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Motivation

neutron lifetime (7n) Is a fundamental parameter in the weak interaction

1. used as an input parameter to Big Bang Nucleosynthesis theory,
which predicts light element synthesis in the early universe

2. used to evaluate Vud element in CKM matrix

lifetime [sec]

1.0% (3.8 o) deviation between the result of two previous methods

890

885

880

888.0 =

879.6 = 0.6 sec

2.2 sec

1.0% (3.80)

1 1 | N 1 1 1 | L 1
1995 2000
Particle Data G

L N | ] 1 L N | ) N 1
2005 2010

year
roup 2015

in-flight method

inject neutrons into
detector and count protons
from B decay

UCN storage method

store ultra-cold neutrons
and count the remaining
neutrons

we plan to measure T nusing another method with precision of 0.1%
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J-PARC / BLO5

facilities

spallation pulsed neutron beam
in MLF at J-PARC

beamline
polarized beam branch of BLOb5

polarization : ~ 95%

neutron flux : 3.9x107 /sec.cm? (@1 MW)
energy . ~ 10 meV (cold neutron)
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Measurement principle

detects both 3He(n, p)3H & Bdecay at the same time
total neutron flux can be evaluated using 3He(n, p)3H
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Setup

- use pulsed neutron beam from accelerator and in-flight method
- detect electrons from [ decay
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Spin Flip Chopper

Spin Flip Chopper can form neutron bunches with arbitrary length
by controlling neutron polarization
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Time Projection Chamber (TPC)

. 4He (85 kPa) + CO2 (15 kPa) + 3He (100 mPa)

measure 3He pressure precisely in advance

- low background material (PEEK : PolyEthel Ethel ketone)

- inside walls covered by SLiF to absorb scattered neutrons
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Separation of Bdecay and 3He(n, p)3H
two kinds of signal events can be separated by

maximum energy deposit among all wires

energy deposit decreases
due to space charge effect
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required to evaluate overlap between two processes precisely
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Background

three types of background for B decay

1. environmental background -+ cosmic rays, radioisotopes
2. upstream r-ray background ‘- y-ray from SFC
3. beam induced background -+ B decay from scattered neutron,

y -ray from TPC wall
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shutter close
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type 1. and 2. can be subtracted using both
shutter open (beam on) data and 0.005
shutter close (beam off) data

0 5 10 15 20 25 30 35

tof [ms]



Beam-induced background

origin of the background is near TPC wall

DC : Distance from beam Center
background has large DC value
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Status and future plan

status

acquired data this year  (statisical uncertainty ~1% of 7n)

©»250
2 2016 DAQ status
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future plan

- MLF operation power will increase : 200 kW — 1T MW
- upgrade beam transportation system and detector

we can achieve statistical precision of 0.1% from 40 days data taking
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List of uncertainties

) | *He(n,p)*H cross section for a 2200 m/s neutron
(NSHe) % |t |
-~ 1 €3 e p | He number density
" oovop (%) VA B
€ | € | selection efficiency
uncertainty (%) correction (%)
statistics ~ 1
SHe(n, p)3H leakage <0.34 0
N beam-induced background being evaluated 8.6
efficiency 08 6.1
pileup 0.39 -0.39
background subtraction O.28/O/‘@/, -0.43
\ 14N (n,p) '4C contamination 0.23 //77//7 -1.45
ore 170(n, a)'*C contamination 0.03 c3/:[/ -0.5
N g, N3He Spin Flip Chopper S/N <0b <0b
SHe number density 0.65
0 chamber deformation (pressure) <0.33 -0.33
temperature non-uniformity 0.23 0.23
00 SHe(n, p)3H cross section 0.13

12



Conclusion

- neutron lifetime is an important parameter in the weak interaction
input parameter to the BBN theory and Vud determination

- significant deviation between two previous types of measurement

. we use different method to measure the neutron lifetime,
and we already acquired data this year

- upgrade is undergoing and we can achieve 0.1% precision
within a few years
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Beam-induced background 2
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energy deposit [a.u.]

Energy calibration
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We use X-ray of the energy of 5.9 keV from °°Fe as a gain calibrator
We can change the drift length of electrons in two way.
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We can correct for the effect of attenutation of
electrons during the drift using both Fe(up) and

Fe(down) data.



12C(n, r)13C background

13C recoil from '2C(n,y)13C
- short track
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Motivation

iInput to BBN theory Vud determination in CKM matrix
BBN thory : predict light element synthesis Via Vs Vb
in the early universe VekmMm = | Vea Ves Ve
. Via Vis Vi

T n affects the number of protons and

neutrons at the beginning of nucleosynthesis
Vud can be evaluated using Tn
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10-12.-
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o " .+ Vudis considerable larger than other elements
7 temperature [keV] . — important parameter for CKM unitarity test

number of neutrons
decay into proton(H)
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BG subtraction : TOF and shutter open/close data
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Separation of signal events

two kinds of sighal events can be separated by
maximum energy deposit among all wires

Bdecay : small maximum energy deposit
SHe(n, p)3H : large maximum energy deposit
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3
He pressure measurement

we use volume expansion method to determine 3He pressure in TPC

1. measure volume ration (V1/V2) in advance
2. store 3He gas in V1 and measure pressure
3. expand 3He gas into V2

IS

~ 42 cm3

~6.17x10°> cm?3

V1/V2 = 6.888(19)x10°
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Data acquisition

We acquired engineering data in last 2 years.

gas No. | 3He pressure

data acuisition period

MLF
power

statictical
uncertainty

1 10T mPa

2 87 mPa

We acquired the data to publish the result of our experiment.

gas No. | 3He pressure
3 ~ 100 mPa
4 ~ 200 mPa
5 ~ 50 mPa
6 ~ 100 mPa

2014/5/27 - 2014/6/2

2015/4/27 - 2015/4/29

data acuisition period
2016/4/14 - 2016/4/20
2016/4/20 - 2016/5/1
2016/5/19 - 2016/5/28

2016/6/3 - 2016/6/14
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300 kW

500 kW

MLF
power

200 kW

200 kW

200 kW

200 kW

2.1%

2.3%

statictical
uncertainty

~ 1%
(all combined)



