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A free neutron decays in a lifetime of about 880 s. Although the neutron lifetime is an important
parameter in modern physics, there is a 4.6𝜎 (9.5 s) discrepancy between the experimental results
of two typical methods: the beam method and the storage method. We are carrying out a new
experimental method to measure the neutron lifetime using a pulsed neutron beam at J-PARC MLF
BL05 to determine the cause of the discrepancy, whether overlooked systematic uncertainties or
new physics. A review of our experiment including the first physics result with acquired data
during 2014 – 2016 and the status using new neutron optics are presented here.
*** Particles and Nuclei International Conference - PANIC2021 ***
*** 5 - 10 September, 2021 ***
*** Online ***
∗ Speaker

© Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0).

https://pos.sissa.it/

PoS(PANIC2021)457

Shun Matsuzaki,𝑔 Kenji Mishima,𝑎,𝑏 Takanori Mogi,ℎ Koki Morikawa,𝑑 Hiroki Okabe,𝑑

Go Ichikawa

Neutron lifetime experiment with pulsed cold neutrons at J-PARC

1. Introduction
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Figure 1: Measured values of the neutron lifetime. Red (blue) points correspond to the results of beam
(storage) methods. The means and standard deviations of each method are also shown. The open red circle
indicates the first result of our experiment.

2. The experiment at J-PARC
We have been carrying out a neutron lifetime measurement with a new method using a pulsed
neutron beam at J-PARC MLF BL05 to solve the neutron lifetime puzzle [2]. We measure the neutron
flux and decay electrons simultaneously by a Time Projection Chamber (TPC) [3] filled by working
gas and 3 He. The schematic of the apparatus is shown in Figure 2. To reduce the background
event rate, the neutron beam is shaped to bunches shorter than the length of the sensitive region
by the Spin Flip Chopper (SFC) [4]. Background events induced by (n, 𝛾) reactions of upstream
or downstream the TPC can be separated by a time-of-flight (TOF) analysis. Tracks of charged
particles are drifted upward to a multi-wire proportional chamber (MWPC), and their waveforms
are recorded and analyzed. Since the neutron flux and decay rate are counted by the same detector,
the systematic uncertainty is different from the typical beam method. We are aiming for 1 s (0.1%)
precision determination of the neutron lifetime to achieve a definitive result.
The neutron lifetime 𝜏n is derived in our experiment as


1
𝑆He /𝜀 He
𝜏n =
,
(1)
𝜌𝜎0 𝑣 0 𝑆 𝛽 /𝜀 𝛽
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A free neutron decays into a proton, an electron, and an antineutrino through the weak interaction in a lifetime of 879.4 ± 0.6 s [1]. Since the neutron is one of the simplest baryons made up of
the lightest quarks, the lifetime is an important parameter in modern physics, such as predicting 4 He
abundance by Big Bang Nucleosynthesis and determination of 𝑉ud term in the Cabibbo-KobayashiMaskawa matrix. In recent years, much attention has been paid to the 4.6𝜎 (9.5 s) discrepancy
between the experimental results of the neutron lifetime by two typical methods: the beam and
the storage methods (Figure 1). The beam method measures the neutron flux and decay protons
by different detectors, and the storage method counts survival neutrons after some storage times.
The discrepancy is called the neutron lifetime puzzle. Solving the puzzle is an urgent task, though
whether the cause is overlooked systematics or new physics is still discussed and not yet settled.
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where 𝜌 is the 3 He density in the gas, 𝜎0 is the cross section of 3 He(n, p) 3 H reaction at the neutron
velocity of 𝑣 0 , 5333 ± 7 barn, 𝑣 0 is the thermal neutron velocity of 2200 m/s, 𝑆He and 𝑆 𝛽 are the
numbers of experimentally observed 3 He(n, p) 3 H and 𝛽 decay events respectively, and 𝜀 He and 𝜀 𝛽
are the detection efficiencies of each event estimated by a Geant4 based Monte Carlo simulation.
The first physics result with acquired data during 2014 – 2016 was 𝜏n = 898 ± 10 stat +15
−18 sys s,
plotted in Figure 1 with other experimental results. Though this result demonstrates the feasibility
of our method, uncertainty reduction is needed to solve the neutron lifetime puzzle. The systematic
uncertainty was dominated by the neutron bunch correlated background of +2
−14 s. Hence, upgrading
the neutron optics is necessary to reduce both statistical and systematic uncertainties.

3. Upgrading of neutron optics
We upgraded neutron optics before and during the beamtime of J-PARC in the first half of
2021. To make use of the neutron beam, the apertures of neutron optics upstream the TPC were
increased as summarized in Table 1. A collimator made of lead and LiF is placed just upstream
of the short-wavelength pass filter. The short-wavelength pass filter is made of super mirrors of
m-value 𝑚 = 3 aligned like wedge shapes. The magnetic super mirrors are m-value of 𝑚 = 5
mirrors and components in the SFC. The resonance spin flipper coils are placed in newly designed
holders to retain the high spin flipping ratio. The holders block the environmental magnetic field
from magnets for polarizing magnetic mirrors and keep the inner uniform field of about 1 mT.

4. Results and outlook
We carried out experimental runs after the upgrading of neutron optics, including successful
physics runs with MLF beam power of 600 kW. The TOF distributions of 3 He(n, p) 3 H reaction
event candidates of before and after the upgrading are shown in Figure 3. The number of bunches
is increased from 5 to 6, and the total normalized neutron flux was increased by 3.0 times. By this
upgrading, we can reach 1 s (0.1%) statistical accuracy within 60 days of beam time. Additionally,
the high flux measurement facilitates the systematic study of background events by various event
3
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Figure 2: The schematic of apparatus[2]: (A) concrete shield, (B) lead shield, (C) iron shirld, (D) 6 LiF beam
collimator, (a) short-wavelength pass filter, (b) guide coil, (c) resonance spin flipper coils, (d) magnetic super
mirrors, (e) neutron switching shutter, (f) vacuum chamber, (g) TPC, and (h) 6 LiF beam catcher.
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Component
Collimeter
Short-wavelength pass filter
Magnetic super mirrors
Resonance spin flippers
Neutron flux inside TPC

Before upgrading
20 × 25 mm2
4 mirrors of 60 × 150 mm2
5 + 5 + 5 mirrors of 140 × 25 mm2
25 × 25 × 𝜋 mm2
5.7 × 105 1/s [3]

After upgrading
30 × 50 mm2
6 mirrors of 110 × 140 mm2
8 + 8 + 10 mirrors of 200 × 100 mm2
70 × 50 mm2
1.7 × 106 1/s

Table 1: The increase of apertures of neutron optics and the neutron flux for MLF beam power of 1 MW.
The magnetic super mirrors are separated to 3 stages and the numbers of mirrors of each stage are indicated.
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Figure 3: The TOF distributions of 3 He(n, p) 3 H reaction event candidates of before (blue) and after (red)
the upgrading. The counts are scaled to the MLF beam power of 1 MW and 1 bin corresponds to 0.4 ms.
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selections. We measured the phase-space distribution of the neutron beam after the SFC to trace the
direct and scattered neutrons. We are now studying to identify the sources of (n, 𝛾) backgrounds
and going to shield them from neutrons in the next beam time to reduce the systematic uncertainty.

