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Trappedradioactiveatomsareanappealingsourcefor pre-
cise measurementsof the β � ν correlationcoefficient, aβν,
sincethemomentumof theneutrinocanbeinferredfrom the
detectionof the low-energy recoil daughternucleus.21Na is
producedon-lineat the88-InchCyclotronand800,000atoms
havebeenmaintainedin amagneto-opticaltrap.A staticelec-
tric field draws daughter21Ne ions to a microchannelplate
(MCP) detectorand β

�
s are detectedin coincidencewith a

plasticscintillator (∆E-E) β detectortelescope.The time-of-
flight distributionof recoil-ionsdeterminesaβν.

Thecharge-statedistribution following β
�

decaywasmea-
suredandcomparedto a simplemodelbasedon the sudden
approximation.The resultsareshown in Figure1. The cal-
culationalsosuggestsa smallcontribution to ionizationfrom
nuclearrecoil,which would causea shift in themeasurement
of aβν. No dependenceon eithertheβ

�
or therecoil nucleus

energy wasobservedin thedata.
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FIG. 1: Comparisonof 21Ne charge-statedistribution with calcula-
tion. Pointsareconnectedfor clarity.

We haveinvestigatedsystematiceffectsat the J 0.005level
for the β � ν correlationanalysis.We now acceptβ

�
events

thatdepositmorethan50keV in thedetectorand97.3%of the
spectrumis detected.A correctionfor coincidencesinduced
by annihilationγ-raysis made.

TheMCPdetectorwascalibratedoff-line usinganelectron
cyclotron resonanceion source(IRIS ECR)[1]. Using a mo-
noenergeticbeamof 20Ne

�
, we found that theaveragepulse

heightdecreasesasthe ions strike the MCP further from the
center. By empirically modelingthe MCP output,we deter-
mine94–97%of thepulseheightdistribution for 10keV ions
is above the25mV electronicthreshold.Thepositiondepen-

denceleadsto acorrectionof � 0 K 0038L 0 K 0016 to aβν.

We performedan optical rotation measurementto deter-
mineif thetrappedsodiumnuclei,with a nuclearspinof 3/2,
develop a net polarizatonor tensoralignment. Sinceoptical
rotationsignalsrequired M 2 N 106 atoms,we trappedstable
23Na using the identical trap configuration. A 40µW probe
beamwaspassedthroughthetrap45O to thedetectoraxisand
was detectedusingphotodiodes.Its polarizationwas oscil-
latedfrom σ

�
to linear to σ P to linearat ω Q 50 kHz using

a photo-elasticmodulator. Theabsorptivity wasdemodulated
at 1ω and2ω usinga lock-in amplifierandthe optical depth
determinedby the DC absorptionof the probebeam. The
probebeamfrequency wassweptthroughthe atomic transi-
tions. Comparingthe resultinglineshapesto calculatedline-
shapesfor varioushyperfinesublevelpopulationdistributions,
we determinedthe net nuclearpolarizationandtensoralign-
mentmust both be J 0.2%. This result was independentof
electric/magneticfield settings,traplaserbeamalignmentand
power, trappopulation,andregionof thetrapprobed.

TABLE I: Correctionsandsystematicuncertaintiesfor aβν.

Source Correction Uncertainty

RecoilOrderCorrections R 0.0010

Order-α Radiative Corrections S 0.0041

RecoilIonization R 0.0033 0.0017

PolarizationandAlignment 0.0006

β Detection 0.0024

Ion Detection R 0.0038 0.0016

ElectricField andSimulation 0.0027

Annihilation γ-rays S 0.0085 0.0018

β T Scattering S 0.0039 0.0016

Total S 0.0083 0.0049

We find aβν Q 0 K 5243L 0 K 0092from the recoil-ion spec-
trum,whichis in 3.6σ disagreementwith theStandardModel
predictionof aβν Q 0 K 558 L 0 K 003. TableI is a summaryof
systematicuncertainties.

[1] D. Wutteetal. Proceedingsof the1999ParticleAcceleratorCon-
ference(Cat.No.99CH36366).IEEE 3, 1952(1999).


