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ABSTRACT

A transmissionexperimentto measurethe longitudinalasymmetry
for polarized

$’
rotonson hydrogen. The presentresultis

(-1.7*0.8)x10-).

T. INTRODUCTION

Parityviolating(PV]effectsin the nucleon-nucleoninter-
actionare at presentthe onlypracticalway to study the strange-
ness-conservj.ngn.cnleptonicpart of the weak interaction. Although
the expectedeffectsin pp s~..atteringare small (*10-7)it is impor-
tant to studythis simplenucleon-nucleonsystem. This is n status
reportof our 15 MeV experiment.

II. PLAN OF THE EXPERIMENT

The idea is to measurethe scatteredbeam currentintegrated
over a solidangleof nearly4n, and divideit electronicallyby the
transmittedbeam. The quotientdependson the integratedcrclsssec-
tion,and a changewith beam hclicityWOUICIindicatea PV piece in
the scattm-ingamplitude. The PV effectis estimatedaL !0-7 to
10-6,which requiresfive ordersof magnitudeincreasein sensiti’;lty
over experimentsof twentyyearsa 0.

i

At present,wc have attaineci
a sensitivityof sevenparts in 10 .

To attainthis levelwc use: integralcounting,a synchronous
detectiondetectordesignto minimizesystematicerrors,clesignof
the sourceand use of servocontrolto minimizespin-correlatedmodu-
lationsof me beam, opticalisolation,and a programof rneasurin,q
and correctingfor residualsystematicerrors.

Figure1 shows layoutof the experiment. The beam spjn direc-
t~on from the source is rapidly reversed at a 1 kHz frequencycon-
trolledby a referenceoscillator. The scatteringoccurs when the
beam paSSCS along the axis of a cyli,ldcr containing hydrogengas at

about 100 psi (Fig.2). The outerpart of the vesselcontainsfo~]i
slabsof scintillatingplastic,symmetricallyarrangedabove,below,
to the right.,and to the left of the beam. Each slab iS vi.tw’ed by

threephotomultipliers.The sum of the twelve scatteringdetectors
is cP.llwl the S signal. About99% of the beam is transmittedthrough
the scatteringcham~>erto a set of five gold elcctroclcs, arrnnged as
center,up, down,and left and right with respectto the beam direc-
tion. The sum of these five currents is called l?. (S/B is t?oi-m~d
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Fig. 1. Scheme for the parityviolationexperiment,
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with an analogdivider,and the synchronouscomponent(S/B)(lk!lz)
storedin an on-linecomputeras the nominalPV signal.

}lostof the effortwith the experimentis aimed at improvingour
understandingof the principalsourcesof systematicerrors,reducing
theirmagnitudes, measuringthe residualamounts,and correctingthe
data for them to the extentrequired. This requiresa very careful
studyof polarizedsourceand the reversaltechnique

T. POLARIZATIONANI)POLARIZATIONREVERSAL

The be ~)olarizationis producedin the so-calledspin filter
regionof the source,describedby McKibben.1Leavingthis regionthe
beam is longitudinallypolarizedwith a sense (helicity)specifiedby
the sign of Bs, an axial field in the spin filter. Next, the heli-
city of the beam is reversedat 1 kHz by a precessionfield BT locat-
ed betweenthe Lamb-shiftpolarizar2of the sourceand the argon
chargeionizer. BT is set to producea precessionangle of 1800.
The usual time patternof RT, calledalternatingreversal,has BT
successively+, 0, -, 0, and so on; resultingin the helicitypattern
+, -, +, -.*

After leavingthe sourcea DC magnetand crossedelectricfield,
below referredto as “processor”,is used optionallyto inserta
phase shiftof 1800betweenthe beam hclicityand the referenceos-
cillator. ‘l’hisis normallydone every few hours duringclata-ta?<ing,
as is the helicityphase governedby the spin filterfield.

lV. SYSTEMATICERRORS

Most of the unwantedmodulationof the beam creatingsourcesof
systematicerrorsoriginatein processesoccurringin the reversal
region;they include:

a. quenchingof the 2s statecf H, givingcurrentmodulation,
b. ionizationof a smallpart of the beam in the reversalIe-

gion, givingpositionmodulationand transversepolarization
modulation,

c, spatialmisalignment:of magneticfields,giving transverse
pf)larizat.ion.

d. impropervaluc:sof magneticfieldgradients,givingresidual
transversepolztizationmodulation,and also givingrise to
a spatialdistributionof transversepolarizationhavinga
non-zerosecondmoment at the detector.

e. correlationbetweenpolarizationand phase spaceof proton
~lea~n.

Each of these effectshas been extensivelystudiedand broughtunder
controlto a substantialdegree. Table I illustratesthe situation:

Anothersourceof systematicerrorsis ground loops,i.c,,elec-
tricalpaths which transmita spurioussignalat the refercnccor
spin modulationfrequency, These have been red[lcc:dby using optical
isolatols. The progrimfor reducingthe effectsof these and other
errorsis as follows: first,Imlerstandt?~ephysical~nwcesscsgoing
on in the sourcewhich give!rise to the unwantedbeam modulation;
second,modify the sourceto reduce thatmodulationcomponent;third,



adjust
fifth,

the detecto~symmetryto rejectthat component;fourthand
measurethe a,nountof residualmodulation,and storethe result

TABLE 1. TYPICALSYSTEMATICERRORS

Sensitivity Amplitude Correctionto AL

CurrentModulation 4X1O-4 6X10-7 2.4x10-10

PositionModulation 3.7xlo-4mm 9xIo-5mm 3.3X1O-8
(onecoordinate)

TransversePolarization 2.7x10-S 1X1O-3 2.7x10-8
(onecoordinate)

in the computeralongwith the PV signalat the standard1 sec inter-
val. From time to time measurethe residualsensitivityof the

sourceto thatmodulationcomponent. Finally,make a numericalcor-
rectionfor that effect (off-line).

As an example,considerthe errorreductionprogramas it has
been appliedto one beam variable,namely,currentmodulationat the
refereacefrequencyfo. ‘l’heprincipalcausesof this are: 1) unde-
siredquenchingof the 2s state, and 2) deflection,of a prematurely
ionizedcomponent,followedby interceptionof a portionof the beam
at some aperture. The quenchingis reducedby supplyinga contpensat-
ing electricfieldat right anglesto the alternatingmagneticfield
whichprecessesthe spin. The magnitudeof the E field is set so that
for the atomsmovingat the mean velocityof the beam, the sum of the
Lorentzfieldsis zero. The reversalschemeis such that the funda-
mentalcompcnentof currentmodulat+.onis at fo~-2~not fo. The f.
componentis much reduced.

The unwantedionizationis reducedby cryopumpingthe critical
regionsof the source,and with appropriatesweepingfields. The
Lorenzbalancingof the fieldsalso means that fo~ the ions, synchro-
nous forcesare suppressed.

In the detectorelectronicssystem,the ratioof scatteredto
transmittedbeam in firstorder is independentof currentmodulation.
The remainingcurrentmodulationon the transmitted(B) signalis used
as the error signalon a feedbackservoto the source,where the am-
plifiedsignalis appliedto an a~xiliaryquenchelectrode, Finally,
the residualcurrentrnoclulationon the B signalis monitoredby the
computer. The cletcctorsensitivityto currentmodulationis measured
from time,and an attemptis made to correctthis residual,see (Table
I)e Similartechniquesare used to suppressthe other unwantedtypes
of modulationson the beam.

At present,thereare seven servocontrolchannelsappliedto
keepingthe beam centeredand unmodulated. Namely,when the servo
feedbackloopsarc closecl,the tandembeam is very stableand quiet.



v. DATA ACQUISITION

The experimentis operatedunder controlof a smallcomputer.
At one-secGndintervalsthe data from the experimentare reccrded.
They includethe following1 kHz components,suitablydigitized:

Y= (S-B)/B,X = (BL-BR)/Bcenter,y = (IIU-BD),px = (Su-SD)/Su+SD),

‘Y
= (SL-SR)/(SL+SR);i = BL+BR+Bu+BD+Bcenter.

The data are recordedfor 400 intervals,then the computerprintsout
the averagevalues and standarddeviationsfor Y,x,y,px,p and other
quantitiesof interest. Tl~ecomputerthen selectsa new ~ombination
of si~!~tsfor the fieldsin the spin filterand Argon regionsand
startsanother400 point set. After sixteen400 sec runs, the data
takingis interruptedand the sensitivitiesmeasured. If any have be-
come large,the datectoris readjusted. Pcriodi[lllyduringthe run
made in June ’78 the signsof the precessorphase and of the spin fil-
ter fieldwere reversed.

Table II gives the s;ateof our knowledgeat the end of 1977of
longitudinalasymmetryAL for 1S McV protonson ~H and 2H. Longitu-
dinal asymmetryis definedas [u(+)- a(-)] + [u(+)+ u(-)],where +
and - denotethe two helicitystatesof the beam. It is seen thatA:,
was consistentwith zeroat the 10-7 level in H and D.

TABLE 11. LONGITUDINALASYMMETRYDATA (1977)

‘2

ALX107uncorrected -1,2 f .85 +0.8 f 1.4

Sum of systematiccorrections -0.81 0.75

ALX107corrected -0.3St 0.85 +0.0s f 1.4

—

In January ’78 we took data for about two weeks. Four setsof
date were taken,correspondingto four differentsets of “precesscr”
and spin filtercombinations.They are listedin Table III as A, B,
C, D. A minus one in”theprecessorcolumnof Table III indicates
that a phase shiftof n in the phase of the beam helicicyhas been‘.Insertedby the precessor. The helicitycolumnentry is the product
of the Frccessorand spin filterfelicities;i.e., it is the beam
helicityphase. Roughlyequaltime was spent takingdata in each of
the four configurations.



TABLE 111. JAIIUARY1978 DATA

Spin
Label Prec. Filter Helicity Scc. Data x 107

A -1 +1 +1 68800 -5.40 f 1.32

B -1 +1 -1 68545 -1.36f 1..35

c +1 -1 -1 60000 -0.s5 * 1.24

D +1 +1 +1 S8400 -2.26~ 1.25
—.

We can form four linearcombinationsof A, B, C, and D, given in
Table IV. The varioustypesof systematicerror contributedifferent-
ly in these linearcombinations.The currentmodulationcontribution
i, horizontaldisplacementx, verticaldisplacementy, and ground
loop g are unaffectedby the spin filterand precessorphases. Trans-
~ersepolarizationpx contributioncorrelateswith helicity,as does
the true parityviolationeffectPV. No knownpiece correlateswith
Ifsin filter~~,or with “prece~sor”o
P This is becauseof specialcoils

to compensate“spin filter”r ~‘ersalon px and py, and becauseof
specialretuning after “precessor“ reversalto compensatePx and Py.
We comparetheseresultswith measuredbeam variablesand measured
sensitivitiesfrom data set “Y” (about4% of the data),and show the
estimatedcontributionas the last column.

TABLE IV. CCHBINEDDATA

—.

Combination- Contributions Data Estimate

l/4(A+B+C+D)* g+i+x+y -2.4 &*64 -2,8 -++73

l/4(-A-B+c+D)* o +.99 ft64 o

l/4(-A+B-c+D]- 0 +.58 +664 o

l/4(A--B-c+LJJ* pv + px -1.44f .64 PV - .025

The contributionsto the (A+B+C+D)/4estimateare g = -3.0 t .7,
i= -O*4 * ,1, ~ = 0.6 * 0.1 and y= 0.04 f .05,for a net value of
..2.8f 0.730 The px contributionto the helicity(bottomro~~
Table IV) is -0,025,leadingto a PV effectof (-1,4t 0.6) x 10-7.
Dividingby the beam polarization,85%, the longitudinalasymmetryis
AL = (-1.7* 75) x 10-7.

This resultis not in disagreementwith the estimatesof Brown
et al.2andof Henleyet al.3 Furtherimprovementof the sensitivity
by a factorof perhapstwo seemspractical.
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