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Simulation of bremsstrahlung gamma ray from winter thunderclouds
which were tilted along the slope of the low mountain
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Fig. 1 Locations of the Miyamoto monitoring post and
the weather measurement stations.
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Fig. 2 Illustration of the tilted searchlight
radiation model.
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Fig. 3 Surface weather charts for Japan provided by Japan Meteorological Agency (JMA).
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Table 1 Weather data at the AMEDAS Nagaoka and at the Nishiyama monitoring station.

Date Ams)qnt 9f Temp. . o Wind velocity
Time(JST) precipitation ] Wind direction
mm C m/s
2018/1/9 23:10 0.5(1.5) 1.7 SSW(W) 3.3(2.4)
2018/1/10 10:10 0.0(0.5) 1.7 SSW(WSW) 3.8(2.3)
2018/1/11 7:00 0.5(0.0) 0.3 SW(SW) 6.7(2.9)
2018/2/7 19:50 0.0(0.0) -0.5 S(S) 3.8(1.7)
2018/3/1 17:00 3.0(0.0) 5.7 W(W) 6.4(8.0)

() : Data at the Nishiyama monitoring station.

Table 2 Nal dose rates in 10 min intervals and duration of bremsstrahlung emission at the Miyamoto monitoring post.

Date 2018/1/9 2018/1/10 2018/1/11 2018/2/7 2018/3/1
Time(JST) 23:10 10:10 7:00 19:50 17:00
Nal dose rate / nGy/h 61 57 66 53 32
Duration / sec 120 300 200 320 240
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Fig. 4 Variations of Nal dose rate and transit rate in 20
sec intervals on Jan. 10,2018 at the Miyamoto
monitoring post.
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Fig.5 Gamma ray spectrum (background-subtracted) by the Nal(Tl) detector on Jan. 10,

2018 at the Miyamoto monitoring post.
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Table 3 Cloud height calculated by the point source model of bremsstrahlung
emission at the Miyamoto monitoring post.

Date
. 2018/1/9 2018/1/10 2018/1/11 2018/2/7 2018/3/1
Cloud height
Cloud height calculated by
the point source model 106 164 106 160 75
h/ m
Cloud height added elevation
n 313 371 313 367 282
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Fig.9 Comparison between the measurement count rate (SCA2) and calculated data by
the tilted searchlight radiation model.
Detected at the Miyagawa monitoring post on 17 Dec. 2009.
Adapted from H.Kurosaki et.al.” Fig.12.
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Table 4 Results of computation based on the tilted searchlight radiation model
at the Miyamoto monitoring post.

Date 2018/1/9  2018/1/10  2018/1/11 2018/2/7  2018/3/1
Parameter
Cloud height / m 313 371 313 367 282
Standard deviation /m| 50~55 60~ 80 80~120 80~140 50~160
Radiation angle
6, / degrees 5 5~15 5~15 5~10 30
0, / degrees 35 30~45 30~45 30~50 60

Enhancements)™ & IMEN 2D EZ 5N, B
Z6 E, AR THEIM S 7z 5 MeV DL ED
I AOVE - (Fig. 5) % & & HlB e ic
IrdbobiftEan, TNEEFTLHICIE. &
# TER & 511keV HiFE Ol )7 % [/ —FH R A T
ZAHZENEE LTINS,

B, BlstE LTiko723H 1 HD SCA2 &
WBEORERZIbIE, Fig. IR L-EBY, E—
ZWED Y v — 7T SCA2 (FEJME) DR
100,000cpm & ABFFI L Y E o Tz, T
& Table 1 1Z/R L7z & B0, AR & A57 & T JalHE
25 6.4m/s (WHILJETIX 8.0 m/s % itdk) &b
BERERY, ZOWE. BERRBPILORMEICR S
CENRKEEZ SN,

INHO [EFH—FI14 FNETIV] 5L
N72%/3F A —4% % Table 4 |ZFHL 7>,

3.6 EtFICLVESILL-BEHL S OFIE
st
3H1HZEEL 4 BEH L 72 HI S s o B o )
FEGEIL, 4WAEE LT/ [HARBOAZE
E, MOFEATHEFIT S L) LTk
E B >TWwWiz, oF ) E# L 3.3 ~6.7m/s
THY, WTFRLAANIEEFY) Thotzo Th
FRESY HEL-EEDBE) HE 11.8 ~
17.5m/s < BEH° THEsE L 728k 13 ~ 20 m/s.
Torii & ' A& H LA CEIM L 2| 7.3 ~
76 m/s. & 51213 Enoto 5 " o duii o Jal, Jil
H1ITm/s DFEFEHNTLIEP-72 bHA
AR E LT, GHRICHER LA ET— % 28
AMEDAS E[fOfET. =EAR25 10 km (3 & #
NTWALHEL, EARBOES 202 m & AMEDAS

South

Cloud elevation
h=313 ~371m

EROES 23 mIZEZEH L7720, HRFLEZET
DIELWEEBBHEZ L TWiRwn & v )L
mbdNIEL, LA, HikoEBY) [EFH—
FI4 MEFIV] TlE, SCA2D Y — 7 ZEH)IZH
LCIZBEICHHETE 2, 352, BHETH~AL
EBVERBTOBMFENI, o 27 o E=
) VTR MIIAREERIZE . T2, 410
DEAIRZICB VT, BEARR DA O TH)
B B S T v,

2%, Z0L) n—RLTHEREIEZD
W WEFIZOEDL ST, [J— TR
TEEWVHIFEENS, ERBTOBHERIXZ
OEFEEOHINZE Y B 2DTIE W EE 272,

% 2T Fig. 10 IZEAR RO Z R L7z

Wind velocity:v =3.3~6.7 m/s North

Cloud height from the
Miyamoto monitoring Post
h=106~164 m

Tilted cloud: 8

35
degrees The Mt. Hachikoku

elevation=351 m T

Height from the
Yakushi tunnel to
the Mt. Hachikoku
h=149m

l _ |

7

The Yakushi tunnel
L =426 m, Elevation =202 m

4_149m
213 m

Tilted cloud :6 = tan = 35 degrees

Fig. 10 TIllustration of tilted cloud along the slope of the
Mt. Hachikoku.
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Abstract

Several cases that the bremsstrahlung gamma
rays were detected from winter thunderclouds
along the coast of the Sea of Japan have been
reported. In our monitoring, using the Nal(Tl)
scintillator, the bremsstrahlung gamma rays were
observed four times during Jan. to Mar. 2018, at
an altitude of 207 m, about 8 km inland from the
coast, under the weather conditions that wind
directions were south - southwest and the wind
speed of 3.3 - 6.7 m/s were blowing. However,
it was different from the previous condition that
the bremsstrahlung gamma rays were always
caused by strong winter storm along the coast.
By using “Tilted searchlight radiation model

853975 2019
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(H.Kurosaki et al. 2011)" , the results of count
rate calculated from this model were in good
agreement with our measurement data. So, the
bremsstrahlung gamma ray emissions might be
caused by the tilted thunderclouds. Since the
thunderclouds height of 313 to 371 m and the
low mountain height of 351 m were almost same,
the thunderclouds bumped into the mountain
and tilted along the slope of the mountain by the
weak wind of southerly. Therefore, it was well
explained with this radiation model that the winter
thunderclouds were tilted by not only strong
winter storm but also along the slope of the low
mountain.
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bo FLMHRIZOVTHEDME A L VAT
B3 5720, RNAAOMEIZH LT, /14> 7 1
< NI T4 = XEMED I EF N
Zh (M2), M1oRFELIVHEOL X LA
2. pyrohydrolysis Z o724+ > 7u~hr 73
7 4 — OfEATRNAA DEIZ AT SRR
Yi3% 4 pyrohydrolysis 12 & ) EEAICHIH SN b
DIFTIEHWNZ 2R E N2,

fif & He_2D &7 KV, 2 i pyrohydrolysis
HOEW % ICPMS THM 3 5 i iE#ME L 724
R, I EPFHEELLEASTHLEEZDN

ROV a— VEEHIBWTIX
ICPMS O fiEAS RNAA DfEAS L U & <.
XZ0HTHo720 BEICBIULWEDTIEIL,

K UKEME AT 05817 2 REWEIZ BT 507 2 O5HTE

. RE

SRy~

(B

BAOEE | HE% Cl (mg kg™) Br (mg kg?) I (mg kg AT SCHR
112+1 0.144 + 0.008 | 0.082 + 0.022 RNAA 6
98+8 . IC 9
BCR-2 - 0.157-0.175" | 0.017 + 0.004 ICP-MS 9
89+ 6 IC 10
101 - XRF 11
104 +4 0.240 + 0.013 | 0.307 + 0.050 RNAA 6
150 + 21 - IC 9
ZA BHVO.2 - 0.269-0.277° | 0.016 + 0.002 ICP-MS 9
81+11 IC 12
- 0.29 + 0.10 0.020 + 0.012 ICP-MS 12
89 +7 IC 10
BIR-1a | 5.64+0.43 | 0.039+0.012  0.041 + 0.009 RNAA 6
26+6 <2 Compiled values ° 13
BIR-1 44 - IC 9
- 0.065+0.026 | 0.014 + 0.002 ICP-MS 9
72.8+2.7 | 0.101+0.007 | 0.197 + 0.038 RNAA 6
I 75+3 - IC 9
zile AGV2 - 0.107-0.145" | 0.007 + 0.001 ICP-MS 9
61+3 IC 10
4410 + 160 14.8 £ 0.5 367+9 RNAA 6
Nod-A-1
< H Y - 40.9+0.7 47.7+32 ICP-MS 14
SV a—=) NodP-1 1380 + 140 5.93 £ 0.76 157 + 17 RNAA 6
- 30.3+2.2 31.4+0.3 ICP-MS 14
* Not reported.

" Number of analysis was two.

“IC (Ion chromatography) and ICPMS were coupled with pyrohydrolysis.

¢ Analytical methods for individual data were Spark-source Mass Spectrometry, Neutron Activation

Analysis, Ion Selective Electrodes, Ion Chromatography, etc.
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ICPMS 2k W BFErE=m LB, BEHK 7912
3 U’ 2 R (40Ar39K> +’ (GSCul(%O) +’ (40Ar38Ar1H) + & E
DA F v OETHITE %, /237K
B 5 FiEE. ICPMS 12 X 2550 DB #E D
FIALHR O BERE T, Sl T W E - INBVLH % 47 5
722l k, Ry avERIEbLRTLE S,
CEICERTAEEZOND, M. KEOELEY)
BICET 5 ERRoNE L, B Sz RNAA 12
LB HHER. L5 HSCHE & Ll S 7zt R
LI, SR 6 ICFRIICIHBI S LT %,

COWER#ED HIZHT-)  WEIRETT FARH
KEEHIz (EWMRFREAEHR) 12E, £z
GODLETHDOMLPEICELF T, THEICD
FEETHW S, EOEHH L I E 3, TRNAA
WZEanalrrontt] Lwv) =i, 304
PLERI 2 W ERFTHIZIC L VG b, 51
2010 4F X 0 LEWEEIC L CIHE, BHEL v
TWE T, TOFEIC L L0MEOEEEI
&, TR0 ENFEH - MBS EIC BV
THEETHDLZ LN, L [7-8] I2vFEENT
WEg, v T a— Vv OREDSHEIC
ML CEELYE ZTHW RS EEE TR
EWRZERT KA ORAE #EHI%. Kk
KEFOBIRAT HIZIEH 72 L F9. KEH
BT SEAT T AR R L, EARE RS
e oA TRt 2T F L7z, L
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FRI D) EHCTHELNLHERETH ). L%
FTAMEE L T 2 JFEFIHIIZEO T Lk
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3R FR . FRHE MEEF .

(' RERAFEKFBEEBZTTF

VAR, o SREBHEA%AE & (R
R L CHEE 2683 5
o BFZ R SE G O W e 25
N THEA TV 5, ozﬁ?l‘i
BE G D Z E ST
LD B, AL

T ZF I & %ﬁi%ﬁ#ﬂ
ET, NaZ U ThHDLIzOMA BB INNT S
CENTELHMEDNDHY ., AREEEDO—DTH
Lo TNF T, AL ZAER L 2 PUEE LIS,
EERICHEAZZERERH O W 22d 5 [1]. L2
L. BEFEEICBUTLMAtOREE LT, #
D 72 REH OO ENBEITO5N D, L)
Db, PEDOEGE~DOEREI KRR L 25 DI,
TYATIEEG PS5 1~2HETH Y [2]. Pulk
AR S s AL IR T S £ TR
L., MR OMoIEFHBEANSET 28I %
FlERIT, INEBFE2 T, £FEEMO L E
WAL A ERE A IS L 22 PUR O BISE 7 &Sk
ATW5S [3].
ﬁﬁﬁﬁ%@ﬁﬁ%‘%ﬁ'w—fﬁéi\ Ep O R
I E N 7 X/ WRFEIR T % L-alpha-
Methyltyrosme (AMT) 12 At = & &% L 72
AL-AAMT % SE# gl & L. Wisex o T &
720 MAt-AAMT iZ. PET 70— 7 & L THF%E -
I ASEA TV %, Ltype amino acid transporter
1(LAT1) &M% A3 5 F-FAMT O 71027
ILEWMTH A [4]o LATLIZT I VRN T~ AKR—
¥y —Thh, ZHEOFEMBIZHEHL T E—F
T, IEEMIEICIZIEEAEREL TWZwy [5],.
AMT 3 X OF ®F-FAMT 7% LAT1 2> 5 % > fll g
WZHU AT N2 — /T, IEEMIIZEHRL w5
MO7 I VEENT VAR=F —I2F T ERLY A
IFNLGWT EDREBRWICHEIrPO SN TV DS [4].
BFE-FAMT & 7 + 1 74L& T b 5 *'At-AAMT

R AFEFHERER

TIVT 7RGEZEREICET - At211 FET7

Bis 582 RHE g
? KIRAZ I SHRE RS
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BAICKLDMFEEN)
/ BB EHDOIRE
ERED?

~
~
<

bR ZEOZ LTSI NDIMA T,

LR 7 ) 7 5V ADBCE S TIZRT, 7
I BEOBS TIIARH L RIS T AR
WA Ly e okt S, MAt O R EE
fRC& 2, UEDZ 12X *MAt-AAMT 1% a #3
FEE AR 128 L 72 S IR Ch 5 o

FeATHEZE & LU C. McLaughlin 5 (& 1988 4 i
PIACAAMT ZBR L. X5/ —< HlEANDHL D IAH
KEEITo7, UL, 2T/ —~DOEEEWNT
Ov2lIZFas YHIMEHENLZ s, FO
T VBEARD R D S HFIZHLD GARBFE D B Ao 72
AMT |2 VAt % 125 L T *MAt-AAMT 234 S h
72 [6]o BV AABRBIED L Do 72D IE, R AL
Zut 2L EIZ, *MAt-AAMT |2 LAT1 45 B2t
Hole,HIZERbILD A, BERIZFD T LA
bNTWahorz (6], &Iz, BIE2 7«
ST T = R L 720 4-["'1]-phenylalanine
7 ) F =< OEFEICH L DI T,
4-[*At]-L-phenylalanine % &5 L 7226470142 &
HFAET 5 [T Db Ens, 73/ BrFEA
WAt AR L CEFEAMAT 2L 0 7TATT
FHRLTHLVLDOTIEE WL DD, LATL f##
HIZEH LT, ZHOIERBICIISHT L) D
BARWZEDOFHETH Y HIITH %,

AHFFE T, *At-AAMT # &5 L. Al 928
7 b OB FEER I T & B T 2 At-AAMT
AL 7o MERICE T ELOT
*MAt-AAMT @ LAT1 $ 2% o7z, L C
B FEERE 4T\, PMAL-AAMT ORN G0 % BUS:
L‘ T VAT AMALE PANC-1 2 i &9/~

NG LTz 2A, BELRVPAER S 5
z z‘: THED DTz, B RWIZEIEE b 5 O%F
LT ANEDNEGE T NL 20, KREFR TN
TN E L2y,
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ZUAL-AAMT D&

AR, PUAt OB 1E A XRTEE D L < IE R
O 2 ERRTERE 2 v L CTATh LD 2 & B s,
AL AAMT OF I BWT, £ 9 o 72 Hi B E
BT A EDNTE RPN 720 b ) IR
TIZATHIZE & BRI KEREIC X > T, AMT (2
One-Step TE# At 2L 72 [8]o KELD
HUAETL 2MA-AAMT DA S 1 + v 2 &
7o, A F v A F i T aET Ik
THidE LTtk A + > o 2 At-AAMT % HEE L 72,

MAL-AAMT OFkE, 7Fa 7 bawTdh 5
IAMT & D It# %l L CHEDP O 720 ZED I Y
% T Mono-iodo-AMT & Di-iodo-AMT ®
A% H-NMR CTHERE L 7206, Tk a v %
% F v, TLC 7 5 O HPLC T *"At-AAMT &
Mono-iodo-AMT @ Rt 7%z & OV HEREH O — 3 %
ooz, KFIAMEZOMBHE» S, §XTO
AL 25 MAL-AAMT & L CTHEL Tz 2 & %1

131)

211At

Fig. 1 Radio-TLC analysis results of crude
solutions obtained from mercuration
with "'I and *"At, developed via
BuOH:H,0:AcOH = 4:1:1. As for the ™1,
mono-iodo-methryltyrosin (R; = 0.6) and
di-iodo-methyltyrosine (R; = 0.9) have been
characterized by H;-NMR. In contrast,
all of *"'At has distributed at the point of
R; = 0.6, therefore, only *"At-AAMT has
obtained by the mercuration.
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o7z (Fig 1o A4 > —BA 4 oIz L -
T, M2 SBE L. A-AAMT % 0.2%FEEE
B E LCHEM L7z PERIEB L ZE50%FEET
HY. Yo MALIE PA-AAMT 25 BEEL T L
7200 BT AIBREEESN W L IXEHEE
TRV TR o7,

ZUAL-AAMT O EE:

KB 72 T 1k, 2At-AAMT O LATI HF 5# %
. b MRS AL PANC-1 % i L 72
ol FEERIZ L o T, WO TCHERTALIIENTE
720 LAT1 FF PRI L LT, *At-AAMT
Mz -8 LATIORF RN ZHERTH S
2-aminobicyclo-(2,2,1)-heptane-2-carboxylic acid
(BCH) % & & 2> LM 2 < *'At-AAMT @
WhikAz 70y 7 L7-HEE, AMT %4120
2 CMA-AAMT OHLY AR & HEATHE L7280,
1 HEOMBELE% kX7 (Fig. 2)o Wi
T, MA-AAMT ZA1Z TH S 10 5418
Hize e L, WX E N2 o 720 2 BUY B 7z
Db, 1HRIZY V7R EmT H 2 & Tl
R HE L7z,

ZDFEFR, MAt-AAMT O A % BN L 7254 T
. HIFASIZIZIEIR L 72012 x LT, oSt T
. MR IZ O > b o — VB & AR ORE SIS
otz ORI, LAT1 ZHRMIZTa Y 7|
b L CIEMA-AAMT A I HES 2 2 & T,
FEAI A~ D 2 At-AAMT OWLILASIH] S, M
BEGIESEITHIIBIZES LD o72720TH
V. Tbb MA-AAMT @ LAT1 BEMEZ2 R,

2UAL-AAMT DENEER
BTl MAt-AAMT 2iEA L 21IEH <
T AR BT B At DA L RS T A
T DIBAVER R B L 720 WIOIZIEE~Y 7 A
12 MA-AAMT Z2iEA L7720 b 1 RIS
LT, ISR OIS iER 2 ME L7z, AN
2, B & RICEEED VAt E TR TV —
HTy B EHFIRBIZBWT L MAt DB I
ENTzo BiEIZMAGAAMT & LT BEIE 7)) —
DUAPRIEL 722 L BT 5, Z OfE5IE,
MAL-AAMT O RIf %27 )7 9 v A% R_$—J T,
—EBIEARPY T AL-AAMT 20 5 At 23T L F
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211At-AAMT @ 211AE-AAMT
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Excess amount of

2LAt-AAMT a-methyl-L-thyrosine

Fig. 2 Assay of *"At-AAMT uptake via LAT 1. The human pancreas cancer cell line, PANC-1 has been
used for the experiment. (BCH) contributes specific inhibition of LAT 1. Excess amount of AMT
contributes competitive inhibition of " AtAAMT.

)T EERT,

B2 HEES €LY A—EED
MAL-AAMT #7EA L, AL TWRWEEE —H
W22 HBEER L7z ZO/. KEZHE L 725
. MAG-AAMT A L7 7 ATlRE iz e
REDNEAL L o 72— Ty FEAL TR WEE
5 LA L7z JEEY A X% 50l L 724
AL AAMT 22 72 BETIE A AL Tw
BW—FT, HEALTWRWHEIIRFHEEE S & D
R Lz SNHOfERNS, T ba— Vi
FEBARET 2~ THREINMA L TBY . K
ROHETIZ L o THY R MAEE DD H H—F T,
MAL-AAMT %98 A L 72 BRI B i/ = 2 8 &
Nhholzb0n, EEOREZHETE LW
)BT, VIDALERIDS RO BTz,

SHEDTFE
PLE® X 512 At-AAMT (3 LAT1 B E=MEDS S
0. ViSAER bR T & 720 MAL-AAMT O 4
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MRTOF-MS F o-TOF #4238 D14 8E5F4H

BEFERERE V2, FIEEA 5. P. Schury®. REEHA . MEAE '. M. Rosenbusch’.
HAZET . PIBER'. AHEIKX . BER . FEHEN Y. ERED . H. Wollnik"°
(EH Rt . AXE? SIH°. JAEA', WK °. NMSU°)

JE 7% O | A D% ZFDREEDS a EN TR HEE—
HEaYWHETH DL, T THY) ., BoHFGRED—NzHoTW5hH, 72
REICHWEST 52 LT BEAE T T% < EET AU F — 02200 b K
JEF A% D AFAE PR J R0 22 5 EAHDETHA720, 25 EMHEL THET S
T 2HRZES 2 CEIZEoT Ny T TTT Y ORI LEDIE
ENRTE, BfEosE EERROANXY NERRITEIENTE D,

RETEHEFONX Y F aToFiZ, +—A b+ ) 7ot EHEEMAT
~—27 L TCOFM, BIZIEEEO—E 2 FE & % ETP AL [5] & A F ¥ # i %5, MagneToF
ATH T EDHREE 2 B, (14DM572) % X— AIZBFE &R IT > 720 2 O

A T AR TR OBk B E  (GARISII[1]) 2T ABHRL 72 impact plate & FFIEAL 5 H2 A5
& S FE IR TR R 2 AU = 4568 (MRTOF- L. WMOERHEP ST 2 RET %Y - &
MSI[2]) ZHAEDHLE, BT 2V 37 AFETHO B2 & o TEEREICHI4E - BiEZ1TH 2 &L TH
FEERIEICRIIL 8], HIHEZOSHITK TOAES A I v 72 BUST 2R TH 5 25,
X RBEEANOBEHIZAIT TS 5% 5% EMEL o-ToF 1Z% ® impact plate ~, . RET-HtE
DTV D, *2—T 4 7 L7z Si R #F (Hamamatsu

B2 D HIEL TV B DI, BOWOBE ST S-3590) ZHDIAATZ, BAF UBAGETH L
H5 ®Ca(*™Am,3n) 12X > THESNS ®Me B & SiMMaEm L ) KRET SRS, 2h %
UK Nh OB ERETH 5, ZORGICE - FHLASY A IV 7 E5 200G 5. AFL7:
TIES NS *Mc IZ B VELE S Tl b HW» A VIR EINE T o TEB), £22TH
8.5 pb &\ ) AR HEAME SN TBY Wr LG5 % Simt#R CHUS T 50 aToF ®
[4]. 0.5 mg/cm® DIEWE L 2 puA O ¥ — A& BEHEK% Fig. 112577,
MWETHE, GARISIIOEEETL HH 720 MagneToF @ impact plate &% -2100V £
4 JEFREEOINENRED 555, MRTOF T FEOEEILE % 2 THIEZ1T ) o o ToF 2O A
DEREMERR LI 10%FEE L $ 5 & 3 HIH FNSiHEORRIT, BUAES R VE D
OWMETIHEFOEEMELIT) TENTE R |2 impact plate & FEMIZ L TH 5720, Sith
Vo 2O X ) ITBEZIIR D T/NES 7 A B RS W WNONA T ABEEANIEEMEE T 2 UL
WREER LT, —EICRY Rz 283075 < %5, FOEF I O | R TR EE
BN RATH R E S DL T T A+ v & Thhbo TDI20H, BIEIZFWESULEL A D
Wo Ny 7 7Ty RREETIE RV, BEOMBE AT E BB ITo 720 HEEOM AKX % Fig. 2 1R
BRROETTHh D L) TR HIW S LE L 7 Fo BWEIZRW BRI LB 2 WS % 7
%o )7 TR N T AEE & A 5 B

ZITHRAIBELEENER T TR, HT BaEX, 7)) 7SIk o TR S -E
DT 25 OMBEHIEITH) 2L TE S FIIHHEIZL > CEEOBML VIZH 5 5B
2R, “aToF” ODEZ - %17 > 72, WEM BEZE RN & B AE S, WIRIE 247 - 7212120k
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i

Fig.1. o-ToF systematics.

SSD Opt-link

-HVEET ) 7

Optical isolate

N
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GNDE#T Y7

CEREEHA
EF A ERALEES

Fig.2. Concept of front-end signal processing circuit.

BHEIET L, COLHIZL TEEICHEW
Si figR2 & OfF 5 A FHL L 72,

o-ToF & 1575 LB [a] % % I v C P R RF I 3B %
115 720 *Am #IE D S Sz a BT O RAT
e & = AV F—%, MCP % H 72 FRAT I R AR
H %% [6] & o-ToF = A G b THELIT-> 72
FErY v N T v T LR T Fig. 3 1R . HIER
RE0o. EA 4 ORITER & = 4V F— O
SRS EECH B Z EAVR S, B HEE L =
AV F = fEREIL Z I E I 2515 + 6.8 ps/141.1 +
0.9 keV & 5l & 41720

AWFFEIZ L) oToF # W CHE=E L T AV F—
OMBEFHUATRETH B Z L DR ENT2, o-ToF
ZBEIZ MRTOF & £~ A b — L &, & %1T
b b GARISII & MRTOF % #lA&bE /2 EiE
HWEEBCHERAENL, 54 ThD oToF %
AWz BsEllEEZBROMERIZOWTIE, 5HOM
BHEF e TS 24T > CTW I FET
H5bo

21
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Fig.3. (a) Setup of Offline measurement.
(b) Two dimensional mapping of ToF-E.
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EERAREE TRRE S h - Cs 22 TBENTO
BIRDINICLDWETRESE

AHEEXVERFR. CEME BEEE KK BN &EFE’
(' BRARRER., * TR ABREBEEMERE. ° FEFHHE)

2011 4£ 3 H 11 H 2584
L72 W — i
FHEEBEHRER T &
PERE LA Cs & & ek
WCANEE e ks 7 OREME
‘ . W) Bl Enz ok

: BbroTWn5E (1]l NA
PR TR AR S IEEE I S - o T KIS
RETHDLZ L LREMEEOFTLREL MR L
TBY ., KT X B o F P B3 7
PHIFE SN D o REMERTI1 SI0, B4 & LT
BY., RERLIEIR, CsirE, ®'Cs/™Cs D s
REILDBENNRSE YA TAEIY A TBOLRE

L 2HEHDY A THFAET H I ED Do TS
[2]c ANBEMERL T O 4B IZOW T, fH T
&5 Si0, IZ{FEH LT, HAFHea s 7)) —
b BB & R & O SUGEFE 72 & HHER &
NTW5 [3-5]0 NEMWR 71X, FigrkeZ L
BHOBETIFCHER LI EEZBNLD, FET
JRVZ BT % 3 7 A2 BB AR L2 D TR B 72 356
B, BT IER T, SEIBRRE DT |2k
I BT X0 RELSSHEE S 5 Z & TR B
D SIS 2 O (FHUER) DEWIZL D,
o S5 ST E O e HEIZL T 5o AR
e CIIAEMER FhIcHMEICE TN L FHE
N5 PSricE H L7ze BB T 5 0HEO
HCSrid, Cs &) bHEREMEOKVIEHRLE LTS
V=TT ENT W5 [6], —F5 T Sr i3 iEmRe
ERF2RE VA7) — MEDRIG (MCCD 2%
D72 O EITFFHAIC L ) T EEZ S
NTW5 [Tl Lzdio TRBWR THICE&EEN
% Sr/Cslid, FHIEFICBITA IS OISR
ERCHBGERA N ENTWDL EEZ 6N, K

22

WF7e Cl3AE B IR BUEEIT & RRERT A0 5 38 [, S 72N
MR T % SRS 90T L 726 2 T Sr-Rad Disk
7 72 [E ARl (8] 12 & kL @ Sr & 4y
BEL 728, Wik v FL—3a vy rICTR
BHEHET 22 & TYSr 2 E®m L, TOREDIS
FHEENDRT-OA B Z BE L 72

MEEHT THRL S NAAEMER 1. WEDEE
pm T EDS 0# 2251k Cs ® ¥ — 7 HHe i ©
SRV EHE Cs IED RV E v ) T &%
Mo7ze —JT Ge i ER O y MHIE 2 5 gk
Cs DHHEN GO BT B EESE I LT
LI EDbrolz. 72™Cs/¥Cs DEIZ 0.9 2
BEE/NS L IS OMWE UML) BFERTT
FERLUABER TR 5ot sn s 4
TBTHhEEZOLND (2] MBEEAKREN T
RENABEER I3, REFET 2580 pm
TH Y. EDSHH251d Cs M TE L WwIFE
W Cs IEEEAMR WV & Vo 22 EIZ ¥ 4 7B &
HUL TWDL I ENbholze —H y HIEDS
. B Cs ORETEEE £+ & B0 B & A
PICs/MCs DIEIZ 1.0 TH Y ¥ 4 T B 6 FHE
NHMHEEIFRLRD, 25FE21L3 5HARTH
BrEZOND, *Cs/Cs DIEN ST 2 FHEFE
73 FHHRTH L LM SN TNE Y AT A
EGHETEDLD, KRR CsIBEOWENRLR S
CEbhol, TOZ LS KREENTERLE
NEARBEUR T3 4 7 A, BIZOES W
LW £ TORTTH A WHEEITRIRE N0 AN
YR Ic & 15 S oG REIZ DWW T,
004 ~13BqEEEINLZ Db Y., &k
FIZ L o TEFR SN, “Sr/¥Cs D4t aE L
TIZETORTTL10* OF — & —& 74 0 ZETIH
B BHEERMEOETR SN, KT I
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T 5 ¥Cs 12xF T 5 *Sr DE G IIMENTH D 2
Lo 7,

MR A& B Sr/¥Cs Ofili & 35
mOE & T 5 &, HIEF oA 2 E 10" ~
10°[9] EHBLL TV 2 EAbhor, T
% L ORETEWE O A X2 M) HEOR
TIPS DHEYENE/RE L CWDLEEZLNDL, #
CCTHETIFERNOZEE T O *Sr/MCs D& D
W E T > 720 5 & REWR T *Sr/¥Cs
DAL TR N O 225 h o 10" ~ 10°[10]
Iy /hEnwZ e bhrosz (Fig. 1), Figtk
TIEMCCI 2 725 EILHFHAIC L D 2R
H @ PSr/¥Cs 13 1 5 B TR R o 10%[10]
D &)zt p o mEA 2 E 10* ~ 10°[9] £
DARKEZLPSr/YCs DIEAHBEEN L L # 2 bR
Bo L72H% o THIEN & KREHT OAREMRLT-H
“Sr/¥Cs DfiEIE 10" L il TR, ZRH DR
R T XSO E R OB RS TH R L 72 & HEH
ENbo

10" 9 (a)
, 102 ~~ Unitl building -----
9
N Unit1particles (futaba town)
9 107 4

10—4 -
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Fig. 1. The schematic view of the developed retarding-
field magnetic bottle electron spectrometer.
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Fig. 2. The pictures of the fabricated magnetic-bottle spectrometer (left)
and electrodes for analyzing the energy of electrons and collecting
electrons to the channetron detector.
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Fig. 3. Collection efficiency depending on the current
applied to the solenoid for 16 mm of the
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the U sample.
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Fig. 1 (a) The behavior of deposition following the reduction of U(VI) as electrodeposition. [UO,*]
=1mM, [NaClO,] =1 M, pH 3.42. (b) The proposed formation mechanism of U deposits.
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Fig. 2 (a) The behavior of deposition following the reduction of Np(V) as electrodeposition. [NpO,’]
=1mM, [NaClO,] =1 M, pH 4.0. (b) The proposed formation mechanism of Np deposits.
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Fig. 3 (a) Impedance spectra of An deposits. [NaClO,] = 1 M, pH 3.5~4.0. U deposits: 20 nmol, Np
deposits: 0.45 nmol. The solid lines are fittings of equivalent circuit (b).
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