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The neutron lifetime puzzle
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adapted form https://www.quantamagazine.org/neutron-lifetime-puzzle-deepens-but-no-dark-matter-seen-20180213/

neutron bottle 

“How many survivors?”

neutron beam 

“How many dead?”

Question: How long does a free neutron live? Answer: Let’s measure it! Or: how hard it can be!

Discrepancy of ~ 4σ:  

Beam: (888 ± 2.1) s 
 

Bottle: (879.3 ± 0.75) s

Systematic effects of beam or bottle experiments? 

New Physics is rather unlikely!  
Many “dark decay channels” have been proposed but are 
very unlikely, see e.g. Dubbers et al., PLB, 791, 2019 
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Alternative approaches
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Counting the dead 

  ⇒ neutron beam lifetime experiment

Full magnetic neutron confinement  

⇒ 𝜏SPECT experiment at JGU

Counting the parents and the daughter 

⇒ 3He TPC-based experiment

Flying to the Moon! 

⇒ Astrophysical measurement proposal

Provide a summary of  the latest  
complementary and alternative  
ideas as presented at the PSI 2022  
workshop last week.
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Counting the dead: the cold neutron beam decay experiments
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Slide shown by Fred Wietfeldt 
as PSI 2022
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Slide shown by Fred Wietfeldt 
as PSI 2022

The biggest challenge 

Determination of  proton detection  
efficiency to better than 10-4!
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Slide shown by Fred Wietfeldt 
as PSI 2022

The method suppresses the effects 
related to the velocity-weighted-flux 
integral! 

But the detection efficiencies for protons 
and neutrons need to be known to 
better than 10-4
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BL1 experiment
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The BL1 setup
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Slide shown by Fred Wietfeldt 
as PSI 2022

Systematically extend the  
length of  the trap to compensate 
for the edge effect of  the trap
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Backscattering of protons from the detector 

14

Slide shown by Fred Wietfeldt 
as PSI 2022

The protons need to be post 
accelerated! 

Systematic study as a function 
of  post-acceleration voltage
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τn = (886.3 ± 3.4) s
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Major improvements by better absolute calibration for neutron flux
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τn = (887.7 ± 2.3) s
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Improved measurement using the original BL1 setup
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Slide shown by Fred Wietfeldt 
as PSI 2022
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BL3: bigger and better, and fully funded by NSF
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Slide shown by Fred Wietfeldt 
as PSI 2022

Start of  data taking planned  
for 2026
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Fully magnetically confined UCN: 𝜏SPECT
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Fully magnetically confined UCN: 𝜏SPECT
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The inner working parts
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The 𝜏SPECT measurement cycle in data 
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Commissioning of 𝜏SPECT with neutrons since 2019
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September 2019!
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Optimizing the spin flipper settings allowed to increase # of UCN
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February 2020! 

Just before the  
pandemic
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Single vs. double spin flip loading
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Double spin flip scheme increases the trap acceptance i.e. the storable energy range
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Systematics with 𝜏SPECT
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Storage without spectral cleaning

Storage with spectral cleaning

Spectral cleaning studies in 𝜏SPECT

Improved systematic studies need higher statistics!
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3He TPC neutron lifetime approach
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Flying to and around the moon: the astrophysical approach
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Exciting idea, but along way to go and significant  
model dependence of  neutron flux generated on Moon’s surface!


