Observation of the Radiative Decay Mode of the Free Neutron

Jeffrey S. Nico, Maynard S. Dewey, Thomas R. Gentile, H. Pieter Mumm, and Alan K. Thompson
Physics Laboratory, National Institute of Standards and Technology, Gaithersburg, MD 20899

Brian M. Fisher, Isaac Kremsky, and Fred E. Wietfeldt
Department of Physics, Tulane University, New Orleans, LA 70118

Timothy E. Chupp and Robert L. Cooper
FOCUS and Physics Department, University of Michigan, Ann Arbor, MI 48109

Elizabeth J. Beise and Kristin G. Kiriluk
Department of Physics, University of Maryland, College Park, MD 20742

James Byrne
Physics and Astronomy, University of Sussex, Brighton BN1 9QH, U.K.

Kevin J. Coakley

Information Technology Laboratory, National Institute of Standards and Technology, Boulder, CO 80305

The theory of quantum electrodynamics (QED) predicts that betadecay of the neutron into a proton,
electron and antineutrinoshould be accompanied by a continuous spectrum of soft photons.While this
inner bremsstrahlung branch has been previously measured in nuclear beta and electron capture decay,
it had never beenobserved in free neutron decay. The photon energy spectrum and branching ratio for
neutron radiative decay have beencalculated using two approaches: a standard QED frameworkand heavy
baryon chiral perturbation theory. The radiative decay modeof free neutrons was recently observed by
measuring photons in coincidence with both the emitted electron and proton. The branching ratio was
determined to be (3.13 +/- 0.34) x 10-3 (68 per cent level of confidence) in the energy region between 15
keV and 340 keV, where the uncertainty is dominated by systematic effects. The value is consistent with
the predictions of both theoretical approaches; the characteristic energyspectrum of the radiated photons,
which differs from the uncorrelated background spectrum, is also consistent with the calculated spectrum.
This result provides opportunities for moredetailed investigations of the weak interaction processes in-
volvedin neutron beta decay. A second experiment is planned to perform a precision measurement of the
radiative photon energy spectrum and the branching ratio.



