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Most Precise Measurement of the Neutron’s Lifetime made in a Magnetogravitational Trap

Questions about the formation of the early universe and the stability of nuclei are of profound importance for understanding the world around us. How long the neutrons lived set the time scale for the formation of elements. The same reaction sets the scale for the energy produced by our sun.  From Big Bang cosmology to medical isotopes production, the lifetime of the neutron plays a key role in our lives.  Improving our knowledge neutron and its properties gives us insight into a fundamental force of nature, the weak nuclear force.  
Researchers at ETSU led by Dr. Robert W. Pattie Jr in the Department of Physics and Astronomy in collaboration with Los Alamos National Laboratory and several US and international institutions have recently published results in Physical Review C that provide the most precise determination of the neutron beta-decay lifetime ever performed, tn = 877.83 with precision of less than 0.3 seconds.   Beta-decay is a process where nuclei can convert a neutron to a proton by emitting an electron and an anti-neutrino. This is the simplest and easiest process to understand that is governed by the electrically charged part of the Weak Nuclear Force. 
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The collaboration achieved this result by using ultracold neutrons in a magnetogravitational trap at the Los Alamos Neutron Science Center (LANSCE). Ultracold neutrons have been cooling using cryogenic techniques to sub-Kelvin temperatures and move at about 5 m/s, slower than a middle schooler running the 100 m dash.  With this low energy it is possible to trap these neutrons in material bottles and by using a combination of magnets from below, like the magnets in your earbuds, and Earth’s gravity from above.  In UCNtau the neutrons can only bounce to a height of about 40 cm and are trapped in a bowl of roughly 5000 magnets producing a surface magnetic field of about 1 T.  Filling the trap with neutrons and measuring the surviving neutrons at different time intervals the experiment can determine the rate that they decay.  This cycle is repeated many times to increase the statistical precision with holding times between 20 - 5000 seconds.  The recent publication represents three years of accumulated data and the final measurement with the UCNtau apparatus.  The collaboration is currently modifying and upgrading it to the UCNtau+ experiment which plans to reach a precision of 0.1 seconds.
Dr. Pattie’s work is supported by NSF. Grant No. 2109521.
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