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A new result from J-PARC 
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Beam method 
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Bottle method
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arXiv:2412.19519v1

The improved results using data from 2014 to 2023 are as follows:
† ψχχȢς ρȢχίὸὥὸȢ Ȣ

Ȣ ίώίȢ ψχχȢς Ȣ
Ȣs

[Y. Fuwaet al., arXiv:2412.19519v1]

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

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


Big Bang Nucleosynthesis
from SUBARU Telescope 
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Big bang nucleosynthesis
CMB& He/H & Neutron Lifetime

(́Baryon-to-photon ratio ×10-10 )

CMB

1. Izotov, Y. I., G. {ǘŀǎƛƵǎƪŀ, and N. G. Guseva. "Primordial 4He abundance: a determination based on the largest sample of H II regions with a methodology 
tested on model H II regions." Astronomy & Astrophysics558 (2013): A57.
нΦ ±ŀƭŜƴǘƛƴƻ 9Σ Ŝǘ ŀƭΦΣ άwŜŎƻƴŎƛƭƛƴƎ tƭŀƴŎƪ ǿƛǘƘ ǘƘŜ ƭƻŎŀƭ ǾŀƭǳŜ ƻŦ Iл ƛƴ ŜȄǘŜƴŘŜŘ ǇŀǊŀƳŜǘŜǊ ǎǇŀŎŜέΣ tƘȅǎƛŎǎ [ŜǘǘŜǊǎ . тсм όн016) 242ς246.

BBN model and –gives accurate prediction of the abundance 
of light elements, e.g. Yp = 4He/(H+4He). Comparing with the Yp

predicted and observed  enable testing the early universe.

N = 5

N=8
Light elements up to N=7 were created in 3 minute after 
the big bang (Big Bang Nucleosynthesis). Abundance of 
them can be calculated by baryon-to-photon ratio –, 
nuclear cross sections, and the neutron lifetime.

He/H observation of HII region in galaxies



Recent observation by SUBARU telescope
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AkinoriMatsumotoet al2022ApJ941167, https://doi.org/10.3847/1538-4357/ac9ea1

Resent observation from SUBARU telescope gives very small Yp value.

Correction of Metallicity Yp value

The degeneracy parameter of the 
electron neutrino (’ ’asymmetry) is 
non-zero by more than 2„. 

https://doi.org/10.3847/1538-4357/ac9ea1
https://doi.org/10.3847/1538-4357/ac9ea1
https://doi.org/10.3847/1538-4357/ac9ea1


SUBARU update (2025)
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An update of Yp is now on arXiv.
IΦ ¸ŀƴŀƎƛǎŀǿŀ Ŝǘ ŀƭΦΣ ά9atw9{{Φ ·±Φ ! bŜǿ 5ŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ǘƘŜ tǊƛƳƻǊŘƛŀƭ 
Helium Abundance Suggesting a Moderately LowYP±ŀƭǳŜέΣ ŀǊ·ƛǾ όнлнрύΣ
https://doi.org/10.48550/arXiv.2506.24050

ὣ πȢςσψχȢ
Ȣ

ὔ ςȢυτȢ
Ȣ

If lepton asymmetry is allowed, 
ὔ σȢςσȢ

Ȣ

‚ πȢπυȢ
Ȣ

These mitigates the Hubble 
tension. 

Or Neutron lifetime of 845 s !

https://doi.org/10.48550/arXiv.2506.24050


Experiment at J-PARC
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Neutron Lifetime experiment 
using pulsed neutron at J-PARC
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J-PARC / MLF / BL05
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J-PARC 
Materials and Life Science Experimental Facility(MLF)

Spallation neutron target (designed for 1MW)

Pulsed neutron Beam line BL05
Neutron optics and physics(NOP)

 2017   @ ( ) 2017/ 09/ 13  

BL05 NOP

 

 25 Hz 

 1~20 meV 

 3 3 (cm2) 

  > 95% 

  : ~2000 m/ s 

TPC SFC(Spin Flip Chopper)  

TPC  (4.0 105 / sec) 

TPC  

  : 0.1 cps 

 3He  : 2.5 cps 

  : 60 cps 

17

Schematic view of experimental setup



Lifetime measurement at J-PARC/BL05
by electron detection

üWe aim to provide the most precise experimental neutron lifetime value for beam method 
as an important piece to solve the neutron lifetime puzzle  
Å Goal: measurement with ~1 s accuracy

†
ρ

”„ὺ

Ὓ Ⱦ‐

ὛȾ‐

ü Detector: Time Projection Chamber (TPC)
Å Gas (Åȟ#/ȟ(Å

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

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

” : (ÅÄÅÎÃÉÔÙ

„ : (Åneutron absorption cross section
ὺ : Velocity of neutron

Ὓ : Number of (Åneutron absorption event
Ὓ : Number of neutron ɼ decay

‐ , ‐ : Efficiency

(SFC)

Cold neutron beam (polarized)
Neutron beam bunch

ҦaŀƪŜǎ ǇǳƭǎŜŘ ƴŜǳǘǊƻƴ ōŜŀƳ 
into bunches by magnetic mirrors
and spin flippers
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Time Projection Chamber(TPC)
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MWPC

Drift cage

30 cm
PEEK frame

Low background with PEEK frame 
and inner 6Liboard. S/N ~ 1:1

Anode wire 29 of W-Auwires(+1720V)

Field wire 28of Be-Cu (0V)

Cathode wire 120 of Be-Cu(0V)

Drift length 30 cm (-9000V)

Gasmixture He:CO2=85kPa:15kPa

TPC size(mm) 300,300,970

Drift direction

Beam catcher

Beam
Entrancen

MWPC

High efficiency and Low background TPC 
is used beta and 3He(n,p)3H detection.

Inside of TPC

Trigger efficiency for beta >97% 
for 3He(n,p)3H > 99.9%

Windows for 
calibration by 55Fe 



Experimental Setup

SFC in  lead  sh ield

Ir on sh ield

Vacuum  cham b er

Neut r on  b eam
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Dr if t  cage and  M WPC
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Gas handing



†
ρ

”„ ὺ ὺ

Ὓ Ⱦ‭

ὛȾ‭

How to obtain the neutron lifetime
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Monte Carlo simulations
Counts in signal cut region

3He dopant (gas expansion)
+ 3He  in natHe

Literature value 
(5333± 7 barn)
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How to obtain the neutron lifetime
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Monte Carlo simulations
Counts in signal cut region

3He dopant (gas expansion)
+ 3He  in natHe

Literature value 
(5333± 7 barn)
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Analysis
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Selection by TOF

MC (Å

MC ‍

Selection by maximum energy deposit

This cut can clearly  distinguish 
a̡nd  3He(n,p)3Hevents

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

Pr om p t   r ay  f r om  up st r eam  

Neut rons captured in the upst ream of  TPC produce  ray backgrounds. 

Backgrounds are reduced by using bunched neut ron and TOF method. 

2  t yp es o f  d at a   Beam  IN /  Dum p  

Beam  IN : Neut ron pass through the TPC. (RED) 

Dum p      : Neut ron is dumped. (BLACK) 

BLUE = RED - BLACK  

 5 peaks indicate the number of  bunches. 

Sideband

Fiducial

 ray background

12
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Pr om p t   r ay  f r om  up st r eam  

Neut rons captured in the upst ream of  TPC produce  ray backgrounds. 

Backgrounds are reduced by using bunched neut ron and TOF method. 

2  t yp es o f  d at a   Beam  IN /  Dum p  

Beam  IN : Neut ron pass through the TPC. (RED) 

Dum p      : Neut ron is dumped. (BLACK) 

BLUE = RED - BLACK  

 5 peaks indicate the number of  bunches. 

Sideband

Fiducial

 ray background
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z posit ion vs TOF

Fiducial / Sideband of TOF and Shutter Open / Close
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άDrift timeέ
arrival time difference of drifting electrons
background has long Drift time

linear scale log scale

Spectrum of beta decay and Beam-induced background

BKG

ʲŘŜŎŀȅ

beam axis

drift direction

D
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signal 
region

Drift time = 17us(17cm)

Neutrons scattered by TPC gas produce ‎rays, 
which caused background(few % of ‍events).
These can be identified track topology. 
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Spectrum of beta decay and Beam-induced background

XE value

Distance from beam Center

background has large XEvalue

XE =4 wires

linear scale log scale 

signal 
region

XE

ʴ

beam axis ʲŘŜŎŀȅ

BKG

n

XE

Neutrons scattered by TPC gas produce ‎rays, 
which caused background(few % of ‍events).
These can be identified track topology. 

Anode XE [wire] Anode XE [wire]



Determination of 3He density 
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How to obtain the neutron lifetime
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Monte Carlo simulations
Counts in signal cut region

3He injection (gas expansion)
+ 3He  in natHe

Literature value 
(5333± 7 barn)



3He number density ”

ÅWe inject 3He of 50-100 mPa precisely.

ÅSince we are using He as TPC working gas, content of the 3He 
(~0.1 ppm) should be taken into account.

ïCorresponds to ~10% of injected 3He

ï It is measured by mass spectroscopy

ÅFor cross check, we also measured used gas sample with 
mass spectroscopy.

21

” ” ”
Total 3He Pressure measurement 

by volume expansion
Mass spectroscopy

Mass spectroscopy



Gas expansion method

To inject 3He (50-100 mPa) with accuracy of O(0.1%), 

1. Volume ratio of a standard volume (300 cm3) and a TPC 
vessel (660 liter)was measured precisely.

2. 3He was filled in a standard volume (1 kPa)

3. 3He gas released into the TPC vessel.

V1 V2

Transducer(P1)

V1 V2

Transducer(P2)

Pressure gauge Model Full scale Uncertainty

Piezoresistivetransducer MensorCPG2500 120 kPa 0.01% ofFull Scale

Piezoresistivetransducer MensorCPT9000 5000 kPa 0.008% ofFull scale

Baratronpressure gauge MKS69011TRA 1333 Pa 0.05% for reading 

Pressure gauges for the gas handling system

Standard
volume
300 cc

Pressure 
gauge



Mass spectrometry of 3He/4He
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3He

4He

Ion source
Magnet

Faraday Cut

Daly detector

Secondary elect ron detector
for ion counting 

Sample

Mass spectrometer for Noble gas 
(modified-VG5400) 
The Univ. of Tokyo, Sumino Lab.

The amount of 3He in natHewas evaluated by He pressure 
and 3He/4He ratio measured by mass spectrometry. 

ÅHowever, the ”determined by the two 
measurements were 5% (~50 s) differ !



What did we refere?
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Present result
1.340 °0.006 ppm

Average of previous measurements
 1.382 °0.005 ppm

To obtain 3He/4He ratio, we are using a standard gas sample (HESJ). Then, 
the ratio of the HESJ is determined by 3He/4He ratio in the atmosphere.
We calibrated HESJ by making accurate control samples with our gas system.
Since HESJ to air is well measured, it is a new measurement for atmosphere. 

K. Mishima et al., Geochemistry, Geophysics, Geosystems 19 (2018) 2018GC007554 https://doi.org/10.1029/2018GC007554

3He/4He ratio in the atmosphere

https://doi.org/10.1029/2018GC007554


Gas expansion vs. Mass spectroscopy
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After the experimental operations, the TPC gases were sampled and 
measured by mass spectrometer. The measured values are compared 
with gas expansion method.

The two methods gave consistent results (0.4+/-0.1%).


