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• The neutron lifetime is an important parameter for physics

➢Test of standard model ➢An input parameters for the 
Big Bang Nucleosynthesis (BBN)

|𝑉𝑢𝑑|2 =
4905.7 ± 1.7 sec

𝜏𝑛(1 + 3𝜆2)

• 𝑉𝑢𝑑 of the Cabibbo-Kobayashi-
Maskawa (CKM) matrax can be 
calculated with:

- Neutron lifetime (𝜏𝑛)
- Axis/vector coupling constant 

𝜆 ≡ GA/GV

→ Verification of the unitarity 
of the CKM matrix

• Abundance of light elements in early 
universe can be calculated with:

- Baryon-to-photon ratio
- Nuclear cross sections
- Neutron lifetime

https://www.einstein-online.info/en/spotlight/bbn_phys/

Neutron lifetime
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Methods to measure neutron lifetime

➢ Space-based method

Credit: Johns Hopkins Applied Physics Laboratory, USACredit: The J-PARC neutron lifetime collaboration

➢ Beam method

Bunch of neutron beam

protons or 
electrons

➢ Storage method

Bottled ultra-cold 
neutrons

➢ Counts beta decay protons 
or electrons from neutron 
beam and estimate the 
beta decay event fraction 
with injected neutron flux

➢ Confines ultra-cold 
neutrons into strage and 
then counts survived 
neutrons as a function of 
confinement time

➢ Counts neutrons that are
produced by interactions 
between cosmic rays and 
atmospheric and/or surface 
material of a planet at 
spacecraft altitude

Credit: The J-PARC neutron lifetime collaboration
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UCNτ experiment
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FIG. 1: A cross-sect ional view of the UCN⌧magneto-gravitat ional t rap. A illust rates an example UCN trajectory

inside the trap. The lab coordinate system x-y-z and the local coordinate system ⇠-⌘-⇣are shown. B shows a
cross-sect ion of rows of magnets with ident ical magnet izat ion highlighted by the colored strips. Arrows indicate the

magnet izat ion direct ion for each row of magnets. C shows the in-situ detector, referred as the dagger detector,
which can be to moved vert ically in and out of the t rap volume. The beige-colored region is the act ive area of the

neut ron detector, coated with 10B, and the gray is the detector housing and support st ructure. (color online)

physics model of the surface interact ion used in material
bot t les (with the Fermi-potent ial, the di↵usivity and the
loss per bounce as tunable parameters [12]) is now re-
placed by a field interact ion model [9]. Since the field is
known (or can bemeasured to a high degree of precision),
there is lit t le uncertainty in the micro-physics of neut ron
scat tering. On the other hand, the reduced number in
thedegreesof freedom makes it challenging to construct a
Monte-Carlo simulat ion that reproduces the experimen-
tally measured data. Nevertheless, the simulat ions elu-
cidate a nonuniform geometrical acceptance of the over-
threshold neut rons by the in-situ detector. Overthresh-
old neut rons are neut rons with kinet ic energies larger
than the trapping potent ial, but could reside in certain
quasi-stable orbits and remain in the t rap during the fi-
nite measurement t ime. The nonuniform geometrical ac-
ceptance of these neutrons may imply that the procedure
we used in Ref. [2, 3]—based on the counts measured at
the cleaning height to const rain the systemat ic e↵ects of
spect ral cleaning and heat ing—requires some refinement.
The size of these systemat ic e↵ects, on the other hand,
is reasonably well constrained by the Monte-Carlo simu-
lat ions. All of the simulat ions indicate that the cleaning
procedures in place put st ringent bounds on possible sys-
temat ic errors due to untrapped neutrons and heat ing.
Reproducing the arrival t ime data for detected neut rons
in detail is more challenging. This requires fine-tuning
a relat ively large set of correlated parameters to repro-
duce the measured spectra. Although the level of success
is encouraging, it is clear that further development of

both measurements and the simulat ions presented here
are required to produce convincing agreement between
simulat ions and measurement , especially when t reat ing
the subt le e↵ects connected to phase space evolut ion.

The paper contains two parts. The first part discusses
the physics models and the opt imizat ion of input param-
eters by comparing to experimentally acquired data on
the neut ron arrival t ime. Details of the t rapping poten-
t ial, the numerical integrat ion, and theneut ron detect ion
are presented in Sec. I I; the data analysis in Sec. I I I; the
opt imizat ion of model parameters in Sec. I I I C. The sec-
ond part discusses the neut ron dynamics. The chaot ic
mot ions and their implicat ions for spectral cleaning are
discussed in Sec. IV A. The e↵ects of neutron heat ing
due to microphonic vibrat ion and the est imates of the
systemat ic shift in the neutron lifet ime are presented in
Sec IV B.

I I . SI M U L AT I ON

Each simulat ion t racks about 105 to 106 neut rons in
the trap, by numerically integrat ing the equat ions of mo-
t ion. The field potent ial, following previous work [9, 16],
is described by a Halbach array field expansion using a
local coordinate system on a curved surface. Details of
the numerical integrat ion are presented in Appendix VI,
along with data test ing the numerical integrat ions, in-
cluding the degree of energy conservat ion, the step size
select ion, the expansion t runcat ion, and the numerical

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

➢The most accurate 
experiment have done in 
Los Alamos in 2021.

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

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

𝜏𝑛 = 877.7 ± 0.28𝑠𝑡𝑎𝑡−1.06
+0.22

𝑠𝑦𝑠𝑡
𝑠



Beam method
NIST experiment by proton counting 
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1. Monochromatic beam is transported to the magnetic trap. 
Neutron flux is monitored by a well calibrated 6Li/SSD detector.

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

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.

𝝉𝒏 = 𝟖𝟖𝟕. 𝟕 ± 𝟏. 𝟐 𝒔𝒕𝒂𝒕. ± 𝟏. 𝟗 𝒔𝒚𝒔𝒕. 𝒔 = 𝟖𝟖𝟕. 𝟕 ± 𝟐. 𝟑 [𝒄𝒐𝒎𝒃𝒊𝒏𝒆𝒅] 𝒔



K. Hirota et al. 
Prog. Theor. Exp. Phys. 2020, 123C02 (2020)

Our first result (Experiments from 2014 to 2016 )

with electron counting method

𝜏𝑛 = 898 ± 10stat −18 sys
+15 s

Neutron lifetime puzzle

➢ Measured neutron lifetime values with beam method and storage method show 
significant discrepancy (more than 4.6σ)

• 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? (EPJ C 79: 484 (2019))

We try to solve the puzzle with a new method

887 ± 14stat −3 sys
+7 s

Space-based method:(with proton counting method)

(PRC 104, 045501 (2021))9.5 s (4.6σ)
Neutron lifetime puzzle



Neutron Lifetime experiment 
using pulsed neutron at J-PARC
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Lifetime measurement at J-PARC/BL05 (Beam Line 05)

➢ 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

𝜏𝑛 =
1

𝜌𝜎0𝑣0

(𝑆He/𝜀He)

(𝑆𝛽/𝜀𝛽)

➢ Detector: Time Projection Chamber (TPC)
• Gas： 4He, CO2 , 3He

(~85%,  ~15%, 0.5 - 2 ppm, respectively)
Total pressure: 100 kPa or 50 kPa

• Signals are detected with a Multi Wire 
Proportional Chamber (MWPC)

𝜌 : 3He dencity

𝜎0 : 3He neutron absorption cross section
𝑣0 : Velocity of neutron

𝑆He : Number of 3He neutron absorption event
𝑆𝛽 : Number of neutron β decay

𝜀He, 𝜀𝛽 : Efficiency

(SFC)

Cold neutron beam (polarized)
Neutron beam bunch

→Makes pulsed neutron beam 
into bunches by magnetic mirrors
and spin flippers
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Experimental Setup

SFC in  le a d  sh ie ld

Ir o n  sh ie ld

Va cu u m  ch a m b e r

N eu tr o n  b ea m

8

D r if t ca g e  a n d  M W PC

9

Gas handing



Analysis
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Selection by TOF

MC 3He

MC 𝛽

Selection by maximum energy deposit

This cut can clearly  distinguish 
β and  3He(n,p)3H events

TOF cut applied when the neutron bunches 
are completely in the TPC.

Pro m p t γ r a y  f r o m  u p s tr ea m  

Neutrons cap tured  in  the up stream  o f  TPC p rod uce γ ray b ackg round s. 

Backg round s are red uced  b y using  b unched  neutron  and  TOF m ethod . 

2  ty p es  o f  d a ta    Bea m  IN  / D u m p  

Bea m  IN  : Neutron p ass throug h  the TPC. (RED) 

D u m p      : Neutron  is d um ped . (BLACK) 

BLUE =  RED - BLACK  

＊ 5  p eaks ind icate the num ber o f  b unches. 

Sid eb and

Fid ucia l

γ ray b ackg round

1 2

Tim e-Of-Flig h t

z 
z 

[c
m

]

z p osition  vs TOF

Log10 (Maximum energy deposit on a wire [keV])



Excess  of background

Gas Fill Number

(M
C
の
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G
数

)/
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験
の
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数

) 
%

Distance between nearest center hit wire and center (XC)

β

(n,γ)

Exp.

MC

BG region

Scattered β

• Neutrons scattered by the TPC operating gas 
are absorbed by the LiF inner wall, some of 
which emit γ-rays, creating (n,γ) 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,γ)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 / #βdecay

Exp. : 3.6%

Calc. : 0.70%

Beam axis

scat. �

scat. �

�

�

� �

LiF

wall
x

y

Neutron beam

BG by scattered neutrons



Upgrade of the Spin Flip Chopper

Spin flipper 1

Mirror 1

Mirror 2

Mirror 3

Spin flipper 2

Neutron event rate at the exit of SFC

×3.2 times

Spin Flip Chopper (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%

Guide coil

Polarization beam port

To TPC

Magnetic mirror

25 mm×140 mm×15→100 mm×200 mm×26

475 cps → 1497 cps

• The neutron intensity is limited by the size of 
the mirrors.

• Larger mirrors were installed in 2020.



Data obtained
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First result
(stat. 10 s)

Acquisition year Num. of Gas Set MLF Power [kW] DAQ time [h]

2014 1 300 59

2015 1 500 31

2016 4 200 424

2017 14 150, 300, 400 1303

2018 6 400, 500 614

2019 3 500 348

2021 1 700 38

2022 3 700, 800 253

2023 1 800 126

Statistic
~2.2 s

Acquisition year Num. of Gas Set MLF Power [kW] DAQ time [h]

2017 3 150,300 253

2018 3 400, 500 357

2021 1 700 86

2022 7 700, 800 839

2023 1 800 155

• With 100 kPa

• With 50 kPa

Statistic
~1.8 s

The combined

Statistic is 1.4 s

After SFC
Upgrade

Physics measurements taken on 49 gas sets in 2014 - 2023

After SFC
Upgrade

(A)

(B)

(C)

(D)



Blind analysis

• For blind analysis, the 
number density of 3He was 
multiplied with a random 
number of 0.9-1.1. 

• After fixed analysis 
(simulation for BG, pileup, 
efficiencies, etc), we opened 
the blind in Nov. 2024.

14



A new result from J-PARC 
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p

Beam method 
(proton trap)

Count the dead

Bottle method
Count the living

arXiv:2412.19519v1

The improved results using data from 2014 to 2023 are as follows:
𝜏𝑛 = 877.2 ±1.7 𝑠𝑡𝑎𝑡. −3.6

+4.0 (𝑠𝑦𝑠. ) = 877.2−4.0
+4.4 s

[Y. Fuwa et al., arXiv:2412.19519v1]

This value gives a 2.3𝜎 tension with the average value 
obtained from the proton trap.

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


Discussion
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• The χ2/NDF of our fitting is large. 

• If there is a pressure dependence, the fitting is going to 
be better, and then consistent with beam method.

New SFC 

Old SFC 

Old SFC 

New SFC 



Discussion

17

• The χ2/NDF of our fitting is large. 

• If there is a pressure dependence, the fitting is going to 
be better, and then consistent with beam method.

New pressure data will be 
taken in Apr. 2025.



Background suppression with solenoidal magnetic field
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Superconducting magnet 
and TPC

Liquid Helium
(cryogen)

J-PARC/MLF/BL05

N. Sumi et al., Nucl. Inst. Meth. Phys. Res A 1045 (2023) 167586. 

The first data was obtained on this apparatus in 
Feb. 2024.  2 days of physics run, corresponds to 
~90 s. The next run will come in next June.

To achieve 1 s,  we are 
preparing for background 
suppression by using 
multi-layered TPC in a 
solenoid magnetic field. 
The magnetic field can 
suppress the gamma ray 
background to 1/50. Gamma ray suppression with 

magnetic field

Approved for the new JSPS budget (KibanA).



Summary

arXiv:2412.19519v1

• Neutron lifetime is an important parameter for particle, nuclear, and astro-
physics.

• However, the value have 9.5 s (4.6σ) discrepancy with two method of 
measurements

– τn = 888.0 ± 2.0 （Beam method）

– τn = 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

𝝉𝒏 = 877.2 ± 1.7 𝑠𝑡𝑎𝑡. −3.7
+4.0 𝑠𝑦𝑠. [s]

– This result is consistent with bottle method measurements but exhibits a 2.3σ 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. 19

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