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A new result from-PARC
The improved results using data from 2014 to 2023 are as follows
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obtained from the proton trap.
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Big Bang Nucleosynthesis
from SUBARU Telescope



Big bang nucleosynthesis
CMB& He/H & Neutron Lifetime

Light elements up to N=7 were created in 3 minute afte
the big bang (Big Bang Nucleosynthesis). Abundance
them can be calculated by bary#o-photon ratio—,
nuclear cross sections, afite neutron lifetime.

He/H observation of HIl region in galaxies
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BBN model and gives accurate prediction of the abundanc
of light elements, e.gY, =“He/(H+He). Comparing with they,
predicted and observed enable testing the early universe.
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Recent observation by SUBARU telescop

Resent observation from SUBARU telescope gives very'smaalle.

Correction of Metallicity Y, value
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ium abundance Yp

SUBARU update (2025)

An update ofy, is now on arXiv. o
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Experiment at <PARC



Neutron Lifetime experiment
using pulsed neutron at-PARC
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JPARC / MLF / BLO5

JPARC

Materials and Life Science Experimental Facility(Mi |- 5¢d neutron Beam line BLOS

Neutron optics and physics(NOP)

Materials and Life Science
Experimental Facility

Hadron Beam Facility

Nuclear
Transmutation

: Neutrino to
Kamiokande
3 GeV Synchrotron 50 GeV Synchrotron
25 Hz, IMW 0.75 MW!
J-PARC = Japan Proton Accelerator Research Complex

’mqect between KEK and JAEA |
Spallation neutron targefdesigned for 1MW)

Schematic view aéxperimental setup
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Lifetime measurement atBARC/BL05
by electron detection

Neutron beam bunch
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Beam catcher
U Detector: Time Projection Chamber (TPC)
A Gas (AR#/h (A
(~85%, ~15%, 0:2 ppm, respectively)
Total pressure: 100 kPa or 50 kPa Drift wires
A Signals are detected with a Multi Wire
Proportional Chamber (MWPC)

L (AT AEOU “Boam axis

~ 2 oA~ Neutron beam bunch
P Y ¥- , . ( Aneutron absorption cross section Drift cathode
T . | - 0 : Velocity of neutron
» U YT- "Y  :Number of ( Aneutron absorption event
Y : Number of neutrory decay
- : Efficiency

U We aim to provide the most precise experimental neutron lifetime value for beam methe
as an important piece to solve the neutron lifetime puzzle
A Goal: measurement with ~1 s accuracy
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Time Projection Chamber(TPC)

High efficiency and Low background TPC _
is used beta anéHe(,p)*H detection.

Beam catcher MWPC

[KPEEK frame "o <] °
Trigger efficiency for beta >97%
for 3He(,p)*H > 99.9%
Low background witiPEEKrame

andinnerSLiboard.S/N ~ 1:1

Anode wire 29 of WAuwireg(+1720V)

Field wire 28 of BeCu(0V)

Cathode wire 120 of BeCu(0V) Windows f

Drift length 30 cm (9000V) calibration |

Gasmixture He:CO2=85kPa:15kPa (

TPGsizdmm) 300,300,970 . 11




Experimental Setup

Drift cage and MWPC

oy 3 K\‘,

:

Iron shield

Neutron beam
_ —

-

-
\4

e
’'s
[

4 alum\ [

4B\ Gas handing

o - — N
N Y

~

12



How to obtain the neutron lifetime

Counts in signal cut regmrﬁ

e

Monte Carlo simulation
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3He dopant(gas expansion)
+3He in"He

Literature value
(5333 7 barn)
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How to obtain the neutron lifetime

Monte Carlo smulaﬂon#

'+ Nocy)
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Literature value

3He dopant(gas expansion) (5333 7 barn)

+3He innHe
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Analysis

Selection by TOF

5 neutron bunches . . .
c . y Selection by maximum energy deposit
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TOF cut applied when the neutron bunches
are completely in the TPC.
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Fiducial / Sideband of TOF and Shutter Open / Close

Prompt ray from upstream
Neutrons captured in the upstream of TPC produce

ray backgrounds.
Backgrounds are reduced by using bunched neutron and TOF method.

2 types of data Beam IN/ Dump
Beam IN : Neutron pass through the TPC. (RED)
Dump : Neutron is dumped. (BLACK)

BLUE = RED - BLACK
5 peaks indicate the number of bunches.
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Spectrum of beta decay and Beammduced background

Neutrons scattered by TPC gas producays,
which causedbackgroundfew % of events).
These can be identified track topology.
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Spectrum of beta decay angleaminduced background

Neutrons scattered by TPC gas producays,
which causedbackgroundfew % of events).
These can be identified track topology.
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Determination of3He density



How to obtain the neutron lifetime

Counts in signal cut regmrﬁ

e

Monte Carlo simulation
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3He injection(gas expansion)
+3He in"He

Literature value
(5333 7 barn)
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SHe number density

Total3He Pressure measurement

by volume expansion

\ }
|

A We inject®He of 50100 mPa precisely.

A Since we are using He as TPC working gas, content #fi¢he
(~0.1 ppm) should be taken into account.
i Corresponds to ~10% of injectéide
I Itis measured by mass spectroscopy

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



Gas expansion method

To inject®He (50100 mPa) with accuracy of O(0.1%), Péiizlge ?\M_}*

1. Volume ratio ofa standard volume (300 cranda TPC i s
vessel (660 litenwwas measured precisely. | m-/'

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

3. 3He gas released into the TPC vessel. volume

Transducer(P1 Transducer(P2

V2

103.165 37.0878 |

Pressure gauges for the gas handling system S —

Full scale

Piezoresistivéransducer MensorCPG2500 120kPa 0.01% ofFull Scale
Piezoresistivéransducer MensorCPT9000 5000 kPa 0.008% of-ull scale
Baratronpressure gauge  MKS69011TRA 1333 Pa 0.05% for reading




Mass spectrometry O o?rl—le/“He

The amount ofHe in"@Hewas evaluated by He pressu % o
and3He/*He ratio measured by mass spectrometry.

Ul ¥ 'I l": ' . o L
Mass spectrometer for Noble gas | | Secondary electron detector .
(modifiedVG5400) for lon counting
The Univ. of Tokyo, Sumino Lab.

A However, the’ determined by the two
measurements were 5% (~50 s) differ !
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What did werefere?

To obtain®He/*He ratio, we are using a standard gas sample (HESJ). The
the ratio of the HESJ is determined¥ie/*He ratio in the atmosphere.

We calibrated HESJ by making accurate control samples with our gas s
Since HESJ to air is well measured, it is a new measurement for atmosy

SHe/*He ratio in the atmosphere

—l— Mamyrin et al.(1970)
' 3 Clarke et al.(1976)
—¥— Sano et al.(1988)
Davidson et al.(1990)
IUPAC(2003)
#®— Present/Sano et al.(2008)
]
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1.340° 0.006 ppm
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Gas expansion vs. Mass spectrosc

After the experimental operations, the TPC gases were sampled ¢
measured by mass spectrometer. The measured values are comg
with gas expansion method.

The two methods gave consistent results (0-80+1%).



