Bi through
B5 ; these chamberslﬁere also allowed to.have mofe than pné track.

In chambers B thrqugh Muu , and chamber Kl

1 1
positions of up to three tracks were recorded in each, but only the

through B, , Mu

single new track was recorded in K2 , K5 , and _Kh . Out of 6122
pictures taken as data with the crystal target or dummy targeﬁ in .
place 1503% weré.measured. Examination of the final sample of K+'
events indicated that scanning criteria coula have‘been profitably
tightened. For these evénts the majority of gaps in éach chaember

_had firedvrather‘thén the minimal two gaps and 85% of the time the

beam chambers contained a single track per view.

B. Xinematical Reconstruction

Each event was reconstructed by an IRM 7094 computer program
vhich systematicaily checked each track against kinematics for the
desired reaction. The calculation proceeded in the following manner:

The point of intersection of tracks in a Mu chember and Ky, chamber
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vas found and the momsnfuﬁ of the particle stopping in counter T
vas c?lculated fromvité range assuming 1t was a K+ . In the case
of multiple trécks in-thé’Mu’chambers, the one-mostvnearl&.intef—
ée;ting £he Ky, track was chosen. Using the @omeptum bf the "K'
meson.and the track pésitioqs in the K2 and K5 chambers the
particle trajectory was traced back through the‘magneticyfield of
the polarized target. if the particle was not a(_K+' meson but a‘
proton or ﬁ- meson elastically scéttered out of fhe térget and
then écattered out of éounter T, fhe real momentum would %e about
twice what'it‘would'be for a K+ .‘ In the .case of protons, the tfajec-
tory will still be convex ?iewed from below as it is for a X' s but
the trajectory wlill be flatter. Tracing a_proton back to the target
prefending if was a K+ will make the trajectory fail to meet the
incoming 'ﬂ- by about 1 iﬁch. Elastically scattered x  have to
be.scéttered upward in'order to enter the X detector, and the magnetic
field makes their trajectories concave viewed from ﬁelow; Tracing
back the trajectory using the same proéedure asifqr the protons pro-
duces a tfajeétory almost 3 inches above the incoming n  at the
target. These three kinds of events are easily'séparated and the
background due to Qery inelastic processes is low. All events except
those in the X group were discarded. In the case of muitiple tracks
in chambers Bl through Bh ) ovér hélf fhe time the correct track
could bé chosen bylseeing how close‘the projection of the track to

the target came to the trajectory traced back from the X telescope.

¢
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The.type of particle could then bé identified in the manner discussed
above. - In thdsé caséé where the correct beam track could ﬁot,be picked
out the efent was diséarded; The prodpgﬁion angle 9; was also found
from the K% and g . trajéctories. Using:the guantities E& and EK
the mass of the unseén Y~ was calculated as.describéd in Secﬁioﬁ II;A.

Sevérai additionai cut offs were applied to obtéih a cleaner sample
of events from unbound protons, Tn order to inéréase the résélution |
in missing mass the distance between the path.of each "ub meson" leav-
: ing counter T and the path of the K+ meson entering T was required
to_be less than 1.k inch at the point of cioéest approach, and the angle
- between K+ and u+ tracks was restricted to the interval 500 to 150dﬂ
To eliminate events not originafing from the target crystals, each 1t
'mesonlwas obligea to pass through a l.5_inch square centered on the

=

target_cfystals. Although the Kl chamber was not used, it was compared

at this point with the predictions of the K2 and 'K5 chambers. In -
the usual case of multiple tracks in Kl ’ choice was made on the basis

of how well they agreed with the angles predicted from the particle

trajectory in chambers K2 and K5 . For'85% of the events of the

final K+ sample, the scattering angle measured in the Kl chamber
agreed wiﬁh the angle predicted from the K2 and K5 chaﬁber to with-‘
in % 0.5O . Also iﬁ 85% of the events the predicted and measured
-trajectories in Kl‘ came.within 0.35 incﬁ of intersecting. The quality

of tracks in the Kl chamber was clearly better than average'for the

' final sample of x*  events.
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C. Results

‘Figure L shows the distributions in missing wass for the final

_sample of K  events. The unshaded histogram contains positive and

negatiVe target polarization data added together énd the shaded histo-.

~ gram contains the dummy target'data. In order to normalize the dummy-

target distribution to the polarized target distributlion according to

the number of incident = mesons, the dumny target data have been
multiplied by a factor 4.2.  This is the ratio of the number of inci-

dent =z for polarized target data to the number of incident = for

- dummy target data.. As has been mentioned, the dwmy target had the

same mass of heavy elements as the polarized target but had a slightly
lower density. The effect of this difference in density is neglected
in normalizing the dummy target data and in calculating the %~ polari-
zation, but will be more fully discussed later.. The.smooth curve is a
Mbnte Carlo calculation,of the miséing mass distribution for the crystal

target normalized to the actual number of events, while the dashed lines

" show what part is due to quasi-elastic events. Included in the Monte

. Carlo calculation is the estimated resolution of the experiment in

missing mass which is taken as a<Géussian with o = 6 MeV . Resolution

in missing wass is calculated frou the effect of Cowlomb scatitering

in counter T on Ek » and the effect of Coulomb scattering in the

polarized ﬁarget qnd of inaccuracy in measuring spark chamber tracks

on k and ik .' EVents.in the masé interval 1184 < missing massls 1210 MeV

will be taken to be in the "elastic" peak, which means that 2 standard
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Missing mass for dummy target (shaded) and crystal
target data normalized to the n~ flux. The smooth
continuous curve is a Monte Carlo calculation of the

" crystal target data, and the smooth dashed curve shows

vhat part is due to events from protons bound in heavy
elements of the target. Normalization of the Monte
Carlo calculation is to the number of events in the
crystal targst data. The calculated resolution in
missing mass is illustrated by an interval which
should contain 68% of the events from free hydrogen
in the crystal target.
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deviétiéhs ére taken on each side of the mass of the X~ , assuming .

a 6 MeV resolution. lAfter éubtracting the dummy taréet distribution
(representing eventS'fromvbound proto@s) from:the crysﬁaivfarget

data, there 1s a total'of 72 évents from free hydngeﬁ. From.considefa-‘

tions of production cross section, the useful solid angle subtented by

‘counter T , and the probability that a x* will decay in counter T

with decay products passing through one of the Mu spark‘chambers, a
total of 81 events from free protons in the target is expected.
Rejection of events because.of too many ﬁracks_in the spark chamberé
and ﬁecause of iﬁefficienéy of ééark chamﬁers ahd counters wili further
reducé this number, but the.reduction is not expected to be very large.
It>should be remembered that the production cross section is only known
to about 10%, and that because of the large backgfound subtractioh the
statiétical error on the 72 events is *19. Agreement'of the humber of

events expected with the number of events found can be considered to be

"~ satisfactory. The angular distribution in the center of mass of these

72 elastic events was found by subtracting\thé normalized dummy target
distribution from the polérized farget distribution. This distribution
of elastic. events is showm in Fig. 5 along with the shépe of the differf
ential cross section for reaction (1) normalized to the number of events.
Cross section measurementé at 112515 and 117016 MeV/b were iﬁterpolafed
to‘find the shape. As shown_in this graph, 0;;- is measured from the
direction of the iﬁcoming .ﬂ- , and thé data of this experimeht méasured ’

the polarization between center-of-mass angles 134° and 166°.
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The decay time of all K+ bevents from the polafiZed target and
dummy target is plotted in fig.'6 éna is seen to compare vefy wéll
with the K+ meégn 1ifetime,of 12,5 nsec. Fiéure'?lshowé the miss~

ing mass plotted separately for positi#e'and négative terget polari-

"~ zation along with the normalized dummy target data. The réason Tor

the apparent shift of 6 MeV between positiVe and negative enhance-

ment data is not underétood. There appeafs to be no systematic differ-

'ence between the two sets of data except the missing mass shift and the

difference may well be a statistical fluctuation. Normalization of the
dumy target data to both the ?oéitive and'negétive enhancement data
vas done with the same normalization factor (E.i) since the number of
incident x~ was ebout the same for bbtﬁ caséé. The number of

9

for positive enhancement

9

mesons incident on the targe£ was 2.5 X 10
4+, . - ,
M), 2.46 x 107 for negative enhancement (M ) , and 1.2 x 107 ' for

dummy target (MB) .

Calculation of the £ - polarization is now straightforward. The

guantities
C ok B
+ N
- (29)
VA Ve ~
and
- B
- N ,
I =M.:-N.N.r§ (20)

are substituted in By. (17). Here N' , N , and N° are the number
of events in the selected missing mass internal for positive target

polarization (i.e., negative enhancement), negative target polarization,
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and dummy target. Each.'M is the corresponding flux of pions on thé
| target. ‘Using Nt =.75_,_N- = 6L, NB =16 , and Py = 57.5 as the
‘avefagé target polarizaﬁion givesrﬁhe. 5 pélarization,

= - 0.56' . : (21)

_Statistiéai errof in the polarizatidn ambunts_to'iO.Hl, but in
addition there ére two principle sources of systemAtic errors. The
10% errbf in measuriﬁg target polarization has already-been discussed.
The other systematic error comes about from thé manner in which the
dunmy target backgrouﬁd is normalized to the crystal térget data.
Because the dummy target.is only 0.75 as dense aé.the~crystals, fewver
events occur per unit.area with a givén incident flux of T mesans.
But, because the .dummy target is larger it intercepts mére of the beam,
which tends to equalize production rateé of events from bound protons N
.in dunmy and crystal targets. What is usually done to get the correct
normalization is to take the shape of the dummy ﬁérget data and norma;
‘lize it to the quasi—élastic tails of the crystal data in whatever_
manner it is plotted. In this expériment the number of events in the
inelastic tails of the dﬁmmy target is only 20 events ﬁhich is too.
small to be useful. .Another poséibiiity woﬁld be to ignore the dummy
target data and use the Monte Carlo calculation to estimate the quaéi-
elaétié ba.ckground. Agreemept Qf the flux-normalized background with
the Monte Carlo calculated baékground is certainly encouraging, dbut
there are large uncertainties‘in the calculatioﬁ too as a reéult of

thefover-simplified huclear model ﬁsed. The pfocedure finally adopted
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wes to calculate the polarization as if the flux-normalization was cor-

rect but increase.the erfor'to ﬁake account of the possibility of an
incorrect Qormalization. The assumption that tﬁe nurber of events in
the background normalizéd by =7 flux should be.increased by 1/3,

(vhich is the maximum Correction), yieids PZ-.=F;O.5O with an error
of #0.59. The final §ystematic,error in normalization is reasonably

teken as 0.2 which when combined with the other errors, all taken in

z

quadrature, yields AP.. = +0.L6 .
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IV, DISCUSSION OF RESULTS
The‘limited statistical accuracy'éf-this experiment‘prévgnts us s

- from making-any‘stfqng statémeht coﬁcefning 2- vpolarization. It may |
be worthwhile, however, t5 discués inIMOre detail.thosé'areas of invés—
tigation which could benefit'by éven a poorAmeasurement of the X~
polariza£ion and £o>point out the significancé'éf this experiment to
these areas.

in_the‘Introductioh; it was mentioned that I~ éolarizétion had
SOme‘signifiqance in experimen%s mgasuring the décay pafameters of the
zT . Cabibbo17 hasvsuggested altheory based on SU(5) which predicts
that I~ beta décayihas the form V + 0.65A, where V and A stand_'
for the véctor and axial-vector hédron cufrents coupled to the lepton
.currents in the usual current-current interactipn. ’A. V-A theory
gives a decay electron‘distribution ffom polariéed %7 which is almost
_ iéotroPic, while a V + 0.65A theory would give an electron distribu-
tion in which the elecfron usually goes in a direction opposite to the
spin of the X~ u18 Extensibns of Cabbibo's theory by Pakvasa and
Rosenl9 qhd blerene-et al;eo also predict that the electron tends
fo gé in a directibn opposite the X~ spin, Measurément of a large
electron asymmetry would be a decisive proof againstla V;A interactiop,
but the absence of any asymmetry would prove nothing ﬁnlesé the X7
polarization were known to be lérge. The informatidn that measurement -

of the electfon asymmety,yields is the product of the polarization and _ "

a function of the parameters characterizing the decay. In order to
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£~ opolarization must be known, or else the absolute value of the

%7 polarization and .of this fgnction'ofjthe degay'ﬁarémeters mist
both be near maximum, l.e. fhe electron asymmetry must be ﬁear maxi—"
mum. This'méasuremeﬁt of = polarizatioﬁ'would be mofe useful in"v
investigéting' %7 beta decay if it-poésessed greater'statisfical
accuracy, but at‘least it does suggest that the polarization may be
apprecizble at 1145 MeV/é and is more likely négative than positive.
The felation of % polarization fo4the decay ﬁarameters in
"> x" +n requirés some discussion oflthese parameters. If the
transition matrix is written in the form
M=A +A P -k

b

the decay paremeters can be defined aszl

b

2 Re AS* Ap S (22)
a = 22
- 2 2
_IASI + IAPI

2Tm A A
s D

" la]® 4 |al® (22)
s B L

and. '
a_|% - |a_|?
_ S P

= . - (ek)
Tolagl® e Al y
s P :
There is some variation in the conventions used in-defining o s B_ )
and 7y_., and the definitions are not alvays consistent. For examplé,

if Eﬂ is used instead of ﬁp or -A is substituted for A in

7
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" the definition of M , a minus.sign muét be insertéd‘in the definition
of .d_ if it is to have the same algebraic sign. The substitution df
<A for Ap is usually‘not;explicit'ﬁut-occurg when the final statev.
is expressed as the sum of s- and p- waves but thé density'métrix
formalism ié not used. An advantage of the convention used here ié
.that there is no minﬁs sign relating the heutron ﬁelicit& with the
parameter o_ in Eq. (26), but much of the literature has the.oﬁpo-
site sign. | | |
Tﬁe anghlar distfibution df the decayvneutron is given by

1=1(1+aB, " 8), (25)

and the components of neutron polarization are given by

o ) == &)  (8)

n
( N P. (@ 5 ) (27)
o\ x B
cyi‘EnXPZ l+a§2-~ﬁ nooE !
- n
and
‘ y 7 (28)
: i |
(&, x f;-)x k, 1+aPp &

CE x B R

It should be remarked that the effects of final staté'interaétions have
been ignored in defining these components of neutron polarization. In’
this case fhése effects of finallstate interactions can be subtracted

" out from knowledge of the pion-nucleon phase shifts. The pareameter
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¢ has been Tfound to be very small (a_ = -0,0L7 * Q.Ok2) s a
fact which is responsible for the lack of_directidnal asymmetry in

the decay S sn+n" . To méasufe o, Ea. (25) was used with

polarized % obtained in the reaction KT+ P~ o4+ ﬁ+' in'the_

) " . . _X_ . _—
-reglon of the Yo.(1520) . Polarization of the X "is not directly

observable but can be obtéinéd,from phase shift studies of the reac-
tions K~ + P - Zi + T, Time revérsal demands that' AS and 'Ap
be relatively real (again ignoring final stété'interactions)‘so that:
from Iq. (225 and the vanishiﬁg»of o, either A, or Ap is-clos¢
to zero. | |

Sevefal methods have been proposed go determine which one of

2325

them is close to zero. One method measures the pion spectra

in thé radiative decays =% o 7 +n+ ni and invokes the AL = %
rule of weak interactions to state that if one decay is by s-wave
the other is by p—wavé. Notice that this implieé as ~ 0 in one
decay and ab ~ 0 in the other so there is.no decay gsymmetr& in
either decay. prever, differences in the pion spectra of the two
decays can be used to show which is s-wave. This experiment has
been performed by Bazin et al., and concludes that s-wave is prefer-
red for &~ - n+ x by 2.7 stanard deviations.26 The other methods
makes use of the fact that the polarization of the decay neufron in
the décay prqcesses‘ Zi ->n + % * is different for s-wave and p-wave
decays. For p-wave decay with the.neutron momentum diréction making

an angle 6 with the hypéron spin, the neutron polarization is in
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the pilsnz of and fg and at an angle 20 with the hyperon spin.

n
For s-wave the neytron is polarized in ﬁhe direction ?Z . This is .
easily seen By substituting the. appropriate value of ¢ in Eas. (27)
and (23). Simultaneously_this;method can measgre tﬁe b polarizafion
but reguires éignifiéant polarization for ifs succésé. The results of
phe present experiment can be EOmbined with the results of Kofler,27 '
who invesﬁigated the‘reaction x + P>+ K+ at 1125 MeV/@, but
was not able to extract both the £~ polarizatioh and the 7% ' decay
._parametef because of poor statistics. Howe?er he was ablé to construct
like%ihood functions for s- or p-wa%e decay given any value of the hyper—
on polarization; ’Using the value of the polarization meaéured in this
experiment and its associated error with these likeiihood functioﬁé
favors s-wave decay over p-wave decay by odds of 3% to 1. Berleylgﬁ g;.e
have measured the polarization of‘tﬁe neutron in the decay 5" - + g+.
and conclude thaf the decay is p-wave rather than s-wave by odds of

L _ v .

2xXx10 tol . The AL = rule again predicts that %~ - n + 5

=

is s-wave.

As has also been méntioned, " polarization in reaction (1) can
be used as a check of charge independence in £he reactions (1), (4),
and (5),A That relationships should exist betﬁeen the cross sections
and polarizations in the three reactions is simply a result of having
three reactions but only two I-spin amplitudes. Among other tﬁings e

charge independence shows ? the ineguality L}



"2)1/2_.(1 _ Ps2)1/2 (29)

holds over é given angular region Qhere ?l.‘and ‘§5 are'averawe
o hyperon po;arlzatwons in reactions (1) ‘and. ()) and wy, is the angle
opposite the second side in the tr;angle A( J}' ,'Jécu s NQF ) " The
_symbol_s 61 3 Eu ) and ,55 stand for average cross sections for reac~
tions (1), (4), and (5) over the given dngulaf region. Charge indepen-
dence also demands that the three quéntities J;l ,‘JEEL-5 and ~f§5
satisfy a'trigangle_rglatibn,'i.e, that every sum of tﬁd‘of these
guantities be greatér thén,or equal to the third. If onefbf these”
quantities exactly equals the sum of the remaining two, the triangle
is called flat; i1f one of these quantities is greater than the sum of
the other two, the triangle fails to close and a violation of charge
independence is indicated. It is easily proved that for a- flat trl-

angle P. = P. but when the triangle moves very sllghtly from flat,

1 5
the relationship is satisfied for a wide range of Fl for any given .
?5 3 hence the inequalities are not of much value unless'the triangle

is flat. As a concrete example of the'necessity 6f a flat triangle,
] ' v consider a triangle with w, = 180o and Py~ = Py, = O, 5. 1If W),
moves from 180° to 170 keeplng P st = 0.5 , the llmlts on P - are
_O20<P <0.76 .
‘ Data -do not exist to check the charge ihdependence.triangle at
1145 MeV/c but the trlangle has been constructed at 1125 M°V/c5 -1

and work is being done at 1170 MeV.c. 52-25 At 1125 MeW/c 1t appears



ol
that the Sriangle falls to close by over 2 standard deviations in the
* o Jo

ranga -1 < cos 92 < -0.8 Dbecause the sides -«/_c and cr are too

3L ’
short.” . IT charge 1ndepeuaence is not vwolated in thes; angles, at
least the triangle is very close to flat. Assuming the triangle is
flat.and charge independence holds, mekes the X~ . polarization in

. ' + ' . . . . . .
reaction (1) equal to the %" polarization in reaction (4) which is
known to be large and positive over =~ momenta near 1145 MeV/c.55
But the polarization found in this éxperiment is negative so there is

still a hint of a violation of charge independence for reactions (1),

(4), and (5) even if the triangle closes.
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V. IMPROVING THE EXPERTMENT
There are a number of ways in which the experiment could be improved

if it were to be repeated. Since most of the error is statistical, one

obvious recommendation is to collect more data. However, several minor

modifications of the experimental apparatus could be made which would
make data analysis easier and the collection rate faster. The number
of pictures taken of events which were not caused by 'K+'s‘, or which

were not measurable should be reduced since they make scanning more

-difficult and reduce the data collection rate. There are several obvious

ways of doing this. A veto-counter should be placed behind counter T to
protect the p counters' light pipes-by vetoing events in which a particle

went right through the entire apparatus. The p counters should be better

matched to the Mu spark chambers so that every particle going through a

counter gbes ﬁhrough a spark chamber.. Whatever changes are necessarxry

in the electronics should be made to prevent triggering on "prompt"

events. One such change would be to widen the outpuﬁ pulse bf the T

discriminator to prevént it from seéting thevtimebof any coincidence.
The Whole apparatus shouldlbe enlarged br-else several modules

of the same size arranged.so that polarization could be measured over.

a greater angular range. Counter T should be lengthenéd'so that in

t%e missing massvdistributidn more of the tails caused by events from

bound protons could be seen fér normalizing the.dummy target background

subtraction. . Th¢ resolution in missing massvcould be increaéed by about

a- factor of 2 by increasing the distance between the spark chambers so



- bk
that ﬁkvand ﬁk cquld.Be measured with more agcurécy.' It would 8150
"be helpful to reduce the nunber of rinﬂ_tipie tracks _in the chambers or
else fo make nmore complicatéd’reéonstruction.programs £o éoft out the .
tracks. .Somé attempt waé madé to prevent double traéké in‘thevspark - h
chambefsvby vetoing e&enté in ﬁhich 2 particléé.arrived within 0.45 psec,
but this'éeriod is evidently not ldhg eﬁough. Spark-chamﬁer Kl“ would
work better if it were "poisoned", and the experimental arrangement
should b¢ such that the beam misses the K chambérs as much as possiﬂle;

in the present arrangement it went unnecessarily through the edge of

chamber K2 .
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