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ABSTRACT

POLARIZATION OF THE SIGMA MINUS HYPERON PRODUCED BY
A POLARIZED NEUTRAL PARTICLE BEAM

by An Nhatton Nguyen
Dissertation Director: Dr. Michael J. Longo

A spin transfer technique has been tried in an attempt to produce a
beam of polarized hyperons. The method makes use of a two-stage
targeting scheme where unpolarized protons from Fermilab's Tevatron
incident on target number one (Cu) at production angles of £ 2.0 mrad
would produce a beam of particles containing polarized As, and Zs as well
as neutrons and Ks. This secondary beam would then be swept
magnetically to retain only neutral particles and brought to bear on target
number two (Cu) at 0.0 mrad, producing a tertiary beam of hyperons,
hopefully polarized.

The polarization of some 1.3 millions reconstructed £~ — nm- events
in this tertiary beam (the X- having been produced in the inclusive
reaction neutrals + Cu — X~ + X ) has been measured at average -
momenta 320 GeV/c (1.14 millions events) and 410 GeV/c (135,000
events) and found to be IPl =39 £ 32 + 1.8 % and IPI = 139 £ 8.1 +
2.0 % respectively, where the first uncertainty is statistical and the second
systematic. These polarizations are small and consistent with zero, and

preclude a meaningful measurement of the X- magnetic moment. The
sign of the polarizations at the target is ambiguous, giving rise to two
possible different solutions for the magnetic moment--one of which
distinctly disagrees with the world average value for the moment.
However, this solution fits the data slightly better than the other. This
inconsistency would not exist if the polarization is, in fact, zero.
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CHAPTER 1

INTRODUCTION

Measurements of hyperon production polarization and magnetic moment have
continually provided clues to baryon composition and structure. Ever since the
discovery in 1976 that the A® (and later ='s and X's) hyperons are spin-polarized in
inclusive reactions of the type, proton +nucleon — hyperon + X, where X represents
undetected particles,! experiments have unceasingly turned up one surprise after -
another, culminating in the latest one in 1990: the polarization of the Z+'s is

comparable to that of the Z's.2

Of the many methods--e.g. magnetic resonance, spectral analysis of exotic
atoms, and Primakoff effect--that have been used to make these magnetic moment
measurements, the spin-precession method has been the most popular as well as the
most productive. For this method to work, however, a polarized beam of the particles

under study must be secured.

To this end, one technique has been tried recently. It makes use of a two-
stage targeting scheme in an attempt to obtain a polarized beam of hyperons (see

Figure 1.1). The idea was that unpolarized protons from Fermilab's Tevatron incident



on target number one would produce a polarized beam of particles that was then
magnetically swept to retain only neutral particles. This secondary beam would then
be brought to bear on target number two, producing a tertiary beam. Hopefully, in this
process, the spin information of the neutrals would be communicated to some of the

hyperons in the tertiary beam, so that they would also be polarized.

Q x-

[1]

hyperon

\ Target 2

neural /vy ,n, A, K°, E°
3/2/0.5/0.2/0.01

\ Target 1

Production angle
beam

Production pM
I

Proton

Figure 1.1 The spin transfer scheme used by Fermilab experiment
E756 to produce a polarized hyperon beam. A magnetic field B in the
region between target 1 and target 2 was used to sweep the secondary
beam, retaining only the neutral particles in this beam. The ratio of

different particle species in the neutral beam is indicated.



This so-called spin transter method has been used successfully by Fermilab
experiment E756 to produce a polarized beam of €2 particles and, thereby, to make the
first statistically significant measurement of the, previously elusive, - magnetic
moment.> Also measured in this experiment using this method was the magnetic
moment and /or the polarization of the X, =-, among others. The polarization of the X-

will be reported in what follows.

1.1 Hyperon production polarization

Even without using the spin transfer method, most hyperons are produced
spin-polarized in inclusive reactions of the type proton +nucleon — hyperon + X, as
mentioned above.!4-10 By contrast, the anti -hyperons, A and Z°, have polarizations
consistent with zero or inconclusive respectively.!l-14 The usual method of production
is illustrated in Figure 1.2. The incoming beam of unpolarized protons strikes a target
(usually beryllium, but copper and other materials have also been used) at an angle

(the "production angle"), producing the outgoing hyperon beam along the z axis of the
coordinate system shown. The plane defined by the normal, (Pyeam X Payperon)/ | Poeam X

Phyperonl» 18 called the production plane, where p,.,, is the momentum vector of the

proton beam, and Py, the hyperon beam.

Parity conservation in strong interactions requires that if the hyperon beam is
polarized, its polarization vector must be normal to the production plane. Formally,
the polarization vector is defined in the direction where the expectation value of the

spin components ot an ensemble of particles is maximum--i.e.

P=|P|€0 (11)

where €g is the particular unit vector, e, that maximizes the expectation value

(s-e)



where S is the spin, and the degree of polarization (or just polarization) IP| is the

value of this expectation value

|P| = max(S-e)=(S-eq) (1.2)

P can be expressed generally in terms of an orthogonal right-handed coordinate

system formed from the physical vectors available, namely Py, and Pyyperen » 25

P =1fPhyperon + g(Pbeam X Phyperon ) + h[(l’ beam X Phyperon ) X Phyperon

(1.3)

The coetticients t=h=0 necessarily since P must be a pseudovector to make its scalar
product with S, another pseudovector, invariant under spatial coordinate inversion--i.e.
under parity transtormation. The convention used here is that P is positive if it is
parallel 10 (Pyeam X Payperon)- AlSO, the production angle is positive if (Ppeam X Payperon)
is parallel to the x axis, using the coordinate system shown in Figure 1.2. The
important thing physics-wise is that the direction of polarization is reversed if the
production angle is reversed. This fact allows systematic effects, called biases, that
do not change with a reversal in production angle to be canceled out by comparing data

at positive production angle with data at negative angle.

The hyperon production process in the beam fragmentation region generally is
thought to be the fragmentation of the proton projectile into its valence quarks and the
recombination of these valence quarks with one or two s quarks from the sea. (The
case of the - is special: all three of its valence quarks are promoted from the sea.) In
this picture, the polarization of the hyperon could be the result of some sort of leading-
particle effect--i.e. observables such as spin alignment and cross section of the product
particle are somehow enhanced because the parent and daughter particles have some
valence quarks in common. Moreover, the spin (polarization) information of the
outgoing particle is thought to be carried by the s quarks. Various models using this
picture indicated that the spin of the hyperon is in the same direction as the s quarks

for A, 20, =-, and -, and opposite for £+, 9 and Z-. And in fact, this is born out by



available experimental data on hyperon polarization (see Figure 1.3, which shows the

polarization as a function of the transverse momentum, Py, with Py =p, .., X 8,4 and

Boroda 18 the production angle) of the hyperons.

Production plane

Proton

Figure 1.2 Polarization at target.

In E756, a neutral beam, containing mostly Y's, neutrons and less abundant
=0s and A's, that had been polarized in this way was permitted to strike a second
target head-on, producing a tertiary beam. The incoming neutral hyperons and the
outgoing hyperons superficially shared at least one valence s quark. Thus, it was
hoped that the s quark(s) would carry the spin information in the neutral beam over to
the tertiary beam. And indeed, it turned out that the =" and Q- in the tertiary beam
were polarized comparably to the parent neutrals. This fact was utilized with success

to measure the magnetic moment of the Q-, Z-. 3
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rFigure 1.3 Polarization of hyperons as a function of transverse
momentum. For A polarization at 400 GeV/c and 7.2 mrad production
angle, see Ref. 11; for =- at 400 GeV/c and 5 mrad on Be target, see
Ref. 8; =° at 400 GeV/c and 7.2 mrad on Be target, Ref. 5; £~ at 400
GeV/c on Cu target, Ref.7; Z°at 28.5 GeV/c on Be target, Ref.9; Z* at
400 GeV/c and 5 mrad on Be target, Ref.4.

1.2 Magnetic Moment

Since the spin polarization vector is defined in terms of expectation values, by
virtue of Ehrenfest's Theorem, its evolution can be described by a classical equation.
For the case at hand, this equation is the Bargmann-Michel-Telegdi (BMT for short)
equation describing the precession of the "spin four-vector" s, (with s being the

regular spin vector and s;=0 in the rest frame) of a particle moving in a homogeneous

electromagnetic field:15



ds du
S o [Eos+(s-E-ulul-| —-
" g [Frs+(s u)ul {d‘c s}u L

where FMV is the electromagnetic field tensor, u, the four-velocity of the particle, T the

proper time, and gllsl the magnetic moment of the particle.

The rate of change of the direction of the polarization vector can be derived from

the BMT equation. It is

d—¢&=E-n(guoB-ij+[guo—3jt~B><n
dt mp m (1.5)
where dog/dt = (1/y)dog/dT, y=(1-B2)-1/2, B is the velocity of the particle (speed of light
c=1); E and B are the electric and magnetic field respectively; and n and t are unit

vectors such that t = B/B and n-t=0; and ¢y is the angle between P and the

polarization vector in the rest system ot the particle.

For the case where there is only a magnetic field perpendicular to the path of

the particle--that is, E=0, B=IBl(n x t)--this equation reduces to

d&{guo _i) IBI
m

dt (1.6)
or, after an integration over the path | of the particle,
1 e
0= e, = )t
P m (1.7)

For charged particles, the magnetic moment is related to the charge of the particle as

wols| = gls| —
gl — (L8



so that

e (8
20 =_(__1j Bl.dl
R Bm 2 J-| i (1‘9)

where =1 for the experimental conditions of this thesis.

This equation is the basis of the spin-precession method: the magnetic
moment of a particle can be obtained immediately by measuring the angle of
precession, A¢g, of a particle in a magnetic field JBdl. To find Adg, the particle is
allowed to decay after the precession and its angular decay distribution measured.
From the observed asymmetry in the decay distribution, the final orientation of the
polarization vector can be deduced and hence the change in its orientation, A¢g. This
1s possible because, as will be shown in Chapter 4, in the parity-violating weak decay
of the hyperons (e.g. £~ — nmn~) the angular decay distribution is related to the

polarization vector as

dQ  4r ' (1.10)

where q specifies the direction of flight ot one of the daughter particles, and o is a

constant that characterizes the decay.

Figure 1.4 summarizes the experimental status for the measurement of the
magnetic moments of the X-.6.7.16.17 The errors shown include systematic as well as
statistical. The Hertzog result alone makes use of the exotic atom technique where
atoms consisting of a hyperon and a heavy nucleus were formed and the fine structure
splitting (which is proportional to the g-factor) in the x-rays emitted was measured.
All other results come from Fermilab hyperon beam experiments (experiment
designations are indicated on the graph) that used the spin precession technique. The

weighted mean for the - magnetic moment is -1.157 + 0.025 n.m..
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Figure 1.4 Experimental measurements of the magnetic moment of

the Z-.

1.3 Theoretical Models for Polarization and Magnetic Moment

Polarization models: As was mentioned, in the beam fragmentation picture of
the hyperon production process, the s quark(s) picked up from the sea is thought to be
the main conveyor of spin and polarization information. Exactly how this comes to be,
how the s quarks acquire polarization in the process is the subject of many semi-

classical models.

One such model, proposed by DeGrand and Miettinen, suggests that the
polarization of the s quark is due to a Thomas precession effect.!® When a slow-
moving s quark from the sea of the proton projectile combines with the valence quarks

of the same to torm the outgoing hyperon, it experiences an acceleration and a change
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in momentum trom s/p to s/hyperon as depicted in Figure 1.5 below. This means it is
being accelerated by a torce F representing the color field. Generally, the velocity v of
the sea s quark is not in the same direction as F. This gives rise to a Thomas

precession term in the Hamiltonian

UocS’(FXV) (1'11)

Minimum energy consideration would thus favor the state where the spin vector 8 of
the quark and (F x v) point in opposite directions (s into the page in Figure 1.5).
Similar reasoning applied to the fast-going valence quarks or diquarks in the proton
(which must decelerate to form the outgoing hyperon) indicates that their spin
orientation will be opposite to that ot the s quark. This explains correctly the direction
of polarization with respect to the production plane and the empirical fact that leading

spectators prefer to recombine with spin up while the sea partons prefer spin down.

Figure 1.5 DeGrand and Miettinen model.

Another model, proposed by Andersson, Gustatson, and Ingelman of LUND,
theorizes that when the proton projectile breaks up in the fragmentation process, the
stretched color field of the remaining valence quark creates a massive quark-antiquark
pair from the vacuum.!? The pair is created a finite distance 1 apart with one particle
having momentum k, and the other -k, so that together the pair has a finite angular

momentum, L. Local conservation of momentum then dictates that the spin s of the
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pair must be equal and opposite to L. This mod@l can thus explain the p, dependence
of hyperon polarization--namely, P o« p, for small p, --because the larger p,, the larger

s must be to compensate L. It also explains qualitatively the sign of the polarization.

Target ~ ~
(scattering center)

- Figure 1.6 Lund model.

A quantitative prediction for the magnitude of the polarization is put forth in a
model for the A polarization by J. Szwed.20 In the model, the sea quark gets polarized
by multiple scattering in the color field in much the same way as electrons in a
Coulomb field. The model incorporates the subsequent hadronization of the sea quark
with the quark recombination model. The result for the polarization P is that

s 2
s

k|
(1.12)

where «, is the strong coupling constant; m, E;, and k, are the mass, energy, and
transverse momentum of the s quark respectively; and it explains the polarization of

the A tairly well. It needs to be extended to other hyperons, however.
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Magnetic moment models: In the static, naive broken SU(6) quark model, the

magnetic moment of the hyperon is given simply by

> H gk Prperon)
s (1.13)

#hyperon = <lPhypemn

where L, are the quark moment operators and W, ..., is the hyperon wavefunction.

Thus, for example, using the wavefunction for the -

Ys- T = {\Ed TdTsl —\/%(d Tdl+dld?m)s T+ flavor permutationsJ X color singlet

(1.14)
one gets, for the £~ magnetic moment
H = H 1 H
- =—Hg =
o3 37 (1.15)

Table 1.1 summarizes the naive SU(6) static quark model for other hyperon
magnetic moments. For comparison, nominal experimental values up to date are

included in the table.2!

BaRYON Static SU(6) Quark Model Prediction (n.m.) Experiment(n.m.)

p 4/3p,- 1734, = input 2.793
n 4/3p,-1/3p, = input -1.913
A K = input -0.613 £ 0.004
T+ 4/3u,- 173, = 2.673 £ 0.001 2.419 £ 0.022
05 A I3, - 1) = -1.63 £0.001 -1.61 £ 0.08
z- 4/3u,-1/3p, =-1.091 + 0.001 -1.157 £ 0.025
=0 4/3u,-1/3p, =-1.435 + 0.005 -1.253 £ 0.014
= 4/3-1/3p, =-0.493 + 0.005 -0.675 + 0.022
o 3u, =-1.839 £ 0.012 -2.00 £ 0.15

Table 1.1 Prediction for baryon magnetic moments by naive static

SU(6) quark model and latest experimental values for the same.
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CHAPTER 2

APPARATUS

2.1 Experimental beam and targets

Experiment E756 occupied the Proton Center beam line at Fermilab. The beam
line carried an 800 GeV/c primary proton beam, produced by the Tevatron in spills of

20-seconds duration (per one-minute cycle), to the Proton Center target area.

There the beam was focused, steered, and brought to incidence on a copper
target (0.5 inch diameter by 1 interaction length = 6 inch) at vertical production angles
of £2.0 mrad and 0.0 mrad with a series of quadrupole and dipole magnets (Figures 2.1
and 2.2). The proton beam, on interaction with the target, produced a secondary beam
of particles that was allowed subsequently to pass through a straight magnetic
channel placed directly after the target. As the channel was embedded in a dipole
magnet, it etfectively selected and passed only neutral particles. Further, the field of
the dipole was perpendicular to the production plane and so would not precess any

possible polarization of the neutral beam (Figure 2.3). This secondary neutral beam

13
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SWIC1 SEM SWIC3 SWIC4
(1mm) (0.5mm) (0.5mm)
SWIC2

. (1mm) |
bending magnets l focusing magnets
I

] ll7/J‘\I
k LHHWH—HT}LHH—TL

H{ Magnet M1

/ Upstream target
focusing magnets dipole & collimator

/ Downstream target

Figure 2.1 Schematic beam line set up (not to scale)

800 GeV/c proton

(a) Plan view

H
\

i
\J

(b) Elevation view

Figure 2.2 Schematic (a) plan and (b) elevation view (not to scale) of
a proton beam hitting the upstream target with a vertical production
angle of -2.0 or +2.0 mrad, and the secondary neutral beam hitting the

second target at 0.0 mrad.
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2"x.2"x 6"

Cu Target\
Neutral Beam

Channel embedded in
Magnetic Field

1/2" diameter
x 6" Cu Target

Tungsten
Hyperon Beam [ Brass

Polarized Neutral

/ﬂ'

800 GeV
Proton
(a) Plan View
l 1/2"
’){] Neutral Beam
800 GeV
Proton T @B
Incident
at +2 mrad

(b) Elevation View

Figure 2.3 Schematic (a) plan and (b) elevation view of a neutral
beam passing through a sweeper magnet to strike the downstream
target at 0 mrad production angle and then on through the collimator.

Magnetic field directions are shown.
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was then allowed to impinge squarely (0.0 mrad vertical production angle) on a second
copper target located directly in front of a curved magnetic channel--the collimator--
which defined and momentum-selected a tertiary beam of charged particles. The
position and intensity of the neutral beam as well as the primary proton beam were
monitored with segmented-wire-ion-chambers (SWICs) and secondary-emission-

monitor (SEMs) respectively.

Subsequently, the decay of X~ and other particles contained in this beam were
detected and analyzed with a conventional spectrometer consisting of scintillation

counters, silicon strip detectors, and multiwire proportional chambers.

2.2 Collimator

The curved channel of the collimator was delineated and carved out with a
series of brass and tungsten blocks, embedded in a 7.31 meter long dipole magnet
(Figures 2.4 and 2.5). The tungsten blocks were positioned at strategic positions to
serve as a dump for beam particles swept off the centerline of the channel by the
magnetic field. The defining aperture (the narrowest part) of the channel was 5 X 5
mm?2.,

Particles that did go through the channel underwent a bend angle of 14.7 mrad
and a change in transverse momentum ("ptkick") the magnitude of which depends on
the magnet's excitation current (Table 2.1). The fields were measured with a Hall

probe, whence field integrals can be obtained with an estimated uncertainty of 1%.

Current (A) Field Integral , [Bdl (T-m)  Ptkick, e/Bdl (GeV/c)
-450 -14.48 4.343
-750 -17.88 5.364
-1000 -19.44 5.833

Table 2.1 Field integrals and transverse momentum change at
different sweeper currents.
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(a) Bend view

X 2.3 cm

[ 7.32 m ]

(b) Non - bend view

[ ] Brass
Tungsten

X The center of the entrance of the collimator

Figure 2.4 (a) Bend view (b) Non-bend view (magnetic field of M1

perpendicular to this plane) of the collimator.
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e T e ————— e Distance X Y

from Entrance Width Width

(m) (cm) (cm)

2.13 2.54 1.02

3.05 0.50 0.50

4.57 0.76 0.76

6.10 2.00 1.01

7.32 1.22 1.22

Figure 2.5 Cross sections of the collimator.
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Figure 2.6 Channel acceptance of the collimator at different magnet

currents.

The relative acceptance (defined as the fraction of charged particles that exits
the channel after having cleared the defining collimator) of the channel as a function of

momentum at the three magnet current values, or equivalently Bdl values, as

modeled with a monte-carlo simulation is shown in Figure 2.6.
2.3 Spectrometer
A plan view of the spectrometer is shown in Figure 2.7. Note in particular the

coordinate system used. The positions and characteristics of the various detector

elements are given in Table 2.2.
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Figure 2.7 Plan view of the spectrometer. Note that the transverse

dimensions have been exaggerated. (See Table 2.2)
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. (a) SSDs and Chambers

Z (cm) X xY (cm?) Pitch (mm)

SSD 1X 86.2 2.8%28 0.1
SSD 1Y 94.5 28%2.8 0.1
SSD 2X 114.6 2.8x2.8 0.1
SSD 2Y 122.9 2.8x2.8 0.1
SSD 3X 143.0 2.8x2.38 0.1
SSD 3Y 151.3 2.8x2.38 0.1
SSD 4X 171.4 2.8x2.38 0.1
SSD 4Y 179.7 2.8x2.38 0.1

Cl 405.5 12.8 x 12.8 1.0

C2 753.6 254x254 1.0

C3 1054.7 25.4x254 1.0

C4 2597.8 51.0x254 2.0

G5 3154.4 51.0x51.0 2.0

C6 3605.1 44.6 x 27.0 2.0

C7 4310.5 63.0 x25.4 2.0

C8 4897.4 120.0 x 38.2 2.0

C9 6228.0 127.8 x 38.2 2.0

(b) Counters
XxY (cm?) XxY (cm?) Thickness
Z (cm) (outside aperture) (inside aperture) (cm)

S1 369 6.4x3.8 0.1
52 724 10.8 x 6.4 0.1
Vi 723 32.4%x89 10.8 x 6.4 0.3
V2 1014 419x11.4 14.0 x 8.3 0.3
M 2331 30.5 x 30.5 _ 1.0

Table 2.2 (a) Z-position, aperture dimensions, and pitch of SSDs and
multiwire chambers (b) Dimensions of scintillation counters. The
chamber gas was 95% Argon, 5% Methylal, and 0.12% Freon by

volume, operating at 2.7 to 4.2kV.
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The charged particle beam was roughly defined by scintillation counters S1 and
S2, and by V1 and V2 which vetoed beam halo. Counter M detected the charged
multiplicity of an event (its pulse-height output was proportional to the number of

charged particles).

The precise trajectories of the charged particles were determined by a set of
eight silicon-strip detectors (SSD 1-8) with alternate detectors having their strips
perpendicular to each other, and by nine multiwire proportional chambers (C 1-9) each
of which had both a vertical and a horizontal signal plane (the exceptions were C4,
whose two planes were rotated by 45 degrees about the z-axis, and C5, which had
an additional signal plane, called u-plane, also rotated by 45 degrees; these planes

supplemented and correlated the x and y planes in the event reconstruction).

The momentum of the parent particle (the upstream track) was measured by
magnet M1. This was possible since the production target and the defining collimator
aperture provided two known points that defined the orbit of the parent particle
through M1. The momentum of the daughter particle (the downstream track) was
measured by magnet M2, which actually was made of two dipole magnets placed close
(30cm) together. The analyzing magnet M2, whose field was known to about 1%
accuracy, imparted a transverse momentum kick of 1.54 GeV/c to particles passing

through it.

Helium-filled polyethylene bags were placed between the various elements of
the detectors and inside M2 to minimize the effects of multiple coulomb scattering of

the charged particles.

There were also a hodoscope array and stacks of lead-glass blocks arranged
behind C9 that were meant for electromagnetic calorimetry and for detection of neutral

particles. These were not used in this analysis, however.
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2.4 Trigger logic and data acquisition

The experimental configuration was not specifically designed to detect the
decay sequence of interest, 2~ — nn~. In fact, the data acquisition system was
optimized to trigger on three-track events such as Q° — AK-, with A — pr.
However, a prescaled (scale factor being 64) single-track trigger was also
implemented and mixed in with the three-track trigger. This trigger involved the
coincidence of signals from scintillation counters S1 and S2 and the anti-coincidence of

the halo vetos, V1 and V2. In symbols,

n:SIOSZOVfOW

Essentially, this triggered on all charged tracks--including those from the decay under

study, X° — nr.

When this trigger is satisfied, a "busy"” logic level was set to hold off further
triggers. At the same time, an "enable" signal latched the hit data from the SSDs,
MWPCs, as well as the signals from scintillation counters, and started the digitization
process for various analog-to-digital (ADC) modules. Then an interrupt signal was
sent to a PDP-11/45 computer to initiate the readout process, cumulating in the
relevant data being written onto magnetic tape. At the end of this process, the busy
level was removed and the latches reset, readying the system for another event.
(Figure 2.8 shows the circuit block diagram for the MWPCs readout.) At the
beginning and the end of each spill, an interrupt signal was also generated to enable
the recording of ADC pedestals and gated and ungated scalers, including the single-

track, three-track, and single-count rates in proportional chambers.

2.5 Calibration

The wire chambers and the silicon-strip detectors were aligned and surveyed in

place perpendicular to the z axis and the z positions of the wire planes measured to
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within 0.5 mm. The x and y positions of the centers of the planes were checked using
single-track events with analysis magnet M2 turned off and a pencil beam of charged
particles passed through M1 as follows. A straight line fit was made to all the hits
except those ot the given chamber. This gave a predicted value for the hit in that
chamber. The difference between this value and the actual value was the residue.
The correct center then was that which minimized the residues of a sample of straight-
through single tracks. This gave values for the centers accurate to better than one

tenth of the pitch of the detectors.

Using this method, it was also found that some chambers were slightly rotated
about the z axis. Of these chambers, those that affected the tracking resolution were

corrected in the reconstruction.

Since both the targeting of the beam and the field of M2 may vary with time,
the effective target position and M2 field integral (M1 field is assumed to be
accurately known from measurements with a Hall probe) were found using samples of
beam tracks (non-decaying tracks of mostly pions) and reconstructed Z- tracks. This
was done by tracing the beam tracks back to the target assuming a given value of M2.
This gave sets of consistent target positions and M2 field integrals, which were then
used to reconstruct the X — nm”~ decays. The set that gave the correct £~ mass was

then used in the analysis program.
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Figure 2.8 Block diagram for the readout circuit of a single MWPC
channel. The raw signal from the wire hit is ampl'ified, shaped, and
delayed by ~760ns to allow a decision to made by the trigger logic (the
"fast or" signal can be used as part of the trigger). If the trigger is
satisfied, a busy signal is set to block further triggers; an "enable" pulse
latcheé the wire hit; and an interrupt signal starts the readout process
by a PDP11 computer. In this case, a serial "read-in" pulse that goes
from board to board and chamber to chamber would stop at each hit wire
and put its address on a bus directly to the computer. A "get next"
pulse issued by the computer resets the latch and, at the same time, let
the "read-in" continues propagating down the line (the "read-out"

pulse).



CHAPTER 3

EVENT RECONSTRUCTION AND SELECTION

Analysis of the data, which consisted of recorded wire hits in each chamber
plane and hits in the SSDs, proceeded first with the conversion of the hits into actual
positions; then sorting and fitting these to the single-track decay topology (i.e., the
topology of two track segments meeting at a kink, the "decay vertex”, illustrated in
Figure 3.1 ); and finally fitting the topology to the hypothesis, £~ — nn~. Data which
were thus successtully reconstructed were next carefully selected to eliminate

contaminations and backgrounds, and passed on to the polarization analysis program.

3.1 Event Reconstruction

The reconstruction of an event began with finding possible tracks through the
set of hit points. The six downstream chambers (C4-C9) right before and after the
analysis magnet were considered first in this tracking process. The single-track
condition was minimally fulfilled by requiring at least two of the six chambers to have
single hits in y, or non-bend, view. Spuriously reconstructed tracks were eliminated

by requiring at least three hits in a straight-line fit in the y view. Physically
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interesting tracks were found by insisting on the existence of two tracks that meet at

the bend plane of the analysis magnet (M2) in the x, or bend, view.

Tracking continued next with the upstream chambers (C1-C3) and the SSDs.
First, an attempt was made to see if the previously fitted track can be extended, in
both views, to the upstream chambers using hits there. Thus, if adding an upstream
hit close to the extrapolated track did not increase the %2 of the fit by more than five,
then that hit was added to the fit. (x2 was defined as the sum of the squares of the
residuals of each track at each detector plane divided by the corresponding resolution
of the detector, where the residual of a track was the difference between the raw and
the fitted positions.) This procedure tentatively defined the daughter track
downstream of the decay vertex. Wrongly adding hits from the parent track upstream
of the vertex to the daughter track would inordinately increase the ¥2 except in the

case of very small opening angles.

Incidentally, at this juncture it might happen that the downstream track could
be extended all the way to the aperture of the magnet M1 and then traced through the
collimator back to the target with a perfectly reasonable %2 to boot. In this case, the
track physically was a beam track consisting mostly of non-decaying pions. On the
negative side, this sample of beam tracks was a nuisance that must be tested for and
climinated from the final data sample. On the positive side, this sample of beam pions
could be used to check the previously found effective target and defining collimator

positions, which were needed to define the parent track in the next step.

The parent track was found by assuming that the trajectory would start at the
effective target position and would pass through the defining collimator and then
extrapolating these two points, in the non-bend view, downstream to include closest
hits in the SSDs and further chambers. For the procedure to work, of course, the first
three SSD planes must have some hits at this stage. Again a hit would be added only
it the %2 would not increase by more then five when it was incorporated into the fit. In
the bend view, the target and defining collimator could not be used directly in the linear

fit because in this view, the trajectory was no longer straight. However, if the various
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possible tracks were linearly extrapolated backward from the exit aperture of the
collimator, they all came to focus at a single point (see Figure 3.2). Thus, equivalently
this virtual image "source" point (affectionately named Handler's node, after the
ingenious experimenter who programmed this part of the reconstruction program)
could be used to fit the parent track. It should be noted that the position of this virtual

source was fixed by the positions of the target and defining collimator.

Virtual target position

Defining collimator position

Figure 3.2 Virtual source point used in the bend-view reconstruction
of the upstream track. Dimensions are greatly exaggerated for the sake

of clarity.

Once the parent track and the daughter track were determined, the decay
vertex could be fixed simply by their closest approach. However, this might be
erroneous in the case of small opening angles when the union of the parent and
daughter tracks differed very little from a single straight line. To ensure the correct

determination of the vertex, an iterative procedure was used. The decay vertex was
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alternately assumed to lie between the first pair and second pair of SSDs, between
the second and third SSD pairs, etc. until lastly, between C3 and C4. In the first case,
the first SSD pair would belong to the parent track while the rest of the SSDs and
chambers would be part of the daughter track. The fit would be redone, its xz
recalculated, and the vertex redetermined under this assumption. After all the cases
have been investigated in this way, the one with the smallest x2 gave the best
estimate for the decay vertex position. Of course, some events fell short of this
procedure either because there were not enough hits (at least three in x view) in the

first few SSDs, or the iterative procedure failed to converge.
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Figure 3.3 Distribution of geometric 2.

The distribution of %2 of the final geometric fit is shown in Figure 3.3. The
overall geometric %2 was required to be less than 80 for 15 degrees of freedom
typically. Events with 2 larger than this were cut from the data sample. There was

also an implicit fiducial region cut. This was because the decay vertex was required to
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be between the first SSD pair and C4. A summary of the different event
failure/success classes in the reconstruction program is give in Table 3.1. The table
also gives percentages of the original data sample that were discarded up to this point
(classes 1 to 6). Approximately 77% of the events (class 0) were properly

reconstructed single-track events.

Class %o Description

1 9.5 Less than 2 chambers (among the 6 downstream chambers)

with single hits in y-view

2 35 Less than 3 points in straight line fit in y-view in the 6
downstream chambers

3 1.0 No bend at M2 in x-view

4 0.5 No hit found in first 3 SSD planes
5 7.0 Geometric X2 > 80

6 1.5 Could not find a kink by iteration
0 77.0 1- track candidate.

Table 3.1 Description of different classes of events in the
reconstruction program. The percentages give the number of original

data sample belonging to each class

At the end of the geometric fit, momenta of the upstream and downstream
tracks could be calculated. The downstream momenta came from a knowledge of the
track bend and the field of the analysis magnet; the upstream, from the track-fitting of
the target and defining collimator points to the upstream chambers and the field of the

hyperon magnet.
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A kinematic fit of the raw hit data was also performed where the hypothesis
2-— nn~ was assumed from the very beginning (i.e. the masses were all known,
including the £- mass). However, no information from this fit was used in the final
analysis. The difference in the 2 of this fit and the geometric 2 is the so-called

kinematic %2, and is shown in Figure 3.4 for a typical run.
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Figure 3.4 Distribution of kinematic %2 for a typical run.

At the end of this process, the reconstructed information--namely, the parent

and daughter momenta, decay vertex, and x2 values--were written out to data

summary tapes for further selection and analysis.
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3.2 Event Selection

To glean from the data summary tapes the events of interest, X~ — n7, further
work was necessary to clean up the sample and to eliminate background events of the
same single-track topology such as the following:

Z-—> A+, followed by A—n + =0

K-> m+n

T on+mw

T-5n0+p

QL >A+K"

To do this, the data was visualized in terms of distributions of various physical
parameters. A monte-carlo simulation of the experiment (apparatus and physics)
gave an indication of what these distributions should look like ideally for the decay
under study, £~ —<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>