Experimental search for an excited neutron state as
an explanation of the beam-bottle neutron lifetime
discrepancy’.

Koch and Hummel have proposed the 4.4 standard deviation
difference between beam and bottle neutron lifetime measurements

can be explained by a low-lying excited state of the neutron with a
longer lifetime than the ground state.

Benjamin Koch and Felix Hummel, “Exciting hint toward the solution of
the neutron lifetime puzzle”, Phys. Rev. D 110, 073004 (2024)

“Geoffrey L. Greene, Peter Geltenbort, the neutron enigma”, Scientific American, Vol. 314, No. 4 (APRIL 2016), pp. 36-41
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Neutron lifetime history (4.5 c!)
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Recent explanations not yet excluded

“Composite solution to the neutron lifetime anomaly”
Surjeet Rajendran and Harikrishnan Ramanl Phys. Rev. D
103, 035014 (2021) . (scatter from dark matter)

Gblob

“Resolution of the neutron lifetime puzzle and the (i
conceptual design of its experimental confirmation,” o) e
Eugene Oaks, Nuclear Physics B Volume 1014, May 2025, - o
116879. (decay to H)
“Exciting hint toward the solution of the neutron lifetime """""""""""
puzzle”, Bem Koch and Felix Hummel Phys. Rev. D 110, I T
073004 (2024). (low-lying excited neutron state) LI s
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Koch and Hummel model

From: Benjamin Koch and Felix Hummel, “Exciting hint
toward the solution of the neutron lifetime puzzle”, Phys.

7, [5] 5
B o PIORRRELI) Rev. D 110, 073004 (2024)
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Differential equation
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Koch and Hummel model

Does the nuclear physics

work?

* Whatisthe
configuration of n*,

* Would n* and n be
counted the same?

If the nis trapped
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The experiment

UCN conditioning
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For details see:
Musedinovic, R., et al. (2025). "Measurement of
the free neutron lifetime in a magneto-

gravitational trap with in situ detection." Physical
Review C 111(4): 045501.
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Monte Carlo birth times
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Fit the data set with the using Koch and
Hummel model
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1, (0) f n*t, (s) n*tg(s) X’
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Gonzalez, F. M., et al
_— arXiv:2508.16045 L___I
Tang, Z., et al. (2018). n
PRL 121(2): 022505.
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Thisresultis

very unsettling.

* Examine 2017 more
closely

 With UCN<t+ take
data at more
holding times with
shortest possible
filling time.

* Look for n* directly

Assumes beam and bottle lifetimes are different!
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Harmonic analysis (look for tidal effects on

dark matter blobs)

Time dependence

* UCNTt data were
taken mostly nights
and weekends

* Configuration
changed from year to
year
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Summary

* See evidence foran n* if enigma isreal!
* Need new beam measurement

* No tidal effects on dark matter blobs
* More, more precise data



