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Abstract

We present the first measurementof the ratios of form factors gi/fi, g2/fiand

f2/f1for the decay e V. Using the polarization of the via the de

cay E --* p 7f 0 and the e - 7 correlation,we measuregi/fito be 1.32 + stat +

.05syst,assumingthe absenceof a secondclasscurrent termg2/fjand theSU31

valueof f22.6. Our value is consistentwith exact SU31 symmetry. Relaxingthe

constraint92/f1 = 0 we find no evidencefor a second-classcurrent term. From the

energyspectrumof the electron in the E+frame, we measurethe weak magnetism

term f2/fjto be 2.0 + 1.2stat+ 0.5syst, in agreementwith the CVC hypothesis.
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Chapter 1

HYPERON BETA DECAYS AND SU3j

Hyperonbetadecaysprovide an excellent laboratory for the study of the detailsof

the strong interaction, and for testing our understandingof the weak interaction.

Experimentally,they are the closest thing we have to quark betadecay, in that

both thebaryonsand quarkshavespin 1/2. Although baryonsare very complicated

objects,the fact that the up u, down d and stranges quarksare closein mass

indicatesa symmetry betweenthem, and hencea symmetry in the interactionsof

the baryonsmadeof u, d and a quarks referredto asSU31.

1.1 Quark Beta Decay

The beta decay of the neutral Xi hyperon usually called ‘cascadezero’, written

as 50 producesa positively chargedSigma hyperon called ‘sigma plus’, written

as E+, an electron C and an electron anti-neutrino vj. The fundamental

interaction a -* uCV proceedsthrough a virtual W as in figure 1.1.

1.2 Isopin Symmetry and the CVC Hypothesis

The phenomenologyfor hyperonbetadecaysis rooted in the unification of theelec

tromagneticand weak interactions.Following Commins [1] we considerthe electro

magneticproton transition current.

Wp’ r I Wp = eUp’[Cq27 +
KP2Muq

+
F3q2

1.1

where M is proton massand q = p - p’ is the most generalvector interaction

We will use the convention of referencef2} throughoutfor the matrices,spinors,

and form factors . The vanishingof the divergenceof the electromagneticcurrent

will force

IL



2

______

Figure 1.1: FeynmanDiagramsfor it -* pe v top and 8° -* ‘ C V bottom
. The only differencebetweenthe two is that the ti quarksare replacedby s quarks.
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F3,,q2 = 0 1.2

In order to recoverthe correctchargeand anomalousmagneticmoment,we must

haveC,,0 = 1 and K,, = pp-po/2po, whereji is the proton’smagneticmoment,

pp = 2.79ji, and po = e I h/2M,,c.

For the neutron,we have:

Wp’ I I D = ep’[Cq2 +
Kn2MYq]p

1.3

with C0 = 0 and K = pn/2po, p, = -l.9lpo.

The neutronand proton can be regardedasthe -1/2 and +1/2 componentsof

an iso-doublet.

= u 1.4

1
= u 1.5

1.6

Here r3 is the 3rd componentif isospin, and the electromagneticcurrent is

Wp’ I I Wp = eupF[Cq2+Cpq27P+ Kq2+K,,q2

+ [C,,q2 - Cq27’

+
K,,q2 - 2q}y3Jup 1.7

The weak currentbetweenthe proton and neutronstatesis constructedfrom the

most generalV - A interaction:

Wp’ I JCv I Wp =
Vlp’[fjyM + a1"’q + LqM
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+ g17t’
+ j-a"q + iqPy5jy up 1.8

We obtain the most general transition amplitudefor the semileptonicdecayof a

spin 1/2 baryon B -* beP :

M = GFVCKM4UoO + Ous7a1 + 75vu + He., 1.9

where

A

= fi7a+aflqP+qa,

= g0 + --,--aq + --qn75,
AVID

q = Pe +p,4 = pa -p, 1.10

G is the Fermi Constant1.16639 x 105GeV2, and VCKM is the appropriate

CKM matrix element. For strangenesschangingdecays, VCKM is which is

approximatelyequal to the sine of the Cabibboangle V,8 sinOc .22. For

strangenessconservingdecays,VCKM is Vd, Vd i- I V5 12.

The CVC hypothesisstatesthat the vector part of the weak current is in the

sametriplet asthe isovectorpart of the electromagneticcurrent,therefore:

fiq2 = C,,q2 -. Cq2 = 1 1.11

f2q2 = K,,q2 - Kq2 = 1.8 1.12

f3q2 = 0 1.13

Although no such connection exists for the weak axial vector current, we can

further constrainthe axial vector form factors. For example,no effect from a g3

term will be visible, as the form factors f and g3 will always have contributions

proportional to MBMB_M5 1.6 x 10-6 for 5° -+ C e We will therefore

neglect the presenceof a g3 term.
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Furthermore,the 92 is constrainedby parity. The weak currentsare classified

asfirst-classif

gog1 = 1.14

gog1 = -o 1.15

and secondclassif

go’c_i = 1.16

= A 1.17

wherethe Q parity operatoris constructedfrom the chargeconjugationoperator

C, and a rotation aboutthe 2nd componentof isospin ‘2

= CexpiirI. 1.18

The first classcurrentsareA, gi, 12 and g. The terms92 and f aresecondclass.

The strong interactionpreserves parity , and secondclass weak currentsdo not

naturallyoccur in thequark model [2]. However,small non-zerosecondclasscurrent

termsmay be inducedby theelectromagneticinteraction,since theelectromagnetic

interactionviolatesQ parity.

Assuming the absenceof secondclass current terms, there is only the gi term

that is left undetermined.

1.3 SU31 and the Cabibbo Hypothesis

The Cabibbo Theory can be regardedas an extensionof CVC hypothesisto the

fundamentalbaryon octet.

As the statescan be describedin an SU2 algebra, the lowest energy it, d, a

baryonsform an SU3 octet. The weak hadroniccurrent transformsaccordingto
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the eightfold representationof SU3, and the vector part of the weak hadronic

current is in the sameoctet as the electromagneticcurrent.

A consequenceof the transformationpropertiesis that any operatorcan be ex

pressedas

B I I B, = ifkzF + dk,D 1.19

For the fundamentalbaryon octet, in the limit of exact SU3j symmetry, any

one of the form factors is given by:

L = CB,5F*F+CB,bD*D

= CB, bF * F3 + CB, bD * D3 1.20

Where CB, b and CB, bD act as Clebsch-Gordancoefficients [2]. For the

decays5°-*E4cv and n->pCTi6we have CB,bF = land CB,bD = 1.

Thus, in this limit, the decayE
->

E+ e v should havethe sameform factorsas

n -* p C Ve. Deviationsfrom this exact symmetryshould arise from the massand

chargedifference betweenthe quarks. Details of SU3f breaking can be studied

throughthe experimentaldeterminationof the form factors.

In this framework, assumingtheabsenceof secondclasscurrents,a measurement

of Qi for any two betadecayswith different CB, bF or CB, bD would completely

determinethe form factors for all of the betadecays. The ratios gi/fi, 92/fl, and

f2/fican be found from the kinematicdistributions. The total ratefor the process

must be known in orderto extractthevalueof f. Theobservedhyperonbetadecays

are shown in figure 1.2 with the appropriateF and D coefficients.

Thus, we have a way to describe the decays of strongly interactingparticles

without understandingany detailsof the strong interaction. The predictionfor the

form factorsfor the decay5 e tje is nearly almost 40 yearsold.
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SU3 Baryons
F+ D

Figure 1.2: The fundamentalSU3f baryonoctet.
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1.4 SU31Breaking and Experimental Data

Of course, knowing that the u, d and s quarks which make up the baryonshave

different massesand charges,we might expect some deviation of the form factors

from exact SU31 symmetry. Additionally, understandingthe deviations of the

form factors from their exact SU3f values can give sameinformation about the

detailsof the strong interaction.

The form factors can be measuredby measuringthe ratesand angulardistribu

tions of the decayproducts.

Of the 12 allowed betadecays,the processesE° -* PCYe, > .4

E°Cv, and -* 5°cv arenot likely to be observedin the nearfuture, as their

predictedbranchingratiosare all C 10’°.

Using the remaining7 observeddecayrates and their angulardistributions,we

can fit for F4 and D4 to see how the well theexact SU31 predictionsarematched.

TheSU31 fit in Ref. [24] gives ax2of 62.3 for 23 degreesof freedom.This indicates

that either one or moreof the previousexperimentsis incorrector that thereis some

symmetrybreaking.

Varioustheoreticalmodelsattempt to describethe SU3f breaking. Thesemod

els attemptto understandthestrong interactiondynamicsand the internalstructure

of the baryons.

1.5 Theoretical Predictions for E° > e e

1.5.1 Predictionsfor gi/fi

In the limit of exact SU3 symmetry, gi/fjfor 5° -* C lYe should be the same

as for it -* pe lYe. The ParticleData Group [101 valuefor gi/f1is 1.2670± 0.0035.

This value is the weightedaverageof four experiments,[11, 12, 13, 14], and theerror

includesa scalefactor of 1.9. Also, the ParticleDataGroup refers to fi asgv, and

gi as 9A, and usesthe oppositesign conventionfor 75 and hence91/fl.

Since the u, d and a quarks have different chargesand masses,the symmetry

SU31 is expectedto be broken,and variousmodelsof SU31breakinggive different
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predictionsfor the 8° -* C The form factors. The value of .f for it -* p C The is

obtainedfrom the CVC hypothesis,that is, we can relate the electromagneticform

factorsto obtain f = 1. Also, Ii is protectedfrom SU3f breakingeffectsto lowest

order by the Ademollo-Gattotheorem [15], though operationallythe secondorder

can contributeto first order effects in [16, 17] the ‘order’ refers to the strange

quark mass, M3/M,,. The valueof gi is susceptibleto first orderSU3f breaking

effects.

Reference[24] presentsseveralpredictionsfor fi and g. Their fit A only takes

into accountfirst order symmetrybreaking,and fits themeasuredratesand angular

asymmetriesof the measuredhyperon beta decays it -* p C The, A e Ye.

E- - AC The, A -p pCThe, E -# nC The, -# AC The, -* E°C The, and the

measureddecupletdecaywidths -# Nir, E - Air, E*
-> Thr, E -* Sir. Their

fits B - D allow for therenormalizationof 11, fits C and D allows V,3 and Vd to float,

and fit D usesa different normalizationfor the decuplet decaywidths. Reference

[231 usesa recoil center-of-masscorrection,and a bag model correction fits A and

B to gi/fi, neglectingany correctionto ft.

[Thory ft I 9i 9i/fi

Exact $LI3 and CVC 1.00 1.27 1.27
Flores-MendietaA [24] 1.00 1,03 ± .02 1.03 ± .02
Flores-MendietaB [24] 1.12 ± .05 1.02 + .02 .91 + .04
Flores-MendietaC [24
Flores-MendietaD [24]

1.12 + .05
1.12 + .05

1.02 + .03
1.07 ± .03

.91± .05
.96 ± .05

Ratcljffe A [23] 1.00 1.17 ± .03 1.17 ± .03
Ratcliffe B [23] 1.00 1.14 ± .03 1.14 ± .03

Table 1.1: Predictionsfor g’/f

1.5.2 Predictionsfor g/fi

As mentionedbefore, the 92 is forbiddenin the weak interaction, secondclassweak

currentsdo not naturally occur in the quark model [2]. However, small non-zero

secondclasscurrenttermsmay be inducedby the electromagneticinteraction,since

the electromagneticinteractionviolatesQ parity.
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For example,for thedecay>9- -* it C The, predictionsfor 92 for E -* it C The range

from -0.1 to .46 [25, 26, 27, 28]. The experimentalvaluefor >9 -+ TlCThei5 92

-.6± .4[29]. Predicationsfor g2/f1for 2° -* >9 CTh are on the orderof 0.1 [19, 20].

1.5.3 Predictionsfor f2/fl

For it -+ p C The f2 is obtainedusing the CVC hypothesisfrom themagneticmoments

of the neutronand proton. The valueis correctedfor theMB in the denominatorof

equation1.9 [3].

f2
= M50

- p -

= 2.6 1.21
M 2p

Variations in this value on the order of ±1 can arise from the presenceof the

strong interaction [19, 20].

1.6 Extraction of V,5 from Hyperon Beta Decays

With the three AS = 1 hyperon betadecays,for which data for ft and 9’ exist,

A -> pCThe, E -* nCThe and -4 ACThe, only rate data exists for -4

>i0CThe one cancalculatethe valueof V,3 assumingthe SU31breakingeffectsare

understood[18, 21, 22]. Thesevaluescan then be comparedto thoseobtainedfrom

K -+ qi-1Thj decaysV3 = 0.2188± 0.0016 [4]. The most recent,Ref. [22] obtainsa

consistentvalue for V5 .2176 ± .0026

A completeunderstandingof SU31breakingin hyperonbetadecayscould lead

to an independentmeasurementof V5of equalor betterprecisionthanthat obtained

from K decays. Experimentaldata on 2° -4 E’ C The a AS = 1 decay will be

useful in that regard.

1.7 Previous Experiments

The first observationof this decaywas madeat KTeV [6]. Previousexperimentsset

an upper limit of 1.1 x 10390%c.1. [7, 8, 9]. The last experimentwhich looked
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for this decay mode [7] used a 1.75CeV/cK beamto produce2° and 2 in the

Brookhaven31 in. hydrogenbubblechamber. Since the K energyand flux was so

low, only about 3000 2° were produced. Our experimentE799-II, on the other

hand, producedover io 2° which decayedin the detectorvolume.



Chapter 2

THE E799-II DETECTOR

The KTeV detectorapparatuswas usedby experimentsE799 and E832. The E832

experimentwas built to measuredirect CP violation in KS,L -# irtir and KS,L -4

ir0ir0 decays[30, 76]. The E799experimentwasdesignedto look at rareKS,L decays,

suchas KL -* lrOe+C, electromagneticKS,L decays,suchas KL -# p’5f"y, KL -4

p+p_e+e_,KL -* e+e_e+e_,electromagneticdecaysof it0 from KL -# 3ir° decaysin

flight, such asir0 -# e+C&’C and7r0 - e+e [31], and thedecayKL .4 irhr_e’’c_,

anotherdecaymode in which CP violation has beenobserved[32, 33]. Sincethere

are also a large numberof A and E produced and their anti-particles, decays

suchas 20
-#

>9+ C The, and the radiativedecaymodes5° -#
>907 ando

-# A°7 can

also be studiedin E799.

To accomplishall this, the KTeV detectorapparatuswas designedto producea

neutralbeamof KS,L and hyperons,reconstructthemomentaof thedecayproducts

of the KS,L and hyperons,and detectdecayproductsleaving the detectorvolume.

2.1 The Primary Proton Beam

The experimentran at the KTeV hall located at the Fermi National Accelerator

Laboratory Fermilab, or FNAL. From September1996 to September1997, the

Tevatronprovided a beamconsistingof 800CeV protonsto KTeV and manyother

fixed target experiments.

In the KTeV coordinatesystem used throughout this thesis, ‘z’ refers to the

direction along the beam,‘y’ refers to ‘up’, and ‘x’ is the horizontalaxis such that

x, y, and z form a right handedcoordinatesystem.

2.2 The Hyperon and KL Beams

The KTeV secondarybeamis producedby the FermilabTevatron’s800Gevproton

beam. Every ‘spill’ about 60 second , about 3.5 x 1012 800GeV protons are

12
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split off from the Tevatronand sent to the KTeV target hall figure 2.1 . For a 20

secondperiod,about3000protonswere directedtowardsthe KTeV targetevery 19 its

‘bucket’. The beam is directedat the target at a downwardangleof 4.8 rnrad, the

spot of the beamhitting the target was about 500 pm. The KTeV target is a 30cm

piece of Beryllium Oxide BeO. The length and materialwas chosento maximize

kaon production[34]. Many particles,both chargedand neutralareproducesin this

interactionwith lab momentaapproachingthe primary beamenergy.

2.3 The SweepingMagnets and Collimators

A seriesof magnetssweepthe chargedparticlesout of the beamtable 2.1 . They

alsoservedthedual purposeof precessingthe spin of the 50 producedat thetarget.

The direction of the incoming proton beamis:

j3 2-4.8 x 2.1

and the direction of the produced5° will be

2.2

Since 5° are producedby the strong interaction,which conservesparity, the E

can only be polarizedalong the j3 x 5 direction, that is, along the ± axis.

Table 2.1 [62] showstheintegratedfield of eachof thesweepingmagnets,and how

much thepolarizationof the80 precessesat it passesthrougheachone,assumingthe

Particle DataGroupvalue for the magneticmomentof the 2° po = -1.250±

.014pN [10].

Once the 5° reachedthe Spin Rotator NM2SR they were polarizedin the z

direction. The Spin Rotator precessedthe 5° spin into ±y direction, dependingon

the polarity, which was switchedregularly to obtain equalamountsof datafor the

two polarizationdirections.

The final sweepingmagnet NM3S at z 90 m was usedto remove the re

maining chargedparticles from the beam. At this point the 2° polarizationwas in
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Magnet zm zfm f BdlT - m Iamps

NM2S1 0.56 4.37 1.58 36.2 536.6
NM2S2 12.23 18.19 11.90 272.4 1500.0

NM253 21.85 27.85 6.18 141.4 317.0
Total NM2S1 - NM253 450.0
NM2SR 30.47 36.53 4.00 91.5 2652.5
NM3S 90.27 92.10 2.62 No effect 2000.0

Table2.1: Strengthand Precessionof 2° from SweepingMagnetsin figure 2.1. Here
; and z1 refer to the z positions of thestartand end of eachmagnetin m. f Bdl
is the field integral in T - m and is precessionangle in

°
of the 5° . I is

thecurrentsuppliedto eachmagnetin amps

the ±y direction,so the 5° passedthroughwith no effect.

BetweenmagnetsNM2S2 and NM253 was a 3 in lead absorberwhich removed

photonsin thebeamsand a primarycollimatorwhich definedtwo beams[36]. Before

the final sweepingmagnet NM3S , the defining collimators further reducedthe

size of the beam. Two different sizes of defining collimatorswere usedat different

partsof therun. The ‘small’ collimatordefinedtwo beamsof 0.25psr and the‘large’

collimator defined two beamsof 0.35 psr.
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2.4 The Decay Volume and Vacuum Window

At 93 m our decayvolume begins. It is a 66 m long pipe whose diameterranged

from 18 in at its beginningto 96 in at the end. The upstreamend was coveredwith

a window of aluminizedmylar reinforcedwith kevlar. The decayvolume was kept

at a pressureof 10_6 tori- in order to minimize interactionswith the neutralbeamin

the decayvolume.

2.5 The Drift Chambers DC

Immediatelydownstreamof the vacuumwindow is a large plastic bag filled with

helium. These bags fill the area betweenthe drift chambers. Downstreamof the

first helium bag is a gapto allow the shutterto cover the vacuumwindow. Another

helium bag is just before the first drift chamber DC. The KTeV drift chambers

rangein size from 1.26 x 1.2Gm2 to 1.77 x 1.77m2. each chambercontainswires

in the x and y views, eachview containstwo planes. The wires in each planeare

arrangedin a hexagonalpatternwith six field wires on the outside,and one sense

wire at the centerof eachcell. The two planesare offset by one half of a cell size

6.35 mm. Thesechamberwere usedin thepreviousgenerationof kaon experiments,

and their geometryand construction is describedin more detail in Refs. [37] and

[38]. There is a voltageof 2450 - 2550V appliedbetweenthe field and sensewires.

The drift chambersare sealedby mylar windows, and filled with a gas mixture of

argon/ethane49.5/49.5with 1 % iso-propylalcohol by volume added.The alcohol

absorbsUV light emitted in the ionization, which protectsthe wires from damage

due to the high rate.

When chargedparticlespassthroughthe chamberthey ionize the atomsin the

gas,thefield producesan ‘avalanche’of electronswhich producea signalon thesense

wire. The time at which the avalanchereachesthewire is read out. Thetime is used

to calculatethe precise 100pm distancebetweenthe wires the particlepassed

through.

Since complimentaryplane pairs are 6.35mm apart, when the drift chamber
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times are read out and translatedinto a distance,the sum of distancesSOD on

two complimentarywires should equal6.35mm. For some fraction of events, the

first bunch of ions producedare not recorded,and hencethe SOD is significantly

greater than 6.35 mm by at least 1mm . This so-called ‘hi-SOD’ problem will

worsenthe chamberresolution,and causesometracksto not be reconstructedat all.

2.6 The Spectrometer Magnet

Betweenthe two upstreamand two downstreamchambers,there is a largedipole

magnet. The field provides a transversemomentum‘kick’ of ±205MW to charged

particlespassingthrough it. By calculatingthe ‘bend’ of chargedtracks,we measure

the momentaof chargedparticles.

2.7 The Transition Radiation Detectors TRD

Downstreamof the last drift chamberwe have a system of 8 transition radiation

detectorsTRD.

Each TRD consistsof a radiatorand a detector. The radiator is madefrom a

5.25in stack of fiber blankets.When a chargedparticlepassesthoughthe boundary

of two media with different dielectric constants,electromagneticradiationis given

off in the form of X rays. The fiber blanketsprovided this material of alternating

dielectricconstants.

The probabilityof an x-ray beingemittedis proportionalto , so different types

of particlesat the samemomentumwill give off different amountsof transition

radiation.

The X-rays producedconvert into e+C pairs which aredetectedby multi wire

proportionalchambersMWPC. EachMWPC hastwo senseplanesand threecath

odeplanes figure 2.2 running vertically.

The TRD chambersare filled with a 80/20 Xenon-GO2mixture. The size of the

signal dependson the amount of radiative energy, hencethe TRD can be usedto

distinguishpions from electrons. The TRDs are describedin greatdetail elsewhere
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Figure 2.3: The V and V’ banks. Thesescintillator banksare used to trigger on
decayswith chargedparticles.

[39]

2.8 The Trigger Hodoscopes

Following the TRD are the trigger hodoscopes V and V’ banks these are long

scintillator paddleswhich detectchargedparticlesfor the KTeV trigger.

Each bank consistsof 32 paddles,aligned vertically, and split roughly in the

middle. The different sized paddlesare arrangedin V and V’ so gaps between

paddlesdo not overlap,and holesarecut out for the neutralbeamsto passthrough.

figure 2.3 [40].

The individual paddlesare wrappedwith mylar tape, andphoto multiplier tubes

are optically coupledto the ends of the paddles [41]. The timing and amplitudeof

the PMTs areusedin the trigger and readout.
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2.9 The Cesium Iodide Calorimeter CsI

An arrayof 3100 CsI blocks the front faceof which is locatedat z = 186.01 m is

usedto detectelectromagneticshowersfrom electronsand photons figure 2.4 .
In the center region 1.2 1.2m2 , the blocks are 2.5 X 2.5 cm2 in area,in the

outer region, the blocks are 5 x 5cm2 in area. All blocks are 50cm 27 radiation

lengths deep [34]. Most of the blocks are made from two 25 cm crystals glued

together. Part of eachblock is wrappedin aluminizedmylar. The amountof each

block wrapped,and the reflectivity is tuned for each block to achieve maximum

resolutionand linearity [35].

The light given off in the showeris detectedby a photo-tubeat the backof each

crystal. The phototubesignal is digitized by theKTeV Digital PhotomultiplierBase

DPMT. The digitized DPMT information is recordedfor 4 l9ns ‘buckets’, which

recordsabout 95 % of the showerenergy.

The final energyresolution for electromagneticshowerswas about 1 %, and the

positionresolution for electromagneticshowerswas about 1 mm.

Thereare 15 x 15 cm2 beamholeson either side of the centerof the calorimeter.

The holesare in the vertical centerof the calorimeter,and the centerof eachbeam

hole is displaced15 cm horizontally from the centerof the CsI.

2.10 The Hole Counters and Hole Guards

In the beamhole, behindthe CsI, there is a 16 x 16cm2 thin 1.5mm scintillator

paddle[42]. Eachpaddleis wrappedin mylar tapeand optically coupledto a PMT.

When a chargedparticle passesthrough, the magnitudeand the time of the signal

is recorded.

2.11 Photon Vetoes

In order to detectphotonsfrom K decaysleaving the detector,we have 10 photon

vetocounters, 5 Ring CountersRC6-10, threeSpectrometerAnti countersSA2-4,
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1.9m

Figure 2.4: The CsI calorimeterconsistingof 3100 50 cm long CsI crystals. The two
beam holes allow the neutral beam and protons from hyperon decays to pass

r.

through.
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a CesiumIodide Anti CIA, and the Collar Anti modulesCA.

The ring countersRC line the inside of the vacuumtank. The first, RC6, is

locatedat z = 132.6m, the last, RC1O, is locatedat z = 158.6m. Eachring counter

is segmented,andeachsegmentconsistsof 24 layersof Pb-scintillatorsandwich [43].

The first 16 layers of lead are 0.5X02.8mm thick, and the last 8 layersof lead are

1.0 X05.6mm thick. The RC are this thick so they candetectphotonsof energies

down to 100 MeV, and reject backgroundsfor raredecaysearches.

The inner aperturesare squarefigure 2.5 , 84 x 84 cm2 for RC 6 and 7, and

118 x 118 cm2for RC 8, 9 and 10. Thus only RC7 andRC1O form limiting apertures.

Locatedjust upstreamof drift chambers2-4 were thespectrometeranti counters

SA2 - 4 . The SA aperturesare squareas well, their aperturesare 154x X

137y cm2 for SA2, 169x x 160y cm2 for SA3, and175x x 175y cm2 for SA4.

EachSA is segmented,and eachsegmentconsistsof 32 0.5X02.8mm thick layers

of Pb-scintillator sandwich [43].

A fourth spectrometeranti, thecesiumiodideanti CIA is locatedjust upstream

of the CsI. Its apertureis 184 x 184 cm2.

The beamhole boundariesof the CsI are coveredby the collar anti CA. The

inner edgesof the CAs frame the two beamholes, and the detectoroverlapsthe

innermost layer of CsI blocks by 1.5cm. Each CA module consists of 3 layers of

1cm thick scintillator followed by 2.9 X01.0cm of tungsten. Longitudinally, the

CA begins 10cmupstreamof the front faceof the CsI [46, 47].

2.12 The Hadron Anti

Behind the CsI, there is a 10cm thick lead wall with a 60x < 30y cm2 hole in

the center to allow the neutral beam to passthrough. Behind the lead wall, a set

of scintillatorpaddlescalledthe hadronanti HA detectedhadronicshowersfrom

chargedpions that startedin the lead wall. This allowedus to reject eventswith

a charged pion in the final state at trigger level. The active area of the HA is

2.24 x 2.24m2 with a 64x x 34y cm2 hole in the center to allow the neutral beam

to passthrough figure 2.7 [48].
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Figure 2.5: Diagramof a Ring Counter. Theredetectorsveto eventswherea photon
leavesthe detectorvolume at trigger level.
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Figure 2.6: The Collar Anti CA viewed from the front, facing downstream.

2.13 The Muon System

A 1 m block of steel covered the area behind the HA. The block of steel has a

64x X 34y cm2 hole in the center to allow the neutral beamto passthrough the

HC paddlesare in this hole . Then there is small spacewhere the back anti BA

not used here is located. Behind that there is another3m deepblock of steel.

Most hadronicshowersrangeout by that distance,leaving muonswith momentum

> 7GeV. Thesemuonsaredetectedby a bankof vertical scintillator paddlesMU2

. There is another lm deepblock of steelbehind MU2, followed by a horizontal

MU3Y, at z = 196.3Gmanda vertical MU3X, at z = 196.40m bankof scintillator

paddles[49].

Figure 2.8 shows a 2 dimensionaldrawing of the KTeV detectorconfiguredfor

E799 running.
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Figure 2.7: The Hadron Anti HA vetoesevents where a chargedpion starts to
showerin the leadwall in front of it.
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Chapter 3

THE 1997 E799-II SUMMER DATA SET AND HYPERON

TRIGGERS

In this chapterwediscussthetriggerconfigurationand list theE799runsused.While

KTeV rancontinuously providingthedetectorand primarybeamfunctioned, data

taking was divided up into ‘runs’ lastingabout 6-10hours each. Runswere stopped

to changedatatapes,changethe trigger configuration,or to fix detectorproblems.

3.1 The Hyperon Triggers

Rather than record the data in every detectorfor every 19 na bucket, we use an

electronic ‘trigger’ to decide which bucketscontaininterestingphysics events,and

should be recorded. The KTeV trigger had a multi-level architecture. The first

level was fast electronics,and not causeany deadtime. The secondtrigger level

requiredmore time, and the trigger was inhibited from taking new dataduring the

level 2 decisionmaking time. Eventspassingthe level 2 trigger get read out, and a

rudimentaryevent reconstructionis performedon line. Eventspassingthe on-line

criteria arewritten to tape.

Most of the15 triggersusedfor E799 running were dedicatedto kaondecays,and

are describedelsewhere[50]. Three triggers were dedicatedto collecting hyperon

data. The decaychain for the signalmodeis: E° -+ Ee17e followed by E -+

followed by r0 -+ The final stateconsistsof a proton, and electron,and two

photons. Furthermore,the proton will carry most of the energyfrom the ° . The

trajectory of the proton will not changemuch due to the momentumkick of the

analysismagnet,and hencethe proton is likely to travel down one of the beam

holes. With this in mind, the basic strategyof the hyperon trigger is to find events

that have 1 a track in the beamregion, traveling down a beamhole. 2 another

track which hits the CsI 3 electromagneticclustersin the CsI from ir0 -* ‘yy.

2° .... e Pg were collectedin trigger 10:

27
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Run Date Description

6753 October29, 1996 Startof E832 running
8076 January23, 1997 Startof E799 Winter Run
8913 March 24, 1997 End of E799Winter Run
9060 April 2, 1997 ContinueE832 running
10438 July 23, 1997 End E832 running
10463 July 24, 1997 Begin E799 SummerRun
10978 September4, 1997 End E799 SummerRun

Table 3.1: The 1996-1997KTeV Run

TRIG1O[HYPERON] = GATE * lv * L1HDLETRK * ET...THR2 * PHVBAR1 //

* !HA...DC * CA * 2HCY...LODSE * LAMBDA...RA * HCC_GE2 : PS 1/1

2° -> Air° with A -* pirwere collected in trigger 11:

TRIG11LLAMBDA-PPI] = GATE * lv * L1HOLETRK * ET...TIlR1 II

* PHVBAR1 * LAMBDA...RA * ECCOUN : PS 1/50

A .-÷ pirwere collectedin trigger 12:

TRIG12[HYP-MINBI] = GATE * lv * HC * STTDUN: PS 1/20000

3.1.1 Level 1 Hyperon Trigger Elements

Level 1:

* GATE On Spill

* HC A hit in either the left or right hole counter

* lv One hit in V or one hit in V’ scintillator banks. This componentof the

trigger is satisfiedby the cfrom the 2° vertex.

* L1HOLETRK
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L1LEFTTRK = HC_LEFT * DC1X_LEFT_HOLE * DC2X_LEFT_HOLE

L1RGIITTRK = HC_RIGHT * DC1X_RIGHT_HOLE * DC2X_RIGHT_HOLE

L1HOLETRK = L1LEFTTRK + L1RGHTTRK

A hit in the hole counter1W and beamregionDC FAST-ORpaddles

DC1X..RIGHT..HOLE * DC2XJtIGHTJ{OLE on either beamhole. This component

is satisfied by the high momentumproton traveling down one of the beam

holes.

* ET..THRn ETOTAL. The energy in eachCsI channelis summedand compared

with predeterminedthresholds12GeV for ET1, 18GeVfor ET2 . Satisfied

by the electronand two photonsin the final state.

* PHVBAR1 Photon vetoes, except RC8. None of the photon vetoescan have

energyin them abovethe pre set veto thresholdRC6,7,9,10,SA2, SA3, SA4,

CIA . Reducesthe ratefrom kaon decayswhere a photon leavesthe fiducial

volumeof the detector.

* CA Neither Collar Anti module aboveabout 10 GeV. Ensuresenergyfrom

theelectro magneticclustersis containedin the CsI.

* HA...DC DC Coupled HadronAnti Veto. Reducesratefrom KL -

eventsand othereventshavinga chargedpion in the final state.

Drift Chamber Fast Ors DCFO

In orderto reducethelevel 1 rate, theDrift ChamberFastOrs DCFO weredesigned

and built to quickly detectdrift chamberhits presentin an event. Eachgroupof 16

wires less on the ends of eachplanepair is connectedto a singleDCOR module.

For chambers1 and 2, both the x and y views. The module tells whetheror not a
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drift chamberhit is presentin a 230 ns window. For hyperondecays,we requirethe

proton to travel down the beamhole. Thereforeit was possible for us to select the

groupsof wires in the beam regions of eachchamber. Figure 3.1 shows the wires

instrumentedby the DCFOsin the beamregion.

3.1.2 Level 2 Hyperon Trigger Elements

* 2HCY_LDDSE Two Hits in Y view using The Kumquat KQ and Banana

BAN boardsin everychamber,allowinga missinghit in Chamber1 or Cham

ber 2.

* LAMBDA_BA The SUMMER STT, requiresa hit in all 4 beamregions in either

beamhole. The STT instrumentedregion consistsof 11 wires in the upstream

chambers,and 15 wires in the downstreamchambers. There is also a 1/20

STT randomacceptimplementedfor summerdata.

* HCC_GE2 At least2 HCC clusters

* SflDUII STT Dummy requirement,wait for STT to finish processing

Hit Counting in y

At level 2, specialhardwareboardscalled ‘Kumquats’ KQ and ‘Bananas’ BAN

find in-time drift chamberhits on a wire-by-wire basis. They also passthis infor

mation on to other parts of the trigger, and count the total numberof in time drift

chamberhits in eachview. Since our decayshave two chargedtracks, we should

havetwo hits in all four y views. Chambers3 and4 are instrumentedwith kumquat

boards,they look for either an isolatedhit in one wire, or in-time hits in adjacent

wires. Chambers1 and 2 are instrumentedwith bananaboards.Bananaboardsuse

a much more complicatedalgorithm to find in-time pairs, and actually calculatea

drift distanceat triggerlevel for two complimentarywires. As a result,we aremore

likely to miss a good drift chamberhit in chambers1 and 2, and thereforeallow for

a missinghit in either chamber 1 or 2.
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Figure 3.1: Wires instrumentedby the beamregion DC Fast Ors are in the shaded
boxes.
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2HCY_duml = 1HC1Y * 2HC2Y * 2HC3Y * 211C4Y 4 missing hit in CH1Y

2HCY_dum2 = 2HC1Y * 1HC2Y * 2HC3Y * 2HC4Y # missing hit in CH2Y

2HCY_loose = 2HCY_duml + 2HCY_duin2

HardwareClusterCounter HCC

The hardwareclustercounterHCC quickly about 2 ps calculatesthe numberof

hardwareclustersat level 2. Eachof the 3100 blocks has a bit to assignedto it,

which is on or off dependingon whetheror not thereis at least 1 GeV of energyin

that block [52]. The HCC information is read out in the datastreamand usedin

off-line clustering. Signal eventshave threeclustersin the CsI.

The Stiff Track Trigger STT

TheStiff Track Trigger STT relied on inputsfrom the Kumquatand Bananaboards

to determineif there is a track in the beamregion.

The STT used the KQ/BAN latches from the 11 15 center-mostwires with

regardto eachbeamhole in chambers1 and 2 3 and 4 . If therewas a hit in all

four chambersin eitherbeambeamregion, the eventpassedthe STT. Additionally,

every 20theventautomaticallypassedthe STT. Wires instrumentedby the STT are

shown in figure 3.2, a ‘close-up’ of figure 3.1.

The STT is describedin greaterdetail in appendixB of this thesisand elsewhere

[53, 86].

3.1.3 Level 3 Hyperon Trigger Elements

Level 3 processingis done in software. Eventspassingany hyperon triggergo though

a ‘filter’ process,which decideswhetheror not to write them to tape.

For triggers 10 and 11, the filter code had the following requirements:

* At least 2 X and Y track candidates
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Figure 3.2: Wires instrumentedby the STT are indicatedby large light dots.
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* At least 1 vertex candidate

* Onetrack combinationmatchingcluster,one matchingbeamhole

* At least one vertex candidatewith the momentumof the positive track being

at least2.5 or no more than 0.4, to allow for anti-hyperondecays x the

momentumof the negativetrack

* An X track candidatewith momentum> 85GeV

* For eachvertexcandidatefound above,the quantity

N,. = 3.1
Phi I + pi0 Dcr=o

is calculated.Here Z,,,, is the zpositionof the vertexcandidateand Phi andpj0

refer to the momentaof the tracksusedfor eachcandidate.One of the vertex

candidateswas required to have N,- < 16. This cut was changedto < 18 at

run 10546, and not applied at all for runs 10788 and later.

* A track candidatepointing down the hole, one the x trackswas required to

be betweenx = 6cm and x = 24cm or x = -24cm and x = -6cm at
z = 186.17m,and one the y trackswas requiredto be betweeny = -8.5cm

and y = 8.5cmat z = 186.17m, this cut was not appliedfor runs 10788 and

later.

Events which passedthe 2 track requirementbut failed the vertex candidate

requirementwere also saved.

The nominal trigger L1/L2 was used to collect 92.3 % 92.5 + 1.0 % of the

2° -* Air° 5° -* e events.

Trigger changesincluded removalof the CA veto in trigger 10, removal of SA3

from triggers10 and 11, changingHA vetoconditions,andremovalof the hit counting

in 4Y. Also, someof the L3 cuts were removedduring variousparts of thesummer.

The MC simulation wasdone with the tightestcuts used,and a signal loss of 8.7 +
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2.0 x i0 was found. The causeof this loss is not known, but hasa negligibleeffect

on this result.

3.2 "Winter" and "Summer" Data

The E799 run period from January to March 1997 is referred to as the "win

ter" run. During this period, the upstreammagnetswere tuned to precessthe A

polarization to the +y directions. The original intent was to measurethe asym

metries from A -+ priYe. This measurement,however, required reduction of the

background. In order to do this, a device to distinguishpions from

protons in the beamhole was built [54]. This devicecould not function in the beam

hole environment,and wasremoved.

The hyperon triggersfor the winter run were:

TRIG1OEHYPERON] = GATE * lV * L1HOLETRK * ET_THR1 * PHVBAR1 //

* !HA_HI * 2HCY_LOOSE * LAMBDA * HCC_l234 : PS 1/2

TRIG11[LAMBDA-PPI] = GATE * lV * L1HOLETRK * PHVBAR1 //

* LAMBDA : PS 1/50

TRIG12[HYP-MINBI] = GATE * lV * HC * STTDIJ}1 : PS 1/20000

The STT requirementfor the winter wasdifferent in that there was no random

acceptas therewas in the summer,and the STT algorithm was morecomplicated.

The winter STT algorithmactually calculatedthe ‘bend’ in tracks in the STT in

strumentedregion, but did not allow for extrahits in the STT instrumentedregion.

asa result, the acceptancefor high momentumtracksin thebeamhole was very low

30% , and ourdetectorsimulationdoesa poorjob of mocking up this inefficiency

by about 25% of itself. For studying the decay of alternatelypolarizedA this

would not be a problem,since the bias would effectively cancelout [61.
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Also, the ET threshold was lower, and the HCC requirementloosened here

HCC1234 meansthat the HCC had to find 1,2,3 or 4 clusters, very few hyperon

triggers had more than 4 . A prescalewas applied to trigger 10 for most of the

winter run. The level 3 code has somedifferencesaswell [86.

For the 5° -> e lYe observationpaper [6]. The STT was the single largest

contribution to the systematicerror. We estimatethat inclusion of the winter data

would increasethe useful 5° -* c v datasampleby about20%. However,given

the lack of understandingof the loss due to the STT, most likely due to misunder

standingof accidentalactivity in the beamregion,we do not include thewinter data

in this result.

3.3 Runs Used

Usable runs are defined as runs passingthe spill quality cut to be describedlater,

and havinggood 5° -> Air° with A -* pireventsin trigger 11.

The usableruns are:

10463 10464 10477 10478 10482 10483 10491 10493 10494 10531

10532 10539 10540 10541 10544 10548 10549 10550 10552 10553

10554 10558 10559 10561 10563 10566 10567 10590 10593 10594

10601 10602 10604 10606 10608 10609 10610 10612 10618 10619

10620 10625 10627 10634 10635 10638 10643 10644 10647 10649

10656 10657 10658 10659 10660 10664 10666 10672 10673 10679

10680 10682 10684 10686 10703 10704 10705 10706 10707 10710

10715 10716 10717 10719 10720 10721 10724 10728 10732 10733

10736 10753 10757 10764 10766 10767 10769 10788 10790 10797

10798 10802 10818 10819 10825 10828 10933 10934 10937 10938

10947 10948 10950 10951 10952 10957 10959 10960 10962 10964

10967 10969 10970
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3.4 Reduction of the Data Samples Crunch

During the datataking phaseof the experiment,datathat passany level 3 trigger

arewritten to digital linear tapeDLT. Eachevent is written to one of 10 DLTs,

eachDLT can hold about 15 Gigabytesof data.

At the conclusionof the experiment,all the hyperon triggers were split off to

about60 DLTs. In order to facilitate analysis,eventshaving two x and y tracksand

at least 2 extraclusters,were written to a set of 15 DLTs. That datasetwas further

reducedto 5 DLTs by selectingeventswhich hadone x and y track combinationwith

an electron like E/p > 0.8 in trigger 10, and all eventsin trigger 11. All the events

in trigger 12 havingat least2 tracks were sent to a different datasetof 2 DLTs.

Throughoutthis thesis,E/p refers to the amountof energyfound in the CsI cluster

associatedwith a track divided by the magnitudeof themomentumof that track.

A check of the crunch procedurefound that run 10957 was inadvertentlyomit

ted from the data reduction process. Theseevents were recoveredfor the 5° -#

C V analysis,which usesthe 60 split tapesratherthanthe5 crunchtapes.The

A -* picand 2° -4 Air° datahere do not include run 10957 about .5% of the data



Chapter 4

THE MONTE CARLO SIMULATION

4.1 Production of E°

The productionof 5° by the proton beamis given by:

dN- pt
= pTEXPCl + + C3XF+ C4xppT+ C574+ C674+ C74

dxFdn

x1 - XFD1 + axF1 + bp, 4.1

where

D = G8+G974, 4.2

XF is the lab energyof the 5° divided by 800GeVand pq’ is the momentumof the

cascadeperpendicularto theprimary beam.Theparameterizationminus thefudge

factors a and b is takenfrom [60].

C1 = -1.21

C2 = 1.16

C3 = -0.72

C4 = -0.48

C5 = -1.85

C5 = 0.17

C7 = -0.008

C8 = 2.87

C9 = 0.04

a = -.42

b = -.08

38
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4.3

Most of the E produceddo not survive to z = 90m. Figure 4.1 shows the

energyspectrumof the 5° producedat the target, and the energyspectrumof 2°

which survive to z = 90 m. It is becauseonly the highest energy5° survive to

z = 90 m that we baseour triggering strategyon finding a high momentumtrack

down the beamhole.

It is perhapsalso worth mentioningthat the correct valuefor the fudge factors

will also dependsomewhaton the lifetime of the 5°

4.2 Simulation of Decay Processes

The 5° decayz positionsaredistributedaccordingto theirmomentaand lifetimes in

thespecifieddecayvolumeand momentumrange160m > z > 90 m, 600 GeV/c >

p > 150GeV/c . The distributions of the decay particles are producedand the

polarizationsof thedecayproductsareset accordingto theMC physicalparameters.

Thedecayproductsare tracedthroughthedetectorand decayaccordingto their

lifetimes and momenta.The distributionof thegrand-daughterparticlesdependson

the calculatedpolarization of the daughterparticles.

The physicalresponseof the material in the detectorto decayproduct particles

is also simulatedi.e. conversionof photons, bremsstrahlungradiationof electrons,

multiple scattering.

4.3 Simulation of KTeV Detector Elements

4.8.1 Drift Chambers

When a chargedparticle reachesthe planeof a chamber,the positiongets smeared

by the measuredresolution. The resolution hasa Gaussiancomponent 100 pm

for eachplane,and a region-by-regioneffectiveionization density,which effectively

producedan exponentialtail in the resolution, both measuredfrom data. The

smeareddistance is translatedinto a drift time, and the drift time is recorded.
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4.1. The filled histogram shows 5° that survive to z = 90m.
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The drift time is modified or dropped according to the inefficiency and hi-SOD

probability. Also, delta rays knock-onelectronsare also simulated,thoughthey do

not propagateacrosscells in the Monte Carlo.

4.3.2 Calorimeter

Electromagneticshowersinvolve a largenumberof particles,2 wheret is the number

of radiationlengths X0 traveled CsI blocks are 27 X0 long . Therefore,rather

than simulate each shower from scratch, a shower is picked from a "library" of

simulatedshowersmadeusing GEANT, a showersimulationsoftwarepackage.The

showersin the library arebinned in energy 2,4,8,16,32,and 64 GeV , transverse

position ranging from 0.7mm at the center of the crystal, and 0.2 mm at the

crystal boundaries,and longitudinalposition 25 2cm bins [58]. Pion showersare

handledin a similar manner,with different binning 12 energybins, rangingfrom

4GeV to 64GeV, 10 divisions in eachlateraldirection [59].

TheHCC andET triggerelementsaresimulatedbasedon theresultingsimulated

energy in the calorimeter.

4.4 Accidental Overlays

Therewas a largeneutronand kaon flux presentin the experiment,resulting in an

underlyingactivity in the detector, extradrift chamberhits, extra clustersin the

calorimeter,etc. . A special accidentaltrigger randomlysampledthe activity in

the detectorat times when therewas activity at the target. The accidentaltrigger

was madefrom a seriesof three counterswhich instrumenteda hole in the target

setup. This trigger was prescaledby 25,000. Theseaccidentaleventsare overlaid

with Monte Carlo physics eventsimulationto accountfor this activity.



42

4.5 Simulation of Hyperon Triggers

4.5.1 Hole CountersHC

In KTEVMC, if a chargedparticle is in the 16 x 16cm2 box at z = 189.61m, the

appropriateMC trigger bits are set. Each 16 x 16 cm2 hole counter paddlecovers

the entire beamhole.

The efficiency of the hole counterpaddlesin the Monte Carlo is assumedto be

.96 acrossthe entire surfaceof the paddle.Using two track eventsin the accidental

trigger, we measurethe hole counterefficiency to be .950 + .005 for the right hole

counter,and .952 + .005 for the left hole counter. We see no significant variation

acrossthesurfaceof thehole counterpaddlesin x or y Figure 4.2 . We conclude

ourcurrentsimulation of the hole countersis adequatefor this result.

4.5.2 Drift ChamberFast Ors DCFO

In KTEVMC, any hit in the in time window sets the trigger bit for the appropri

ate DCFO paddle. The areaof the drift chambersinstrumentedby the fast ors

completelyenvelopesthe areainstrumentedby the STT.

4.5.3 Stiff Track Trigger STT

The Bananaand Kumquatboardsaresimulatedin KTEVMC. The KTEVMC STT

result is basedon thesimulatedKumquatand Bananadata. KTEVMC also allows

for an adjustableprescale,aswas usedin the data.

4.6 Simulation of Drift Chamber Inefficiencies and

Hi-Sods

Maps of the spatialand time dependenceof the hi-SOD probabilityand chamberin

efficiencieswere madefor thesummerE799datausing trigger 2 KL ..4 7r+CP decays

[76].
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Figure 4.2: The efficiency of the hole counterpaddlesfor the summerrun, divided
up into 4 slicesin x and y.



Chapter 5

EVENT RECONSTRUCTION

In order to study the physics quantitiesof 0 decays,we needto reconstructthe

momentaof the decayproducts, and the location of the decay vertices. Here we

describethe reconstructionof chargedtracksfrom the drift chamberinformation,

and the reconstructionof electro magneticclustersfrom the CsI data.

5.1 Track Finding

5.1.1 Hit Pairs

First ‘pairs’ of hits on complimentarywires are found. Each ‘hit’ is read out as a

TDC time, which is convertedinto a distancefrom the wire. The distancesfrom

two complimentarywires shouldadd up to distancebetweencomplimentarywires,

this ‘Sum of Distances’or ‘SOD’ is usedto evaluatewhetheror not the ‘pair’ of hits

should be used. In this context, ‘pair’ can meaneither two hits on complimentary

wires or a single isolatedhit.

Y Track Candidates

All combinationsof hit pairs that can reasonablyform a track in y are evaluated.

The ‘pair values’ aresummedup over all four drift chambers,and the sum is used

to determinewhetheror not that track can be used.

X Track Candidates

Sincethe tracks bend in the x plane,we find segmentsin the first two and last two

chambersseparately.

A similar procedureis followed to find thesetracks, thoughthesum of pair values

is taken for upstreamand downstreamsegmentsseparately.

44
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5.1.2 VertexFinding

For all decaysstudiedhere, thereare two chargedparticleswhosemomentawe wish

to reconstructFurthermore,the two chargedtracks physically originate from the

samepoint with the exceptionof 50 c e, wherethe electroncomesfrom

the vertex, and the proton comes from the E+vertex, generally a few meters

downstreamof the 0 vertex.

Vertex Candidates

First pairs of x andy tracksare loopedover. The z positionof whereeachpair of x

and y tracksare found. If they arewithin a specifieddistanceof eachother, a vertex

candidateis found.

For eachvertex,an attempt to match the tracks to clustersin the calorimeteris

made. For most decaymodesin KTeV, both tracksare requiredto match clusters

in the calorimeter.However, for hyperon decays,one of the trackspoints down the

beamhole.

A quality valuefor eachvertexcandidateis calculated:

QVTX = X2VTX+ Xo2ffmag,I+ XJfmag,2+ 16- - - Ng1 - Ng,2 5.1

where2&Tx is the vertexx2 the goodnessof fit for the upstreamtrack segments

to the hypothesisthat both tracks originatefrom the samepoint in space[55]. The

quantity Xoff77mg is the OFFMAG x2 For eachtrack, we define OFFMAG as the

distancebetweenthe projectionsof the upstreamand downstreamtrack segments

at the center of the analysismagnet. The expectederror in OFFMAG is then

calculatedbasedon thedistanceresolutionof thedrift chambers.The OFFMAG x2
is just OFFMAG2/crFFMAQ. The quantity 16 - Ng,1 - Ng3,, - - Ng,2 is

the numberof single hits and bad-sodpairs.

The vertex candidatewith the lowest QVTX is chosenasthe chargedvertex.
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5.1.3 Calibration of Chambers

Transformingthe timing information from the drift chambersinto track momenta

requiresus to know: therelationshipbetweenTDC time and distancefrom thesense

wire, and the position and orientationof eachdrift chamberin space. The time to

distancerelation is found from the data,assumingthe illumination is constantover

a cell. The position information is found from a multi stageprocedure.First, using

datafrom runs where the analysismagnetis turnedoff, and a beamstop covers the

two neutralbeams.

The result is a beamof muons which passstraight through the detector. The

straight tracksare then over-constrainedin x and y.

Sinceonly two pointsareneeded,two of thedrift chambersin this casechambers

1 and 3 are in the correct positionthenthe offsetsand rotationsof the other two

chambersaremeasured.

In general, the two chambersthat areheld fixed in the muon alignment process

are not aligned with each other correctly. If the two chambersare rotated with

respect to one another, there will be a ‘corkscrew’ rotation of the four chamber

system.

Considertwo trackspassingthroughtheupstreamchambers,we definethef1,2 as

the vectorconnectingthepointswherethetwo tracksintersecttheplaneof chambers

1 and 2 figure 5.1. The rotation of chamber2 relativeto chamber1 is found from:

sin = J XT
5.2

Ti H T2 I
Thecorkscrewrotation for chambers3 and 4 is just proportionalto the difference

in the z positions:

ZDC3 - ZDC1
Q13 = 5.3

ZDC2 - ZDC1
ZDC4 - ZDCI

= 5A
tDC2 - LIDC1



47

Chamber 2

At this point, all that remainsin the global alignment of the chambersystem

with respectto the CsI and the target. Alignment with the CsI is accomplished

by matchingthe electrontracks from KL -÷ 7reWewith their clustersin the CsI,

and alignment with the target is accomplishedby pointing the total momentum

from K -+ irr decaysback to z = 0. The procedureis describedin moredetail

elsewhere[56, 57].

5.2 Cluster Finding

Theblocks with theHCC bits on,that is, CsI channelswith at least 1 GeV in them

are examined. A local maximum is found, that block is takenas a cluster ‘seed’.

The energy in that 3 x 3 large block 7 x 7 small block region is summedup

in 4 l9ns ‘slices’ of time . We also look for ‘software’ clusters, that is, clustersnot

having a seedblock with the HCC bit on. However, since we require that clusters

Chamber 1

Figure 5.1: Illustration of ‘Corkscrew’ rotation betweenchambers1 and 2.
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haveat least3GeV of energy in the final analysis,this is not important.

5.2.1 Correctionsto Cluster Energyand Position

OverlapSeparation

Often, two clusterssharecrystals. The energyin sharedcrystalsis split up amongthe

clusters,and the energyand position of the clustersare recalculated.The process

is iterated until the energyon each crystal changesby less than 5 MW, and the

position of eachcrystalboth x andy changesby less than 100 pin maximum of

20 iterations.

NeighborCorrection

This correction adjusts the energy of clustersif a nearby cluster could deposit a

significantamountof energyto it, eventhoughit is out of the 3 x 3 boundary.

Missing Block Correction

If a clusteris neara beamhole or the edgeof theCsI array, theenergyin the missing

blocks is inferredfrom the energyin the other blocks.

ThresholdCorrection

In the CsI, blocksbelow thresholdabout7 MW arenot read out. This correction

infers the energy presentin such blocks in a cluster and addsit to the observed

energy.

Intra-Block Correction

The responseof eachcrystal was found to vary dependingon the transverseposition

of the centerof the shower. The intra-block correctioncompensatesfor this effect

using the measuredresponseto electrons using the measuredmomentum in 25

position bins in eachcrystal.
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5.2.2 Calorimeter Calibration

The raw datafrom the CsI is just the numberof DPMT counts. Two setsof con

stantsareneededto convert the readoutvalueto the correct energy. First, we must

determinethe numberof DPMT countswe expectfor a given PMT charge.Sincethe

DPMT is a multi-rangedevice, 8 ranges with 4 ‘phases’thereare4 capacitorson

which chargeis stored,eachbucketcycles the chargethroughthe next capacitor,
the 32 relativegainsmust be determined.We also needtheamount of chargeon the

PMT asa function of theelectronenergy. This is accomplishedusing electronsfrom

7rtCPdecayswherethe energy momentumof the electronis measured

with the chargedspectrometer
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THE DECAY A -* pir

In this chapter,we presentthe A -* picdata taken in trigger B12 for the summer

E799 run.

6.1 Polarization of A

The A are producedwith a polarization of about 10 91o [61]. The direction of the

polarizationis normal to the productionplane. The sweepingmagnetsarearranged

to precessthe polarizationof 2° to the z direction. Since the magneticmoment of

the A is only 1/2 that of the 2° , the polarization of the A only precesseshalf as

much in the sweepingmagnets.

6.2 Reconstruction and Event Selection

Spills flaggedfor problemsin table 6.2 of severitycode 1 were excludedspills could

either be flagged as severity code 1 ‘severe’ or 2 ‘warning’, though in practice

severitycode2 was neverused.
Also, runs 10596 and 10599 were excludedasthey had the incorrectPTKICK sign

in the database.

Theseeventsare reconstructedby finding the two track A -* picvertex.

Fiducializationcuts areapplied to the A vertex and trigger verification cuts are

applied:

* 158.0in > ZA > 95.0 in - We require the A vertex to be downstreamof any

fringe fields from the final sweepingmagnet, and upstreamof the vacuum

window.

* .00124 > XA/Z1 > .000376

* .00043 >1 yA/zA - the A vertex must be locatedin the neutral beam.

50
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Bit Description

1 Trigger
2 DPMT ped exp > 0
5 Misc deadDPMT
9 Pipeline
10 Global CsI Problems
11 ETOT Problems
12 FERA Problems
13 Drift ChamberProblems
14 Veto Problems
15 V,V’ Problems
17 HCC Problems
18 KQ/BAN Problems
20 Hyperon Trigger Problems
21 DAQ/L3 Problems
22 NOT 799 run
23 Short run
29 BeamProblems

Table 6.1: Bits usedto rejectbad spills for A -* picand2° -+ Air° candidateevents

* Absolutevalueof x positionof proton between.07 in and .22 in at both 186.0 in

and 189.6ni

* y position of proton between- .07 in and .07 in at both 186.0in and 189.6 in -

the proton must travel down a beamhole

* The ic is requiredto miss the beamholesby .5cm - the 7rmust hit the CsI

* PositivetrackpassesthroughSTT illuminatedregion,andappropriateKumquat

and Bananachannelshave hits in them verify STT

* Number of proper lifetimes reconstructedas A -4 pirT< 10.0 verify L3

* 375.0GeV/c
>

p,, J> 110.0GeV/c verify L3

* 100.0GeV/c>1 p, > 5.0GeV/c verify L3

* Pp I / Pe > 3.0 verify L3
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Kinematicand particle ID:

* 0.8 > E/p negativetrack - showersfrom chargedpions tendto only deposit

a fraction of theirenergyin the CsI, this cut eliminatesnearlyall eventswhere

the negativetrack is from an electron

* Neither track is allowed to match a hit in the muon counters reject r -* p

decays

* chargedvertexpVTXPT2 < .0025GeV2/c2

* in,r+ - mK.4976GcV I> .025GeV RemoveK -+ riC decays

When all theselectioncriteriaareapplied,we find 12632eventsin thedatahaving

a reconstructedpic invariant masswithin .015 GeV/c2of the nominal A massof

1.115684GeV/c2[10].

The only backgroundis consideredfrom K -÷ lr+7c, requiring the 7r+lr mass

be at least25 MeV away from the KL mass effectively reducesthis background

figure 6.1 to a negligible level.

In order to estimatethe effect of lost tracksin the beamregion,we have imple

menteda procedureto mapout regionsof the chamberwhereeventsare lost due to

hi-SODsand inefficiencies [76].

The ‘maps’ aremadefrom trigger 2 KL -4 lr+cVe decays.Then,in MonteCarlo,

drift chamberhits areeither thendiscardedor their simulatedTDC times modified

accordingthe maps and a userspecified weight. The Monte Carlo acceptancede

pendson the weight given to the hi-SOD and inefficiency maps. Trigger 12 has no

Stiff Track Trigger requirement,so we can measureits acceptancewith trigger 12

A -* prdecays. In table 6.2 we show the STT acceptanceand total A flux for

different hi-SOD and inefficiency map weights. In the table "Geometry" refers to

A -* piceventswherethe proton is in the STT instrumentedareain all four cham

bers,and "KQ-BAN" refers to the proton is in the STT instrumentedareain all four

chambersAND sufficient Kumquat and Bananachannelsrecord hits to satisfy the

STT requirement. Increasingthe hi-SOD map weighting in Monte Carlo increases
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[j WGT Geometry/ Total KQ-BAN / GeometryJ ACCMC A flux x io
DATA .812+ .003 .952 + .002 x x
0.0 .825 + .003 .980 + .002 .1963+ .0013 2.01 + .03
0.5 .818+ .003 .958+ .002 .1958+ .0013 2.02 + .03
1.0 .813 + .003 .944 + .002 .1850 + .0013 2.14 ± .03

Table 6.2: A flux

the probability of high SODs occurringin thebeamregion,which will in turn cause

eventsto fail the STT - KQ/BAN requirementmoreoften.

The flux is calculatedaccordingto:

NData
Flux = 6.1

BR x PS x AccMc

We chooseour ‘nominal’ hi-SOD/inefficiencyweight to be0.5+0.5. Meaningthat

theprobability for a Monte Carlo drift chamberhit to be lost or have its drift time

modified is .5x the probability found for KL -* 1rCV decaysin the data. Hence

our measuredA flux is 2.0 ± .1 x iou.

6.3 Efficiency of Drift Chamber Fast Ors DCFO

The trigger 12 A -* picdecayspresentan opportunity to measurethe efficiency of

the DCFO trigger elementsused in Li for triggers 10 and 11. For eventspassing

all cuts, and having the positive track travel down the STT instrumentedareain

all chambers figure 6.2 , we find 5078 of 5117 eventsin the left beamhole have

the appropriateFAST-OR trigger bits set efficiency = .994 + .001 , and 5122 out

of 5142 eventsin the right beam hole have the appropriateFAST-OR trigger bits

set efficiency = .996 + .001 . No attempt to model this inefficiency is made in

KTEVMC.
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Figure 6.2: The X position of the positive track at DC1 for trigger 12 A -+ piC
decays.The top plot is for A -* p7C where the proton travelsdown the right beam
hole, the bottom plot is for A -+ pic where the proton travelsdown the left beam
hole. In both plots, the unshadedhistogram are data eventspassing all selection
criteria, and the shadedhistogram aredataeventswhere the appropriateDC Fast
Or trigger bits arenot set.
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6.4 Data / Monte Carlo Comparisons

Figures 6.3 through 6.6 show data/ Monte Carlo comparisonsof variousdistribu

tions for A -+ picdecays.
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Chapter 7

THE DECAY E° - Air0 WITH A -# pir

In this chapter,we presentthe ° -* Air° with A -+ pirdataobtainedin trigger Bli

during the E799 summerrun.

7.1 Polarization of E°

The 0 are producedwith a polarization of about 10 %. The direction of the po

larization is normal to the productionplane. The sweepingmagnetsare arranged

to precessthe polarization of the the E° to the z direction. The spin rotator mag

net NM2SR then rotatesthe polarization 90° to either the +y or -y direction.

Care was taken to ensurethat we had equal amountsof datataken with the two

polarization settings,and we find that the numberof eventswith the two settings

are equal to one part in one hundred. Therefore,we can considerour 0 beamto

be unpolarizedfor the summerdataset.

For thewinter dataset, thesweepingmagnetswereset to produceA polarizedin

the ±y directions. Since the magneticmoment of the ° is about twice that of the

A , thepolarizationof the ° in the winter is somewherein the x - z plane. Details

of the A and 0 polarization analysesin E799 can be found elsewhere[61, 62].

7.2 Phenomenology of E0
-* Air0

The transitionmatrix for the processis:

M = ‘UAA + B’y5uo + H.c., 7.1

containingboth parity-violatingA and parity-conservingB amplitudes[63].

DefiningB by

B= BiI - mA
7.2

V EA + mA

61
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where EA is the energyof the lambdain the 50 frame, and mA is the massof

the lambda.

The differential decayrateis

dF E - mUEA + mA
I A 2 I B 121 + . P0 7.3

i6ir2mo

whereP0 is thepolarizationof the2° andA is thedirection of theA momentum

in the : frame.

The asymmetryof the 5° decayis then

2ReAB
7.4ao =

- jAI2+1B12

The polarizationof the A from the decayis given by

a:o +AP0A-floAxP0-7oAxAxP0
7.5

1 --aoA .

with

- 21mA*B
7.6

-

1A12-IBV
= 7.7

IAI2+IBI2

Notice that &., + /3LO + ‘40 =

The polarizationof the A can be observedvia its two body decayA -+ pic. If

the 2° areunpolarized,the distribution of the proton in the lambdaframe, relative

to the direction of the 2° , oppositeto the if° in the A framewill follow

dN 1

____

- l+a50QAp°. 7.8
d° 2
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7.3 Reconstruction and Event Selection

Theseeventsare reconstructedby finding the two track A -* picvertex,and extrap

olating the position of the A to the z position of the ¶0from the two extraclusters.

Z 0 = ZCS!SHM - -JE1E2 7.9
IT fl1 0

ZCSISHM is the mean z position used for the electromagneticshowers 17 cm

downstreamof the CsI front face . Thequantity r12 is the distancebetweenthe two

photonclustersin the CsI, mo is themass of the IT° and E1 and F2 are the cluster

energies.

Fiducializationcuts areappliedto the A and2° vertices,and triggerverification

cuts areapplied:

* 158.Om>ZA > 95.Om

* 158.Om > 2o > 95.Om

* .00124>1X5o/zo I> .000376

* .00043>1y5o/z2o I

* .00124 >1 XA/ZA > .000376

* .00043>1YA/ZA I

* Absolutevalueof x positionof protonbetween.07 m and .22 m at both 186.0m

and 189.6m

* y positionof proton between-.07m and .07m at both 186.0m and 189.6m

* The Ic is requiredto miss the beamholesby .5 cm

* Both extra clustersare requiredto have both x and y positionsgreater then

9.5 cm away from the edgesof centerof either beamhole

* The CA CAMLENE is required to have less than 1GeV of energy.
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* E. > 3.0GeV verify HCC

* E71 + E.72 > 18.0GeV verify ET 1

* Positivetrack passesthroughSTT illuminatedregion,andappropriateKumquat

and Bananachannelshave hits in them verify STT

* Number of proper lifetimes reconstructedasA -÷ pic< 14.0 verify L3

* 375.0GeV/c>1 pp > 110.0GeV/c verify L3

* 100.0GeV/c>1 pp I> 5.0GeV/c verify L3

* I rp I / I Pt I> 3.0 verify L3

Kinematicand particle ID:

* 0.8 > E/p negativetrack

* Neithertrack is allowed to match a hit in the muon counters reject IT -4 p

decays

* mK
-* 7ririro

>0.55GeV reject RI -÷ lr+lclrO

* I - 1.115684GeV c .015GeV

* chargedvertexp3VTXPT2 > .001 GeV2/c2 reject targetA with extra IT°

* total 5° P1< .01 GeV2/c2

* Both ‘y ‘s are at least 20 cm away from wherethe IT hits the calorimeter.

When all the selectioncriteriaareapplied,we find 67411eventsin the datahaving

a reconstructedAir° invariant masswithin .012GeV/c2of the nominal 20 massof

1.3149GeV/c2[10].

The only backgroundsconsideredwere KL - /r+7r IT0 and A -> pITwith acci

dental IT°. The KL -* 7rIT IT° backgroundis effectively eliminatedby requiringthat
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NData 7.10

7.11

WCT j 2° flux x108 ACCMc Ill
0.0 1.09 .0492 + .0002
0.5 1.14 .0467+.0001
1.0 1.22 .0437+ .0002
1.5 1.30 .0411+0002

Table 7.1: 2° flux

mK
ITIT IT0

> 0.55 GeV figure 7.1 . After all selectioncriteria are applied,

we seeno evidencefor any non-negligiblebackgroundto 20 Air° with A -* pic.

The Monte Carlo acceptancefor the decaydependson the weighting given to

hi-SOD and chamberinefficiency mapsdescribedin section6.2.

Using the 2° -+ Air° with 1r0 -÷ yy branchingratio of .629, we cancalculatethe

total 2° flux:

Flux =
BR x PS x AccMc

Based in the STT acceptancefor A -* plcwe pick our hi-SOD and chamber

inefficiency weight to be 0.5 + 0.5, we thus have a systematicerror of .07 x 108 in

the 5° flux.

The measured5 flux for the summerfor various hi-SOD and chamberineffi

ciency map weights is given in table 7.1. The hi-SOD inefficiency weight usedcould

also potentially changethe measuredvalue of asoaA, and crfigure 7.3. The MC

valueof the 2° mass is not effectedby the hi-SOD weight by more than .02 MeV.

Flux = 1.14 + .OO4nn + .°°4Stat + .07systx 108

7.4 Events Lost Due to Bad Spills

The numberof 2° -* Mi-° eventsactually lost due to the detectorproblemsin table

6.2 are in table 7.2.
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II Bit ]_Events Comment

None 70806 Number of Eventswithout Bad Spill Cuts
2 667 DPMTPedEXP>0
5 174 Dead DPMT
9 5 Pipeline
12 8 ADC
17 339 HCC
22 1549 Not 799 Run SpecialRun
23 594 Short Run
26 54 TRD: 1 Front Planeor 2 Back PlanesDead
28 510 TRD: Multiple PlanesDead
32 60 Spill = 0

Table 7.2: 5° EventsLost Due to Bad Spills

* DPMT PedEXP> 0, DeadDPMT and Pipeline Errors

Refersto problemswith the readoutelectronicsof the CsI calorimeter.

*HCG

During run 10741, the HCC malfunctioneddue to a bad crate controller in the

ETotal system.

* Non 799 run

We do not include datafrom non-E799runs. Runs 10742 and 10765 were used

to scan over different targetingangles.

special high intensity runs.

* Short run

Runs 10904, 10906 10909 and 10914 were

We do not include short runs aborteddue to severedetectorproblems.

* TRD Problems

20 Air° eventswith TRD problemsare not removed,we include them in this

table to illustrate the relative amountof datawith this problem.

* Spill 0

Calibrationconstantsareindexedin the databaseby run and spill number. Most

entries start at spill 1. However, sometimesdata is taken during spill 0 of a run.

Due to this oversight,we excludeall eventshaving a spill number0.
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Description Error

BeamShape .003
Variation of pcut .006
DC Beam Hole Inefficiency .013
MC Statistics .004

Total .015

Table 7.3: SystematicError for aroaA

7.5 Data / Monte Carlo Comparisons

Figures 7.4 through 7.9 show data / Monte Carlo comparisonsof various dis

tributions. Figure 7.11 shows the numberof 2
-+ Air° events found for each of

the 112 runs listed in section2.2. The 89th run used, run 10790, contributes75.8

units to the total x2 This run contains.27%.07%of the Monte Carlo Data

-+ Ar° events. Thereare no 5
-* E C ii eventspassingthe selectioncriteria

in this run. We thereforedeterminethat this discrepancywill not effect our result.

7.6 Extraction of a=oaAfrom E° -* Air0 with A -÷ pir

MC 5° -* Air° decaysaregeneratedwith the PDG valuefor aEoaA. The distribution

in thedata of thecosineof theanglebetweenthe protonand their0in theA frame

is then correctedfor the geometricalacceptance,and fit to the functional form of

equation 7.8.

From a sampleof 67,411 data 298,869MC events,we measure:

aA = -0.286+ .008stat+ .015syst

The systematicerrorsfor asoaAaretabulatedin table 7.3.
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Figure 7.6: Data-MonteCarlo comparisonof their° top and 5° energiesbottom
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7.7 Other Physical Parameters of the E°

7.7.1 E° Lifetime

In figure 7.13, we have the data/ Monte Carlo comparisonof the z positionsof the
E vertices. There is a slope in the data/ Monte Carlo ratio which vanisheswhen

the Monte Carlo eventsare re-weightedto increasethe crof the 5° by +5%. This

correspondsto crof 9.14 cm, the PDG valuefor the crof the 2° is 8.71 ± .27cm.

7.7.2 E° Mass

Figure 7.14 showsthe reconstructedA -* pic massfor 0 Air° events. Thenom

inal A mass1.115684GeV/c2 [10] is subtractedoff, and the masspeak in the

-6 to +6 MeV range is fit to a Gaussian.The Monte CarloA massis shiftedby

.050+ .004MeV,and the dataA mass is shiftedby .032 + .008MW. The width of

the A mass peak is 2.02MeV in data,and 2.12 MeV in Monte Carlo.

Figure 7.15 shows the reconstructed20 -* Air° mass for 0
-* Air° events. The

nominal 5° mass 1314.9MeV/c2 [10] is subtractedoff, and the mass peak in

the -6 to +6 MW rangeis fit to a Gaussian.The Monte Carlo 5° mass is shifted

by .020 ± .004 MW, and the Data 5° mass is shifted by .593 + .008 MW. The

Particle DataGroup uncertaintyon the 0 mass is +.6 MW, so we cannot tell if

this indicatessomesomesystematicshift, or if the 5° massshift is physical.

However, NA48 has recently publisheda valuefor the 5° mass,

Mo = 1314.82± 0.06stat± 0.2systMeV/c2, 7.12

basedon a sample3120 events [64}. Furthermore,a possiblesystematiceffect on

the 50 massmeasurementat KTeV could be energyfrom the ITclustersin the CsI

leaking over the photonclusters. In figure 7.16 we have the plotted the 2° massfor

variousvaluesfor the r-’y minimumdistancecut. We seea significantshift in the 0

mass about -0.2MW in thedatawhenthe IT-’y distancecut is increasedfrom

20cmto 50cm. Interestinglyenough,whenwe requirethat the amountof energyin
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WGT Geometry/ Total KQ-BAN / Geometry

DATA .773 ± .006 .960± .003
0.0 .777 ± .001 .978 ± .001
0.5 .772 ± .001 .960 ± .000
1.0 .767 ± .001 .942 ± .001
1.5 .760 ± .001 .924± .001

Table 7.4: STT Acceptancefor 5° -* Air° eventswith the STT random acceptbit
set.

the CsI depositedin the iccluster is less than 1 GeV, we still see this effect Figure

7.17.

Furthermore,we havefound that a simple shift in the neutralenergyscalewould

have to be of the order of 5% to shift the 5° massby .16 MeV, this would also

increasethe width of the 5° massto 3.8MeV. The sourceof the 5° massshift is

not known at this point assumingthe NA48 value is correct .

7.8 STT Random Accepts

Becausethe STT had a 1/20 randomaccept for the summerrun, we have a sam

ple of 4502 5° -* Air° events in the data with the random accept bit set. All

5° -* Air° event selectioncriteria are applied to theseeventsexcept the STT ver

ification requirement.

As with the A -* prsample,we can checkthe STT acceptancefrom the geom

etry and KQ/BAN output for different hi-SOD/inefficiencyweightingstable 7.4 .
In the data, thereare 3342 STT random accept ° -* Air° eventswhich passSTT

verification. All 3342 havethe STT DATA bit set in the trigger.
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Chapter 8

THE DECAY ° -* Eei7eWITH +

8.1 Simulation of E0 -* E e t’e Decays

The matrix elementused herefor 0
_ C i7 neglectsthe mass of the electron,

rn-.0-,,. +
and termsof order 8 S = mE [74]. The PDG valuesfor the 5° mass

1314.9MeV/c2 , Emass1189.37MeV/c2,5° lifetime 2.90 x 101°s, =

8.71 cm , and E’iifetime 0.799 x 10°s, cr = 2.396cm are used [10]. Time

reversalinvarianceis assumed, the form factors are real numbers and the form

factorscan be varied at the generationlevel, or by re-weightingthe generatedMonte

Carlo.

8.1.1 Radiative Correctionsto 0 E e V

Full matrix elementused can be found in Ref. [74] or Appendix A. The matrix

elementwill be modified by radiativeprocesses.Only radiativecorrectionsof order

a are considered.Furthermore,radiativetermsof order S are ignored.

Virtual Radiative Corrections

The virtual radiativecorrectionsare separatedinto a model dependentand model

independentpart [65]. The model independentpart is finite in the ultraviolet, and

containsthe infra-reddivergence. The model dependentpart containsall the com

plicationsdue to the strong interaction, and the ultraviolet divergence.The model

dependentpart of the virtual correctioncan be reducedto:

f1q2=0
= fareq2+&EM

8.1

giq2=0
= gOreq2=Q+&EM

8.2

Estimatesfor ?LcMD and areof order 1%. Any study of hyperonbeta
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decay form factors measures Ii q2 = 0 and gi q2 = 0, the presenceof this model

dependentterm presentsa further complication.

Real Radiative Corrections

The entire model dependentportion of the inner-bremsstrahlungprocesswill be

proportional to and is neglected.

The model independentpart of the inner-bremsstrahlungcorrectionscontainsan

infra-reddivergentpart which cancelsthat of the virtual corrections.

Radiative Corrections to Differential Decay Rate

For anunpolarized5° , thedifferential decayrate is modified from equation A.11

to

dF
[1 +

&EMØ
+ 01] + a[1 +

UEM
+ 02]é .dedQdQ -

ME + 1E e2v3
x

2M2 emm_e 8.3

wherethe model independentquantities4i + Oi and 02 + 02 are

etm"1-e 3 2emax_e] 2 2/3
= 2tanh_1fi -1[

3e
-+1n

me
-

+ [21 + /32 + 6e2
- 4tanhfl]

2

+ - + -ln 8.4
- 8 /3 2 m

- e em - e2 3 2e" - e]
02 + 02 = 2tanhfl - 1[

3fi2e
+

24/32e2 - 2
+ ln

me

+ L
2$ + tanh1fl tanh’fi 1

/3 1-l-,8
2

+ - + -ln 8.5-
8 /3 2 me
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Where e is the energyof the ein the 20 frame, me is the massof the C, ME+

is the massof the E+, and emtza is the maximum energyof the Cm the 50 frame

- Mem =

8.6
2M50

and /3 is the velocity of the Cm the 2° frame

/e2_m2
/3= 8.7

C

and Lx is the Spencefunction

dtln1 - t
Lx = 1 8.8Jo t

Radiative Corrections to Final State Polarization

We make thefollowing changesto equation A.7:

ÜEM
-÷ A+A’ê.Dl+ 02+02 8.9

Il.

B+B’ê*D - B+B’ë.Dl+ Oi +O1 8.10
if

UEM
+a1

aEM1+aêb -4 1+ Oi+Gi + 02 .z 8.11
if if

The quantities4" + 9 and 2 + ö2 are now defined in the tframe

1 em’" - e 3 2em - C]
± L

2/3
c&1 +01 = 2Htanh"$ - 1[

3e
- +ln

me -

___

+ I[21 + $2 +
emfl - e2

__________

- 4tanh1/3]2/3 6e2
3 2 3 M

8.12-

___

8/32 me

1 emfl - e efb2 - e2 3 2em - e
02 + 02 = 2-tanh’/J - 1[ + - + ln

/3 3j32e 24/32e2 2 me
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+ L + tanh’$ tanh’$ - 1

- ++l71M+
8J3

but now e and em refer to the energyand maximumenergyof the electron in

the E+frame

Al2 Al2
= 2° - 8.14

2ME+

Integrated Observables

The distributionsof angularvariablesdo not changesignificantly with the addition

of radiativecorrections. However, the energyspectrumof the electrondoes figure

8.1 . As a result, the total rate is increasedby 2.3 + .2% for 2° -+

radiativecorrections.

Realphotonsproducedin the processareintegratedover in the MonteCarlo, and

hencenot traced through the detector,nor do we attempt to find 50
.. + C vey

eventsin thedata. Thefraction of 20 _. C z eventswith a real photonproduced

abovethe infra-red cutoff A in GeV is

= ln440A
8.15

small enoughto ignore real photonsfrom 20 E+ C e’y in the Monte Carlo.

Radiative correctionsto hyperon beta decaysare discussedin much detail in

chapter5 of Ref., [2] and elsewhere[68, 69, 70, 71, 72, 73].

8.2 Reconstruction

In reconstructing2° C v events, the vertexfinding routine was modified to

allow for the fact that the proton and electron the decay generallydo not come

from the samepoint. Insteadof calculatingavertex x2 in the usual way, the closest

approachof the sigmaandthe electronis calculatedDSEL and &Tx = DSEL/.003*
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Decay BranchingRatio Number
5° -* ECPwith E -*p7r0and ir° -, TX 1.3 x i0 15 x io
2° -* Air° with A -* p-zcand° -* ‘y’y .628 + .005 72 x 106

2° - Air°with A -* pCV and ¶° -*yy 8.18+ .14 x i0 93 x i0
-* Air° with A -* picand ir° -* eey 7.62+ .21 x i0 870 x i0

2° -* Air° with A -4 PCe and ir° -* ee’y 9.97+ .31 x 106 1100
2° -* E°’ywith E° -* A’y and A -* pic 2.2 + .3 x i0 260 x i03
50 E°7with ° -* A7and A -* pe7e 2.9 + .3 x 10-6 330
50 -*A°’ywith A-+ 6.8+1M x i0 78 x io3
5° -* A°7 with A -* pCV 8.8 ± 1.3 X iO 100

Table 8.1: Numberof 2° decays

*2 is substitutedinto equation 5.1.

Also, the routine matchingtracks to clusters T3MTACH was modified to prefer

entially pair x and y tracksto have one track going down the hole, and one hitting

the calorimeter.

Eventswith 2 correctedtracks,a hardwareclustermatchingthe negativetrack,

and 2 extra hardwareclustersare reconstructedas50 E+ C 1’e events. 4 vectors

for the proton and electronare calculatedusing the upstreamsegmentsof the cor

rected tracks. 4 vectors for the photons are calculatedfrom the point along the

upstreamsegmentof the positive track give a two photon invariant massequal to

the ir0mass,and the clusterposition at thecalorimeter ZCSISHM is usedto define

the z positionof the clusters as in equation 7.9 .

8.3 Backgrounds

8.3.1 Backgroundfrom E0 Decays

Using the total calculated2° flux of 1.14 + .07syst x io, we can determinethe

numberof decaysof each type that shouldoccur in the decayvolume.
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-÷ Air0 with A -* pirand ir°

This decaymodeoccursabout4500 times moreoften than5
.* E+ C However,

thereis a ic in the final statethat will be misidentifiedasan electrona small fraction

of the time. Also, the topology of this decayis different than 2° -# E C in two

very importantrespects.First, their°decay is alwaysupstreamof theA decay,so the

reconstructedE+ vertexwill usually be upstreamof the o vertex. Also, the maxi

mum pit0 invariantmassthat canbe reconstructedis 1161.2MeV, which is 28MeV

below the mass. Thus, if the proton track, and ir°are correctly reconstructed,

therecanbe no 50 -* Air° decaysunderthe E+masspeak. Of course,reconstruction

is not perfect in the detector,and mis-measurementof the proton and ir°can cause

5° -* Air° eventsto fall in the Epeak.

- Air0 with A - pe176and ir0 -* yy

This decayoccursabout6 timesmoreoften than50 -* E+ C Like E -* Air° with

A -4 piC, themaximumkmnematicallyallowedproton ir°invariant massis 1161MeV

and the reconstructed vertexwill usually beupstreamof the 50 vertex.

- E°’ywith E° -÷ A’yand A -+ piC

This decayoccursabout 10 times moreoften than 50 E+ C with E+ ._* p

however, it hasa inn the final state,and due to its event topology, it is not likely

to resemble50 E+ C Ve.

-# E°’ywith E° -* A’yand A -* pev

This decayis quite rare, and due to its event topology, it is not likely to resemble

-4 C 17e
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1 Decay BranchingRatio Number
A -* pinwith A -* pinand K° -3 yy 1.4 x 10-3 2.8 x 106

A -# pCi7e with A -# P’-e and if0 -4 yy 1.8 x 10-6 3.7 x 10?

Table 8.2: Number of A decaysestimatedto occur during the SummerE799 run.
The branching ratios are multiplied by 2.2 x i0 to account for the fraction of
accidentaleventsfound to havetwo hardwareclusters.

-* Air0 with ir0 -* ee and A -* pirmr A -÷ peve

For this decayto reconstructedas a 50 E4 C tie, the infrom the decaymust be

lost either outsidethe fiducial volume or down one of the beamholes, with one the

Dalitz electronfaking the primaryvertexelectron,and the Dalitz e faking a photon

by virtue of missingdrift chamberhits. This backgroundis not expectedto be large.

8.3.2 Backgroundfrom A Decays

Using the total calculatedA flux of 2.0 + .1 x ion, we candeterminethe numberof

decaysof eachtypethat shouldoccurin the decayvolume. All of thesedecaysmust

be accompaniedby accidentalactivity in order to fake the two extraclusters.

In order to simulatesuchdecayswith the requiredaccidentalactivity, we split

off the accidentaleventshaving two extraclustersforming a good ir0 z position.

8.3.3 Backgroundfrom KL Decays

It turnsout that Kj. decaysarethesourceof mostof thebackgroundto 50 .4 + C

Sincewe require that the momentumof the high track be at least120 CeV/c, only

the highestenergyKL decayscontributeto the background.In all backgroundstud

ies we assumethat only KL with momentaof at least 100 GeV/c contributeto the

background.

We measurethe KL flux above150GeVusing KL -4 ir+ir ifO decaysin thetrigger

Bil, our level 3 code has a minimum track momentumcut, we are only able to

measurethe flux of KL above 150GeVfor KL 4
if+7f4f0 in the hyperon triggers.

Theeventselectioncriteriaareidenticalto the 5
-* Air° selectioncriteriaexcept:



95

* p / p >3.0 -4 p / p,. > 2.6

* - 1.115684GeV < .015GeV -*1 - 1.115684GeV > .010GeV

remove50 -* Air°

* RemovemK > 7f+7f > o.ssGeV cut

* Add - zA J< 3.Om cut

Applying all the criteria, we find 1410 eventsin the datawithin 20MeVof the

nominal KL mass. From a MC sampleof 10 Million KL 9 if+if4rO decays with

EK > 150Gev we find 1592 eventswithin 20MeV of the nominal KL mass. A

sampleof 5° -4 Air° decaysof equalstatisticsto the summerrun gives a prediction

of 0 20 4 Air° eventsin the ±20 MeV masswindow.

Using the KL # 1f?fif0 with r° -4 yy branchingratio BR of .124, and the

trigger 11 prescalePS of .02, we have

Nnaja
Flux = 8.16BR x PSx ACcMC

The MeasuredKL flux above150GeVfor the summeris

FluxEK > 150GeV = 3.57 ± .°9stat ± .24sysflx io° 8.17

FluxE< > 100GeV = 1.39± .04Stat ± .1OSt x 1010 8.18

Flux220GeV> E< > 20GeV = 1.06+ .03stat + .07st x 10118.19

Figure 8.2 shows data/ Monte Carlo comparisonsof the I-CL 4 7f+yf it0 mass,

KL energyand z vertexpositionsfor KL -* ir+inirO candidatesin trigger Bil.

In all KL MC generation,only eventswith a chargeddecayproduct having at

least90GeV,and the high momentumtrack havingat least2.4x the momentumof

the low momentumtrack areactually tracedthroughthe detector MCUSER .
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KL

Requiring the 7r7f if0mass to be greater than .57GeV is highly effective in reduc

ing this background. From a samplecorrespondingto .42 of the summerrun, no

eventspassthe selectioncriteria, with theaddition of theTRD cut, we estimatethis

backgroundto be < .4 Figure 8.3 shows the TflJ
4

distributionfor data.

KL # 7rOir+eV

For kaonswith p > 100 GeV/c this decay occurs 730,000 times. Since we do not

distinguish betweenprotons and pions traveling down the beam hole, this decay

effectively hasthe samefinal stateas our signal.

The charged and neutral vertices of this decay are always physically at the

samepoint in contrast with the E- 50 vertex separationin 0
.. E+ C ie.

In figure 8.4, we see that a 2 dimensionalcut on the KL -4 ifOir+Ci7 massand

the difference in the z positions of the E+and 50 vertices removesmost of the

KL -4 ltOir+CVe backgroundand only removesa small part 7% of the signal.

KL -*

In order for this decayto passthe 50 ... e v selectioncriteria, theremust be

accompanyingaccidentalextra clusters. To facilitate simulation of these, acciden

tal eventswith no tracks, and two extra clusters forming a it° z position in the

fiducial volume were spooledfrom the 4 accidentaltapesfrom the summer. This

correspondedto 2.2 x io of all accidentalevents.

-* ir+eV7

Theseeventsrequirean extraphoton, the JR cutoff for photonsis set to 1.56 MeV,

so the radiativefraction is .0992. KL r+e?y eventshavingan energetic‘y and

an accidentalphotoncan fake a .4 C Ve signal. To savecomputingtime, only

# ir+e_Pyevents having a lab photon energy of at least 2.5 GeV are traced

through the detector. Radiative photons from the decay will tend to follow the
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[Decay BranchingRatio Number

‘1L - 1r°7’e’The and it° -# 5.2 x 10-5 7.3 x i0
‘L - ifeVe if0 -4 77 8.6 x i04 1.2 x i0
"L 4 ifeThe7 7 .0385 5.4 x 108

IlL -4 .124 1.7 x io

Table 8.3: Number of 11L decaysestimatedto occur during the SummerE799 run
for EK > 100GeV . The branchingratio for K,. -4 ir’e’Teis multiplied by
2.2x i0 to accountfor the fractionof accidentaleventsfound to havetwo hardware
clusters,and the K,. .. if+CVe7 branchingratiois for acenterof massphotonenergy
cutoff of 1.56MeV.

I Bit I Description

26 1 DeadTRD Front Planeor 2 DeadTRD Back Planes
28 Many planesdeador other severeTRD problem

Table 8.4: Bits usedto reject bad spills for 5° -4 E C in addition to those in
Table 2 .

electronin the lab, We createthe quantity Brem which is the distancebetweenthe

upstreamsegmentof the electronprojectedto the CsI andthe closerof thetwo extra

clusters. EventshavingBrem < .02cmare removedFigure 8.6.

8.4 Event Selection

Selectioncriteriaareapplied in order to ensurethat thedecaysin occur in theproper

fiducial volume of the detector,and to reject the abovementionedbackground.

Spills flaggedfor problemsin tables 6.2 and 8.4 of severitycode1 were excluded.

Also, runs 10596 and 10599 were excludedasthey had the incorrect PTKICK sign

in the database.

Events are then selectedby Fiducialization of >Yand 5° vertices and trigger

verification:

* 158.Om > ZE > 95.Om

* 158.0m>zj >95.Om

* .00124 > ISO /z_o t> .000376
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* .00043>Iyso/zso

* .00124 >1 XE/zE I> .000376

* .00043 >1 YE/ZE

* Absolutevalueof x positionof protonbetween.07mand .22mat both 186.Om

and 189.6m

* y position of proton between- .07 m and .07 m at both 186.0m and 189.6m

* The C is requiredto be 7.5cm away from the centerof either beamhole at

chamber4.

* Both extra clustersare requiredto have both x and y positionsgreaterthen

9.5 cm away from theedgesof centerof either beamhole

* The GA CAMX...ENE is requiredto have less than 1 GeV of energy.

* > 3.0GeV verify HCC

* E7i+E+E/p0-x Pc 1>18.0GeV

* PositivetrackpassesthroughSTT illuminatedregion,andappropriateKumquat

and Bananachannelshave hits in them verify STT

* Number of proper lifetimes reconstructedasA -# pic< 14.0 verify L3

* 400.0GeV/c> pp I> 120.0GeV/c verify L3

* 50.0GeV/c >1 Pc I> 5.0GeV/c verify L3 , TRD

* I Pp I / I P I> 3.6 verify L3

Kinematicand particle ID:

* 40.Om > Z - -o > -6.Om

* 1.1 > E/pc > 0.9
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* > 0.57GeVreject 11L

* MK 4 Olf+e"" > 0.5OGeVORzs-zo> 3.Om rejectKL 4 71’O7f+eve
L e

* Distancebetweeneitherphotonand upstreamsegmentof electronat calorime

ter > 0.02 m reject K,. -* ifCI7e7

* .010> > -.005GeV2 Longitudinal momentumof neutrinoin 5° frame,

kinematic limits are 0.0 and 0.12GeV

* energyof electronin E’frame <0.13GeV

* total 4 < .02GeV2

* Number of proper5° lifetimes < 10.0

* No extrahits in X viewsin upstreamchambersreject 7 conversionsin vacuum

window

* ppion < 0.1 gives about9:1 lf/e rejection

We canobtain theenergyof theneutrinoin the5 frame Er] , the component

of the neutrinomomentumin the 50 frame perpendicularto the 50 momentumin

the lab fl, and the magnitudeof the componentof the neutrinomomentumin

the 5° frameparallel to the 5° momentumin the lab i

m?r - rn22
8.20

4m

= - 8.21

= El2 - 8.22

Finally, for the determinationof gi/fiand g2/fi, we will exclude eventshaving

an unphysicallongitudinal neutrinomomentum,FI <0.0. This cut removesabout

31% of the signal figure 8.5 , and reducesthe backgroundunder the peak by

about a factorof 3.



105

Mode Low Band Peak ] High Band
50_S> EeVe 6.0±0.6 4.8±0.6
5° -4 Air° with A -# p-irand i0 -*77 4.0 ± 1.9 1.4 ± 1.1 0.2 ± 0.3

-# Air° with A -3 pCP and 7r0 -*77 12.1 ± 1.1 1.0 ± 0.3 0.1 ± 0.1
5° -4 Air° with A -4 pirand ii-° -4 ee 0.3 ± 0.2 1.0 ± 0.4 0.0 ± 0.0
5° -# °7with E° -4 A7and A - pic 0.2 ± 0.2 0.2 ± 0.2 0.0 ± 0.0

-# E°’y with E° -# A7andA -4 PCVc 0.3 ± 0.1 0.3 + 0.1 0.0 ± 0.0
A -* pirwith accidental77 0.2 ± 0.3 0.4 ± 0.5 0.0 + 0.0
A -+ P6’e with accidental 0.4 ± 0.1 0.4 ± 0.1 0.1 ± 0.0
K,. -4 7fCle 7.4 ± 1.2 10.8 ± 1.5 1.8 ± 0.6
K,. -+ 7reWe7 3.9 ± 0.9 7.5 ± 1.3 1.4 ± 0.6
K,. -4 1r°irCi7c with if° 477 0.1 + 0.1 0.6 ± 0.1 0.2 ± 0.1
SUM of MC Bkg 34.9 ± 2.8 23.6 ± 2.4 8.7 ± 1.8
DATA 48 5

Table8.5: TabulatedBackgroundwhereeventswith unphysicalneutrinomomentum
arekept. Low Band = -mE÷ between-30 and-20MeV, Peak= mpro -mE+
between-15 and +15MeV, High Band = - mE+ between20 and 30MeV.

8.4.1 BackgroundsAfter SelectionCriteria

We tabulatethe remainingbackgroundwith the abovecuts applied, for the caseof

the eventswith c 0.0 being excludedand kept. Figure 8.7 shows the proton

if0massfor the predictedMonte Carlo backgroundcomparedwith the dataafter all

selectioncriteria have been applied. Figure 8.8 shows the proton ir0massfor the

predictedMonte Carlobackgroundcomparedwith thedataafterall selectioncriteria

have beenapplied, except the requirementthat p11 > 0.

When eventswith p11 < 0.0 are excluded,we have a backgroundof 7.4 events

underthe peak about2 % .

8.5 Data / Monte Carlo Comparisons

Figures 8.9 through 8.14 show data / Monte Carlo comparisonsof various 5
.

E C The distributions.
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Mode Low Band Peak High Band
50 EeTh 3.3±0.5 3.2+0.5
50 Air°with A - pirand if0 -*77 2.5 + 1.5 0.1 ± 0.3 0.1 ± 0.3
5°-# Air°with A -4 pe97eand ir -#77 2.1 ± 0.4 0.2 ± 0.1 0.0 ±0.0
5° -4 Air° with A -+ picandir° -* eC7 0.0 ± 0.0 0.7 ± 0.3 0.0 ± 0.0

-* E°’ywith E° -4 A7and A -4 piC 0.1 ± 0.2 0.1 ± 0.1 0.0 ± 0.0
5° - E°7with E° -* A7 and A -# PCPe 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
A -4 picwith accidental 0.1 ± 0.2 0.2 + 0.3 0.0 ± 0.0
A -4 pCiJ with accidental 0.1 + 0.0 0.1 ± 0.0 0.0 ± 0.0
K,. -4 1rev 2.2 ± 0.7 2.0 ± 0.6 0.8 ± 0.4
K,. -4 irei/e7 2.0 ± 0.7 3.4 ± 0.9 1.1 ± 0.5
K,. -* 7r°ifCV 0.1 ± 0.1 0.6 + 0.1 0.2 ± 0.1
SUM of MC Bkg 12.5 ± 1.9 7.4 ± 1.2 5.4 ± 0.9
DATA 8 4

Table 8.6: TabulatedBackgroundwhereeventswith unphysicalneutrinomomentum
are excluded. Low Band = mo - mE.- between -30 and -20MeV, Peak =

- between-15 and +15MeV, High Band = - between20
and 30MeV.



Chapter 9

EXTRACTION OF THE FORM FACTORS OF

- E e 17

In this chapter, we discussthe extractionof the form factorsfor the signal and the

evaluationof systematicerrors.

9.1 Kinematic Variables

Thereare4 variablesrequiredto completelydescribethedecaychain0
... E+ C i7

with > -+ p -ir0, assumingthe 5 is unpolarized.

* Theanglebetweentheelectronand neutrinoin the 5 frame4= cosGev

* The energyof the electronin the Eframe e =

* Theanglebetweentheproton andtheelectronin the E+framex1= cosO

* The anglebetweentheprotonand theneutrinoin theE+framexj,7= cosO

9.2 Integrated Observables

The total ratefor the processis given by:

R = R0[1 - of? + 3 - ög - 48g1g2],

- CHVCKMVMS0-ME÷5
91

60ir3 .

M0 - M +

s = 9.2

115
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The ensemblepolarization of the >along the electron direction x the total

rate is:

RS = R0[2 - 8f1y1 -

-Sfif2 f2Yi - Sf1g2 - 8gig2 + O62J 9.3

Thus, the distribution of the proton relativeto the electron in the Eframe is

= 1 + &EfSe24, 9.4

where &E.l- is the E+ -* pr° two body asymmetry.

Similarly, the polarizationof the Ealong the neutrinodirection is:

RS = Ro[-2 + 8g + 2- 8figj +

+ 6f2gi - Sfig2 + ög1g2 + Q52] 9.5

We definethe electron-neutrinocorrelation in the 5U frame as:

- 2’6a/ > ii]2 - NOev <7r/2
9 6

N9 > r/2 + N96 cif/2’ .

where NO > ir/2 refers to the numberof decaysobservedwhere the angle

betweenthe electronand neutrino is greaterthan ir/2. The electron-neutrinocorre

lation x the total rate is equal to:

= R0[-1 - 8g + 1 - f? + 48gig2 + CS2]. 9.7

In addition, the spectrumof the electron in the Eis frameis roughly:
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cIN - EEI2 EE ElEl 2 1
EFI -21? - 10g + 4figi + 8f21l E[El

dEFlC e eMAX e [ f+3g
en.’.

9.8

WhereRemEF’ is due to radiativecorrections,discussedin [2], and

the maximumenergyof the electron in the E+frame.

Although we do not usethe integratedobservablesS , S,, and ev here,we see

that thedistributionsof and xLare most sensitiveto gi /fi. Also, we see

that the betaspectrumhasthe greatestsensitivity to 12/li.

To a goodapproximation,thetermf2/lican bedeterminedfrom thedistribution

of EFI, and g1/f1andg2/J’ican be determinedfrom the distributions in the other

threevariables.

9.3 Transverse Kinematic Variables

Determiningxj,’lfrom the lab momentaof the observedparticlesis simple:

= P,rPE
99

ME

= E[El2 - M, 9.10

= 9.11

[El - P C re Pp
Xpe - p[El [El C

Pp

In order to determine41and xj,l, we must find the momentumof the neutrino

in the 50 frame. Using the measuredlab four-momentaof the observableparticles

Pc,Pp, Ps = Pp + P,° ,the fljof the decayand the constraintsof momentumand

energyconservation.

The ffjof the decay is the componentof the observedS momentum P

transverseto a vectorpointing from the targetto the 50 vertex V . That is,
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9.13

We can obtain theenergyof the neutrinoin the5 frame E1 , thecomponent

of the neutrinomomentumin the 0 frame perpendicularto the 50 momentumin

the lab j, and the magnitude of the componentof the neutrinomomentumin

the 5° frameparallel to the 5° momentumin the lab Pij.

E] =
m.-n4j2

9.14

___________

9.15

Phil = ±VEb2 1 9.16

In determiningPII, there is an ambiguity as to whetherthe positive or negative

solution is to be used. For a monochromaticbeam,the sign can be determinedby

virtue of the fact that the two solutions will give different total 5° energies. At

KTeV, the distribution of 5° momentais wide enough to completelywashout any

information about the sign of the longitudinal component. Additionally, we must

have the condition p11 > 0 in order to obtain a real valuefor pj, eventsfailing this

requirementdue to detectorresolution must thereforebe excluded.

Given thesedisadvantages,we will makeuseof theTRANSVERSEcomponentof

the neutrinomomentumonly, following theanalysisof A -* pCV decaysby Dworkin

et al. [75].

We define

PQ = Pe+PE 9.17

= . 37Q 9.18

Quantitiesin the Q frame will be denotedwith a [p1. The momentumof the
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electronin the Q frame is

, -.[LAB] -.[LABI
- -[LAB - PC . Pq -.[LABI 9 19Pc Pe -.[LABI -.[LABI Pq

Pq Pq

And the energyof the electronin the Q frameis

EC1’
= TflQ - mE

9.20
2mQ

The momentumof the neutrinoin the Q frame,transverseto the E direction is

simply theji1of the decay.

9.21

The energyof theneutrinoin the Q frame is

2 2- in
= Q 9.22

2mQ

We then have the unambiguouskinematicquantities

=
t-* a 9.23

= -[Ql Q]
+-* S 9.24

9.4 Extraction of i/fi

For eachdata event,xl, x2and x,?arecalculatedand put into a 10 x 10 x 10

bin histogram. A correspondinghistogramis madefor different values of gi/fi

we usedthe interval 0.3, 2.6 in intervals of .02. The histogramsfor the different

valuesof gi/.fiare obtainedby re-weighting the differential decayratein [74] using

the GENERATED Monte Carlo MC kinematic variables. We then calculatethe
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log likelihood for eachg1/f1by

£ gi/fi = EJCDI, log MCgi/.fjk 9.25

Where the MC histogramsare all appropriatelynormalized.The centralvalue is

thevalueof g1 /fjwhich maximizes£. With thestandarderrorsbeingdeterminedby

changein g1/fiwhich changes£ by 1/2 figure 9.1. Theerrorsareasymmetricdue

to the non-lineardependenceof gi/fion the integratedobservables.A DATA-MC

comparisonof theone dimensionaldistributionsof xl, x,.and xJs in figure 9.2.

9.4.1 Correcting for Background

Our best backgroundestimatewith this selectioncriteriais 7.4 ± 3.7 events about

2±1% of thesignal, thebackgroundbeingalmostentirelydueto K,. -* ireW and

K,. -* 7rCv7 decays. We estimatethe effect of this backgroundby adding MC

backgroundevents to MC signal eventsand observingthe changein the measured

value of gi/J’iin the MC samples. We used30 ‘data sized’ 5 -+ E+ C P Monte

Carlo sampleswith 9 valuesof gi/fjranging from .9 to 1.6. The recoveredvalues

with no backgroundaddedwere comparedto the values with backgroundadded.

We estimatethe error on the correctionby adding backgroundwith both the high

momentumtrack beingpositive and negative,and observingthe difference,and by

scaling the backgroundby 1.5. Averaging the correctionsfrom MC sampleswith

gi/fiof 1.2, 1.25 and 1.3 gives a correctionof -.014± .039. Neglectingbackground

we find the maximumvalue for £at gi/J’i= 1.332. Thus our final valuefor gi/fiis

1.32. The systematicerror due to backgroundis subtractionis takento be .039.

9.5 Systematic Errors on

9.5.1 Backgrounds

Determinedin the abovesectionto be .039.
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9.5.2 ResidualErrors in Drift ChamberAlignment

For 5° -* Air° with A -> pirwe find a small offset of unknownorigin in OFFMAG.

We estimatethe size of this effect by re-analyzingthe CM samplewith offsets in

the x and y positionsof DC 1 by ±20pm. Adding the averagedeviationsfrom x

and y offsets in quadraturegives a systematicerror of .020 due to Drift Chamber

Alignment. Adding a 100 prad Non-orthogonalityto DC 1 doesnot alter the value

of .ci/fi.

9.5.3 Mass of the E°

We generateda MC 5° -* E C with E -* pir°samplewith the massof the 5°

being1315.5GeV/c2the PDG massof the 5° is 1314.9±.6MeV/c2,and therecent

NA48 result for the 5° mass is 1314.82± 0.06stat± 0.2systMeV/c2 [64] and

found the valueof gi/f1changedby +.017, consistentwith the MC statisticalerror

of .02.

9.5.4 ZE+ - Z.0 cut

We varied the value of this cut from its nominal valueof -6 m to +1 in and found

no significantvariation in the valueof gi/f1figure 9.8 .

9.5.5 HA

We have not consideredany systematiceffect due to 5 E C iJ eventsbeing

vetoedby the HadronAnti veto at Li.

9.5.6 Lifetime of the E0

Using 5° -÷ Ar° with A -÷ pic our dataindicatesthat the crof the 5° is about5 %

higher than its PDG value. Or, that we do not accuratelymodel the acceptance

of 5° decaysin z at the 5% level We estimatethe effect of this by re-weighting

the 5° -÷ C Ve with p ° MC events to change the crof the 5° by
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+5%-5% and find the valuegi/fichangesby -.008009. We assigna systematic

error of ±.009 to gi/fidue to this effect.

9.5.7 Neutral EnergyScale

Even with our limited datasample,we seea clear mismatchbetweendataand MC

for the E/p of the negativetrack. The meanE/p in MC is .003 too high. We

estimatethe error from this effect by re-analyzingthe MC with theenergyof every

clusterscaledby 1.003 .997 andfind that thevaluefor gj/f1changesby .011.007.

We assigna systematicerror of .009 from this effect.

9.5.8 TRD Inefficiency

We step through the cut on the distanceof the negativetrack from the TRD dead

regionat DC 4, and find find that the changesin gi/fiare consistentwith statistical

variations. Furthermore,removing the TRD requirementaltogetherchangesthe

value of g1/f1by .006.

9.5.9 Cut

The requirementp11> 0 removedabout30 % of thedata. Also, this quantity directly

dependson the reconstructedpj, thus any cut on this quantity deservescareful

scrutiny. We vary the valueof this cut from -.005 to .0005 GeV2/c2, and find the

changein the value of g1/fiis consistentwith statistical variations see figure 9.8.

9.5.10 MeasuredCsI Non-orthogonality

In performing the global alignment of the drift chambersto the CsI, it was found

that thereis a 300 prad residualapparentnon-orthogonalityin the calorimeter.Re

analyzingthe MC with with clusterpositionat the calorimetermodified by x -4 x +

-300 x i0°y changedthe measuredvalueof gi/fiby 0.000-.001.We determine

the systematicerror due to this effect to be negligible.
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9.5.11 Radiative Corrections

Radiative correctionshave been explicitly determinednot to effect the final state

polarizationand electron-neutrinocorrelationin hyperon betadecays[2].

9.5.1.2 BeamShape/ Edges

Thereis still a significant mismatchin the shapeof the beamin y for summerdata.

We estimatethesize of this effect on gi/fiby reanalyzingthe data,prescalingevents

havingy/z of the 5° vertex c -.0002Seefigure 9.7. The valuefor g1/fichanges

by -.015.

9.5.13 Drift ChamberInefficiency

In orderto estimatethe effect of lost tracksin thebeamregion,we haveimplemented

thehi SOD mappingproceduredescribedin [76].

The ‘maps’ aremadefrom trigger2 K,. ...÷
iie- decays.Then,in Monte Carlo,

drift chamberhits areeither thendiscardedor their simulatedTDC times modified

accordingthe mapsand a userspecifiedweight. We generatedsignal MC for weights

of 0.0 , 0.5 and 1.0 respectively.We find that aweightof 1.0over-predictsthenumber

of observed5° -+ Mr° eventsmissinghits in the beamregion and the resolution in

pobservedfor 5° with A -4 pirdecays.

The valuefor gj/fiobtained in the datafor the threeMC samplesareconsistent

with thestatistical variation.

9.5.14 Error on aj+

ThePDG valueof theasymmetryof thedecayE is _.980±j. Re-weighting

the MC to give valuesof a+equal to - .963-.995 changesthe value of gi/fiby

-.018008. We assign an external systematicerror of .013 due to the uncer

tainty in a>+.
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9.5.15 q2Dependenceof fi and gi

The standardq2 q2 = Pc + p2 dependenceof fi and g is

fiq2 = h0 . 1-

giq2 =

9.26

with

Mv = 0.970GeV/c2,MA = 1.250GeV/c2 9.27

Typical valuesfor are 0 - .09 GeT//c2. The changein g1/fiwith different

q2dependencesis given in table 9.1.

Mv MA I i/f’
0.485GeT//c2 0.625GeT//c2 -.029
0.970GeV/c2 1.250GeV/c? 0.000
1.940GeV/c2 2.500GeV/c? +.002
x oo +.007

Table 9.1: Variation of g1/f1with Mv and MA

9.5.16 Misc. Checksfor gi/fi

In table 9.3 we presentthe g1/f1fit resultswith somechangesmadein the selection

criteria for DATA ONLY. Figure 9.9 shows the value for g1/fiwith different selec

tion criteria in dataand Monte Carlo, we find thesechangesto be consistentwith

statisticalvariations.
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Description Error
Background .039
BeamShape .015
MC Statistics .020
DC Alignment .020
crof 5 z slope .009
Energy Scale .009
Delta z NEG
DC Beam Hole Inefficiency NEG
p11cut NEG
CsI Non-orthogonality NEG
TRD NEG
massof 5° NEG
Error on a÷ .013
Total SystematicError .054 .05

Table 9.2: SystematicError for gi/fi

9.6 Extraction of g/f

We follow the sameprocedureas in determininggi/fi, only we allow g2/fito vary

aswell. The backgroundcorrectionis determinedin a similar mannerasgi/fj, only

for simplicity we usethe correctionfound from MC with gi/fi = 1.25,g2/fi = 0.0.

We follow the sameprocedureusedto estimatethe error on gi/fi. The largest

contribution is due to the background .33 .

Our valuefor g2/f1is -1.7 stat + .5syst. We thus find no evidencefor a

non-zerosecond-classcurrent termin our datasample figure 9.10 .

9.7 Extraction of f2/fifrom Beta Spectrum

While theelectronspectrumdependson gi/fiand f2/f1to lowest order,theotherinte

gratedobservablesdo not. We canoperationallyseparatedeterminationof f2/fifrom

g1/fiand g2/fiby determininggi/fiand g2/f1from thedistribution of xj,], XL, and

and determiningf2/f1from thedistribution of EF].

To determinethe distribution of E1, there is no need to remove events with
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Description AN_[ A

Standard 0 0.000
Using ‘Old’ xt maps +11 0.00*
Removeppion < .1 TRD +9 +0.006
RequireZE - ZE > -3m from -6 in -5 +0.009
Requirez1 > 97m from 95m -27 -0.006

ChangingmE window from +12MeV to ±15MeV -16 -0.011
Requireshapex2 c 10 for extraclusters -23 +0.018
Narrow E/pe- cut window to +.05 from ±.10 -11 -0.030
Requiring E-M energydepositedto be 28 GeV from 18 GeV -14 0.000

Table9.3: Changesin DataSelectioncriteria. Thefit using the ‘Old’ xt mapsonly
obtainsgi/fiin incrementsof .02.

0. We are only using a one dimensionaldistribution, and we will determine

f2/fiusing a one dimensionalmaximum likelihood fit 9.11. Using the nominal

backgroundsubtraction,we measuref2/f1to be 2.0 + 1.2stat+ 0.5syst. Figure

9.14 shows the value for gi/fiwith different selectioncriteria in data and Monte

Carlo, we find thesechangesto be largerthanstatisticalvariations,but still within

the estimatedsystematicerror.
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Description Error

Background .33
BeamShape .13
MC Statistics .18
DC Alignment .22
crof 5 z slope .10
Energy Scale .07
Delta z NEG
DC Beam Hole Inefficiency NEG

cut NEG
CsI Non-orthogonality .20
TRD NEG
Error on &E+ .12
massof 5° NEG

Total SystematicError .52 .5

Table 9.4: SystematicError for g2/fi

Description Error

Background .30
BeamShape .02
MC Statistics .06
DC Alignment NEG
Energy Scale .08
DC Beam Hole Inefficiency .15
CsI Non-orthogonality NEG
RadiativeCorrections .08
StatisticalError in gi/fi .30
massof 5° .25

crof E z slope .06
Total SystematicError .53 .5

Table 9.5: SystematicError for f2/fi



Chapter 10

CONCLUSIONS

10.1 Results for m/fi

Our resultof gi/fi =1.32+ stat + .05systassumesthat:

* The f2/fiterm is equalto its CVC value 2.6

* Thereis NO secondclasscurrent term g2/f1 = 0

In this case,our result for gi/fiis quite clearly consistentwith exact SU3f

symmetry, and the SU31 breakingpredictionsput forth by Ratcliffe [23]. Our

result doesnot significantly favor the exact SU31solution over thoseof Ratcliffe

[23]. Table 10.1 rehashesthe theoreticalpredictions,this time with the changein

maximum likelihood included. The numberof ‘standarderrors’ this representsis

obtained by A/a = ./Z. Neglectingany systematicerror then, the predictions

of Flores-Mendietaet al. which allow for the renormalizationof fi aredisfavoredat

the 2.3 a to 2.8 a level. The SU3 braking fit in Flores-Mendietaet al. which does

not allow for the renormalizationof fi is only marginally disfavored at the 1 .8a

level.

Theory [ A gi gi/fi AE

Exact SU31and CVC 1.00 1.27 1.27 0.0
Flores-MendietaA [24] 1.00 1.03 + .02 1.03 ± .02 1.6
Flores-MendietaB [24] 1.12 + .05 1.02 ± .02 .91 + .04 3.9
Flores-MendietaC [24] 1.12 + .05 1.02 + .03 .91 + .05 3.9
Flores-MendietaD [24] 1.12 ± .05 1.07 + .03 .96 ± .05 2.7
Ratcliffe A [23] 1.00 1.17 ± .03 1.17 + .03 0.3
Ratcliffe B [23] 1.00 1.14 + .03 1.14 + .03 0.5

Table 10.1: Predictionsfor gi/fi

A non-zerog2/f1would changeour value for g1/fias shown in figure 9.10. A

value of f2/f1different from 2.6 would changeour valuefor g1/fias well.

We find that a unit changein f2/fichangesgi/f1by .05, that is

gi/fi = f2/fl - 2.6 x .05 + 1.32 10.1
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10.2 Results for g2/fl

Our valuefor g2/f1 -1.7 stat + .5syst is consistentwith zero. Since pre

dictions for g2/f1areof the order 0.1, we are not sensitiveto any realistic standard

model non-zerosecondclass current.

10.3 Results for 12/fl

Our resultof 2.0 + l.2stat ± 0.5systisconsistentwith the CVC value, and does

not distinguishbetweenthe predictionsin the rangeof the ‘ normalizationambiguity

‘, nor do we definitively establisha non-zerof2/fiterm for this decay.

10.4 Extraction of 11 and g Separately

In order to extract fi and g1 we need to have the total rate for the decay. As

mentionedpreviously, the total rateis equalto

r’2 TT 2fle hr

R - tF ‘U8 1"10 - IYIE+

60ir3

x [1 - f? + 3- 6g - 46g1g2+ 062] 10.2

To experimentallyget the rate, we measurethe branchingratio, the fraction of

thetime a 5° decaysvia the 5° .... c e modedivided by the total numberof 5°

decays.The rateis the branchingratio divided by the 5° lifetime.

In order to get a quantity that dependson the form factors, we needto know:

1 The BranchingRatio 2 The 5° lifetime 3 the difference betweenthe 5° mass

and the +mass

The branchingratio hasbeenpreviously measuredat KTeV [6] to be:

BRr° -* C v = 2.71± °22stat ± x iO 10.3

The fractionalerror on M0 - ME-i- is 0.5%, but since this quantity entersin
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at the 5th power, this translatesto a 2.5% error on the form factors. There is

also a 3 % error from the 5° lifetime uncertainty. The total relative error on the

published5° -* E e iY branchingratio is 14%. To fit for A and gi, we include an

additionalerror on the branchingratio of 0.11 x i0 to accountfor the error due

to the uncertaintyin the 5° massand lifetime.

The fitted valuesare

.1" = 0.99±.14

= 1.30+ .10 10.4

An analysisof the 5° E+ ‘e branchingratio using the summerdataset is

in progress[77].

10.5 Future Prospects

The KTeV experimentsuccessfullytook dataduring the 1999-2000Fermilab fixed

target run. We obtainedabout 4 x the summer1997 5° -÷ E C P statistics.With

theseadditional data,it should be possibleto measuregt/fito +0.1.

As far asextractingf and g1 separately,thestatisticalerror from the 1997 data

on the branchingratio is alreadyassmall asthe externalsystematicerror from the

5° massand lifetime, additionally, the currentpreliminary value for the branching

ratio of 5° -÷ E’ is systematicallylimited [77]. Further improvementto that

measurementcannothappenwithout a better measurementof either quantity. An

improved 5° mass measurementshould be possible with the existing data. An

improved5° lifetime measurementshould also be possiblewith the 1.4 Million !
5° -÷ Air° decayscollectedin trigger 11 during the KTeV99 run.
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Appendix A

DERIVATION OF ASYMMETRIES

The exact formulae for the decaydistributionsfor hyperonsemileptonicdecayhave

beencalculated,but the resulting expressionsarequite opaque,and, asa result, the

physicalcontentis hidden.

Using a methodintroducedby Primakoff for muon capture[81, 82], we keeponly

termsthrough secondorder in the recoil velocity of the initial baryon in the rest

frame of the final baryon.

Starting from the transitionmatrix in equation A.1, we introducetheeffective

Hamiltonianby

M = be I neff I Bv2e2v2Mo ED + MB A.1

with

eff = Gs1-a,’ê[Gv+GAarab

ë + Gc .0] 1 - .0. A.2

Here ê and 1’ areunit vectors alongthe electronand antineutrinodirections,while

e, ii, and ED are the energiesof the electron, antineutrino,and initial baryon all

quantitiesare in the rest frameof b. The spin operatorsc and o act respectively

on the lepton and baryon statesrepresentedby two-componentspinors.

The effectivecoupling coefficientsCv, CA, C,, andG are functionsof the form

factorsin equation A.2:

v+e
= fl+&f2-01, f1+zXf2,

LIVI B
v-e

CA = -g1+8g2+ ,
f1+Af2,

2 ivi s
e

= flAK
-f1+f2-gj+Lg2,
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= 2B’
+ Af2 - g’ + Ag2, A.3

where5 = MB - Mb/MB and A = MB + M61MB = 2-8. Sincethe form factors

f and g3 always appearwith a multiplier of the electron mass divided by MB,

they are neglectedthroughout. Note also that f2 and 92 always appearmultiplied

by a quantity of order 5, so their q2 dependenceis not relevant to our order 52

approximation.However, the q2 dependenceof f and g doesneedto be included

[2] in calculationsto maintaina completelyconsistentorder of approximation.

Electronandantineutrinospinsarenot usuallyobserved,andthis analysisfocuses

on measurementof thefinal baryonpolarization.We thereforesum over theelectron

and antineutrinospinsand averageover initial baryon spin:

bee eff I By 2= bel e&4ff I be A.4
Li spins,Bspins

and

E be I effff I be = Tr1 + Cb Pbfleff9itff. A.5
C 5iflS

By projectingout the spin of the final baryon and taking the trace,we obtain

1M12 = e[1+ae.a+AP0ê+BP0.o

+A’Pb. ee. 0 + B’P6 . & 0

+DP6* e x 0]

.262v2M0EB + MBC,

C = I Cv 2 +3 I CA 2 -2ReCC, + C,

+ IGI2+ ICI2,
Ca = Cv 12 - GAl2 -2ReCC+C

+ IGI2 + IGI2 +2ReCC1 + e .0,

CA = -2ReGICA + 2 IGA 12

+2ReC,C, -
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CE = -2ReCCA - 2 I CA 12

+2ReG,Cup+ G4G,

CA’ - 2ReG,tGv - G4,

CE’ = 2ReC"pGv+C,

CD = 2IrnG,,GA + 2ImCG1 + ê . 0

+2ImGG7, - G4. A.6

The polarizationof the final baryonmay be expressedexplicitly as

A + A’ê . îìê + B + E’ê* 00 + Dê x 0pt,= . A.7
1 + ae* ii

The componentsof this polarizationcan readily be measuredwhen the outgoing

baryonb is a hyperonwhich undergoesa subsequentweakdecayb -+ b’ir with a non

zero decayasymmetryparameterat,’. The distributionof the b’ direction relativeto

any axis defined by a unit vector is given by

ldF 1
jj j-t,- = -1 + Saz .1/, A.8

where S1 = Pt,
.

is the averagepolarizationof b in the direction. Conceptually,

it is advantageousto employ the orthonormalbasis

e+va =

_____

21 + ë .0

- e-z’

-

______

‘5’ = âxj A.9

Experimentally,it may bemoreadvantageousto determinethe polarizationcornpo

nents along one or moreof the outgoingparticledirectionse, 0, b.

To gauge the importanceof the recoil contributions, in Fig A.1 we compare

values of severalintegratedobservablescalculatedfrom our expressionswith the
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correspondingzero-recoilvaluesfor the decay5° .
C 17. For thesecalculations,

we assumedV,3 = 0.2205, f0 = 1.0, 12 = 2.6, and g2 = 0.0. Comparingvaluesof

integratedobservablesobtainedfrom ourexpressionswith exactvaluesfrom tablesin

Ref.[2], we find that thedecayratesagreeto betterthan 1 %, andthat polarizations

and asymmetriesagreeto betterthan 0.004. We have not includedelectromagnetic

corrections,which arediscussedin Ref.[2].

Finally, the analytic expressionsfor the integratedobservablesto order S in the

final staterest frame, assumingrealform factorsare

1? = Ro[1
- f? + 3- 5g

- 46glg2],

RS = R0[2 - 8g + 2 - 8figi - 8fi2

-5f1f2 + 5fgj - 8fig2 - 5gig2],

RS = R0[-2 + 5g + 2 - 5fjg1 + 5fi2

+ 5f2gi - 5f1g2 + 5g1g2],

RSa = Ro[ - 5figi + 8f2gi - 5fjg2],

RS = R0[
- g? - gf? - 5f1f2

A.i0

where

- G5MB5
60ir3

As can be seenin Ref. [78], the zero-recoil8 = 0 expressionfor SS is the

sameasthe that for the neutrinoelectron asymmetryfor a polarizedinitial baryon

[2]. Also, RS, dependsonly on V x A crossterms,and RS dependsonly on V x V

and A >< A terms, asrequiredby a theoremdue to Weinberg [85].
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The correct order 52 expressionsareobtainedby adding

R52 =

+71112+ +

RSo2 =
52g

+figi + f? +f1f2ff2l

+ + -

RS52 =
- f2gi

- --i92 - - -

2 2 316 752 752 128
RSS = RoS gfi9i - gf2yi + gfi92 -

RS082 = &8242212 + fif2 +

362 1576 8
+

245
9192 + g

to R, RSC,RS,RS and RS, respectivelyin equation A.10.

Finally, note that the total rate is the sameto order S in either thefinal or initial

baryonrest frame [2].

Operationally,it is moreconvenientto calculatethe Dalitz plot variablesfor the
E decayin the 50 frame. We use the result of reference[83]. For an unpolarized

the differential decayratefor C 17 in theE frameis:

dF - M+E e2y3
dedQCd2U

= C1+aev
2M em--e A.11

Where

C = ICvI2+3IGAI2+lG,I2+IGI2
-2ReGG, + G,

Ca = IGvI2 - GAl2 + ICI2 + ICI2
-2ReGC, + C + 2ReGC,1 + ê 0,
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A.12

and

v+e
= f1_Sf2+2Mf1+Af2

v-c
CA = -91 + 92 +

2ME
+ Af2,

e
= 2Mf1+Af2+91+A92

II

C
= 2MEU1V2+91+A92

A.13

Then , the polarizationof the E’is calculatedaccordingto equation A.7.



:* *

1. i.e

*S

He.
C.

- . C
- * *

H *.

- . C* *
-

*
- C

A
I I I I

-2 2

*
C

*
- C
* *
- .

*

**
V..:.. *

.
- *.** *

* **
* ** i.e
-

*****
* .

H

B

I I I
-2 -1 0 1 2

g10 /f10

*.**
*.**

**
** *
** *e

***
.

* .
***

D
I I I I

-2 -1 0 1 2
g10 / f10

-2
‘0

Cl

1.8
0.75

1.6

1.4 0.5

1.2 0.25

1 0
0.8 -0.25
0.6

-0.5
0.4

0.2
-0.75

0

g0 / f10

Cl
*.e

0.75
S

** 0.5

H 0.25

* 0

* -0.25

* 0.5
*

H C -0.75
I I I I I I I I I -1

-2 -1 0 1 2
90 / f10

FigureA.1: Integratedobservablequantitiesfor the decayE -* E+ e l7 asa func
tion of gi/fi : A The total decayrate pr1; B The polarization of the Ein
the C direction S = Pt, . ê; C The polarization of the >in the a direction
Sa = Pt, a; D Thepolarizationof the in the /3 direction S0 = PbS /3. The
stars * are zero recoil values,and circles * are valuesobtainedby numerical

a i
Ci

0.75

0.5

0.25

0

-0.25

-0.5

-0.75

-1

152

-1 0 1

integrationof our formulae.



Appendix B

THE STIFF TRACK TRIGGER

As statedin section 3.1.2, the purposeof the STT is to select high momentum

tracks traveling down the beam hole. Here we describein detail the design and

implementationof the STT, and the algorithm usedin both thesummerand winter

datasets.

B.1 Hardware

The LeCroy 2366 module is a CAMAC module with 59 front panel input/output

I/O pin pairs , and containsa programmableXILINX chip.

The chip is programmedusing the XILINX softwarepackageXACT, alongwith

WORKVTEW, a schematicdrawing program. The circuit schematicis createdusing

WORKVIEW the schematicdrawings can be found in Ref. [86] , and XACT

translatesthe drawing into a binary file which is loadedto the XILINX chip via the

CAMAC backplaneinterface. Of the 59 front panelpin pairs, 52 are data inputs,

there are also START and CLEAR inputs as well as BUSY, DONE, and DATA outputs.

There is one unusedoutputpin.

Before the 2366 module can be used, the input/outputpins must be correctly

configured. Front panelpins Al through A4 are to be configuredasoutputpins.

The front panel pins can be selectedas input or output in groupsof 4 for pins

Al - A8,B1-B16,C1-C16,and D1-D16. PinsB17,C17,and D17 caneachbe selected

asinput or output.

B.2 STT Algorithm Summer

When the module is in its quiescentstate,START, CLEAR, and BTRDVETO inputs are

FALSE, the BUSY and DONE outputsare FALSE as well, the DATA output may or

may not be FALSE. When the level 1 trigger is activated,the START signal is sent

to the STT. When the STT getsthe START signal, the BUSY outputbecomesTRUE
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Front PanelPin Outputs Name Description

Al BUSY TRUE while STT is processing
A2 DATA TRUE if dsl is within bounds
A3 NOT DONE FALSE CDEL ticks after START
A4 RANDOM STT RandomAccept
Front PanelPin Inputs J_Name Description

AS START
A6 CLR clear, resetsmodule
A7 Unused veto from beamTRD
A8 CO-Ol most negativex wire from DC 1
Bl-BlO C0-03 - C0-21 other wires from DC 1
Bll-Bl7 Ci-Ol - C1-13
Cl-C4 C1-15 - C1-21
C5-C17 C2-01 - C2-25
D1-D2 C2-27 - C2-29
D3-Dl7 C3-01 - C3-29

Table B.l: Descriptionof STT front panelinputs and outputs. CO refers to signals
mappedfrom drift chamber1, etc.

and the 7 bit counterbeginscounting off 20 MHz SOns ticks. NOTE: ALL front

panel inputs and outputs are invertedat thefront panelof the 2366, hencethe extra

inverters. The NOT DONE outputsfor the 2 STT modulesareORed together.The

DATA signalsfrom the two modulesare ORedtogetherexternally,as are the BUSY

and RANDOM outputs. This simplified algorithmjust looks for a hit in eachchamber.

B.2.1 CAMAC Read/WriteBits

Thereare 23 bits of STT setupdatawhich are written to the 2366 module through

the CAMAC backplane. The quantity ADELAY is the numberof 50ns ticks to

wait before passingthe signals from chambers1 and 2, BDELAY is the number

of ticks to wait before passingthe signalsfrom chambers3 and 4 and CDELAY is

the numberof ticks to wait before the calculationis assumedto finish and the DONE

signal becomesTRUE. PRESCis theSTT prescale,every PRESCthSTART produced

a TRUE valuefor RANDOM.
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Bits Quantity Value Uãfl

CAMW1 - CAM.W5 ADELAY 28
CAM..W6 - CAM.W10 BDELAY 20
CAMW11 - CAMW15 CDELAY 31
CAMW16 - CAMW23 PRESC 20

Table B.2: CAMAC Read/Writebits for STT Summer

B.3 Integration With the KTeV Trigger System

Eachgroupof 16 wires asshown in figure 3.1 is groupedtogetheron a 17 pin-pair

ECL outputconnectorat thefront of theKQ/BAN moduleseachKQ/BAN module

processes32 chamberwires, so thereare 2 suchconnectorson eachKQ/BAN module

. The wires we wish to instrument for the STT figure 3.2 do not map on this

grouping, and the STT front paneluses all 17 pin pairs the 17th pair is ground

for the KQ/BAN connectors. We re-mapthe signal using a wire recombination

box, consistingof 17 pin pair ECL connectorson the front and back,with single pair

cablesconnectedthe two. The re-mappedsignals 3 groupsof 17 wires for each,

with two singlepair outputsfor the last wire are routedto the front panelof the

STT.

The remaininginputs come from the KTeV trigger system. The START signal

becomestrue wheneveran eventpassesone of theKTeV level 1 triggers. TheCLEAR

input is sent to the STT after all the requiredlevel 2 processorshave finished, it

resetsthe STT to its quiescentstate.

Thefour outputs from the STT aresent to the KTeV triggersystem. The BUSY

signal becomestrue after the STT receivesthe start signal, and stayson until the

CLEAR signal is received.When the level 2 trigger is processinganevent, theKTeV

trigger is inhibited. This is decided by the OR of BUSY signals from all the level

2 processorsusedfor the triggers which passedlevel 1 for that event. The level 2

processordoes not decide to passan event until all the DONE signalsare received

from all the level 2 processorsused for the triggers which passedlevel 1 for that

event. The DATA and RANDOM signalsare usedby thelevel 2 trigger aspart of the

decisioncriteria.
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B.4 STT Algorithm Winter

The original STT algorithm was somewhatmore complicated. The basic idea of

the algorithm is to convert the drift chamberhit pattern in eachof the 4 mapping

areasto an x position xl,x2,x3,x4 for the 2 beams.Then the two 2366 modules

calculate

dsl = x4 - x3 - x2 - xl B.1

for their respectivebeams. Since the difference in z along the beam between

chambers3 and 4 is the sameas the difference in z betweenchambers1 and 2, this

quantity dsl is proportionalto the changein slope, which is in turn proportionalto

the bendinganglefor small angles. A valid hit pattern is if only one cell is active,

or if only two adjacentcells are active. Theinputs for chamber1 are labeledCO-Ol

through C0-21, using odd numbers.If only one wire is active, say C0-09, then that

numberis the positionxl. If two adjacentwires areactive, thenthex position is the

averageof the two wire numbers,for example,if wires CO-09 and CO-il are active

thenxl is 10.

In figure B.1 we havean exampleof STT operation. On the right side R the

particletravelsbetweenthe 3rd and 4th wires. The x value is calculatedto be 6. In

mostcases,thereis a hit in two adjacentwires, ratherthana single isolatedwire, so

the x position is evenmost of the time. The x position is 10,16 and 16 at chambers

2, 3 and 4, respectively.The changein slope is 16 - 16 - 10 - 6 = -4. This is

within the boundsof -7 and 8, this eventpassesthe STT assumingthereare no

other hits presentanywherein the instrumentedregions in the right beamhole .

On the left side L the particle doesnot passthrough the instrumentedregion in

the upstreamchambers,so the STT will automaticallynot passthat event.

Thus the x position of the particle at the drift chamber is representedas a

numberbetween1 and 21 inclusive. Similarly, the x positionat chambers2 and 3 is

representedby a numberfrom 1 to 29 inclusive. If more than two cells on any one

chamberareactive, or two non-adjacentcells are active, the event is vetoed. Also,
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SU-LEET = FALSE.

Dcl DC2 D03

2= . 3=4 414

R

1 = 6 2 10 3 = 16 4 = 16

dsl = x4 - x3 - x2 - xl = -4 SU-RICHT = TRUE.

Figure B.1: STT Winter Algorithm
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if the output is 0 after a fixed amountof time, theeventis vetoed.The quantitydsl

is calculatedasdescribedabove SeeFigure 1.

If that number is within limits set by the user, and sent to the module via

CAMAC, the output DATA is true. The DONE signal becomestrue when a fixed

amount of time haselapsed,that fixed time is specifiedby the user.

Chambers1 and 2 were instrumentedwith bananaboardsin the x view, and

chambers3 and 4 were instrumentedwith kumquatboardsin the x view. About

300ns after START becomestrue, the drift chambersignals for chambers2 and 3

reachthe STT, and the signalsfor chambers0 and 1 reachthe STT about 700ns

after START becomestrue. The algorithmtakesan additional250ns to complete.

B.4.1 CAMAC Read/WriteBits for Winter STT

Thereare 23 write bits which arewritten to the STT module through the CAMAC

backplane. The quantity ADELAY is the number of 50 ns ticks to wait before

passingthe signalsfrom chambers1 and 2, BDELAY is the numberof ticks to wait

before passingthe signals from chambers3 and 4 and CDELAY is the numberof

ticks to wait beforethe calculationis assumedto finish and theDONE signalbecomes

TRUE. The quantitiesLI and UI are the lower and upper boundsinclusive for

dsl defined above.

Bits Quantity Value Used

CAM.W1 - CAMW5 ADELAY 28
CAM..W6 - CAMW1O BDELAY 20
CAM.W11 - CAM.W15 CDELAY 31
CAM.W16 - CAMW19 UI 8
CAM.W20 - CAMW23 LI -7

Table B.3: CAMAC Read/Writebits for STT Winter

For each quantity, the MSB is the highestnumberedwrite bit. UI and LI are

integersfrom -7 to +8, negativeintegersbeingrepresentedas2’s complement.When

the direction of the magneticfield is reversedthe quantitiesUI and LI must be set

to theappropriatenew values. Also, by executinga CAMAC read F=0, A=1 on the
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STT module, one can see if the bit file is loadedor not. If the .BIT file is loaded

into the memory, the CAMAC read will give DATA = 65530. This was be usedas

a quick check to seeif the BIT file is loadedduring the experiment.
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