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ABSTRACT OF THE THESIS 

The Magnetic Moment of t'he Lambda. Hyperon 

by LINDSAY CAROL SCHACHINGER, Ph. D. 

Thesis Director: Professor Thomas J. Devlin 

The magnetic moment of the lambda hyperon has been 

measured to be· -0.613S±0.0047 nuclear magneton. The 

experiment was performed in the neutral hyperon beam at 

the Fermi National Accelerator Laboratory. Three million 

f\0 ->p TI- decays were detected in a multi-wire 

proportional chamber spectrometer. The lambda sample, 

produced inclusively by 400 Gev protons, had an. average 

momentum of 114 Gev / c and an average polarization of 

0.085. This polarization was precessed through angles as 

large as 153 degrees. 
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CHAPTER 1 

INTRODUCTION 

Magnetic moments have played a major role in the 

development of our current ·Un de rs tan d in g of the 

microscopic structure of matter. The Zeeman effect and 

the Stern-Gerlach experiment were crucial to modern ideas 

of angular momentum, spin, quantum mechanics, and atooic 

structure. The magnetic moments of the deuteron and 

other nuclei shed light on the structure of these 

composite systems. Extrao~dinarily precise measurements 

Qf the ·magnetic moments of the electron and muon have 

supported the validity of quantum electrodynamics and 

established that these charged leptons are point-like 

Dirac particles. 

A magnetic moment is defined 

4. 
wheres is the spin. Magnetic momen~s are coriventionally 
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expressed in units either of Bohr magnetons 

(efi/2mec=.57883785x1~- 14Mev/gauss) or nuclear magnetons 

( n • m • = e-n I 2 m Pc = 3 • 1 5 21' 5 1 5 x 1 0 - 1 8 l1 e v I Gauss ) • Ch a r g e d 

point-like spin 1 /2 fermions like the electron and muon 

have g:2·, neutral ones have g:O. Departure from these 

values implies some sort of internal structure. The 

electron, muon, proton, and neutron magnetic moments are 

given in table 1.1 for comparison. 1 , 2 ,3 The baryons have 

large anomalous moments, and by measuring these precisely 

one hopes to gain some knowledge of their composition. 

PARTICLE 

e 

p 

n 

..., 

MAGNETIC MOMENT 

1.00ll596567{35) efi/2m 8 c 

1.001166895(27) e-t'it2n;c-c 

2.7928456(11) e~/2mpc 

-1.913148(66) e~/2mpc 

Table 1.1 The electron, muon, proton and neutron magnetic 

moments 
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1.1 EXPERIMENTAL BACKGROUND 

The magnetic moment of the /\
0 is measured by· 

precessing the polarization vector of a 1\.0 
sample in a 

magnetic. field. 

equation 

The spin precesses according to the 

where B is the magneti~ field, pl\ is a unit vector in the 
AO_ direction of the ,, momentum in the laboratory, '( 2 is 

AO 
If the " 

perpendicula~ to the magnetic field, the 

precesses about the magnetic field 

dS ~me - -+ at : 2m S X B 

momentum is 
Ao ,, spin 

If the spin is perpendicular to the magnetic field, 

l~l=l~ s\ 
Ao Integrating this over the path of the in the magnetic 

field, the angle through which the spin precesses is 

3 



where JBdl is the integral of the magnetic field over the 

A0 path~ 

So the magnetic moment (g/2) is 

. 
A _,o measuring the angle through which the , , 

obtained by 

polarization 

vector precesses and the magnetic field integral over the 

I 
AO /\ pathc 

·Before 1976, measurements of the magnetic moment of 

the /\
0 

were done using A0
• s produced in the reaction 

Tr+N->J\°+K at 1 Gev. 8-l3 The ~'s from this reaction are 

100% polarized perpendicular to the plane of the /\0 and 

K. The cross ~ection for this reaction is small and the 

a ra e fli ht Path Of the Ao,s ve g g t\ is short (7 cm) 

necessitating the use of large (200 kG) pulsed magnetic 

fields to obtain precession angles of a few degrees. 

In 1976, it was discovered in the neutral hyperon 

beam at Fermilab that ~'s produced inclusively in the 

reaction p+Be-> A0
+X at 300 Gev were polarized. 14 The A0 

polarization was perpendicular to the product ion plane 

and increased with the N transverse momentum to O. 20 at 

Pt= 2 Gev/c. This phenomenon has since been reported at 

the CERN PS where the incident proton energy was 2ij 

Gev. 15 This discovery fac111tated the measurement of the 

4 
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Figure 1.1 A comparison of previous f"measurements with this measurement. 
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A0 magnetic momertt ~Y providing a source 9f high energy 

polarized /\0 •s with a long (7 m) average flight path, 

whose spin therefore could be precessed through angle~ 

greater than 90 degrees with conventional magnetic. 

fields. 

3x10 6 

taking. 

A large 

A0 decays 

inclusive cross 

to be collected 

section also 

in 60 hours 

allowed 

of data 

Figure 1. 1 shows a comparison of the previous 

measurements of the moment with this measurement. Bunce 

et al. and ·Heller et al. are the two previous 

measurements done with inclusively produced 

Ao Through the discovery of inclusive ,, 

increased precision in the measuremant 

polarization 

/\" of the 

magnetic moment is possible, and it is this improved 

measurement which will be reported here. 

1.2 THEORETICAL BACKGROUND 

One successful model for the internal structure of 

hadrons is SU ( 6) and the quark model. The hadrons in 

this model are composed of three types of quarks u, d, 

ands whose quantum numbers are given in table 1.2. 
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q/e 

,. 

u 

2/3 

1/2 

0 

d 

-1/3 

-1/2 

0 

8 

-1/3 

0 

-1 

Table 1.2 The up, down, and strange•quark quantum numbers 

Baryons in this model are formed of 3 quarks, mesons of a 

quark and an anti-quark. The quark composition of the 

stable baryons is given in table 1. 3 and the quantum 

numbers of tha spin 1/2 positive parity baryons are 

displayed i"n figure 1. 2. 16 The /\ 0 is made of' a u and a d 

quark in a spin singlet and an isospin singlet state, and 

ans quark. Thus the spin of the 0 /\ is the spin of its 

s quark.· No other particle has this property. 

The magnetic moments of the baryons can be written 

as the sums of the magnetic moments of the con~istuent 

quarks, 

where fB> represents the SU(6) wavefunotion. If 

1 
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BARYON 3 x SU(6) WA~EFUNCTION (perm. omitted) 

p -f271 u'tu'l'd,I, - {T73' (u1ui+utu1)d'Tlff 

n i2Tr d'l' d1'u lt - fin' ( d1 dt +d}d1) ut 1-(2' 
~+ .,. ~ "("2Tj' u'tufsv - (1/3 (u'tu~+u,l,u't )s•t/'[2' 

"'o 
L- -f2l3 u'i'd'ist - {171' (u1d}+u.\d1)s'?/f2' 

~- 12/3 d'l'd·t s,1., 1113 (dtdi+d,i,d1' )st/{°2' 
-o {273 s'tsfu,l, 073' (stsi+sts'l)uf/{2' 

--- (2/3 s'ts1dv {113' (s1sJ.+sL-sf)df/{2' 
A c:, 
'' (u1d~- uidt)st/(2' 

/;Ji- s'i s1 s1 

Table 1.3 The stable baryon SU(6) wavefunctions 
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baryon magnetic moments are given in table 1.4. Although 

the ratio of the proton and neutron moments in this 

simple picture agrees with experiment to a few percent, 
. 0 

the·/\ moment does not. However, if we break the SU(6) 

symmetry by allowing the s quark to be more massive than 

the u or d quarks, and take fi=q{fl/2mic with mu=l":'d' the 

results are 

the 

1.5. 

= i""f'u - t{'-d 
= trd - +ru 

jAt- = f-s 

The three measured moments f P , f n , and f'A define 

three parameters fu, rd, and j.!<s, listed in. table 

The quark masses, palculated from the moments 

assuming g:2 for quarks (mq=mpqq//qe) are also listed in 

table 1.5. All other magnetic moments and the magnetic 

dipole transition 2.~f\"''{ can be calculated using the 

wavefunctions of table 1.3 and the three quark momentso 

This calculation yields the results in the third column 

of table 1.4 which agree well with the experimental 

measurements. 4-7 More precise measurements are necessary 

to test these predictions at the 2-3 per cent level at 

which they seem to be valid. 

10 
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MAGNETIC MOMENT (n.m.) 
BARYON EXPERIMENT EXACT .SU(6) BROKEN SU(6) 

p 2.79 input input 

n -1.91 -1.86 input 

Ao -0.6138;t0.0047 -0.93 input 

z:t 2.95;t0.31 2.79 2.673 

~o 
__ .. ______ 

0.93 0.790 

z:- -1.48;t0.37 -0.93 -1.091 
-c, -1.86 -1. 435 ----------- -1.85;t0.75 -0.494 -0. 9·3 

\ ~~A"t\ 1 82+0.25 
• -0. 18 1. 6.6 1._630 

clli- -------- -2.79 -1.8110 

Table 1.4. The stable baryon magnetic moments both 

measured and predicted. 



QUARK f Cn.m.) MASS(Mev/c 2 ) 

u 1.852 358 

d -0.972 322 

s -0.614 509 

Table 1.5 The quark magnetic moments and masses 

The quark masses can be determined independently in 

several ways, the simplest of which is 

mu= md = mn/3 = 313 Mev/c 2 

ms= mA - 2mu = 490 Mev/c 2 

which agree with the values in table 1.5 to 7%. 

Multiplet splittings can ·also be used to determine 

mu/ms=0.62, yielding ,#A=-0.6 n.m •• 17 The bag model 

prediction (m 0 =md=O, ms=300 Mev/c 2 ) is also -0.6 n.m •• 18 

The agreement between the quark masses calculated from 

their moments and the masses calculated from particle 

masses implies that the assumption that g:2 for quarks is 

valid. 

This measurement of the 
() A magnetic moment is 

in good agreement with broken SU(6) therefore 

predictions. Assuming the s quark is a poin t-1 ike. spin 

12 



1/2 fermion the 

m8 =509±4 Mev / c 2 • 

v a 1 u e f" = - 0 • 6 1 3 8 ± 0 • 0 0 4 7 n • m • 

Using t P' f.tn' and fl\• 
implies 

the other 

baryon moments can be calculated, and remain to be more 

pre~isely measured. 
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CHAPTER. 2 

APPARATUS 

The experiment wa3 performed in the neutral hyperon 

beam in the M2 diffracted proton beam at Fermilab. The 

apparatus, shown in figure 2. 2, is described in detail 

elsewhere. 19 - 21 The basic components of the apparatus 

were a Be target, a magnetized. collimator which defined 

the neutral beam, an evacuated decay region, and a 

spectrometer which consisted of six multi-wire 

proportional chambers and .a spectrometer magnet with a 

transverse bending power of 0.7266 Gev/c. The wire 

chamber data were read into the on-line PDP-11/45 

~omputer memory through a CAMAC interface and written to 

magnetic tape for each event. 

2.1 DIFFRACTED PHOTON BEAM 

111 
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M3 is the spectrometer magnet. S, IC, BC1, and Tare 
shown in more detail in figure 2.3a. 
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During the experimental run the Fermilab synchrotron 

was operated at 400 Gev at intensities of approximately 

2x10 13 protons per machine cycle under typical 

conditions. The synchrotron delivered beam to the 

experimental areas every 15 seconds, in the form of· a 2 

second long spill. 

The extracted proton beam was incident upon the 

Meson Lab prod~ction target, producing six secondary 

beams. One of these, the M2 diffracted proton beam was 

produced at 1 milliradian (mrad), and·was transported to 

the experimental area through two stages, each consisting 

of two quadrupoles and one bending string. The beam 

elements are shown in figure 2. 1. 

horizontal. 

The main bends were 

In the following discussion all distances along the 

beam line. are relative to the Meson Lab production 

target. The first stage produced a vertical and 

horizontal focus at 201 m. The second stage produced a 

16 

focus at the experimental production target, at 451 m. A 

segmented wire ion chamber (SWIC) was located at 201 m to· 

monitor the beam position and spot size a.t the focus. 

The intensity was varied with horizontal and vertical 

oollimators, to a maximum of >109. 
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During the bulk of the data tak,ing, the M2 

diffracted proton beam was operated at an intensity of 

2x10 8 protons per pulse at 400 Gev. A dipole magnet at 

335 m bent the proton beam vertically through as much as 

0.33 mrad. This produced a displacement above or below 

t~e ~edian plane as large as 3.7 cm at the dipole magnet 

located at 446 m. The beam was restored by this magnet 

to the hyperon production target in the median plane at 

ll51 m. In th.is manner, vertical production angles as 

large as 7.2 mrad, both positive and negative, were 

obtained. All the data used to measure the magnetic 

moment were taken at ±7.2 mrad, and some data at O and ±5 

mrad were taken as experimental checks. A SWIC with 1 mm 

wire spacing was placed 91.3 pm upstream of the hyperon 

production target center. This SWIC was used to insure 

that the beam quality was constant and the beam 

displacement symmetric about O for positive and negative 

production angles. 

2.2 THE HYPERON TARGET AND ASSOCIATED DETECTORS 

The hyperon production target was a 15 cm long~ 

O. 635 cm diameter beryllium cylinder. An Argon filled 

ion chamber which monitored the intensity of the proton 

beam was 10lJ.9 cm ups·tream of the Be target center. A 

18 
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... 

aet or three scintillators which monitored the quality of 

the proton beam focus and which were used to calibrate 

the ion chamber were located 122 cm upstream or the Be 

target center. None of these detectors were essential to 

the magnetic moment measurement. 

figure 2 .. 3a • 

2.3 THE NEqTRAL BEAM COLLIMATOR 

They are shown in 

Tbe production target was followed by a 5.3 m long 

magnetic channel which removed charged particles and 

defined the neutral beam .. The field in this channel was 

wertical and had a maximum value of 2.5 Tesla. It also 

served as the precession field for the magnetic moment 

measurement. 

lmbedded in this magnet was a brass collimator, 

illustrated in figure 2.3., At an incident angle of 7 .2 

ar~d, the proton beam was buried in the second collimator 

block. The defining aperture was 4 mm in diameter, and 

the solid angle accepted was 1.,2 f-steradians. The 

oollimator consisted of 6 brass blocks either 3 .. 81x10.16 

om or 3. 81 x 12. 70 cm transverse to the beam direction, 

each with a different size aperture. These blocks were 

removable, to allow magnetic measurements to be performed 

.. ' 

.;.'/'' 

21 



in the channelo 

2 •. - MAGNETIC MEASUREMENTS 

Since the field integral in the sweeping magnet was 

directly involved in the measurement of the magnetic 

moment, it was necessary to measure it precisely. This 

was done in two ways. First a Nuclear Magnetic Resonance 

(NMR) probe and a 

magnetic field and 

Hall probe were used 

the field integral was 

to map the 

calculatedo 

Second, a stretched wire probe was flipped in the field~ 

giving a direct me~surement of the field integral. 

During these measurements and during data taking an NMR 

probe in a fixed position in the collimator was used to 

set the field and to monitor its stability. The position 

of the proQe was 112.55 cm from the downstream end of the 

last collimator block, 1.2 om below beam height. 

The field map was done with an NMR probe mounted at 

beam height in the magnet aperture O and with collimator 

blocks removed. Wherever the field inhomogeneity was 

such that the NMR probe could not be used,· a Hall probe 

cal 1 brat ed against the NMR probe was used. The field 

value was recorded every inch for two field integral 

values O 13. 64 Tesla-meters and 11. 22 T-m O for both field 

22 



polarities. 

figure 2. 4. 

The field map for 13. 64 T-m is shown in 

The· precision of the NMR pro be was O.01 % , 

23 

and the Hall probe, which was used to measure 7% of the 

field integral, had 1% precision. The reproducibility of 

any point on the map was 0.01% for the ~MR poirits and 1% 

for the Hall probe points. This includes the error in 

the field due to the error in the position of the probe. 

The overall uncertainty of this measurement, dominated by 

the Hall probe uncertainty, was 0.07%0 

The stretched wire probe consisted of 2 turns of 

0.0102 cm Tungsten wire 1. 27 cm wide and 7. 73 m long 

under 19.6 Newtons tension, positioned at beam height in 

the center of the magnet aperture. The spacing of the 

wires was achieved with quartz rods whose diameter was 

1.27 cm ±0.04%. An integrator with a time constant of 

0.1 second_(R:100k~,C:1ff) integrated the emf induced in 

the wires when they were flipped in the field region. 

The voltage output of the integrator was read by an 

electromet~r. The field integral was 

ji - Ute_ Bdl - ~ 

where N is the number of turns of wire, Wis the width of 

the probe, Vis the voltage output of the integrator, and 

RC is the integrator time constant. This measurement was 
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performed for several field integral values, with the NMR 

probe in the standard position in the collimator for 

those fields within the frequency range of the NMR probe 

( above 1.5 Tesla). Figures 2.5 and 2.6 show the results 

of these measurements, when the stretched wire probe is 

calibrated against the JMR and Hall probe results. 

Before calibrating the stetched wire probe, the two 

methods agreed within the known 1% uncertainty in Re·. 

With the calibration, the precision of the stretched wire 

method was 0.2% limited by integrator drift. 

The stretched wire method was also used to check the 

uniformity of' the field integral over the magnet 

aperture. The quartz rods holding the probe were mounted 

on lathe beds, and the position of the probe within the 

aperture was set at± 1~02_cm and ±2.54 cru horizontally 

and .±0.51 cm vertically. For a horizontal displacement 

of .±2.54 cm the field integral dropped to 99.8% of its 

value in the center of the aperture. The other positions 

showed no detectable difference from the center value. 

The maximum displacement from the center of the aperture 
(J 

for a A produced at the target was 0.55 cm and the 

maximum angle with respect to the collimator axis was 1.5 

mrad. Thus, there was no variation in field integral 

over the possible paths of target produced ~'s through 

the collimator within the measurement errors. 
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Other possible sources of error, all negligible, 

were considered. The production target is 15 cm long, 

and the field integral over the target is 0.15% of the 

tot~l field integral. 

/\.• • s is flat over 

deviation in field 

If the production distribution of 

the target length, then the rms 

integral · due to variation in 

production position is 0.04%. AO The /\ decay vertices 

ranged over 11 meters, but the field integral over the 

decay region was 0.04% of the totale 

The NMR probe in th~ standard position in the 

collimator was in place during all the field integral 

measurements. A given magnetic field at this point 

defined a set point for a particular field integral as 

measured by either the stretc'hed wire probe or the NMR 

and Hall probes. Three non-zero values of the field 

integral were chosen for data-iaking, ±13.64 T-m, ±10.55 

T-m, and ±9. 05 T-m, corresponding to standard fields of 

2.1195 T, 1.939 T, and 1.662 T. These field integrals 

were reproduced using the standard field for each data 

run. The variation in the standard field over a one hour 

data run were negligible. The standard field was 

recorded for each data run, and run-to-run fluctuations 

in the standard field setting were 0.1% at most. 
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2.5 THE SPECTROMETER 

An elevation view of the apparatus is shown in 

figure 2. 2. Two meters downstream of the neutral beam 

collimator was a veto scintillation counter 10 cm in 

diameter followed by an 11 m long evacuated decay volume 

36 cm in diameter. In this region the neutral beam was 

about 2 cro in diameter with 1 mrad total divergence. The 

trigger required nothing in the veto counter and at least 

one charged track in the first four proportional chambers 

downstream of the decay volume, and two charged tracks in 

the fifth chamber, one on either side. The momentum of 

each track was measured by bending the tracks in a 

magnetic field after the third proportional chamber. 

This magnet was a ferric superconductor whose aperture 

was 20.3 cm verti~ally by 61 cm horizontally and was 2.5 

m long. The field integral was approximately 2.4 T-m, 

and was determined precisely by comparing the measured 

K~ mass with its kn~wn value. 

The proportional chambers were of conventional 

design and are described in de·tail elsewhere. 19- 21 The 

signal 

both a 

chamber 

degrees 

wire spacing was 2 mm and each chamber contained 

horizontal and a vertical signal plane except 

2 in which the wires were rotated through 45 

about the neutral beam axis. Chambers 1 and 3 



had 256Vx128H wires, chamber 2 128x128 wires, chamber 4 

316Vx128H wires, chambers 5 and 6 had 640Vx192H wires. 

The chambers were operated on a gas mixture of 70% Argon, 

30% ·isobutane, and 0.3% Freon bubbled through Methylal at 

4°c. The operating voltage was lt.2 kV. In the spaces 

between the first five chambers were plastic bags filled 

with Helium to reduce multiple scattering. 

2.6 TRIGGER LOGIC 

Fast slgnals from the chamber planes were used in 

the trigger along with signals from the scintillators. 

Each chamber generated a fast pulse which was formed as a 

combination of a logical "OR" of _the vertical wires and 

an "OR" of the horizontal wires. In chamber 5 the 

vertical wires were "0R"-ed in two parts, those wires to 

the left of the chamber center and 

each generating a fast "OR" pulse. 

those to the right 

The trigger logic is 

shown in figure 2. 7. The trigger requirement. wr:1.s: no 

ohar•ged particle in the veto V, at least one charged 

particle in each of the first four chambers, at least one 

charged particle in the left side of chamber 5 and one in 

the right side of chamber 5, and at least one charged 

particle in TS, the scintillator behind chamber 1. 
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GE: ~·TS°CH1"CH2"CH3"CH4"CH5~"CH5L 

2.7 DATA ACQUISITION 

If the trigger was satisfied, . an enable pulse was 

sent to each chamber which caused flip-flops to be set, 

and stored the ~ire hit information for that event. The 

trigger logic also generated a. busy logic level which 

prevented any further triggers from o·cc ur ing during the 

chamber read-out process. A priority interrupt was sent 

to the PDP 11 /45 computer t which caused the computer to 

read the chamber hit information serially via CAMAC. 

Reading the event caused all the chamber flip-flops to be 

reset. When this was finished, typically 0.5 msec later, 

the computer signalled its readiness for a new event. 

also 

At the end of each 2 

read through CAMAC 

sec beam spill 

a set of 20 

the computer 

scalers which 

contained data fro~ various beam monitors. The ion 

chamber data was also recorded and cleared at this time. 

Events were read by the PDP 11/45 into core memory 

until a buffer was filled, at which time the buffer was 

transferre~ to disk. Three buffers could be held in core 

and, since the -rate at which events could be written to 
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core exceeded the rate at which they could be transferred 

from core to disk, when core was filled data taking was 

halted to transfer this data to disk. The core-disk 

transfer time (the bulk of the dead-time) limited the 

number of events which could be collected during a spill 

to 880. At the end of a spill, the incomplete buffer in 

core was transferred to disk and the information on disk 

was written to tape. The events in the incomplete buffer 

were used to generate various histograms which served as 

valuable on-line diagnostics. A special scaler record 

was written at the end of each spill. 

2.8 DATA TAKING CONDITIONS 

Data we re t a k e. n , ha 1 f . a t + 7 • 2 :rn rad , ha 1 f a t - 7 • 2 

mrad with an incident proton beam intensity of 2x10 8 

protons per pulse. Approximately 880 triggers per spill 

were written to data tape, and at this rate a data tape 

was written every hour which contained 160000 triggers. 

Of these 

software 

triggers 

cuts. So 

about 

in 60 

J..:, 's t\ were collected at 

50000 

hours 

were /\°' 's after all 

of data taking, 3xlo6 

1. 2 mrad. Se'!eral tapes were 

taken at O and 5 mrad as experimental checks. Table 2.1 

shows the breakdown of tapes by production angle, 

spectrometer magnet polarity, and field integral. 



In addition to those listed in the ta~le, five tapes 

were taken with the production target out, one each at 

±7.2 mrad, ±5 mrad, and O mrad for fBdl=+13.64 ·r-m. 
Several tapes were taken with the collimator and 

production target out, for several sweeper field 

i~tegrals, and with the production target bending magnets 

on to check the directions of the fields in these magnets 

by bending the proton beam and recording the wire chamber 

coordinates. A total of 86 data tapes was written. 
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g SPEC FIELD I N TE G R A L· ( T - rn ) 
POL 13.64 10.55 9.05 o.oo -9.05 -10.55 -13.64 

+7.2 + 4 2 2 1 2 2 4 

4 2 2 1 2 2 4 

-1.2 + 4 2 2 1 2 2· 4 

4 2 2 1 2 2 4 

+5.0 + 1 0 0 0 0 0 0 

0 0 0 0 0 0 0 

-5.0 + 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 

o.o + 2 0 0 0 0 0 2 

2 0 0 0 0 0 2 

Table 2.1 The distribution ·or data tapes written 



CHAPTEH 3 

DATA ANALYSIS 

The polariz.ation of the AcJ sample was precessed in 

the sweeping magnetic field to obtain the magnetic 

moment. The angle through .which · the polarization 

precessed was 

where /3 = p / E w a s 1 t o O • 0 2 % or b e t t e r , J B d 1 i s t h e f i e 1 d 

A 0 
integral in the sweep:tng magnet, and jA-A is the ,, 

magnetic moment. The precession angle was measured for 

seven different precession fie 1 d s and /ti\ was cal cu 1 ate d 

l' s in g t he kn o H n v a 1 u e s o f fad l . 

3.1 RECONSTRUCTION PROGRAM AND DATA SUMMARY TAPES 
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The analysis of each data tape was done in three 

parts. First the wire hit data was read from the data 

tape, decoded, and used to search for and reconstruct 

events of neutral vee topology. The momenta and vertex 

information for those events with acceptable vees was 

then written to a compacted data summary tape. This tape 

was read by a polarization analysis program which 

selected events with the 

asymmetry in the 

() 
/\ mass and measured the decay 

center of mass, yielding the 

polarization. A short tape was written by this program 

which allowed several data runs t~ be combined in a final 

magnetic moment analysis. 

Each data tape contained the wire hit information 

for 160000 trigger.s and the scaler records for each 

spill. The wire hits were ·processed by a reconstruction 

program which searched for events of neutral vee 

topology. These were defined as events in which 1) the 

two charged tracks upstream of the spectrometer magnet 

intersected in the decay volu:ne, 2) x- and y-views for 

each track correlated though chamber 2 (whose wires were 

rotated throu_gh 45 degrees), and 3) the track segments 

upstream and downstream of the spectrometer magnet 

intersected approximately halfway through the magnet. 

lt 0 



For a productiQn angle of 7.2 mrad, a typical data 

tape was 68% neutral vees, 22% events with no opening 

angle before the spectrometer magnet, and 10% events 

which failed to reconstruct. 

For those events which were neutral vees, the slopes 

of both tracks and the vertex position were fitted, and 

the momentum of each track was calculated using a nominal 

field integral for the spectrometer magnet of 0.7266 

Gev/c. All events which satisfied the neutral vee 

criteria were written to a compacted data summary tape, 

along with scaler records. For each event the vertex 

position, the momentum components of each of the two 

charged tracks, and the error matrix for the fit of the 

tracks to a vee were written to the data summary tape. 

3.2 EVENT SELECTION 

This compacted tape was processed by a program which 

made sev~ral cuts on the neutral vees. First the momenta 

were recalculated using the spectrometer magnetic field 

corrected to yield the proper mass for integral 

events. For events where the positive track had the 

higher moment um the invariant mass was calculated 

assuming that the positive track was a proton and the 
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negative track a pio!1. If the mass fell within 30- ( <r = 

mass measurement error as calculated from the error 

matrix for the vee fit) of the known 1\0 mass (1.1156 

Gevic 2 ) the event was accepted as a Ao. The invariant 

mass of the Ao sample is shown in figure 3. 1. The full 

width at half maximum is t: Mev/c 2 • The Ko 
s contamination 

of this sample was approximately 0.5%. The momentum 
1\0 spectrum of this t\ sample for a production angle of 7.2 

mrad is shown in figure 3.2. 

Forty-three percent of the triggers 

·/\0 reconstructed neutral vees were . 's 

and 

at 

Twenty-seven percent of the neutral v~es were 

64% of the 

7.2 mrad. 

K01 s s ' 
were N'•s, and 5% had neither mass. The acceptance for. 

neutral vees of known mass is ~hown in figure 3.3. Above 

a momentum of 150 Gev/c most decays in the decay volume 

were accepted. Below this, the geometric acceptance of 

the spectrometer falls rapidly with momentum. 

A study of the yield of A0 's per incident proton 

showed. that the positive production angle was larger than 

the negative production angle (in absolute value) by 

approximately 0.5 mrad at the nominal 7 .2 mrad setting. 

As will be seen in Section 3.4, this does not affect the 

result. 
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The vertex position of A0 •s was then required to be 

inside the decay volume within errors. Figure 3.4 shows 

the distribution of decay vertices. 

cm, and the first chamber at 1300 cm. 

The veto was at 207 

The /\° momentum vector was used to extrapolate back 

to the production ta~get, and each event was required to 

point within R2 :40 mm 2 of the target center. The B2 

distribution is shown in figure 3.5. This cut served to 
f 

reduce two sources of background. Approximately half of 

the /\0 •s produced in the collimator (approximately 5% of 

the total) and approximately 90% of the (\o 'S from -o 

decay ( -=- 0 events constitute only 1% of the triggers for 

all R2 ) were eliminated by this cut. 

The angle in the yz plane of the /\
0 

with respect to 

the neutral beam· direction is shown in figure 3. 6. The 

secondary peak for positive production angle is due to 

/\
0 's produced in the beam focus scintillators 1.22 

meters upstream · of the target. Events with 

-1.25>Qy>1.50 mrad were cut, to eliminate this secondary 

source from the data sample. 

A least squares fit was performed, with the measured 

pion and proton momenta as input data, constraining the 

event to have the /\0 mass. The fitted momenta were used 

in the remaining anal~sis; 
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The fitted tracks ·ror each event were required to 

pass several geometric cuts designed to mock the 

experimental apertures. These cuts were slightly more 

restrictive than the real apertures. Events which passed 

all tests were used in the polarization analysis. 

3.3 THE POLARIZATION ANALYSIS 

The polarization was determined t.hrough the 

asymmetry in the AO 
f\ rest frame. The proton angular 

AO distribution in the t\ rest frame for a sample of A-o•s 
is 

cos o* 

where G( =-0.647±0,013 22 , ~P is the proton direction in 

the rest 
--), 

frame, P" is 
* A " cos O =-P_.: Pp. In 

the polarization 

this analysis sample and 

directions in space /\ A A (x,y,z) were chosen, 

distribution was obtained for It cos O: 

of 

three 

the 

the 

fixed 

* cos O . 

~ J\ 
l-lp z 

and the components of the polarization along these 

directions were calculated. The direction of the 

polarization then yielded the precession angle and the 

magnetic moment for each momentum bin. 
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distorted 

by t !: ::- a~ c 1,. p t an -·:,; ,:_ o f '~ \ e ":.: p e c t r o rn. e t e r , and i t was no t 

possf.ble ., '. d •:-t".~ , .:,1:ir. ,· ,r>: ·, -:-J.:-:i r 1 1rnt:i.or, by a simple linear 

fit to th s ra w d J. .st !' ~-i.l ,; -:, .· ,.,. n s , Ins t ead 9 a sample of Monte 

Car lo eve nt s gener•ated wht~h r eflected the 

spectromE:'.:er a.c~9.pt.c.nc<:. , and wh:!. ch wer e weighted by a 

pola~i za t io n pa re meter rr< p '.1-l C • This parameter was varied 

by 'X-2 techniques unt::.l thE: two distributions agreed. 

Twc :l"equire ments must be met by the Monte Carlo 

di s ti but i or. . i'' irst, it must 'id entlc&l to the 

d i s t r i h 1J t l o r2 0 f r e ::i. l e v ~ n t s i n a 1 :;_ pa ram e t e rs e x c e p t 

cos Qef,. Se c o n d~ ~~ c ~~ anQe crit~ria fo~ the two samples 

should be as simila~ a ~ p~~sib~ e . 

For ::=, ven ·-, 9 Carlo events were 

gener a ,~ed co .::. th~ other event 

, .' '.o 1 n8 N::H1te Car-1.0 events had 

e ;; e nt3. The s c· r:: c n t .• '."':' c1 r 1 0 e 'f ea t .3 w f! r e <' e q u i r e d t o pa s s 

the ~-:,_:n~ ge ornet rJ:~ +;1'.te ::" 82.l '-:':ve nt.:s, aad Monte 

Car 1 o e ·1 2 n t .:c we \· e sen t, ,, :,, :. ,:, d u .:-, t ;i. l 1 C fJ a ss e d th~ s e cut s • 

. .. :oxit .~ Cai·lo €'Vents at each of 

th e g e o m c :. (· i r: a o e . ;·. ,.1 ~" ::, s , , ,s c u , o · ·' e f i n f:! t he a c ~ e p tan c e 

were a). s<; ccn,~,ar~.:; 

I~ .. ·"' <2 ~ r.: '="· ;, r s e o t' f re e do m 
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distribution for these fits is shown in figure 3.7. 

The distribution of real events reflects any real 

polarization, ~PR, which exists in the data. Since the 

Monte Carlo events are based on this distribution, they 

will also reflect the real polarization. The· Monte Carlo 

distribution must be corrected for this. 

Carlo event generated was weighted by 

where 

event. 

g* 
R 

The 

refers to 

numerator 

the real 

polarized 

(Monte 

the 

Each Monte 

i 

Carlo) 

* cos OMC· 

distribution by the parameter ( ~ PA)MC" The denominator 

corrected this distribution for possible polarization in 

the real events. The value of ( ~ P~)R was u~known, but 

Therefore 

this equality was assumed throughout the calculation. 

The weight was written as an expansion 

and only the first four terms in the expansion were kept. 
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A ,Y.. 2 was construct,ed 

'X, 2 = 
(NR(J)-NMc(J' <X Pl\) )2 

NR(J) 

54 

• where J was the bin in cos Q (twenty bins were used), 

NR was the number of real events and NHC was the sum of 

the weights, W. NMC was ~enormalized to satisfy 

j.., 2 and its first and second derivatives with respect to 

o(P/\ were calculated and 1, 2 was mini:nized, using 

Newton's method, to obtain 0\. PA. The value of t-2 was an 

indication of the goodness•of-fit of the 

distribution to the distribution. This 

polarization analysis was performed for seven momentum 

bins, 30 Gev/c wide, from 60 to 270 Gev/c. The data were 

also split into positive and negative 7.2 mrad production 

angles and positive and negative spectrometer field for 

each of the seven magnetic field integrals. The 

polarization c~mponents along x, y, and z were calculated 

for each of these bins. The distribution of 1, 2 from 

these fits is shown in figure 3.8. 
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These data could then be combined in several ways to 

calculate the magnetic moment. 

3.~ POLARIZATION AND EXPERIMENTAL BIASES 

The Ao polarization at the production target was 

perpendicular to the production plane, in the parity 
-:>:, ~ ~ -~ a 11 owed d ire ct ion - ( kf> x k A ) where k f ( kA ) is the inc id en t 

proton ( A<l ) mo men tum dire ct ion. Positive polarization 

is defined The polarization is shown in 
AO figure 3. 9 as a function of 1 , momentum. Since the 

AD incident proton beam and the outgoing ,, direction 
~ defined a vertical plane (kA was in the horizontal plane 

within ±1 mrad) t~ 0 ·~olarization at production was along 
,. " -x (+x) for positive (negative) production angles. The 

coordinate system and polarization direction are 

illustrated in figure 3.10. The ou1.gnetic field which 

" precessed the polarization was along the -Y direction for 

positive field integral, so the polarization precessed 

about the A y direction in the horizontal plane. The 

peculiar sign convention arose from previous ·experiments 

in this apparatus. When the production angle, Q, was 

reversed, the initial polarization direction reversed 

allowing cancellation of asymmetries due to the 
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acceptance of the spectrometer not accounted for in the 

Monte Carlo. 

were calculated 

Thus all components of the polarization 

o{ p = o<.P(+Q) - o<P{-Q) 

2 

and the biases along each direction were 

B = o1,..P(+Q) + ~ P(-G) 

2 

2 

3 

The size of these biases i:3 shown in figure 3. 11 as a 

function of /\0 momentum. 

The cancellation of biases was crucial to the 

precise determination of the magnetic moment. It was 

necessary that the biases be independent of production 

angle sign and magnitude. Several ch.eeks on the 

cancellation of biases were possible. 

First, since the polarization at production was 
I\ along ±X and precessed through an angle between 90 and 

160 degrees, the z component reversed when the field 

direction was reversed. This allowed an independent 

calchlation of the bias in the z direction 
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for· each production angle sign separately. Figure 3.12 

shows a comparison of the z bias for positive - and 

negative 7.2 mrad production angles calculated as in Eqn. 

. ~ and the bias calculated as in Eqn. 

integrals. 

3 for all field 

Another check of bias cancellation is shown in 

figure 3.13. 
,Q 

This figure shows the A polariz~tion for 

0 mrad production angle. The z bias has· been cancelled 

as in Eqn. Since the z polarization at O mrad is 

zero as it must be by symmetry, the z biases have 

cancelled completely. The x and y biases could not be 

cancelled using the O mrad data alone, so figures 3. 13a 

and 3.13b show the sum of the bias and the polarization. 

This sum for xis consistent with zero. Since the 7. 2 

mrad x bias is consistent with zero, and the bises are 

independent of production angle (figures 3.12 and 3.15), 

the x polarization is also zero at O mrad. The y 

polarization does not affect the magnetic moment 

measurement. 

The polarization along the y direction is non-zero 

if parity is not conserved, or if the coilimator axis and 

the incident proton beam axis (at finite production 
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angle) do not·· form a plane 1 or if the sweeping magnet 

field is not along A y. Figure 3. 14 shows this 

polarization at 7.2 mrad, with the biases cancelled as in 

Eqn. 

which 

3. The y polarization is consistent with zero, 

is evidence for parity con s e r v a t i on· , proper 

alignment of the apparatus, and proper bias cancellation. 

A comparison of the biases for several production 

angles is prese~ted in figure 3.15. The O mrad z bias is 

calculated as in Eqn. 4. Since the biases are 

independent of production angle as shown in figures 3.12 

and 3.15, the 0.5 mrad production angle difference (see 

Section 3.2) does not affect the magnetic moment 

measurement. 

Since data were taken at several different field 

integrals, for both positive and negative production 

angles, the biases for each sweeper field could be 

calculated as i~ Eqn. 3. The results, displayed in· 

figure 3.16, demonstrate that the biases are independent 

or field integralo 

Two types of biases were present in the data. Both 

were independent of precession field and production 

angle, but depended on momentum. The first was the 

production angle bias, B, which has been described above. 
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This bias was unchanged by the reversal of any of the 

three experimental magnetic fields. The second, the 

spectrometer magnet bias A,· reversed 3ign when the 

spectrometer magnet polarity was r,iversed. 'l'hls bias 

could be cancelled simply by combining equal amounts of 

data taken with the two spectrometer magnet polarities. 

In practice, both biases A and B were incorporated into 

the precession analysis as parameters in a least squares 

fit, as described below. 

3.5 PRECESSION ANALYSIS 

The x and z polarization components, as calculated 

from Eqn. 2 can be used to calculate a precession angle 

for each field integral value 

The results of this calculation are shown in figure 3.17. 

The A/- 2 f~r these points to fall on the straight line in 

the figure is 5.9/5 degrees of freedom. Large, 

uncancelled biases would cause a poor fit. 
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Al tern a ti vely, .a ~ 2 can be cons truct.ed 

~2 = ( g(..Pxijk- 8 xi+Axi+ o<.Poi 008 

2 
CJxijk 

0 ) 2 j 

-} ( o<. p z i j k - B z i + A z i 4 v\P o i a in ° j ) 
2 

2 
CT"zijk 
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where i:1,7 runs over 7 momentum bins, j:1,7 over 7 field 

integrals, and. k= 1, 4 over spectrometer magnetic field + 

and - and production angle + and - • The polarization 

P
0

i changes sign with production ang~e, the upper sign is 

taken for positive production angles. 

biases which are cancelled by reversing the production 

angle and are a function only of momentum. 

are spectrometer magnet biases. The upper sign is taken 

for field positive. The .seven precession angles, 0 j, 

are not parameters, but are all computed from a single 

parameter, the magnetic moment, through the relation, 

0j:18.30xJBctljxf/\ in degrees. Pxijk and Pzijk are the 

data points in 7 momentum bins for 7 sweeper field 

integrals, and for + and - production angle and + and -

spectrometer field. Three hundred ninety two data points 

w~re used, with statistical errors 0-iJk· The values of 

the parameters from the fit are given in table 4.1. 

Figure 3.9 shows P01 , figure 3.11 shows Bxi and ~zt• 



Figure 3.18 shows and fit gave 

f/\=-0.6138±0.001'7 n. m •• ~ 2 was 

The 

380/356 degrees of 

freedom. 

statistical 

The acceptable 

uncertainties, 

confirms, within 

the assumptions that all 

biases are time-independent, that they are independent of 

sweeper current, that the biases cancel, and that the the 

initial polarization was 
A 

along -x. 

Taking data at seven field values allowed lower 

order ambiguities in the precession angle to be 

eliminated. These ambiguities take the form 0' = 0 

+ (2n+m) (m:O or 1, n is any integer), the two angles 

being indistinguishable in the measurement of ~ at one 

field integral. The index, m, represents lack of 

knowledge of the initial polarization direction, measured 

by turning the precession field off. The measurements at 

seven fiel~ integrals exclude all values of n less than 6 

and greater than -6 except n=O. The l~west order 

ambiguous solution would require fA= 12.40 n.m •• 

1s excluded by earlier experiments. 

This 

The momentum dependence of the magnetic moment, 

another test of bias cancellation, was · obtained by 

performing this fit for each momentum bin separately. 

The resul t5 are shown in figure 3 .·19. The ,Y...,. 2 for these 

points to be equal at f~=-0.6138 is 1.64. Si.nee the 
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biases and acceptance momentum dependent, the 

momentum independence of the magnetic moment is strong 

evidence that biases have cancelled. 

3.6 SYSTEMATIC EFFECTS AND BACKGROUNDS 

The stabilii,;;• cf the magnetic moment against the 

variation of several cuts was tested by computing the 

moment for relaxed cuts. This tested for possible 

influences on the results of several backgrounds in the 

1 h KO 
' /\

0 
' s from th e d -

0 > /\" 11 ° samp e sue as s s, ecay ..::. - · 

and Ae 
I\ IS produced in the collimator. 

The R2 and 9Y cuts (see section 3.2) were varied 

and the magnetic moment· was calculated for four 

conditions. The Qy cut changed the magnetic moment by 

less than o.3q. The change in f/\ when the R2 cut was 

broadened from 40 to 100 rnm 2 was 0. 6 <r (0.80-) with 

(without) the 9 1 cut. All four results were within 

0.9cr of the R2 <4D, QY cut result. 

Events which fit both the and mass 

hypotheses were retained as AQ 
I' Is. Inclusion of these 

events introduced a contamination of approximately 0.5% 

A l t ho ugh t he. :s e e v en t. s are u n pol a r i z e d they can 
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simulate a polarization aince they fall in selected 

regions of the cos Q
1 distribution when misidentified as 

tf •s. These event:s were subtracted from. the data sample 

by subtracting the * cos G distributions for an 

unpolarized sample of ambiguous decays from the 

sample, with a weight of 0.5%. This was done for all 

three direct ions and all 1' moment um bins. The result 

quoted above incl,de~ this correction, which changed the 

magnetic moment by less than 0.10-, and improved the 

agreement of the cos ,;/ R 
* with the cos QMC 

distributions by removing the excess due to the Ko 
s 

contamination. 

-o decays posed a more difficult problem. If -o 
- 's 

0 
produced inclusively are polarized the /\ 's from the 

decay would display the -o magnetic moment. -o The _ 

moment has not been measured, nor has any inclusive 

polarization search been done. From previous 

measurements in the neutral hyperon beam it was known 

that the .:;: 0 
/ A0 ratio was approximately 1 % at 7. 2 mrad 

if no cut on R2 at the production target was made. Since 

-o d d Ao, s in th d 1 t f th ...=... ecay pro uces ,, e ecay vo ume, mos o e 

l\0 •s do not point back to the production target within 

the required 40 rum 2 • 

A() 
with respect to 

The cut on Qy ( the angle of the 

the neutral beam in the yz plane) 



also reduced the number of -o ....::. • s. An estimate of the 

contamination of the /\
0 sample from -::-o - decay after 

these two cuts is 0.1%. 

Another background was due to /\
01 s d d pro uce by 

neutrons in the collimator. If neutrons produced 

inclusively are polarized, and if these neutrons produce 

polarized A"' s near O degrees, the apparent magnetic 

moment of the /\'°• s would be approximately -1.3 n.m. due 

to the combined effects of neutron and A" spin 

precession in the field. This would put the /\" spin 

vector after precession in the same quadrant as that of 

the 
r) A 's from -o decay if the broken SU(6} predictions 

-o for the ~ moment are correct. 

In an attempt to correct for both these effects {if 

pre sen t ) a t er m was ad d e d t; o the "'X-2 w h i c h behaved 1 i k e 

P-.. cos @- .. (sin®"::'"} in the x (z) term. 
.:. .:.. - The starting 

v a 1 u e for t he par am e t e r 11 /'?. ~· ( f-'3. i:> and /or th e weight e d 

average o f /"-/\ an d f-1\ } was - 1 • 2 n • m • • The c hang e in the 

magnetic moment of the A0 
was O.l<T for R2 <40 mm 2 • The 

difference between the magnetic moment for R2 <40 and 

R2 <100 was reduced to 0.1 <1"(0.110-) with (without} the Qy 

cut. The parame t t:·:~· "p fl _., 
:::,. 

and II P,:;., " were -1.38±,0.07 

n.m. and -0.0034±,0.0010 from the fit with ft 2 <100, 

without the QY cut. The result reported here does not 
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include this correc~ion. 

3.7 PARITY VIOLATING POLARIZATION 

A search was done for a parity violating component 

of polarization by adding a term to the overall ;l2 which 

behaved like a ~· component (along the A o 
average 

direction) at the production target, and was precessed by 
() 

the sweeping magnet using t~e A magnetic moment, which 

was fit s imul t_aneously. T~is component was defined as 
A positive along +z, for both production angle signs. The 

results are shown in figure 3.20. 

3.8 5 MRAD POLARIZATION 

Analysis of the two data tapes taken at 5 mrad 

yielded the polarization shown in figure · 3. 21. The 

magnetic moment calculated from these data is 

f"A = - 0 • 5 9 7 ± 0 • 0 1 7 n • m . , s t a t i s t i c a 11 y ind e pen d en t o f , but 

consistent with the 7.2 mrad result. 

included in the final result. 

It has not been 
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CHAPTER 4 

RESULTS 

4.1 MAGNETIC MOMENT 

The magnetic moment of the 

.measured to be 

A0 
hyperon has been 

n.m. 

The quoted uncertainty is statistical. Systematic 

uncertainties are estimated to be less than and of the 

order of the statistical uncertainty. A comparison with 

earlier measurements was shown in figure 1.1. 

4.2 POLARIZATION 

The parity allowed polarization of 
,:J I\ 's produced by 

400 Gev protons on Be at 7.2 mrad lab angle is shown in 

figure 3.9, and is listed in table 4.1. 



p o(.poi 
Gev/c 

11 -0.022 
±0.002 

105 -0.045 
±0.002 

133 -0.067 
,±0.002 

163 -0.090 
,±0.003 

192 -0. 117 
,±0.005 

'222 -0.135 
,±0.009 

252 -0.144 
,±0. 0 17 

Axi Azi 

0.024 -0.003 
±0.002 ±0.003 

0.019 -0.009 
,±0.002 ,±0.002 

0.010 -0.014 
,±0.002 ,±0.002 

0.014 -0.020 
,±0.003 ±0.003 

0.007 -0.024 
,±0.005 ±0.005 

-0.008 -0.026 
,±0.009 ±0.009 

-0.015 -0.028 
,±0.017 ,±0.017 

f A :,, - O • 6 1 3 8 ± 0 • O O 4 7 

1-,2 ~~ :; 8 0 • 4 

392 data points 

36 parameters 

356 degrees of freedom 

P(1,}):0.18 

8xi 8zi 

0.005 -0.141 
±0.002 ,±0.003 

-0.001 -0.043 
±0.002 ,±0.002 

-0.002 -0.025 
±0. 002 ,±0.002 

0.003 -0.011 
,±0.003 ,±0.003 

0. 003 -0.020 
,±0.005 ,±0.005 

.-o. 002 0.004 
±0 .• 009 ,±0.009 

-0.049 0.011 
,±0.017 ,±0.017 

Table 4.1. The /\v magnetic moment, polarization, and 

biases as a function of momentum. 
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The parity violating components, Py .and Pz, are 

shown in figures 3.14 and 3.20. They are consistent with 

zero. 

are 

If averaged over all momentum bins these results 

Py = 0.0006±0.0017 

Pz = -0.0023±0.0017 

The results as a function of momentum are listed in 

tables 4.2 and 4.3. Results for the polarization at 5.0 

mrad are shown 'in figure 3.22 and listed in table 4.4. 
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1 '}'I ... . "·' 
I(/ 
C' 

Momentum(Gev/c) X Pt(Gev/c) -Polarization 

77 0.19 0.55 -0.003±0~004 

105 0.26 0.75 -0.003±0.003 

133 0.33 0.96 0.001±0.003 

163 0. I& 1 1.17 -0.005±0.005 

192 0.1&8 1.38 -0.009±0.008 

222 0.56 1. 60 0.021±0.014 

252 o.63 1. 81 0.009±0.025 
,, , 

Table 4.2 The z parity violating polarization 

J 



Momentum(Gev/o) X Pt{Gev/o) Polarization 

77 0 .. 19 0.55 0.003±0.004 

105 0.26 0.75 0.003±00003 

133 0.33 0.96 -0.002±0.003 

163 o.41 1..17 -0.001±0.005 

192 O. 48 1.38 -0.007±00008 

222 0 .. 56 L60 0.009±0.013 

252 0 .. 63 1.81 -0.017±0.024 

Table 4.3 They parity violating polarization 

~ I . .,., 

.:, 

'" •.: ~ ;,, . ' 
·, '\. . '(/' ~·~~~,,\ 
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•ti 

"" 

p X Pt POLARIZATION 
Gev/c 

77 0.20 0.39 -0.026±0.023 

· 105 0.27 0.53 -0.034±0.015 . 

133 0.34 o.67 -0.084±0.015 

163 0.41 0.82 -0.148±0.019 

192 0.48 0.97 -0.129±0.024 

222 0.56 1. 11 -0.179±0.035 

252 0.63 1. 26 -0.249±0.055 

Table 4.4. The 5 mrad polar.ization 

(. 



4.3 SUMMARY 

The magnetic moment of the /\ o. hyperon has been 

measured to 0.8j. Parity allowed polarization of /\0 •s 

inclusively produced by 400 Gev protons rises 

m;,notonically to a value of P: 0. 22 at a transverse 

momentum of Pt= 1.81 Gev/c. Parity forbidden components 

or the polarization were found to be zero at a level of 

0.2%. The magnetic moment was discussed in terms of a 

broken SU(6) quark model, and predictions were made for a 

number of other baryon magnetic moments. 
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APPENDIX 

COORDINATE SYSTEM 

The z axis of the coordinate system was defined by 

transmitting the proton 
(with f~t/J oH) 

aperture" and recording the 

beam through the collimator 

chamber coordinates. The X 

and y axes were defined by the wires in the proportional 

chambers themselves. The horizontal wires measured they 

coordinate and the vertical wires the x coordinate of the 

charged tracks. The position x=y=O was the position at 

which the proton beam passed through the chambers. 

The collimator was removed and the proton beam was 

transmitted through the sweeping magnet aperture, passing 

through the chambers at the same positions as with the 

~ollimator in place. The axis of the neutral beam at 0 

mrad production angle was in this same direction to 

within 0. 1 mrad, the angular resolution of the 

spectrometer for /\~'s. 



/ 

The proton beam was then deflected with each of the 

three magnetic fields ( production target bending 

magnets, sweeping field, and spectrometer field) to check 

that each of these fields was along an axis of the 

coordinate system I\ " A C±x, ±Y, ±Y, respectively)o The 

results are listed in Table Ao1o 
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MAGNET Qx(mrad) Qy(mrad) jBdl(T-m) 

M1 -0.085±0.011 1.666±0.009 2.22±0.01 

M1 -0.083+0.014 -1.647±0.014 -2.20.±_0.02 

M2 8.330±0.043 -0.006±0,018 11.11±0.06 

M2 -10.040±0.020 0.035±0.012 -13.40±0.03 

M3 1.78±0.07' -0.006±0.015 2.40±0.10 

Table A.1 The angles through which the proton beam is 

bent. M1 is the production target bending magnet, M2 is 

the sweeping/precession magnet, and M3 is the 

apectrometer magnet. 

The field integrals listed in the table are 

calculated using the measured angles and the beam 

momentum {400 Gev/c). They all agree with the measured 

field integrals in these magnets within errors. 

Thus no significant deviation of M2 and M3 from a 

pure y field was seen. M1 has a small but significant 

" bending power in the x direction. This could contribute 

to the y bias which does not affect the magnetic moment 

measurement. 
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