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precision B=46T proton

(PhyS Rev. C 71, 055502 (2005)) *apelmre - " detector

« PEFIRRTI
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mirror  central trap electrodes door open
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neutron beam

single crystal secondary n-guide gas container (4He+ 3He +CO,)
> % ﬁﬁ k, \ 7(—__ == E_l_ ﬂé& \‘f monochromator R
TPC Al %Xy

(Nuclear Instruments and Methods in

conium window neutron burst

Physics Research A 284, 120 (1989)) s ‘ ;i_l\ -
° I:I:l’l\é%;\ﬁ' )?\%kﬁ _#l R e / — Ch;mbefe?aic;a)tcher
« #EE 878 * 27 (stat.) £ 14 (syst.)s v sanse ires (WFC)
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g OO . %z
;\ ﬁﬁqj SE P JC]J % L : Fiducial volume
o TRHER: MWPC p HewmfE
o o AL EEE T 3He(n, p) *HRGHIETE
| PEF N T v ABOPHTFRE
{ — T o0 : 3He(n,p) *HRICHTEE S BE (@ 2200m/s)
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E—LYA U 25Hz

ETFL—&— waE (20K)
E—LHAX 10 cm x 4 cm

77w IR 3.9x 107 /s/cm? (1MW [KF)
TR 95%

TRILF — 1~ 20 meV

i 0.2~ 1nm

R 500 ~ 2000 m/s
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PEEK 7 L — L &EITPC

= 7 —F ] [Za=nF
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74— RETAv— 20
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7A4Y—E Y F:6mm x—Ads fem]

7/ —=KT74¥— 297K, Au coated W, +1780V

T4 —ILRT AV — 287, BeCu , OV

HhYy—FT74¥— 1204, BeCu , OV

U7 MR, FYUZ FEE | 30cm, -9000V

B{EN R He:C0O,=85kPa:15kPa or 42.5kPa:7.5kPa
~&(mm) 300 x 300 x 970
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> SREERBEDTPC Y L — A2 13G10%
o T AERROBEIEYE * Gelk H 25 TR HE : ~0.3 Bg/cc

« 1cpsld0.01 Bg/cc (CHE
« ~30cps DNy 7779 FL—F

TOIBRRA/NNYy 77T R

m) FHEFERIEL — b (0.1 cps (@220 kW) — 0.4 cps (@1 MW) )Xt L TIEE IS L

e HAMEFEREL — 0.1-04cpsld. —BRBIRIEBENNY 7777 FELRT BER
T 1 —T 4 —Eb40(ms)/2.8(ms) ~ 1435 EE T 5 &£ 1.4 -5.7 cps|Z IS

lsotope | 212Pb  214pb  228Ac  24pp 208 214gj  212gj  208]]  28Ac 4K 21Bj | Total
EylkeV] | 239 295 338 352 583 609 727 861 911 1461 1765
G10[cps] | 0.048 0.0272 0.0424 0.0257 0.0135 0.0201 0.0480 0.0142 0.0412 0.022 0.0267 | 0.27
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FUZ MR, FJ 7 FERE | 7.6cm/E, 1000-1300 V
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* Cabibbo-Kobayashi-Maskawa (CKM) )
s FIHAFHOEITRMERKIILLTD/NS

T30V JBIFUTOK S ICEHE

SND: A=EAMHRELHIENTED:
- th M FF & (7,) - Baryon-to-photon ratio
- Axis/vector coupling constant - RIGHTER
1 = Ga/Gy T ER
(4905.7 + 1.7) sec 7 |
Vaal?® =

7,,(1 + 312)

> CKMITHID =43 ) %= H&EE
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2022/12/10 MPGD & ActiveZE E TPC2022Hf %X = 26



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

|

3
i
=
II\‘
N
il

107 EH20(2), 171-174, 2010-05

1SSGd(n,'Y)

Cross section (barns)

101[
10° P ”
107 10 10'3 102 10" 10° 10’ 102 10°
Neutron energy (eV)

> 3He(n, p) RS O WS 1475 WV EIE CHIBA 579, 1y BIICHE
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Penning trap Gravitational trap Magnetic trap

to
vacuum

4 pump
::Il& lift
P 7 cylilnder

R. Knssakewski et al | Newtron lifetime measurement 479

neatron burst alpha, triton L

“a i
) Cctecsor, I absorber ?ﬁf&?l
_ | |arife chamber precision B=46T proton -
aperture . " detector H- lift bottom ~—_ UCN

o
LJ

to
vacuum

. . proportional chamber
i b g
2 g e . . .
> o drift of lonisation track neutron beam

) 614 m ne‘gs o pump
athode wires esosit trap electrodes  door open anclpoes ®
’ e (+soo V) (ground)
e hrough the e of th it outer
e—/ solenoid
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yoke solenoid
—= to
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el E(E

PDG 2022

VALUE (s) DOCUMENT ID TECN _ COMMENT

878.4 + 0.5 OUR AVERAGE Error includes scale factor of 1.8. See the ideogram
below. [879.4 + 0.6 s OUR 2021 AVERAGE Scale factor = 1.6]

877.75+ 0.281_ 8%% GONZALEZ 21 CNTR UCN asym. magnetic trap

8783 + 1.6 £ 1.0 EZHOV 18 CNTR UCN magneto-gravit. trap

877.7 £ 0.7 i_ 83 L pATTIE 18 CNTR UCN asym. magnetic trap g%lngE?EﬁXFQ;Aa%E by 1.8)

881.5 + 0.7 £ 0.6 SEREBROV 18 CNTR UCN gravitational trap \L

880.2 + 1.2 2 ARZUMANOV 15 CNTR UCN double bottle

8825 + 14 £ 1.5 3 STEYERL 12 CNTR UCN material bottle

880.7 + 1.3 £+ 1.2 PICHLMAIER 10 CNTR UCN material bottle

8785 £ 0.7 £+ 0.3 SEREBROV 05 CNTR UCN gravitational trap

887 +14 i_ g 4 WILSON 21 CNTR space-based n rate

887.7 + 1.2 +£ 1.9 5YUE 13 CNTR In-beam n, trapped p

881.6 + 0.8 £ 1.9 6 ARZUMANOV 12 CNTR See ARZUMANOV 15 2
886.3 + 1.2 + 3.2 NICO 05 CNTR See YUE 13 X
886.8 £ 1.2 + 3.2 DEWEY 03 CNTR SeeNICOOS | |4+ GONZALEZ 21 CNTR 3.7
885.4 + 09 £+ 04 ARZUMANOV 00 CNTR See ARZUMANOV 12 | = —p—F——— - - - EZHOV 18 CNTR 0.0
889.2 + 3.0 + 3.8 BYRNE 96 CNTR Penningtrap | Tt oo PATTIE 18 CNTR 0.9
882.6 + 2.7 " MAMPE 93 CNTR UCN material bottle —+— - - SEREBROV 18 CNTR 11.0
888.4 + 3.1 + 1.1 8 NESVIZHEV... 92 CNTR UCN material bottle —t ARZUMANOV 15 CNTR 2.2
888.4 + 2.9 ALFIMENKOV 90 CNTR See NESVIZHEVSKII 92 —+—> STEYERL 12 CNTR 39
893.6 + 3.8 + 3.7 BYRNE 90 CNTR See BYRNE 96 - ZE&HELBN'RAC'E/R 8g gmg 8'8
878 +27 +14 KOSSAKOW... 89 TPC  Pulsed beam W
887.6 + 3.0 MAMPE 89 CNTR See STEYERL 12 . :
877 +10 PAUL 89 CNTR Magnetic storage ring (Colnfldence Level = 0.0015)
876 +10 +19 LAST 88 SPEC Pulsed beam

891 & 9 SPIVAK 88 CNTR Beam 874 876 878 880 882 884 886 888

903 +13 KOSVINTSEV 86 CNTR UCN material bottle neutron mean life (s)

937 418 9 BYRNE 80 CNTR

875 195 KOSVINTSEV 80 CNTR

881 + 8 BONDAREN... 78 CNTR See SPIVAK 88

918 +14 CHRISTENSEN72 CNTR
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ETHUEZT W ITRIC BT AR 4=

monochromator . Seondeny auee 9“2“:’"“‘?;“‘““3”‘”°°2’ P DB IRIBEL (S) 0.1 cps
R : HEF D3HelRINSEE (S,) 1.8 cps
o W= L i - Pul ~— BNy 27572 F(B) 80 cps
= / C— LBENY 555 20cps
Ciiiin collimator (6LiF) / drift chamber (SLiF) R ]\\\
: sense wires (MWPC) 7 (Bb)
“\ snitding RMFEIEICN S B2 87.2%
primary n - guide —_— im . 7)@]% (EB)
, FEF O3 HeBINICHT T2 99.4%
Kossakowski et. al., HRHAR (e,
Nuclfear Instruments and Methods in gRELImaE (341000 3.1%
Physics Research A 284, 120 (1989) ¢ ORIEIZH5MEE 11%
e, DHIEIZHIRE 0.6%
> PEFE— LNV FORIE =@
« HIES CTDBraggHIC L D EEA Result 878 £ 27 * 145
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Hadron Beam Facility

Neutrino to
Kamiokande @
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FMEF N — X FREE & 3He I T RUNURG

n—>per, He(n, p) *H& G
e ~350keV 190 keV
n n &
o — e — /(8/
3 3He
" O » O
~0.4 keV 572 keV
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2T =R A —/N— 3 T —

1st Flipper 1st Mirror 2nd Mirror 2nd Flipper  3rd Mirror
74 RHit5 B, LIRENHS B,sin(wt)

HERESRREIE R D 2 B IRIEE

HAX 70x50 mmz IR Fe

FEMG IR SiGe,
RFEEE w 29 kHz W45 35mT
VL /AFK 0.3mT YA X 200x100
W35 B, mm?2
HA Rigi5 1mT &5 8+8+101X
% R 5 Qc |

P |
o B \/Bz +(5.- Lw)’*t 1.5° OAECHE300m/sUTFOHHEFERS
B2+ (By — 3,7w)? 2|t
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G10ZF

[cps/0.5keV]

0.001

0.0005 |

0

I

G/

0.001

vfﬁzﬁx

- O 0004

0.0008

0.0006

T NIb

- PEEK DY 2 A

2k

| _

]

0 1000 2000 S

Energy [keV] Energy (keV)
Isotope | 212Pb  214Ph  228Ac  214ph 2087 214 2128j  208T|  228Ac 40K 2148j | Total
Ey [keV] 239 295 338 352 583 609 727 861 911 1461 1765
PEEK - | <0.001
PPS 0.0016 - - - - (0.0028) 0.0080 --- --- 0.0068 - 0.016
PS 0.0080 - 0.008
Alumina | - —  (0.0026) - — 00020 - 0.002
G10 0.0480 0.0272 0.0424 0.0257 0.0135 0.0201 0.0480 0.0142 0.0412 0.022 0.0267 0.27
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G108 INPEEK D ¥4

EMRE

BAEE HMER  phdh RKEK (AEIEI cost

[g/cc]  [GPa] [°C] [%] [Q-m] [TFH/ke]
PEEK 1.3 3.6 334 0.14 1014 45
G10 1.8 20 250 0.10 1011 3.3
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PEEK 7 L — LBUTPC \
LFIRA Y R R =& 2 R U 7 FES~DFE

> B ER (FEXKe=3.0) NEHRDOAEIIC
>ESEICEOWTERAZEE
> FU 7 FEEDIES DT IX1%AT

T < 1.02
S0 =E 48 /\ o
=900 E@;iﬁ 7] % E 1.01—{ Experiment : Drift velocity uniformity
5 ‘
200 > 1 300V/cm, 100kPa (He:CO =85:15) |
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2016 4 200 229 ! (Prog. Theor. Exp. Phys.
2020, 123C02 (2020))
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mETEE
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2022 2
JFY # of gas fill | Beam power [kW] | DAQ time [hours] — f sy
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2021 2 600, 700 87 "3.0s
2022 2 800 90
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Neutron shutter

Superconducting magnet
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Neutron bunch

Time Projection Chamber
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e BESSEERAH D X7 % fl|F
e YL /A RKOaOAIETT
-920 mT @ 580 A
- ®1000 mm x 1300 mm

- Superconducting wire:
NbTi:Cu:Al
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Measurement results

o —
Q =
% 910
) ) ) £ 9055 Results of the previous experiment
Large uncertalnty In correction £ E Tn =896 * 10 (stat) +14/.10 (syst) sec
c 900F
1 Signal number ! Efficiency o OOE
3 895
1 S / = 890:— } Beam mgthod 888.0 + 2.0 sec B
_ He/EHe me e R
Tn - S 6 88 Oé— Storage method: 87 "
ov / -
p /B /8 875__|||||||||||1||A||| PRI T T
3He density T T3He cross section x neutron velocity 1990 1995 2000 2005 2010 Pub 8; ion ye%92°
Value Correction Uncertainty Note
Can be improved by the method
P (2.08 + 0.01)x10® #/m? 0 0.5% of infroduding *He gas
ov 5333 + 7 barn x 2200 m/s 0 0.13% Alternate measurement required
SHe 202993 + 480 event 2672 + 351 event 0.3% Statistical accuracy dominates
Sp 8868 + 151 event 463 + 154 event Background Sy omamination
€He 100 - 0.014% 0+ 0.014% 0.014% Enough accuracy
€ 945 +1.0% +55+1.0% Efficiency correction 5.5%

N.Sumi, “The LiNA experiment: Development of multi-layered time projection chamber”,
VCI2022 - The 16th Vienna Conference on Instrumentation, Feb 2022
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Estimation of accuracy

Decrease in indeterminacy as correctio Zgs
(<]

1 Signal number | Efficiency §900
=

1 SHe/€He -

fetime [s]
Q
o

This work (MC)
87.0 +3.3°(stat) £1.2°(syst)'s

Beam method : 888.0 +2.0 s

TTTTJTTTIT[TIT T [TITT[TTTT[TT T T[TTTT[TTTT

/B IB 880 I | | 1 -L -
WWWW%MWC
3He density T T3He cross section x neutron velocity 875 S 0ragen|1ethod8794 .+0'.'6'."s. i .‘l. -
1990 1995 2000 2005 2010 2015 2029ear
Value Correction Uncertainty Note
Can be improved by the
19 3 (o)
o] (2.3927 + 0.002)x101° #/m 0 0.1% method of introducing He
ov | 5333+ 7 barn x 2200 m/s 0 0.139% Aternate measurement
required
She 1915609 + 1384 event 9578 + 575 event 0.3% Statistical accuracy
dominates
Sp 76611 + 276 event 163 + 12 event Correction 5.2% —0.21%
€He 100 - 0.01% 0+0.01% 0.01% Enough accuracy
€ 99.90 + 0.01% +0.10 £ 0.01% Correction 5.5%—0.10%

N.Sumi, “The LiNA experiment: Development of multi-layered time projection chamber”,
VCI2022 - The 16th Vienna Conference on Instrumentation, Feb 2022

2022/12/10 MPGD & ActiveZE E TPC2022Hf %X = 49



W33z EN NN F

W TENMWES DL ERITPC

Martir=DRED Y

2022/12/10

Esti

'o§| 10
| .
o)
=
)
©
0
et
0
wfd
©
»n

1

0.1

mation of statistical error

I Present SFC

OO OUNPEOP SN UOE PN USROS SEVSROROY 500kW x Present SFC

— """""""" e P — 1.0MW x Present SFC
"""""""" """""""" """""""" After SFC Upgrade
SRS SUUURURUUNE SO e, e - = == 500kW x Upgrade SFC

| — 1.0MW x Upgrade SFC
' : i : : :

_IIIIIII]IIIlIII|III|III|III[IIIIIII|III

0 20 40 60 80 100 120 140 160 180 200

Measurement time [days]

MPGD & ActivefE B TPC2022F 55 =

50



BAZENINR CTaMFT 2%

ST RE

JETETPC
55

_%\@7&

Resistor Capacitor
T g 1000 pF
+VancdetVixin T —— e R
o - de'—'ﬂ— To Amp.
+Vons : E
=
% x;\Q
| B )4
T &
v —— =1
[ HV module }+ s T - —
Low pass filter T [ - —i
1 1000pF - = [ = 81
il ] c N Drift
Drift direction ﬁ '-4“.‘3% > resistor chain
: ™ 10 MQ x13
~Via 3 >
)
)
@ S
N \N(’
¢
T 10
+V {—J— -
e —t+ = —"_.D..
T T i

2022/12/10

MPGD & Activel£E TPC2022# %2



& D

k)
Qul
/1

Ny 775 RNEE

Ny T 79 KR | WK | WEKE
TPCOE L BEEYE | 30 cps 0.1 cps
BRIGVAR 70 cps 0.8 cps
T S5cps  |05cps | [ {EpgsfiEYE > PEEK TPC
SFC 13 cps 0.5 cps WG L BNy 7777 FD

\ : AT o AT |
TPCN TOEXELFIEF | 2 cps zgf&'{?

BELPIET AR © UK |

=N i }

2\
i

BLOS 3. BLO4MEfR : #% ﬁ?ﬁﬁﬁﬁveto DT l/—éz—j

2022/12/10 MPGD & ActivelEETPC2022f = 52




SR B T D AL E IR E L

-~

N
—\N\
|
|/|

Pachen's Law

—y
o
(&)

= He 0.85:C020.15

Discharge voltage [V]

—y
o
F-N

10°

A1 ) ’
10 1 10 Presggre x Distance [Pa‘n11iJ

*Distance > {74k I EE B

2022/12/10 MPGD & ActiveZE TPC2022%/f 57 53



