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Neutron Lifetime Puzzle
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» Measured neutron lifetime values with beam method and storage method show
significant discrepancy (more than 4.60)
Experimental uncertainties that were not taken into account? (phys. Rev. D 103,

074010)
New physics?
- Dark decay? (Mod. Phys. Lett. A 35, 2030019 (2020))

- Soft scattering with dark matter? (Phys. Rev. D 103, 035014)

- Mirror neutron oscillation? (Ep) C 79: 484 (2019))



CKM unitarity

|Vud|2 + |Vus|2 + |Vub|2 = 0-9985(6)|Vud|(4‘)|Vu5|
R.L. Workman et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2022, 083C01 (2022)

7, . storage method

J1 —|Vsl?2 = 0.9745(2)

Vud: CKM unitarity
(Vus from Kaon decay)
PDG2022

Cabbibo angle anomaly | V. dl (O+ N O+) _
u =

(-30)
0.97373(11) exp.(9)rc(27 Ins

Vud: Super-allowed
with radiative correction
PRL 121, 241804 (2018)

7, - beam method
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UCNT experiment

filling volume

trap volume
—cleaner

primary detector
---- monitor

» The most accurate
Halbach experiment have done in
Los Alamos in 2021.

F. M. Gonzalez et al ( UCN t Collaboration),
Phys. Rev. Lett. 127, 162501 (2021)

polarizing
magnet
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T, = 877.7 + o.zsmtfg;ggsyst s

» Storing UCNs in magnetic
bottle, and detecting with
scintillation detector.

N. Callahan et al. Phys. Rev. C 100, 015501



Beam method
NIST experiment by proton counting

alpha, triton
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1. Monochromatic beam is transported to the magnetic trap.
Neutron flux is monitored by a well calibrated °Li/SSD detector.

2. Protons from the neutron decays captured in the magnetic
trap with electrodes. Stored protons are released and detected
by an SSD with thin surface layer.

T, =887.7+ 1.2 [stat.]| + 1.9 [syst.] s = 887.7 + 2.3 [combined] s

A.T. Yue et al., "Improved determination of the neutron lifetime." Physical review letters 111.22 (2013): 222501.
J. Nico et al., "Measurement of the neutron lifetime by counting trapped protons in a cold neutron beam." Physical Review C 71.5 (2005): 055502.



Neutron Lifetime experiment
using pulsed neutron at J-PARC
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Lifetime measurement at J-PARC/BLO5 (Beam Line 05)

_ Neutron beam bunch
BLOS  Cold neutron beam (polarized) ‘—4_ —
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y ~>Makes pulsed neutron beam
into bunches by magnetic mirrors
and spin flippers y

Beam catcher

» Detector: Time Projection Chamber (TPC)
« Gas: *He, CO,, *He
(~85%, ~15%, 0.5 - 2 ppm, respectively)
Total pressure: 100 kPa or 50 kPa Drift wires
* Signals are detected with a Multi Wire
Proportional Chamber (MWPC)

Neutron beam bunch

: 3He dencity “Boam axis
L 1 (Sge/EHe) o : 3He neutr]:)n absorption cross section Drift cathode
n — Vg : Velocity of neutron
PGoVo (S.B/gﬁ) Sge  :Number of He neutron absorption event
Sgp : Number of neutron fdecay

EHe, &g : Efficiency
» We aim to provide the most precise experimental neutron lifetime value for beam method
as an important piece to solve the neutron lifetime puzzle

* Goal: measurement with ~1 s accuracy




Experimental Setup

Drift cage and MWPC in lead shield
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Analysis

Selection by TOF

5 neutron bunches . . .
- " Selection by maximum energy deposit
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TOF cut applied when the neutron bunches
are completely in the TPC. 9




Upgrade of the Spin Flip Chopper

Polarization beam port
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The neutron intensity is limited by the size of
the mirrors.
Larger mirrors were installed in 2020.

Spin Flip Chopper (SFC)

Magnetic mirror
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Neutron event rate at the exit of SFC

Larger magnetic mirror increases intensity by
3.2 times

Statistical accuracy of 1 s can be reached in

3 months of measurement

Neutron polarization P~99%




Data obtained

Physics measurements taken on 49 gas setsin 2014 - 2023
* With 100 kPa

Acquisition year Num. of Gas Set MLF Power [kW] DAQtime [h]
2014 1 300 59
2015 1 500 31
2016 4 200 424
2017 14 150, 300, 400 1303  (A)
2018 6 400, 500 614
2019 3 500 348
2021 1 700 38
2022 3 700, 800 253 (B)
2023 1 800 126
« With 50 kPa

2017 3 150,300
2018 3 400, 500 357 (©)
2021 1 700 86
2022 7 700, 800 839 (D)
2023 1 800 155

A —_—

First result
(stat. 10 s)

v

Statistic
~2.28

After SFC
Upgrade

Statistic
~1.8s

After SFC
Upgrade

The combined

=

Statisticis 1.4 s
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Excess of background
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X Neutron beam

BG by scattered neutrons

o BG region
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Distance between nearest center hit wire and center (X¢)

Neutrons scattered by the TPC operating gas
are absorbed by the LiF inner wall, some of
which emit y-rays, creating (n,y) background
(BG) events.

Although the events are created in the BG
region close to the wall, the amount of the
events was about five times larger than
expected.

The indeterminacy in the distribution of the
(n,y)BGs and the large uncertainty in the rate
at which the BGs leak into the signal region
were the largest sources of systematic error.

|#BG / #Bdecay
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Low gas pressure operation

e First result (2014-2016): TPC gas pressure 100 kPa e

4 3 y _ LiF
(*He : CO, : °He = 85 kPa: 15 kPa: 50 - 200 mPa) L / wall

X Neutron bed

e Number of background events due to gas scattering

< Number of scattered neutrons \ | \
1
. . : ¥ ol ]
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Measurement at 50 kPa reduces the number of background events due to gas
scattering to 60% of that at 100 kPa. 13



Background and its simulation

Deposit Energy on background region

Background with MC (Old gamma sets ) Background with MC (New gamma sets)

Experiment Experiment

Scattered Scattered 3

10% |—

Maximum energy deposit on a wire Log(dE/dx max.) Maximum energy deposit on a wire Log(dE/dx max.)

* |n previous analyses, a single gamma ray was used to find the
energy condition that best reproduced the background.

* Asingle gamma ray could not reproduce it. Therefore, we
attempted to reproduce it using multiple gamma rays.

e Gamma rays of 200 keV (92%) and 5000 keV (8%) can reproduces
background. (Chi2/ndf=209/202).



A new result from J-PARC

The improved results using data from 2014 to 2023 are as follows:
T, = 877.2 +1.7(stat.) T3 (sys.) = 877.2 55 s
[Y. Fuwa et al., arXiv:2412.19519v1]

: Beam method
(proton trap)
+ Bottle method

© J-PARC
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This value gives a 2.30 tension with the average value
obtained from the proton trap.
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https://arxiv.org/abs/2412.19519v1

Discussion

* The x%2/NDF of our fitting is large.

* |fthere is a pressure dependence, the fitting is going to
be better, and then consistent with beam method.
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Discussion

* The x%2/NDF of our fitting is large.

* |fthere is a pressure dependence, the fitting is going to
be better, and then consistent with beam method.
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75 kPa and pure CO, run

* We have used 100 and 50 kPa of HeCO, with mixture of 85%: 15%.

* In Aprilin 2025, we took new data sets: with HeCO, of 75 kPa and
20 kPa of pure CO, run.
— The amount of 3He in the the He gas (G1He) must be corrected.
— For pure CO, run, no need for the 3He in the G1He correction.

» After solved the discharging problem, we have succeeded to obtain a
week of data taking.

Working gas conditions New

11.25 kPa

85 kPa 42 .5 kPa 63.75 0 kPa

18




MNommalized lifetime
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Normalized lifetime

Dependency for Scattering Probability
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No clear dependencies were found.
Changes in gas conditions alter the scattering probability and electron path length.

—>This provides a clue for investigating consistency with MC.
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Background suppression with solenoidal magnetic field

\ 7
Signal region ﬁ Superconducting
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The first data was obtained on this apparatus in Feb.
2024. By analyzing 3 hours of run with the magnetic
field, we obtained 7,, = 882 + 78 [s] (no systematic
considered). Experiment is planed in Dec. 2025.



Summary

Neutron lifetime is an important parameter for particle, nuclear, and astro-
physics.
However, the value have 9.5 s (4.60) discrepancy with two method of
measurements

— 1, = 888.0 = 2.0 (Beam method)

— 1, = 878.4 = 0.5 (Storage method)
A new “beam” experiment is ongoing at J-PARC

— We obtained physics data (statistic 1.7 s).

— Analysis has been fixed and opened blind in Nov. 2024.

— The result is now on arXiv:
Y. Fuwa et al., arXiv:2412.19519v1

1, =877.2 + 1.7 (stat.)*39(sys.) [s]

— This result is consistent with bottle method measurements but exhibits a 2.30 tension with
the average value obtained from the proton-detection-based beam method.

There is a still room for discussion in our results.
Additional data will be taken with less background conditions.

A new apparatus with a solenoid magnet is getting ready for physics
measurements in December 2025.


https://arxiv.org/abs/2412.19519v1
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