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Neutron Beta Decay
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Solar Neutrino Production

Precise and accurate measurements of fundamental coupling
constants are desired for quantitative analysis of sub-atomic
phenomena.
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Many astrophysical processes depend on weak-coupling
constants.
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Big Bang Nucleosynthesis



The Nab Experiment and Neutron Beta Decay Correlation
Parameters

Electron-Neutrino Correlation Parameter = a
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Triple Differential Decay Rate from QFT:
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Measuring a gives us A.
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Where A is the ratio of the axial vector to vector coupling constants




Measurements of Electron-Neutrino Correlation
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Parameter, a

Previous measurements of a:

—0.1090£0.0041 Darius et al, 2017 (aCORN)
—0.1054+0.0055 Byrne et al, 2002

The Nab experiment is reaching for relative uncertainties
inaandb, A a/a<10>and A b<3-10°,respectively.
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Testing Unitarity in the Cabibbo-Kobayashi-Maskawa Matrix

Neutron decay rate: I = 1/7, o< | V.0|?|gv|?GZ(1 + 3|\|?)
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Unitary CKM matrix describes the mixing of quark

generations:
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Applying 4-Momentum Conservation: O,
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The cosine term can be solved in terms of proton momenta and electron energy.
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We arrive at a linear relation in which the only unknown is a, the electron-
neutrino correlation parameter.
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Measuring for different fixed values of E,we construct a distribution in p,
which is used to back out a.
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Nab Spectrometer

Static electric and magnetic fields are azimuthally
symmetric about the z-axis.

Neutrons decay in a region of large B(4T).
Proton and electron spiral around magnetic field
lines as they travel toward the detector.

An electric field at the end of the proton TOF region
accelerates the proton to 30 keV(from~1keV)
into a silicon detector.

Proton momentum must me rapidly Iongltudlnallzed
order to ensure the time of flight obeys t,«<1/p,.
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Decay parameters a and b are uniquely determined by proton
momenta and electron energy. In the Nab experiment, the proton momenta are measured
by their time-of-flight and the electron energies are measured directly from pulse height

spectra.

i - 2
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Free Proton Time of Flight:
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where L is the path length



Adiabatic Magnetic Field Expansion

Cold Neutroi
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Large Area Segmented Silicon Detector
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Two detectors will measure proton and Board "C"

electron events,respectively.
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Estimated detection rate: ~200protons/second



Manitoba II Proton Source
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Detector Testing for Nab and The Manitoba 2 Proton Source

- Nab will use large area segmented silicon detectors that will be characterized to proton
detection using the Manitoba II Proton Source.

- Test requirements: Test each pixel independently, search for pixel cross talk and perform
relative efficiency measurement to secondary large area segmented multi-channel plate(MCP)

detector.
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Summary

Measure a and b; A a/a<10~> and Ab<3-10"
Unitary test in the CKM matrix
Comparison of measured A to lattice calculations

Search for scalar-tensor interactions through b
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