LA-UR. DF-OFF70/

Approved for public release;
distribution is unlimited.

Measurement of neutron beta decay asymmetry using
ultracold neutrons

Title:

Author(s): Steven Clayton

Intended for: 2009 APS April meeting

/N

=
Los Alamos

NATIONAL LABORATORY
EST.1943

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the Los Alamos National Security, LLC
for the National Nuclear Security Administration of the U.S. Deparnment of Energy under contract DE-AC52-06NA25396. By acceptance
of this article, the publisher recognizes that the U.S. Government retains a nonexclusive, royalty-free license to publish or reproduce the
published form of this contribution, or to allow others to do so, for U.S. Government purposes. Los Alamos National Laboratory requests
that the publisher identify this article as work performed under the auspices of the U.S. Department of Energy. Los Alamos National
Laboratory strongly supports academic freedom and a researcher's right to publish: as an institution, however, the Laboratory does not
endorse the viewpoint of a publication or guarantee its technical correctness.

Form 836 (7/06)



Ab=tract Submitted
for the APRO9 Mecting of
The American Physical Society

Sorting Catesory: G6. (E)

Measurement of neutron beta decay asymmetry using
ultracold neutrons STEVEN CLAYTON, Los Alamos National Lab-
oratory, UCNA COLLABORATION — An expcriment to mecasure the
neutron beta-decay angular correlation between the cmitted beta parti-
cle and the neutron spin (the beta asymmetry) using ultracold nentrons
(UCN) will be described. The experimental mecthod involves loading
highly polarized UCN into a material decay trap within a solenoidal
beta spectrometer. The neutron polarization is systematically flippe
to cancel the effeet of differing efficiencies between the two ends of the
spectrometer. First physics results, which represeit a demonstration ol
the experimental method, were recently published in PRL based on data
taken in 2007, T Fall 2008 a niuch higher statistics data set was collected
and scveral systematics studies were performed. These are expected to
give a measurement of the nentron beta asymmetry that approaches the
best. measurements using cold neutrons.
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Measurement of neutron beta decay
asymmetry using ultracold neutrons

Steven Clayton, LANL, for the UCNA Collaboration



Constraints to Standard Model
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Status of A: Big Picture
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Principle of the A-coefficient Measurement
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Potential sources of systematics
Neutron polarization determination

Background
Detector related effects (eg backscattering)
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UCNA Experiment

* First B correlation measurement using UCN
— >99% polarization using a 7 T magnetic field
— Background suppression by the use of a pulsed |UCN source

* Ultimate goal: 0.2% measurement of A (0A/A = 0.2%)

: ; MWPC
Superconducting solenoidal Roughened surface
magnet (1.0 T) Plastic scintillator

N ! /
X X DX DD X

4 W N KNS o N ) S N L W LY K A

Detector housing / / | Polarizer (7 T)/ \ , PM,T
Decay e Light guide
Vacuum ’ Spin flipper \
volume

Diamond-coated . Neutron

Slide courtesy T.Ito _quartztube " "To UCN source absorber




Advantages of using ultracold neutrons

 Polarization

— Nearly 100% polarization possible due to interaction of UCN spin with
several-tesla B-field.

e Backgrounds

— UCN can be transported within curved, material guides away from
source.



Polarizer and spin flipper magnet
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UCN source at LANL

A. Saunders et al. / Physics Letters B 593 (2004) 55-60
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Experiment Layout

UCN Guides

Superconducting Spectrometer

Electron Detectors



Data collection

* Sequence: background, beta, depol.
* Super-ratio



Systematic corrections/uncertainties

Fractional systematic correction to AQ, 2007 data:
— Polarization: +0.013

— UCN-Induced Backgrounds: + 0.002

— Electron Detector Effects

* Response/Linearity: +0.015
* Gain Drifts: +0.002

— Electron Trajectories
* Angle Effects: -0.016 £ 0.005
* Backscattering: 0.011 + 0.004
— Total 6A,/A, = 0.005 + 0.018
— Statistical uncertainty: 0.040
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e ~50 hours data taking (atter commissioning)
e Total number of § decay: 0.8 M
e Signal/Background (200, 600) keV ~ 20
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Major Improvements in 2008

* Higher beam current x2
* Better UCN transport x1.25

* More calibration sources: 13Sn (368), 2°/Bi(481,975),
114]n(186), 199Cd (63, 83, 87), 139Ce(132)

* Better statistics x(12-30) more Ps

* Much better statistics and systematic studies on UCN
polarization

* Three different geometries to allow calibration of the
Monte Carlo
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Projection of Final UCNA Uncertainty
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