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221 FEOHBE

TUIERT LA (BUF AEA &B&ED) 1&. ALMA i 300 km (AR U, fRE % 20 £5127 B3 251 T
H5, 350 GHz T 0.6 I VMADLIEAEEL 1000 K OFFEIREME 2 KB L. VLBI D9 BETRNLFHEEZRS,
ALMA 39 7' I VAT ~ 1 K OBERE-EE CTHRIRRAEZ, 15 km OEFRE T ~ 0.01 AR D M 53 il 78 CHLH]
$5, VLBLiZ ~ 0.1 SVBAHDOI SIZEVANRRE TGS 255, MEEEOMHER I ~ 108 K & &<, MK
FHRIZHRBR SN S, AEA 1Ziliz ORE 2 6t VLB O 538 TR &\ 5 /8T A — R 2 BHHI R SC#
£7-5679, 0.6 IV AOLEEEIL. FEEE 10 pc T 1.3 K5, 10 Mpc T 0.03 pc, 2 =2 T5 pc iZH%3 5, MR
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Ty RO o, ABEA I3 ATENRZ 225, AEA X EHT it o&MEOshE%E2$H 7253, LLAMA
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g€ =2 |le | z |m o ig
g 1z 3 (9 = 9 |T ig i3 A
I e I s[5 & 5 Sites Altitude | Latitude [Longitude Dﬁt’\szm
12 3 |3 |2 g (g @ iz
o |3 3 |8 igd g
3 § 3 g (g 2 8 AOS 5000 | -23.030 | -67.755 0
i ‘oz s |2 g
- LD - g OSF 2900 | -23.073 | -67.980 | 24km
) 3 a
ERE
7 g

Calama 3400 | -22.706 | -68.428 78 km

&

1e+05

Zaldivar 3300 | -24.232 | -68.893 177 km

Llullaillaco 4000 | -25.227 | -69.040 | 277 km

Brightness Temperature [K]

Thermg|

1e+02

Llama-SAC | 4755 | -24.228 | -66.455 188 km

Lama- | 4500 | 24675 | 67.305 | 188 km
Macon
. '« Alt>3000 m for 350 GHz
16+00 1e+02 1e+04 1e+08  ® Access roads

* Baseline length : 24 - 300 km

Resolution [micro arc sec]
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577y 7R—~OYEME (AEBRZKS) HiEE2 RIS 5,
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Betelgeuse NIR image (10-mas resolution)
(Kervella+09, A&A, 504, 115) Stellar Visibility @ 350 GHz (d)

7=3000K,
R=300R,,
d=1 kpe

Visibity ]

Sub-mm galaxies discovered with ASTE
(Tamura+09 Nature, 459, 61)

Baseine [km]

. . The sun imaged with the
Evolving BH in a galaxy Betelgeuse H-band image (9-mas resolution) Nobeyama Radio

(artist’s impression) (Haubois+09, A&A, 508,923) Heliograph (180 x 180 pixel)
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223 FERECFREE

T s

B 19.7 /15 x 5 = 98.5 4
A N N T N T I (R 1.5 6, 7 > 5 F 14 {5, FE3 &, BEL.2 i)
og

Infrastructure §+%*}2‘% 2 ,{%‘: / 5 ‘I/S'i
o0 e ey o

% YAVUAYN 2
oo Full Op. @éﬁ%%‘f‘ 108.5 ’{%F:J

XOEFRE LMEM/E x 58 + R 25 /A + v 2V XY
N 1M = 8.5 M /4
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2.2 ALMA Extended Array (7)V~<HEET L 1) 13

HEGHII 2 SEMES 21213 5 AED WM 2 E S 5, TNl EOEMIERE & SURAIE & O IIZ DO W TEREZZIT 505 10
EEDOREAIZE > THEHALZ W,

BREOKREER DD T VT ik, ALMA O 12m 7V T F2TGICRAB->TWAH, ALMA Y0 b1 TFT7 V5 )%
R %, LLAMA Gt & 150 U CRBOAHZRRT 5, REDOMKEMEGT L TW5,

224 EHEKH

W7y Y7 bk - BB L UOF) OFEEENETH S ALMA IZHEREZINZ 5. EBRGHIRBEOFETH 5, s
YA NEBIFBETLOHAE, LLAMA SEOTILEYF Y - TIIUNVMNHETIONEE LW, T A MMESE - 245
WFEANED, BEIIEEEATT RS, BAZSVWTE ALMA BXUFY - 7LV F U O IINRETH 3,

225 ZMOAIa=F1DEERRE

ARFEHENE 2011 4 8 AICFHERBHK R LD THBREGIE] & U THARPMRHEICIREL 2, FHEBRBK2Y VR
Vs (201112 ) , K7V 7 VLBl 7 —2 Y avy 7 (20124 5 A), VLBI B#aY v RY Y A (2011 4 12 A
2012 4 12 H) FTatlAZ 720, 2012 11 HitT—2 v a vy 7 [V BMONRRETHES B 2L TR
ZHIER L <Mt U7z, 2012 4F 12 A FHERE A TR IE Ol 2 772\, T5% ALMA 12Xk > THES
NBERRAEETRAEDNS, RATEEZH > TWBEDH B, FHEOEMAITIE, BEHRI - WS hom» 5
b, EEETERCEEICH D) & OFHli & I HARZEIMRFEICE R SN, £k, ERZRXAERFEMEERITT 2012
F8H-11 Hize TV » 729U, 5] Sk R7N - BRE 2 ED TV ZeAEEND ] 1212 ALMA @©
RO EPRLFTH DI 2D 5 5] [EERN LM ADH THRE Pz D5 L UT, [H]) OFHliz57%,

226 KREHFEFIA

A EHE O BIIEEEIX ALMA & R EFAFRHEE UTASN IS, ALMA OBHIBREIZHEELRICIE LT, BEHR
TIUTIZ22.5% MEAETNTE Y, ABEA IKHFEU AHSEHI NS,

227 7Oz MOIRIRK

AREMH I F MBS T B D . BEEIIRE S L ERMRE R MR T, R R E R R ARG R C O ER GBI RRETH
%, ALMA OFRICEDSE, KX¥AI 2251 TOSEERKL AL S, BERRZE - KElZ % LT,
228 XX%¥ - FEYEZSBEHMNASOOAXV

FTE DM EE
ARFHEE, FESTL RGNS VLB OB 2 e, BN RERIRD @ ARES A — Y Y I RELFETHLDTEHD
BEEVbILEZOND,

BE&, 27 T1—-I0gYHE

ZOFEIE. SEABIRELLDOHMNRTF Yy LY V2 EATWS EHEESINED, BRINZREPAT YV a—
MZiE, REZNSDHHIIKMEINT VWL S TH D, Mo T, T3 LD K D REAMAERED B 5 1% BARI)IZ
HHEIZ L., ZHEDBBGT, BRBPI VAT — AT Va— i iDL 28ERH D CROFMNBRHAES SIR),



14 B2 FEHERERSH S ORE

BT B AR EE

AREHENZ I, FESBLTFWEHCIT S FRED 100 BLEOEIRE CRMLER 2 & OREDORE TR TE 20, 208
T — 2 OBIEREZR E, R ERINTHGE S N TOWRWEATRZEAFET 2, Tho O#SBE (RRE TORH &
NUNT = BEGE) BEEES WMo LRI ED D BENDH D, T 512, ALMA KED 15 F TOEHERT
EZETOMREZERTE, (REMTEIIE LT) E0 &S 2EAMEED K- 722, ICAGHEIRKRE S ALAT NS,

SHEE MR A D2 44
LR O AR A TR L DD 2 ED B 72D DERFHIED DWEETH S, b, ALMA OBHEIY AT L L
ULCHEHAINDZ 15, ALMA &+ IZBIMA 2T WRD S5l %2 D 5 72 ORI OREELS KYTh 5,

FMAIa=7T4 TOEERR

ARG, PEBEEMREG 2 COMR M L TEM AR EROERVRE > 2 REH 0, S, B RFICEL
T, I3 2=T 1 DWHHEB/BTISILLBIEANME 2475 Z e TEHEIDREI D LW DIthdeEFE2 NS, /2, H
AOBW I I 2 =T WAL B ERIFO»T T, BEhiEORRE GO ET R 2B TWRETH B,

HEF BEEIOZ M
ALMA @ Development Plan & U THREDIT65NEZ &6, Y AT LADEHKEIZ, ALMA OJL—)L EED o
2> T, ALMA DR ind &z, EYNCHERFEFAKRINEZ 5N E Z LItk b,

=i

AFHHIXE SR OWIEBSICH 2 B2 65ND, 2, ALMA TERI N ERGTHE e UToMR, KRG
EHONBAGWREL ALGIND, TD/D, ALMA LM U TRIICHED 5 Z &3 U \WDS, B BIRIE D &5
fRREA A=YV 71, RXFOTRTOMTIIKRELLFET 22O Z e o, E<HADBEEKII2=T 1%
LEAAT, HAPMBIZEMTZ 25 e LT, BRIV HEREEDTHIEER N5,



2.3 EXS5EA-YT IV, BHTHLT T v 72— U iEG#E (CARAVAN-submm) 15

23 Z»5IEA-YTIY, BTRDLT S v 7 R—ILBIEERE (CARAVAN-submm)
231 EtEOBME

%% 51FA- 73 ) (CARAVAN-submm) 137 > 5 A &#th 2 7712 3@ U 7 [E5€ VLBI J§ £ /NWR B VLBI 5T
s VLBL R 3EETH 5, HADOHM VLBI THEEDH 58 H) VLBl EZHAWT w-v HZ2HED, {EROEER
7217 O VLBI TIHELE LU 2 b - 7= W E & o R R 2 BIE 3, RIRTD SgrA* 28U, BMEMNELREDT Ty
IR—IVEFBEERBEL, 7T IR RIA AVOT RS LT, BMENBITE I DB iR 18 %
WE, 77y 7R —IViEFEBRIR SO 2 S, EERALRE ALMA & O3 0EEICEEEZMAINU, BH 5% 8
P2, ALMA BATIRERTERW 10 u BAEONHEE. WAEOY 7 3 ) REEER 772 1 O VLBI(EHT) Tld#
JETERVEHBETT 7y 7 h—ViifEx2 &L, BREETT 7 v 78— VRO ER L R%2 H T 5,

232 MEHNEHE

o HAWDT T v 7R —) - RIAXY (=B LD HROHFE") DR,
o GREEJIGITIAT B — fAH R BE R ARGE O SR 3 ) 6 T B,
o 7T v I R—IVEEMNBOEG. Yy MEEEFEORGEN T T Y 7R —VBIIK

DFEY, AERBHERTESA AVOFEEDRWVEREZT. BEMAROBEETI I EANTES, IHIC. HAHKRET,
R4 XV ERERBOFMBIEEITO> I ENTES,

o HFYIDY 7 3V A —VED VLBI @ RS2 r8EIZ 42 5,
o ALMA-#iaRkEH# (MHEHERE) O/~ 1y MGEERZ 2, FEERIERE ALMA O T o HAD FEHEDOHELR I

jgliﬁijko

DFY, SgrA*O# Tz AL, BEERREBEB/EIMES Z & T, BEEEE. Y73 VRE A —IROBZEMEDHEEE
BANTE 2, RITABEE.

o K VLBI #GHHEIAND SN, XV —, RV BT 78 & DEWRRAIZEB,
o AIGHIZLHIHL T T v 7R —IVEZ X —HHIKE (ARX—AH 7 IV VLBD ~ORPNPY L7455,

DFY, ATOVIV MIFERORERERANDEL LD,

233 FhiERE

RAEHRE 60 80 : EEKEF, 777 20 @H. AF#H 5 EH. 2 /57T 50 MA/NIBEREE 5 EH,. Z o1
%8 TR REREH 60 (MR, MHEZIXFEM 6 M (EHED 10%). M EEEERIC ALMA #1777 L FAE
DM ZE AW HETORBEEHTDH 5,

EfZRERE 15 8 : ALMA 7 ¥ 7 71 800GHz w8l £ T @mARy ZPHENRLEFE TH D, — HARGETI
230GHz FRETOBPTEI VDT, IARNK Y VIFARETH 5, S HICEERZEMIEE N ERE o> TH S %8 % 84E
TEHIELTHBBIIFEMTEDLHEAT VWD,

=, KVET LOEBERHGNIZHEZTVED, REZATLTH 5D FHIFMMEL TV,



16 28 FHERBREY S OREK

234 FREtE

BESTER ST PRN R AT E B

BUER 7Y F IR EERO AR TS

W2ER T YFSEE BERT Y MAT, E, R, AR

BBER TV AMNL WA B AT LI, BB, IR (75 25— - R 51 XY OFERRS
FE T — X OME).,

B &S CHRBIROME» S #ED 254

B 1-2 X ENTOBE)R Yo SEO®E BEEM OMEL, 230GHz #f VLBI 7 ) v Vi,

5 3-5 X BENRYI S (or UBX R ERE) 27 v 7 A, Hir i VLBI 5, WX Bl &k DRV AER T A
A UIFEEZ TR S R T visibility T — X OEUS,

235 EEKH

E =B

ENLRXE - FHEEHZLHT - NICT - HUR K - JRBUKY: - BERY - RHAY - 2B RY: - BHIEEK - K
RSP - RRY: - FEIRERY - BEAKRY: - W/ &, 2RO Sk E £ DOMEENSIL TWB 25, FHE%
HUlh & 72> THEE T ZIF2ER8E D 2 DI TIER\, S, I3 a2 =T 1 OREZI I ILER AL HED ERE 405
D, A TREES ) 2T 20END D (ZOREIZ & > THERGHE & FEHBIZZDD > 50T, @ % |
FLTIEER U 72),
F ¥ 7V Z Y FHBBIHFT ORI B W T, RKFHRASH & O I ERRIPNEZE L 05, BE. FYALXYTO
YA NEZZPFHEHGAEFTOLFEFA L UTHIRIN TV S B TH 5,

E =157
)V — - MBRYIEBIHAT (7 24 BT, RV ET - F ¥ AV XY FEHRBHATIZEY A P —RAIZBNWT
2. B ERTE 7z, WIS IZ 5B OBREEFOREICHET LFREEZEFTN D,

236 ZMiIIa=71 DABKRREF

YTIVEVIBLIZE>TT Sy 7h—bEARLS, & 2000 FEEHPSIREL TE /2, EE,. HNH - EHOEHR, 7
T IR )VEEEE, T OIRMTLNEDIZEE L RS - IR ER DKL TEZ (2008 FFEDT T v I k—)
AR, KCEEMm Yy ¥ 3 v TRHUL SgrA* e 75 v 7k — )VIZE | % Y0 IC REM7: BH filiis % &
B, 30 REE),

BRERLII2=T 4 CRFHERBAS - VLBl BHEEXE 2OV Y RY T LATHHE, #Ewbsrd o, —EU LR
EHTVW5S, 722013 FE. ENKXA - VLBI/NEESIZ VLBI OfFKEH WG O—22 LT 75y 7 k-
WG] 23, BB irbinsd ¥iE,

BREEI R —RKIGEME RS VHRICRWTEEHEZ 3, (EREDPRL2DT) THFF] 2022wz (2011 £5),



2.3 EXS5EA-YT IV, BHTHLT T v 72— U iEG#E (CARAVAN-submm) 17

237 REHEFH

BENEHIC & > TEMEEZMTERILIE D Z LA A DT, IR, (KB IR L D RAKD & 22 [ /) fR sl © 5 5 &
%%, DEDIIARA—FE (=00 BPRE HEREIZMRD) . S5 ICANREORBRNMREEITA 5, BER
1 Rseliicid, 37 3V ki A —3 VLB B, ALMA-#LEDMAERZ &, SgrA* IS0 FERBIANIZ Rt T & 5,
4 3 RDEEARIZIE, VLBI Bl — D ILFEFHATE 5,

238 7Ovzy bOBRK

[ 75y 7 R—ViEEOERGHIRSE] 132 < ORFEZEOBELEZTHWTE /2, A7aY 7 MIKMPIZRNLAT v 7T

FELERNETOY 27 b THD, BHFEBICNT 2 2HERZ B e UTHZEEIZSINLTE Y., Hz2E8E R
WODIZ, ZZETHATE 2, BUEREML TV AIIES - 52T, EREENOREEDORBH 2L, HEENT
OHRIZHEDOWTHE TSI, Fmz RO TSz, EREFEIIMESEMEANE D, TNETNOMEED O BEEH 1R
HUTWEE, BT A SOY—_1 WREEHBHAM) 258U,
HERETIX, (1) ~E0EEEZER L TBIRBOMAENSIZUD, (2) AR, HEEFRL 222 ELBERD 5,
SBROGHEEBRICIE, BHKERREDO DD —E LOREZ BT L U, D LB RIOBMFE L X)L O TR %2 #G
TEBENDDL, KTV MIRBERLTAMNE YV ERIZUTEHL LD LIRATWEH, ThTH HHEMIX
D, Zhid, KRZZBWTHRGIIERTE2RHTIIR, EDOLSCHBETHERLIPPRETHD (=
BBHEICHSTE2IRTOTaY 7 MIIBOBREL £ X %), 5 DML, HED Bk 2508 - o
KHEDOHERTH D, SMAVN—IZHTHY ., TOFEEEL 2RO, TDRHOAVN=BATOY 27 K
EFEAHKBLUCRZT IR EDLDOTHLVONEETH S,

239 XX% - FEHYPEZABMEHNLDIXA Vb

FTE DM EE
AREHHEOH 1 DHIIE, SgrA*DREMBE KRG 7 Ty 7 F— Vi TH 25, ZOHMIZIERICHEETH Y, i
3 —E DB D 51 5,



DIEE

\YG

18 M2 FHERBHRAD

BE&, 27 21—-I0gYH
ME)E %2 T VLBI O#GEIHIZ KIS 85 720121%, 27V 7§ REFMMZBFERNL ODPFET S & TSN
5 (B BEEOHEE B, AL, T &5 REMWLEEANORBOEHEADTHRIL, Thozt 74— F
Ny 7B THERHE AT Va2 — VR ERMEINERETH DM, BRFATIR, AFEIEXEZ 7 — NNy 7 )b—
TORPIIHBEEZ NS,

Pty B R

AFHE T EERRE 2 K723, VLBI ORGEH TR 2B E R, 2L OREOHRERN & iR CHAgE 25
DI Z OB BBEEPRZ R R INT VDI LIFVWAT, TNEETH I IRETH D, TOME, HNEE
BT 2 72D DEMRAEN I I N, ZORMBEEDZAT Y a— P U - REPEES SN, 2D LT
IERSREGEEZ T 2 28N TEHLEZ OGNS,

STEREAH OZ L
LA OB BEAN DR S & T, FHEFEfAH Z RESNETHAS 5,

EMIIa=FT1 TOERRR

AGHE X, ZOEMNZHNA S, B A OCER I I 2 =T « OBE T 2% E B E 0 25, stE oz —
EDRREEDFTEL, LLLERAS, RHEIL, BERICEZ VLBIA A=Y Y272 WO i@zl D TH
D, SBOHAD VLBl KXFIZE > THBICKERERE R21ETTHD, ZOBANPS, SHITELIIa=T+1
IZHR - 12 RO BRETH 5,

Y= e i

AREHENE X 2R O WGBS 12 5 %, BHEZ & O BARINZHED & 7= 0121, BAMERBEIR ORI 7% £ %8 U T EAfil 72
MGEEZITWV, SREDO RS GO A7 Y 2 — )L ORH, #MIEREEHZMONETHL, TDHD 1 D2Dfike L
T, 23a=TsNTOFERCHLIBRI N LS 1T, ETEIRAMREEFECEETEL, AIEBBROMAEL EL§
LINBBGEIHE E U TWH R AZ = hIEBIEDNERZOND, o, FAKROHKOEENSEMT THEBELS £ o
TL2ZLaFRDL, FAZ—MTMA, ZHMLREROREL (77 v 7 R — VRGN OB R O BRI 70
BED) L EMTHA S,



2.4 [ 10m 5 5 ALY i 19

2.4 B 10m T NI EiREEETHE

o A [ 0 v S L3t BT — 7 F ALY OB RETH D I VY T IV KT E M E Tl OBIIERE I
Hb, ZOHIZHADI KD (F) F— L35 UHMITBEEER I A 7 2L 7260 10m 7 7~V Bt % d e
U, BAEARZ D 2.5m ARAMRE T & fi#E U T, high-z 125 % X A MR OBIESHEE 2175, ZUl & > THRMOHE
A CESRMAIVAE O BT RIGBI OMHET S, /-0 EZE 12, X0 KRELAB MM (04 20-30m 77447
S AR R T ALY FERED) OEBEEEHET,

241 ErEIOHE

FE MK PE D FEFIFE M 2> 5 9 1000km WEEHIZHAD R — A5 UHEMAIH D, 5122 29548 60km 1T Z#fEN 7z
EIATH = LS UHEHMPFEZINDIFETH D (K2.32). TN 5 IFHEES 3800m & &<, &ilRdi— 20 CT~— 80
COMEDMTH D, TD7=d, (1) KAFDKELKNEFIZDR L H T I VDS FIMIZP I TRKADBEERMD
*ﬂﬁ&bfm\ (1 2.3b-d), CHREIIIZZE L TE D (K 2.3b,c), eI OB FHFHTOBRIZBE L TW»

o (2) HRHER D 68% (1994,95 D), WERED 85% R L EHITE WV, (3) FEMPFIEGEIL 5.8m/s & < 137

\mmAUL®mﬁ#ﬁK9tvo:m%u@ﬂF~A&D%mﬁﬂf5U~ﬁ%ﬁ®@ﬂﬁﬂi%%®%#t%
52 e%mU, FRHZ 1THz BA ECIE3EE i E oM BHITEETH 5.,

T

W [rr—— | Bt T Woss
_ [FT Eu '2'20 I B arey A1 2835m %H
T e
- * | o X “ 200K, 0. 10mm (£50%)
iAok " :'"'_ L ""':": "' 7 4 J15050m 5 5 91~5050m
) . g s : A A /260K, 0.60mm (%50%)
AL . Bos oot U ahale A
. og’gsm) - ml ::; | 12 A - » R
1 I ‘ ] U ome me owa e e ae B ,, _,~2701(’ 14*'23;“‘"450%)
- 4 g e . »
e S =¢ it Ll i
(a) (b) (c) (d)
2.3 (a) MMIKBEREHEHC B 5 () F— A UMY [0 X 2 EOME L RT, 7L —3EERT, Ko
WZAZHREDY, R =24 CITIXEN AR 2 KD, KRENI T E M2 R D1E 0 v o A T A J#3 T 20

BAB B, (b) LR R — A UREMT 2006 45 12 A 17 H25H% 1 5 ARMIE L 7= 220GHz TORKD I
EATH S (Ishii,S., et al. 2010), FEIX 2002 FEFRH2 S 1 AHBOF Y D7 X F1< 5050m TOE, (c) Rk
ML 7T RA75050m. ¥V F T T TO 1998 EICB T BT 5 2 B TR LEBRRKDNFENE A% KRR U7
ED, F=AXUTRMIBHE DB I SICZETHD I Wifiensd, (d) HEF—RIZK B AHARIZE DL
BEHOKRLZEEOHFEME (Yang,H., et al. 2010, F F— LA UHEMIE R —2 A LAMBEL VWS HENS),

B E—LJUHHIZ 8 10m 7 7~V Y Eiadiz @& § 5 (M 2.4ab), S~ 1E 15um(rms) 2 HEEE U,
850GHz % .lr& U T 400GHz~1.5THz THBUHIS 5, MOMREEIL 57 ~19"TH b, 7 T F D EFITIZHLHEHE T
F e S EHEEREZRA LT (V) v F- 2V F T UHFR) 1 ¢ DRSS 2EBT 5, F A I AMHE I 400GHzx 1000
F#F. 850GHzx3000 #¥. 1.5THzx4000 E 7 DHZEERK A AT (M 2.4c) Z## L., [ KEHZ gE L 32,
PERANZIX 10 HETOBERI A T 2 BT 23 HTHD, F~ATUEXS VZEB+HERILGHEERT 2, 7V T
FIXEOREWE D 272D, @ 4~bm OEAKRADED RIZHET 5, EEIL 850GHz IZEWTHEE A A T TlE
1 FfEIBE 4 T 5o ~2mJy TH b, 1THz BAF Tl confusion limit (50 ~1~2mlJy) TBUHIEE R E 5,



20 B2 FHENEBRED S DRE

(a) (b) (c)

24 (a) MM 10m 77~V Y g, (b) 77T id&EE 4~5m OEmKRRO B D LIZ#E, (c) 850GHz D
MGEERAATD 1 TV 2L ZnEHATEY 2O,

242 REMERE

high-z O & 2§40 O8RS R KB 2175, SR ND, D& 512 UTHEE UiEfh U T & 72 d R AR o HZER
BCTHod, £INFTOMLBEOBIHEITIE, FBRI N8O (B2 13T H RSB ERIIIT L) AU
TEH, BRIV (BERE) WEBEETLIETELEEbN TS, £ M 2.5a O X 5 IZEBE DA HSED
BHITHE R NP RN E ZAIZY 7 ) BERADB L= A > TW 5, il ORI ME TN B R ERT T 1k — iz &
A MBAHZ KD FIMETHREIHS CHWT WS, I SITHREDBINCZ LS L 2>4 TRAA MREXESWMEMIZH S &
HEEbNTWS (¥ 2.5b,c), high-z SEATIEZFDOE =2 0BT I ALY ~F T IV FTHIENEDTEOFEPEET
BHT20RREAMTH S, £HARTZ MDPSIIOE X Z D% KD 2721213 — 27 Oiflls fE T 25 %5
DdHbd, TDZH 10m T 7 ~VY LG L 2.5m FAMREEIER AL TARY MVOWEIZHT25, £72%<DE
JilE O 43 FHERR X SR TR OB B ATV B SR OTEE B IH S 22T 5,

FHIEAHERE 2 U T\ 5 720 — 8O 1 2 Bl U TR O % Kk 5 L FHmMNICIZRAGRS 2 2ilk b, ¥
A=V EBHT 2 LR OBNL <, KA RTEDRLRS>TUE S, HEHICHERRER %2152 72 DI XK BRE
K0 IEB IR ERBEIRE BT E2HELDH D, T D7-OBIEEF LRSI & 5 R\ EIRO f KB %175,

B S N7 BN 7 L < Eia e TMT 72 8102 & > TN OGN 2 17, S oG & MEEZIH S 2T d 5,

7235, high-z ST OELEE BN £ IE IR LSRN O B RAEIR OB 72 L, 2 < OHMIZMHEHAATRETSH 5.

Heat vwrslsnglh, um

19 (12 T
T =180K * SDSS J1148+5251 | 2. SmRAMESLEEE 10m7 T~ b Sk
d 2=6. 43 | —_—
B=0 o.ooml - R T
' 660GH _ T LT .
P4, 1 + [N
T 140K % e
B=1.5 "4 350GH
; B OOT00k = . o
T,740K { ; T47K CEEE
B=2.0 { 0,0010 | B=1.9
w ) ) -I'.A.I ) Lo ) ;:[MJ - -
Glomrred Wareleagle, jar 1
Vaar L5
(a) (b) (c)

¥ 2.5 (a) JCMT+SCUBA 2 & % 350GHz THHE /-5 7 IV R (FHER) ©. Ao RKEiZ
2=2.56, T RIE Ny TV FH LB L5 BT X iz 2=0.25 125 28R, (b) 2=6.43 125 58]
1 SDSSJ1148+4-5251 M A~ k)L (Robson, et al. 2004), EiltTdH 2 Z &AM bnd, (c) z=3.91 [ZH 28
APMO08279+5255 D A~ M)l (Beelen, et al. 2006).



2.4 [ 10m 5 5 ALY i 91

243 FERE

A BEUENA L CRERBRE TE2B 1 ME 325, 707 FERPHAEE 2 EH T 9.0 &M, @RERKA A
W20 MEH, ATaXA ZERERDENT 2.1 EH. AMEED 1.7 A, 2oz & THRE 152 BHTH 5,
2 NI Ok, BHMNL, FHREARE R CEN 2GS 5 5 FRT. AMEZEOTRES. 1 EHTH 5,

244 FREtE

BERZORIE 2 B3 TIT 5. 38 1 IICIEEREHEEIC 4 4, ERAGRIERERIC 1 4T3k 5 HRH, % 2 1% 5 FRH T,
PR DD 2 45, 2 D 2 4EHICBIIM L, FRABRB TV, 3EH» SBMIZRMGT 5. B R KB RAE I
1310 FREED DB FAATH A, R KB & 2012 W O R 2 S GRS L Tn <,

245 FEEKE

E R etk

R REDPHE 2GS 5. 7 > T FREFRPKRT: LR EDV I U TIT S, BIEEERT A 7 FEN KRG L
FERZE, ~NTHXA UZERIZEN R A PMARZEDEH DB & FREREDT 5o AR 50855 R 0D i IR B 5 1
FERF, RACKRTE, ENMHRZER D300 LT HARAREPRIRRZER EL S ORFEOH L EEL, ik, B
Y odE, EOME (AFRFAEE), BUAEGMER X E NS 22 4 %, BUHIBHAA & I3 R E I B RR XX
B (ki) 2RELTERIZHZ5,

B 17 7
P AR O [E B AR (SCAR) DRICRAMIERZ B 2021l (RAEKRZF) BRELTSIL, BHBEREZENTWS,
FRILRBEHTHEMERH I L TR =LA UEMTORKLARDHEZIT>TWD,

246 FMIAIaA=—F1DEERRE

2005 2 TFEMR XAy Y —o 7 L) (R&EHH) ZFERU. O U CEHEZHEEL TE 72, FEBLLAREOAN
B VRY T ATHKRL, HAPMRSEYHYZER R CEFHY A IRRICHE I Nz, REAFPREREFL LT
LN OHEED D & AAREMRED KBGHE < AR — 75 VIZHGE L 2, ESRHFSCRHT O 55 8 HH e b th i =
% (2010-2015) TrRAMASCOHEENRERICPES N, HEDHTWD, 9 (2016-2021) THHEMREE R->TW5D,

247 KRFEHFRHMA

SBURIRFE DRI 5 & B A KB L T 252 BT — 2 EIER, — MBI AT 5, B #E50 & BB I
UT, ZORPED & —REEAMAI T 2 FETH B,
248 7OV hDERRK

FERT, RACKF ., ENIRBHAFZCRT O 70 Y = 7 b & U TP 26 FEBEER ORI E (5 »HEHE) & U
TR U7, 2 RFZEZNEN 10m 7 7 ~VY EiE§is KO8 2.5m RAMRE ST 2 SRR R EREE & U TiRI L T
HB, b UMEMAZRDRD S, 9D 2019 FRITH F— A3 UHMAERE S g (E LR 5 AT o 5l D KR
BUORFI), 2020 FEEEGBMA AN T, 2021 FEBRIG L 25 FETH 5,



22 B2 FHENEBRED S DRE

249 BMBRFHESE (10m 7 IV ERFETE + RARERFEETE) ~DOIX b

IEC®IC

T TNV EFRINRO Z D DEFHEIE, W E RFOFE & U TREBOBILE A O# B BIET DA, ThE
NOENHEE T H 2R KRF L R/ILKRFD 70— T3 REE L CERBHREThH@ T 2 —H., TMiBRxary —v7
L] ML, BIHIAOERER A > 7 TICEAT & S ENIUIAF AT & & B ICEER R 2 TN T WD, FFEE
Bk, TR E (RFF)) L UT, —RE Qo @EEZEHE L TWd, 6o TMElEm# @ s 2mAa% v, PN
TIFHEARN T H % —RKOFHE & U T HE S 2 3l 2 dins B R BB S U TREBIOFHIi® 2 A > M2 INA 5 Z
LIz T 3,

FTEIOFMHNER

HAEH T ARMMEO [F—=A30) B ICE SIIBENCELZ TH F—250 1 (BE 3,800m) AT &
DI N DO, FIEKRT - WACKFEDY 7 IV - ARANRD AR S B & e OB 2 & & 5% & U Tl &
D LEMRFETH O, WEFXI VY =T L%MEKRL, BB & KFE LT, —RKE UTHEL TV,

AR, N OFHE TR U 72 RIS O ER, WE 2 GO RO TE W EFHIT 5, ZORHIE, BAF
DEHBHTHB,

BT, mME R, ROCBIISRAIEREE S UL FRZH 7 I V- AN TIE T BB O RSB Tth 5,
KE, ROMGEE, FE 7R D55 > CTrbbiE it~ OBIIE L 2 D B, HAB ZDDENKF FEDFHETZO—MI(Z
VHY—=RTEZE, HADKXFIZEHADRELMRIZE > TH, KEREKEWLSEZALD, 2L, TIZEAN
WEETH D L \WHIREN D 5720, ENLABHEFZERT & OHLFEIZ XD, ZOFREDOMIGIZE Y A TWS

20T, BmEE, BRE V—A v ECTREOBIMSEMEZTE» U208 10m ¥ 7 3 ) HEEH L 2.5m RIMRE
EEEOMAG DI K i@ XA MR ORISR &\ 5 FEIE, FHPIREIHORKREKR %2 B - GffficEs s
DT, FHMZHO-ERBREEEEE TV, NT A ICERTED 30m HaRME s T M T I H O B 4 %
Rt 2 RERKE L RTZ5 5,

BE, AT va—-)lozst

e, Arva—ed, FERYTHD, TNTNICEEFOEBRLE, T 2EAKEBEOREL AL, %
NENDKFEN S 26 FE M 72 EERD, B RIECRIBEI N TS, 726k, B, ﬁ%#o%bf
IR DS P D R B FRETH D, T0DH X T CICMEER B INT WS, Y7 3V s T
WATREVED B B 08, T DB LT FMNER E2E L SRV AV THRE R RMI/NT 55, I%#H%V&é#%bn
W,

A7V 2= V30T EHANTHEN T TEEHBUR - 7 A M2 TVRBICHX T 251l T, ERBIEFZYTH S
5, FERETIIKDRIHE  EEREIFTNTVWED, Z5 UAMIRMEIC X > TEHTOBENDH S Z L 3EET 24
WD D, Y% 2020-21 FOFIMAANL T 7 - BlHIFAIEZ 125 AT, BN TOREES - BIAREEOBEL v AT A
TEDZ LoD DD EHEETHD, EEPSBHBED 20 2 AETOH ZOMOEHE U TIEIFZY & Eb
NBD, KFL WO N ONREADOGE - Kl Z2ED T ZEREEFh 5B,

R EAE
PTIVET T, RAMREEEE 12, B"AEDORCHEE S MED OB B2 Ko TW\wb, 727,
T TOMAEDT - EH - BEOHFFICEL TERABOEINE W E, REHGHOL-OTREZEBES LT VT
YR TH LS, TOHEH - BRI Y 72 o TIIRERZ R 72 KXWse s & BB D ilERE e F oo km L T



2.4 [ 10m 5 5 ALY i 23

HED BAHIVPBHATH B, BT OEM 2 Z 8§ L, FHZRIMREETEE T, ko E iz B L Tk
ST EeDBELS S,

EEEY NIRRT 2

Bl 7B 2 REE LMD EARN 2L BIAENL. +2 BN TV, EfFEARTH 2HERT. FILKFIZ 26 4F
ERITEZOR CHEFRRB 2B X, 22N ThIC. HARZIMSEO AMOKBGH~ 2 X — 77~ (2013) IZFED
FTHE LTS Uz, F MM cld TR BT DR - 7 7~V KCFOHE#E] A3 8 HABLRIHZE ITERINS
N, MK XOHAEPERIZS b TWad, FhMatEz2 A8 MERE70yT 7] 2, LEO¥MRE~ A
R—=TZ HRH U7z, WINEEROBEMTEZHS LI LD TH B, 72EZETICE - 56IIE, FHBE R
BB ARG PEKERDOZGO X ST, MUHAFNIZ KCGEHE 2 ##E S 2 EMIRF — LADRE S NS Z & AEHE DY)
IZIERPERNTH A D,

RIZRXHAI 2T 1 2 EOERERIL. IFIFBRNOOH LRI HBrEN5E, 7 IV IKETIZ, B E
BENRKXBPRFEOHLFATHED SN DL, RAMREESEE T FICHACR AN O - FER e OLFIZE & %2 &
WTWBH, BEFTORKE DL, AP - BB OLFEIZBE L THHETARETH S, T & TFEMRK
Xayy =7 Al ZHDMIIAS Uon D Uz ikl 2 8< Z &k, Bz e Bifibi st & REIOR R EH 2835 2
DFFHTIXEZIZRA D,

BHAI2=F 1 TOEERNR

AHII 2T IZB I AEEERIE. FHERINT VS, @iFEes, HHIIa=F 1 ThIEHBIBERE
2 WRIMEHEIE 2T B WTIRE - @I . 2011 4F0 o O HBEIE O TENENIZE VIt 2 Z T TW53, #
M RFEDORIUGIH~ AR =T 7 ZIEWigHE & B, S0 LCEHO Y Y RY T Lk ZIT 72 RKY - FHYHEY SR
ATHMEN, YAX—FFVIRIT 2 Z L ARRS Wz,

HEMBEH OZ L4

W ETE & B, PEEERHE O A2 LERHE T A5 E LTWD, UL LA SEME WS RRBRIIRIZE T2 Y
E— MEAPED LS ITEMT B RHZREBIVRE N, £ TIRILEFE - HEBHICE < OKRE - FFRIED S5
BINZNT % Z & Tl L I@EE 2 K, — MR ILFRIRAIEE 2 BRI TE X 2 0H, BENTIERWD, o TH
BB Cl3 LA - KARARICES 2EE, REFEMND L5 R EMTIIROBEE LTEL,

b= i

BT, IV RANRT Tl ERR O K SCBHIM) T d 2 Rk T o S B 2 B LR 2 ) — R 9 5
Zr, B2, BIABREZED L, OGBS LT 10m V7 3 ) L 2.5m ARIMREEEER O M [H CFHPIR
D RIRTE i 7% B4 - GRS HEE T2 2 &, 3 31T, D DEN K & fHIAHF O E#H2 L H/ T, HARD KXY -
BEaefic kEmfkzi 2 L,

PLEDMEIZ & o T, ZOMEIEZ —(kE UTHIET 256, BOTRFHizhd, TOEREEDZ, €0
HRTZ,



24 B2 FHENEBRED S DRE

2.5 CMB RAEAEE LiteBIRD
251 EEOHE

1Y 7V —Ya VFHEERRBEWE Yy IV 2R T 2R AN BEBmTH Y. FHGENBOFEEZTET 5.
Z DHBGEIX ANFHIZERE o N KOMNBL T H 5. FHGEIBIE, FH~ 1 7 0SS (CMB) DRYED I
RO Z = (FI B €—F) 24009 %5, AGHHOEHMIZ, CMB itz 2 X CTHEBIIL, it B €— N2t
FUZJEERIT TBIIL, KA > 7 V= a Y FHBERZ SR ICKEET 5 2 L TH L, NEEEE, BIERRBER. £
BEEAEREE T V1 28U, EEOBHETS5, JAXADu Ty MZX 285 LiF2Aiite §5, FHimmst
OHLE L TO Kavli IPMU, #REBFE - 35 - 115 EFodhe LTo JAXA, ik CMB 8lllloFEkgs A L, #HHE
Btz #iE 3 5 KEK O =213 U, ENRXA, AV TANZTKREN=7 LV —Re L, ENIOWMEED
Fv M7 =2 2L THET 5, POLARBEAR 0l BB 70 Y = 7 b THEHI B2 & U D DEdhE
FEEATO DLFIHOKRE LR TH 5, AFHHENIE, HEFEZZIT T, PMABMKGHY A X — 75 UARERI N,

252 MEHNEH

L RRW A V7 L= a VETUDNFET DRBENEBRED FR (7YYL - AHF—tr=0002) £T
BRTx3, (K262 RETHIESN VY T7L—2arvDIxNF—2A7r—VIZHET3EEIESNS, Rlixhk
WHAEBRRMET VDRI, BEOEVRERE LS, MOBHE OMEHRIZIVZEAN VTV —Ya VETLO
ARME L <BGEEHRS, PHEOABRIZLVFHIBEDDNDD LWV NRT XA LAZTDEDONPEEZHE SN D ATRENE
Tob D,
2$M¥m BENMHE (BXHERRY) BEBRENEOFEEEZGA 570, FImEHKEOMEIEX, Zh s D5
AmER DR 2 fRE L 5, EAHMEE ETIROM — &\ D B TYER KO HEICH U TR EREHELFD,
3%i% PRI DWEIE - RCIR DO MRIH, B2 1B OO RH A B OVBEF RGO fR I . 5 S e 5B oD ¥ & P MRS oD figt i
BRI~ KPR, EEREE I VY 7 IV EEA S RKBEEIC L2V VT 4 ERARFERZ ERMHFI NS,

253 FERE

IR R 15 (8 G EEMR 2 E R BRI Y AT A DOE AR YY), PIFEICH 50 (81, HEEEICK 5
B (MEEED), i T0EHZEEL TS, 2720, 5 EFEMIZ, 5 EFBRBIZRESIKET S0
ZZITIEAEDR, BIRBEONMN 25 MM, NER AR EEENZAY 2T L EFH LY AT LNAEOBFE - HIE
LBEAELTWS, FEOOM 25 EHIX, FiCIvya v WHRZE08IKR) 0707740 bETILVOEE
BEMELTWD, NAMOFHFARBEZO RS GO, IOVEEOEVWTRABL DV 2EBTETH D, ARED
DTIEBRL TRV, FHREEDS BHYSZEERGIIC K VET 2 Z LB FTE S,

25.4 TREE

SERE 25 R~ BRI SS & i EEGEERR AT D, Iy v a VERBE AR T, VAT LAEB AR OMG &
v, VAT LERE - fIRkE, Tuvo s MEHEEEE L D5,

SR 27 ARE~ ¢ HRBGIERE AR CEMZEE 2TV, TV T VS ETLOEE - REBE TV, REEEET S,
SERE 29 R~ FEIRLETRE AR T, VAT LAKEBORE, 1TV —vay, REET.

SR 32 A 4B EIPBATHIEE AR CHEEZITS BT 5,

SR 33 AR~ - WIHTE A, BUNRS SRR, MERERESE 2R T ARRIVBIIZ T 5,



2.5 CMB fmy¢t#Elflf# 2 LiteBIRD 25

SERE 35 AEEE~ BB OIIERSE T L, MWL RNV TOT —XDIESMDF = v 7 &2EDHT NS,

SERE 3T AEJE  FURE N OBRIZET 2 RMEERERKKRT D, T XOAHEB IR,

6% : R 26 FELDFEIEZ. I vy a VIBERESOAR, PEERRNE, 707 AV NVOALHEEE DD, Fh
W26 U TR X 22 25, bR EHNT 2562 MEKDO 7 = — Xt > TRz,

255 FEEKH

E P R ek

JAXAWW 70y z 7 hxx VA0 b effdh - BFs SR, 775 L, SHZEY L, MRS Lyohne
74%, Kavli IPMU 37 — X fifg#fi/8 1 75 1V OWEE, 7— 2@, ¥v ) 7L —Yarz2E8L, KEK L E
RIXADH LERTORMIERE, I v > a VEREGH - B - W2 YT 5, T OMBMLEMZEH, FALKRZE, FIlX
o ORBRFLREE, BHEERIRZE R Y OSBRI v & a VIS, 7 — X @ie SITHBY 2,

ERH A

NASA 5B TED, L0ELKOHEMEZ NASA oG5 Z e 2ELTWS, BN S 1E WMAP IZERR U 72 /Mati
—ER~ Y 2 AT TV 7 EEHYBEEN R ESREA Y N=D 1T A LTEMLTW5, gAMLV S bn=27 ZADH
FIZ, YFXNKFEERLE UEAF X IN—THELET S, T TITEEHAEDO FHEZ CSA (Canadian Space Agency)
MO/ TEY, I0ZLDOHME CSA»PoBZ 2B LTS, ERIZMATSMERG T 2 70— TR,
HECHD, eyl MEIWEGEIZH LW IV —TOSMB A E N5,

256 ZEMIIa=—FT1 DERNRRF

SR 24 4 12 MO FHEBERIBHL Y VRI Y AIZBWT, AFHIZER K COBIZH T 5 & W EBLE %2 /o
ETHDE\VDEREEMRZ, k25 4 2 ABRMBOEMRFEY VAR YD A TR - FHPHE B ORREHE | TOFKR
BIRT, FNEEBYHEEE LR - FPHYHZOR2IZEWT, A RIII R E A LiteBIRD #HEj 02 %
RETDZEDRHEIN, YRR =T 5 VADIREEIT- 72 (BEHIX Kavli IPMU K IIEEER), BRTFUHYE (&
IRVF YY) LUTHEVERZFEOLZO, BT RV —WHEZIEE REI VK 24 I U7z DREREH
FNEEESEH ] 1ZBWTH LiteBIRD O+ T2 AFEE & @) Sz,

257 REHEFH

ARG T FH MBI O BAFE RAR L FIEARICT X 2R/MT 2 FETH D, T—XAMOHIZ, KEK £
7ZIE Kavli IPMU 27— &t r 2 —%2REL, #EAT 2, SHRBEREIIMAHHRE 7 VIEALTaA M ENZA S,
TRy R&—F T-XOMHEICE %5 JAXA FHBIAMEH & B EE R BEM 275, Zhitkh, RX -
FH - BRTYHEOMREN T — 22 R HHATE S Z L1220, MOBM L DG UMtk VB Lk 5,

258 7O zy bOBRIK

OB S JAXA Ivyavys A VBTNV —TL ISAS VO FLVAT LRIV I=ZT VYT E T 4 A
5% EEZY, RIZHKOBMME, Iy a YR VAT LAERAD 7O =X IR R E 2T 2, TO%Y
2T LkRE, ABIEMTRE £ TREBNEAEA, BHEXI v Y a VEBEE, VAT LAERBEEICAIT T, REOY
R— N H b 0 FEM IO 27> T\W5d, I vy a VBRI O WTIE, POLARBEAR 7 & 0t |-



26 Yo

Jav sl D, BB OIBHE o T Wb, I 512, BNV RXE - B - KEK - MU KkZ2F02 LT,
THBEEREZR T V1 OBFZED T WS, MLEORAEEREE2E & ICBARWEE 2 EDTWS, BHIORED —DTH
LETRSTE CMB O MIZE L THMIZENERL TW5, (X 2.7 21)

LiteBIRD

M26 Av7L—yaryEiHiimsrolfaInsRENAR CMB R B €— KU =227 bl e LiteBIRD
DR HESE, 22072, Planck H FEBR TGS N A REREE R,

2.7 LiteBIRD THIfF X N FIBENRFEROEEEEZ TV VIV - AH 5= (Bl X7 —2~x27 hL
2B BRI D OEIE () O R EIZHS5bULEM, Y I alb—Y 3 VI X BB AT O R

LD LAV (BER) 1k, TRBAE2FELTE, TORRBER S TINVY I AR ERTEHILERLTWVS,



2.5 CMB >8I 2 LiteBIRD 27

259 XXZF - r FEHYEEZESBEHMNSOOAX VK

FHEOZMMNESR

FHYA 7 0EE RSB ORAEBRZEC T, MOTOENKEE— FE2RD D Z LA TENE, FHEHUPOKFRHN
THdA VIV —yavOFEL2EZTIHL. TOBBICHESZ Z 2D alfel 25, PLANCK 2% 05l O iz
FoT, FHMIEEETTIVEMNL T HICE 57z, REFBRINTORWEAKE— N, BEIhzREo 7oy 7+
TThYH., TOMFY DTN E BRI ARG HOFMEBIITER. S SICXERTDEIZE > THD TEW,

— AT, BEOKRE-REZTTELRLS, —fRIZKRAT = UREBRIZE > T, RXZBIZEDE IR X0 b 2525
00, BEtEED SN0,

BE, 27 Y1—-I0gYH

AGHHE L, HEIZRA U TEANBEE— RE2IET 2720, SYHIIITH BP0 @I N T Wz /NUR AR >
V—ZAD—DL UTHIEINTE/, UL, BENEREORES D ik, NERZEHRES Y —X12iE 71w MUK
WZ bbb, £, MIBEHEEY) - XHKRORELHED SNT WS, FEVFREIHNTHEZ 215, RER
FEOPAT YV a—)LOFZYMIZOWTIE, SEIEFHIE L 22\,

TR A E

I E T QUIET ¥ POLARBEAR A& ¥ 7 A U A A3 EE T 2 EEBIZ SN L TRZRER, X S IS i
2B UENOEMEEZMELE L CTHABEERHEET LA R OEERREZEDTE /-2, BMMRAE &S
LRWVIZH B, Gtkik, BELFEMRD SNAEEFEICHILDO 7 L A DEBICHEIH TE 5004 8, HEFHHERAE
DERZ M- T 2O 2 X 5 IZ#D N, £, WP TEIND DN, BS N2 @SEH S BTRME 2 6 O
FEEWORE, EHRE—-NZERTINV T EADBE—R2H0 TS TH5, WMAP ¥ PLANCK (@
IIRERERTE) REDORREZIENP L., ZOWDDOME 2 X 518D I HENDH 5,

STEIEEART D2 LM
JAXA - e KEK, EsRXE. 512 Kavli IPMU & OHEHITHIZ TRELENSINT S & W S Ehadklix,
Tz ThH Y, ELREDTH B,

BHII 1 =T 1 TOAERN

WA I 2=F ¢ Tk, FHED B R ERI R 0 S BRITHEA TS LIl X, £7- ALMA Ao gzt
B & N U 72387 U DS S 2 81 0 BT BHET LT, AR E O CRb < Ffis hTn s, BRI I ¢
WoH, RICY A T ARG S FHE & < G 2535 B,

HEF A OZ L4
HEFIA® 70 R =P INCED GEAREIEFTE I TV, HET—Z2ORMRY., 3 Ia=7 1 ~OHEE
TLEWI RIFEBA LT ZATWS,

A= i

T - FNTYHFZOSEICRERA VNI MG ZSEEPHRETE, AFIELERITHY LIFTETED,
EFHETE 5, SR, NURAERE S ) — Xh 5 OEE IS FHE O BIGE 2 RAUs T 9, £, BIRBUIC &
BARAE T DIEEE T Zh 515506 KA IRIZOWT S SITRE 217745 Z L fifians,

ol



28 28 FHERBREY S OREK

26 HBEEE - EEHOAOEI VYT I )RS —BEEICL ZBEFHOK
SRS DB

26.1 FEIOHE

FHABEEEO K EZRHEET [TH] THEY 7 IV RN 2 ki & CO/[CH] Mkt TRILISRICERAE L. Fif
HEMHICE 2R E T, WEYES A OB LMD - #bzfEhde iz, A=Y 7 - LNy FH)
Rz R Ut AR (CREUBREE O high-mass end) O & % O FE 43 f#HE Mapping 75, SR [ D i = F e
DI T VA7 AN —% 7257, 2D, 1 30-50 mHFD I VY 7 IV EH—ZEiie, LEEOMAH
WhRAZ (IVEYTIVPERD CCD A A F) B LOLEBEBAFR TS (I VIEY 7 IV ERS RKIRDEE)
EHERIT 5, TOEEEEIX, NRO4Sm &, ASTE10m D&M & LT, HARD KM HEREE L LTD
BHEZH->TEY, (EAOMITHE & & HEEEL) HARD KR L EN KAV EEE L TEHL, 2011 £ X 0o EH %
fliA U7z ALMA (30 0L LR 2 E) & ORI - k2 @i 2 52819 2 & L 512, 2022 FUGHEAB T ED
TRAM R X B SPICA & 51213 TMT & 02 REICT S, /2, IVIEY 7IVIKVLBIO—~RE LTHIGH
35,

2.8 fEHGH



2.6 HAMHE - JARIEOR O I Y IEY 7 3 ) B —aEHT £ B R T O KHIEE O PR 29

262 REMERE

BB EBEOFEMIOVWTIE, TNETI T EBEY -2 ay 7 ERNY =2 Y3y 7081 M20, [FHE
LHEHS R LR BEINZ Y,

ZITE, FERYA T VAT A% R5, (1) I VY7 I VIEIR SDSS L IERRE, FHEFHEEOEY —27 D
R (2 =1 —5) TOEZ L ARBERM (SFR > 100 Mg yr— 1) OKFEFH > TV ERER L, THICHDIE XA MRS
NPT EIEE L KT T v 7 R —I)VIBEIGEIX, B BWE A ORE & Z 2 T - ST O SOR R o i ie
RS 5, £, TS DOKRET Y TV HWT, HRIMRUIERTEVET (2 > 2 ) DFH T redshift space
distortion ZFHR 2 Z & T, MEHREEEEZJE L FHRAT -V TOENHEROMAEIZ LT 2, (i) Wb
% TS ] OEKEEOBI (B — A T—REEH) S, AV 7 L — a3 VOFFHEL DEHEEOKE DM EE o
Y, (i) A=VYZ7 - ¥Ry FRHREFALZSEREORMMEEIC LD, BEIFE A CBHIFIORN 2 > 1.5
O3 SR A DA HEIZ IR D . KIEEHY » TV OEN AR L 225, E7z. BEERESE O 3 ERE R E R DR A S 8]
WA T =B, FHORBEIEHPIRICEE LD S 2 =2 DIRMFOHRRICBVWTE, MERLVERTH S, &
FiSR OB, FH OMGE L D high-mass end ZEHHE A5 Z L1220, BERS EXFHM NI TA—XE2HS
ETCHEEIIREBREANH D, 7= SZ @OREEBIHITIE, EODM (Y a v o, MBIXILF—) ZFMICHNS L
MTE, SMHOREE - HREWSNIZTEIENTE S, (iv) 2EHNATIZLZEHOERE R KO BRI
Y —RA T, BERYBEBEOREK (77 —A ba7RE) PEOEREOREEEG 2 ZBFERTE 52T, 2
T OHEERBCEEMEDHMETAND Z VAL kD, £ A TEATHSFBEERMARE TORE < DRIK
T, IVEPST T IV EETORWEBBEPNIZE > THTHRY — X1 28I 485281280, 2 7EITHoK
B & TOMFENDSRRIEREEIE, S S ICYBENEZREZTIENTE S, (v) VLBIBHIZBE W T, A
DL U T OMENNE & SEEMEEZ 472 L T ALMA % H\\ 7z VLBI & 3N R SHETE =2 -2 KT 52 &
DIH[REIZZR D . Sgr A* ® M 87 R L DBIHIN S, BEMEYY =y PORITO XA F I v 7 LM, X 5121k
MR DR OMGEEE TS Z LD AHEIC 25,

#% 2.1 Tentative Telescope Specification

Diameter 35 m (nominal; up to 50 m)

Main Freq. Range 70 — 420 GHz

Highest Freq. up to 1 THz (limited use of antenna surface)
F.O.V. > 20 arcmin. in diameter

Beam Size 6 arcsec. at 350 GHz
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AR 15-20 MRFIRIRE & 72 B FoA A, Hiatfi o el i I P @ B R T U3, BIERF 2 e 5%t ASTE TES 771 A
F7. UC A= LIBIFEORMRZE TES 7LV A, TIV7 b REHFATHET 201 A—Y 77 L+ DESHIMA

*1 http://www.ioa.s.u-tokyo.ac.jp/~ytamura/WS/WS2011/Program.html

*2 http://www.ioa.s.u-tokyo.ac.jp/~kkohno/ ALMA /index.php? Workshop120929

*3 Kawabe, R. et al., “A Large Millemeter and Submillimeter Telescope Project; ALMA SPICA Synergy Telescope (“ASTE-IT")”,
in the proceedings of “New Trend in Radio Astronomy in the ALMA Era”, 2013.
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AV TANEVEEE LTRIFTWSTuY 22 s Thd, 72, HA MEETH 2 FHlHFRIIEEREZA R
BOVTHFEHFAEFT RO L B o THHEL TOWSAREFEHE LTy JI2BIFoNT0W2HDTH D, LhrL—FK
T, BfRIZYUNT—AREZBEZIN, ATV 7 b OHE, IO 7DITIZFEMALT DA X v 7 kfliEES 5
RO BER DD LB OND, TSRS 2 REMEEL DHEHED S L1, CTA THE) - 1H#ETE 5 KERE.
HFOBERPBETHA D,
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46 HBEEIRILF—FHHEERER TA2

4.6.1 FtEIOHE
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FHBOT AV F =1k, MEB/TEEL 2T 3L F— (Ux1012 eV) Z2EMITBEA T 1020 eV IZEL TV 5, FHHifE
DITAIINVF—IZRADDH 2 DD, WETFIVF—FHEHRIE ZTERINT, DX 312U TIES nz01E, B
BYORKERFED 1 DTH 5,

BUERE 2 2N 507 B oMiFG % 1.2km FFECHE L. 4 700km? 27 N—L, Z0% RAL X 512 3 &R
WWRRHEA LT AR U2 T VAT =TT LA (TA) EERHPBEM U, 108V £HE LA EOBE T 3 )L F —F R0 %
Ay U —Bll%ETToTW5, TA2FETIX, 1 JHEOMEMIEAEZE 2.08km HfECTHEL, BIEDOT LV Aa—-F7 L
1 (TA) BIHIZEED 60 5TdH 3 4 )1 km? OBET R VF —FHfREaiz #% L, BEmT 2V F—5K (~102%V)
DFHMDOEL Y vV —2BHT 5, X5ICHERBET LA HBORE %2 HN—7 5 &5 IC KRKEOCEESE# % B L
(N TV R) BRIZTO, TAVF =27 —)VOMERS L OR il 2175, Bm T %)L F — IR0 SR O G
BERBEMIZ EPTBEIL, TOZRVX—ART ML, Mk, ZBkAMZEET 5,

B T3V ¥ — Tk, SRIELS - SRIMRAEEG IS £ v i S IiciskicEE T 20T, 2 ORRGE W
THRFERAZFEETE 5, B TA ORMO 5 FEMT 5.7x10"° eV L EO T 3N F -2 OFHBIZ L ZELK Y ¥ 7 —
B xR 50 FRBIPIL CTH 0, TA2 FHE ORI D 2 FE TR FMNTIZ & > TRIFER KR ZRETE SHARTH DK
1000 HROBHBHIRTE 2, BAM - NFEREZTV, BE T3V —FHRORIE - FHBSHR 2D | fiiE
K712 KB RCFEEBNT 5, FHMOR FlBlOEHREMA T, FAEKNE - EEESRET 5,

M EBRIOA Yy MEEDRETO TRV F — EPRAMOWE, BBl TiETHdsd I &, EROWERE 1
VIZ4NTLAELUTHWTHUELOBIMOMELEIZE > T, TA THLUEZZAVF -2y — V2R TE 3
Ze, BEIAVT—FHBOBR A BT XL —DERANAL-RIEHETE DI REVETOND, TOHT
JEM-EUSO EHilij & (ZFHFTH 5.

4.5 TA 2 : 20 fE%E TA2 ¥ UGAIZ, TA oliFREE (Bktt)., AGASA (1), Auger (FH(1)
DK E X ZHANIRT,

462 BEHNEHE

JEERD HiRes, TA, FEHERD Auger I2BWT, GZK DBLERIMIEA & 7 fEF U722 W T 3 )V F —fHAHI AL TR
T I ADBBIREAERBEN Lz, 7270, ZORABRED LS BBRETREI o TWa MK, ZOIRILF O
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FHROMFEIZBKTT 5, TA ORKAEERBTC L 2250 ¥ 7 —OMEAAFZEOBIHITIX, 75 v 7 ANEAEIC
BT 2T 3N F—UTHEE TIHFHEBEOERDFEFTHE L VIFREBBESNTVED, TN EDOT R LF—
TIFARFHNERRIZ 23 0 o TWZRW, TA2 TIRHMEBIZBIHI DG Z P LT Z 05l 2 itk 9 5,

- FHEONEIZIZ EEDAH D, ZHIZE>TT7 5y 7 AQAMRBADBI SN T WA aREME2RH 5, Z DA
RPN, B TR S FEHE BT L B n BT ERKIGOSGEIZIE, ES5ICTRVT =R ENEEART K
VOMEENEL B AREMED B D, ZOWED GZK BIEOEERMRD D Th b, 72 & ZIXINERAH GZK R
L0 HaEWEAIZIE TA2 T 10 A8 L T 10205 eV OIIERS % 60 THERHTE 2 LTI 1D,

METZALF—H <, =a— ) OBERIZL->T, BEREPSOT V<, =a— M) DBIE N5 W #E
MDD eHIZ, GZKEETTRINLZ AU, =a—1t) /075y 7 ADBBHIT L, GZK B OHERE &
B, TDT TV IANGIK FREVZVEAERIF YT 1 v I RBROAGENEE H 5,

FHERT T v 7 ADQEEMRRA N GZK WRIZ L 5D THIE, GZK BRALLAED T 3V F — OFHifRO B S5
DA KREREAENR R OND Z e 2HFINE, ZORATINF -2 BX 2FHMEF» S FEETET, &
JERARIZHIBR DA (100Mpe A FREED A7 —)U) 122 0IE7A 59, 28 O Rl 22 KRG I K 4 2 75
MRROSNDETTHD, BT IVF—FHBRITIZFEET 20T, TOERLA» S BFRKERETE S, K
B2 REDR B IE, T OFAEFERIHTE 25, TA OBIHITIE. 5 ORI 22 KBRS B X OVE B 72 SR %
(AGN) L OMHBEZHRZ LFFNIEBTUEEARTIERVD, —HREAAGPSDOThERBT S X5 kRS 1
THY, TA2 12X BRI COBRRERB PRI NS, £72 TA TIEFHARAE L ORISR OB Clk, 2FRE
DINE IR AT —VTDERRZ AR Y ZRRBHX N T WL, BERKBEEINNS RN & 2REBLTWSA,
TA2 TIXEIFHRAKEEAD 2x1073 Mpce 3 FREDHZATH 3FT 5o A EOEAMET a1 SO ThEBHITE 3
LIEING, X517, MBRTFRESTRAEZITIEZDT, AEINZREREOELO L VNI I LF— (&
E-oTH 10" eV PAE) OFHMROER A% FH W TIRMEEY - $RIRIMES T ORIBEHE S T & 5,

463 FIERE

FHEI A FRA 100 M TH 5, M EMREERA 90 T, RREOEEESA 10 EHTH 5, HAEHD A 30
THb,

4.6.4 HFREE
ERFHBIFATO LB TH B,

2009 4E 4 H— 2014 4£ 3 H BL TA O#A (2013 45 HT5 4 TA 57— X 7 &2 Hf5)
2014 4F 4 H— 2019 4F 3 H TA #HMGE & A 72 4 £5 TA Gl (5 EHREE ORI EES % 1E)
— FHMRT — XA ORI (TA THR LT —X & &bE T, 2019 4£3 HETIZ 20 4 TA 7 — XM
)
— TA & Auger OFERDE VDN
— TA2 ZE DY - 5k
— TA2 ¥+ bMifi#L - Y1 MRE
FUIFNiE 2019 £ 4 H & 0 TA2 0GR
— SEYUTHEIZ 2000 A D SD #fE, BREE. EH, BIEZ21To TS DT, @EXHABID 2HEHSSW»
SRR TR
— 5 AERRE CTHE K
o JREESERE 10~20 FEH
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4.6.5 FEhERH

HA TR RZFHRI LA 2 DR & 3 24K H 2 A, TA 20— 72 Auger 7V — 7 DFER - RERZ 1% 5
L. TNETOIIN— T OPAZ B Z - I F 2 i RS 2 LA THED T\,

E R etk

R RFFHIET 20 e LT, B TA 2V =72 LoD, ENORLFEMNEE Y b7 —2 2 KU THED
TWL, EBRZ - BB R FEHERIEA, KIRIZRT, HETERETH Y, TNTNIFRSRGRE, i
KRR, RRQEDEEEE 2 HY T 5,

E 1% 7

H AR KE 2 ol & U 72 & O R FABEE & O EB 11T & o TARGHE 2 527 U, RRECEEEET B & O RR
HEOBEREZ MHT 5, BAOERKFLLUTIE, A=AV —T TRREV BRI ZHL L, XKL Y
71 ARFFRGHE LR 2 YT 5, s, W Eme LT 2012 A 2 HD CERN T, TA. Auger. HiRes Z )L —
7. ZTOMBEE o EBE T AV X —FHEY VR YT A (UHECR2012) TRERIZHIT 22BN DR I Nz,

466 ZMAIa=FT1DEERLSE

SRR 24 FEICFHERME 2 (CRC) OV VERY Y AT TA2FMZFEL, II2=FT4IZBVWT [EBEE2HK-
THED BN EEHE & DOFHlli 21572, SEFHFFETO 5 FOEFAMINT, TXVF -7 bLE K CEBERK
2B % TA & Auger DFEROBEVEWE BRI L, FHRAROME 28X U T, KT AL ¥ —FHRO RO MR %2
H#DHDD RMROPER DS - EIZH L TT 4 — My 7270, TA2GIH 2 EDLZRETHL, LnHaxy
ME3ZIT T,

46.7 REHEFH

29 B KF - BB X TA2 EEZ )V — 7I2iE L, FROEHS S CREOHME2HY LoD, T —
REfTT 2 VWO TATOY 7 bAREMHAI NS,

468 7OYzV bDIEK

TA & Auger Z )V —TDFERTIT RN F —ART ML BEEMBEORERIE > TWE, F72, TA (ZILLEKZE . Auger
WEEERE T2 LTWad, TRLXF—IZB L Tk Auger 23BHFE U 72 BHEEIR O KKAOE =801 & 281112 TA
P4 rB X Auger B P TEMEL, BREMKIZE U TIE Auger DFERD S PRI N BT TV %2 TA Ol %8
LbEDESIZRAD»OMA &7\, RAMIZEL TRliHED T — X 2 &b =2 RMM 217\, 2013 F0FH
FRER A CHAREZ T O R, BN ILFAE 2 D7z, HEMBELUTIX, TA & Auger Z)V— T2 ENRET
TNFNRIEARBEBANT IREEZHY, Tho2EOTCEXEBR Y —2Yay T2 E2EITWS, Thz
LT, 5% 5 ETHEROMIMEZITV, KIEROHFERZIEL, TA2 DFEHZK S,
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469 XXF - FEYEBEZEHPNEHIALDOXV

FHEOZMMNESR

B&Z 108eV D EOMET XX —FHELREEFETH 200 E 5 h xR, Kk 513%F 21281 2 ik
CHIERE COMLEBIZOWT, TOYHERAMIAT 2 Z L 2BU, FHBROBFE L WS #IHLORHNTH 5, Folt
1272 5 T Auger £ & Telescope Array (TA) EEIZ L0, FHHEARZ ML 10197eV BLETHEE Y1 7 0 R
B D 7= D BB ERTIZTTHE L WS [GZK 1y b4 T ) OFFEFMHELEI N WREH, 1020V 2/ X 5
E TS D FHMO MR & Z DMK (72 7ED») KRR ELROE EHRI N TS, MR T IXR RS
TR %%\ 2728, BIEREOREIZIEHE 2R A TR 2 5 0 O BB B ETH D . FHiD S LI
IZRE & BIHIL ClE T 2 L ¥ —FEHROME 28 < JEM-EUSO FHHi2%H> TWARA >V MEZZIiZdh b, LhrL,
FH 2O OB TR AR R FHERRORMBMT AN F —ITE Mo TLEY, BT XV F il & OEfEMEPHE 2 Z &
WA, FTHROMB 2D S Z L IZWN#ETH 5, Auger North FHEAY 2012 EIZHED Lo ZBREEA D &, K
ARG & U T & 0 IR % B S i EOREBIASE O BEMNWL 5 £ O TR,

BE, AT )lOZ4EM

REBIZ DWW CIIBIEBRM R OB EDHEREHRZ S LICENI N TWAHETH b, BERWIEZ+/STHD, L,
REIRINT WS 2019 FIEBEA L WS 27 Y a—bid, BRo & 57 JEM-EUSO (2017 4E4T5 EiF. 4 18
B 3 AER) BORBEBE WS FERMENTZ2EZ S, BEMZBBEESES 32800 Bbhs,

KT RAE

BAEBE OB ZIRET I e 2ERIZLTWE 2D, Bz EroRfizhnweEZxonsd, =270,
IRz D7 0 LB X N A E OB MR E IZ OWTIE, BMIZhE 0 2@ LTI ZTS L TOMBHIEL 22
%5,

STERRAH OZ L
B D TA EERD A v ox—Zduiiz, HA - BN - REQEBER I 2V — 7L UTHERE N TV, HEHBEETIX
ZUEEZOoNDD, FEEITEFR EBHEH OB L X, TSR IN—TOEBPBRELILDTHA I,

2MAI1=FT 1 TOAERR

ZOEORIIZERSNT WS CRC DR YUY I =T 1 V7O 3 [T, BEI 3V —FHEBMDBHIZK - 72
FamAaMTbn Tz, HEOEEMEIZTBIND L HIT, INSOFEmIFEIEIREIZ 7 + — NNy 27X, JEM-EUSO
FH & ORRAIEEL X, TA2 1X JEM-EUSO O#% %22 - EHEHTH 5 L B#ishd e vz, TAD—HD X >
N=2 JEM-EUSO 2B AT 22 EDOMHBGREEI Nz, 2TV I—F 4 VI TOHME FITL T, CRC FFHKEH
MENE B2 TR T O, 2012 4 9 HORBHE TId T5EIERER LI LAV, REEZR > TED S
NEEHE ] TN, 2013 £ 9 H ORHERE T, ZATHEHE A, B A, KB TOMES S & \WH§HliT. CRC »
S M RRY P R AR R - FHYHESR2ICHRE I N,

HEF A SO Z LS4

BRCR T RIS &\ S 2 E LR R HRFZEHT 2 I ARV — I3 X 0 TE v BRI [F R AR
EENTWBEWR LS, AL, BHF—Z2ORGETCEBEINTVRVWESITHY, MIFBROI RV NED
T =R ERMBEHEN R IR LR T WL S QAT 5 Z L2 RET I Nz,
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HET AV F —FHMROEHEZES Z &k, FHEYEZORANZHOMIHEZHIgT Z 2 TH D, 5%E 10 FU
B2 0 EELRT - TH ORI 2 Z &350, UL, ZORBIEL TA2 FHE AR T X Wiz I ES O
ZAEHH Y. 2013 4E 5 AD AR EHE S BAAY VY RY 7 4L 2013 4 7 H OFHREE 2T, Rz Bk
ETHEVIRE [TAx4] FHEMIREINTWS, ik, Telescope Array ZHAED 4 fFOEFIZHET 55 DT, 60
51295 TA2 FHEOHETIZ, NIEDO PR THEYOEEZ HIETH D & U T, CRC FRFHEMRET/NE B 2 0 Bl i &
THith 5 Twb, JEM-EUSO % North Auger DRPIIZE K25, WInsFEHEGAERTH O, HFEINV—T
EREATIEWSHEFIEO X 52t 270, EHICH U ZEIEE ML Z 2B EENS,
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5.1 FwMDFEDH

T V¥ — YA S (AT &1, AR E VAT AL F —FEOBN, B 0T O
WOWE THK S W3 FIAT, BERBBIEBE L7 160 4 Ths, BROTEE LT, JAXA/ISAS O ATHIE -
By b REP ISS B AR L. BETHNEINOMER L EHINT 5, foT, HEEONKIEIE, 75 L
WFRBE RO JAXA/ISAS, NASA, ESA REOTOT T LEDELEMEE L SRIXR SN E WS KR DH B,

5.1.1 REGHEER

2013 4E 7 HBUE, @FEIIFRHBEELD IS REDOBRHEHRIN TRV, T E TORKZ OB IX
AR — R X N B Ml sE S, B X O FHBI AR CHEERB I N FHBIEY VRV Y AR EEBLTT-> T
E 7z, HlZI1E 2012 45 3 A 28 H-30 HizR» N 7/25 12 & dpise s, @ RV —FHY Y ORREHE & Y
ATVRA] LT, NRFHICEREZ LIE>720DTH -7z,

2013 4F 7 HEAE, FHZ X SRSCFIZE W TIE, ASTRO-H 2 DA O B 72 RIAGHm X, HHRAIZBEEL 2V,
Bl Z X, Jt%id XEUS 2 & IFEN TV 2 HEOREREHE L, KEOERT IXO R LA b . HOKER#N T
Athena 2 & 7o 72723, 2020 AERWEED L1 I v ¥ a VIZIFRIREI N hr o7z, T Z T SIZETEN M Y Athena+
L7325 T 2020 ERBEDO ESAL-2 Iy ¥ a v HET., LVHIEEBEBEVEL TWE*2, EIED RO
. 20K D REBENREBOZENC, BARFIZKEHEINS,

5.1.2 FREETEERDRR

2012 4F 6 H, HAZMRBEAXFHEYHEIB 2L 0 @FdIcd U, HHEREIE L O BEFHE P H o7, £I T
2012 4 8 A 3 HIZFHBZAMIFEHNIC T, @l M T, T X M5 B O R R RG22 M L &, ok,
2012 4E 8 H 6 HIZ, @FEL S RBICN U T, HHBEEIHORZE 2T o7, TORFIHL, £5.1ITRT 6 DIk
0BTz,

INSDISFIZH L, BFEBREREEZFMNILZ 84N SR FEAZAREREL. AFHEIZN LT, 2012 4 10
AZEEE T ) VI THEEEZIT -T2 FHBEDBIAUIZRD 6 fiTH B, (A) ¥4 T AN cutting edge IH, (B) £
WP AN B B 1, (C) BAMIES B (c.g. MEEOFHEIIES LT), (D) HADHRE Y — FLTWBH
(kB h). (B) FE. 77—, WOBLES S feasible v, (F) #5802 KL 2 ORIC. BIERL Y 3 v
DB M, FEHEIZNT 5 FHIER 5.2 DD TH D, ZOFOFTIX, KEIEGETH S ASTRO-H i & D

12013 EENICHLETETH %,
*29013 4 11 AIZ L2 S vy a VB REI NG TIE



88 5 @I RILF —FEHYELEE S S DIRE

#5.1 IWHEDH o7 6 FOFE

FHHE F FE R R&#H Bl i FE
FM #/ERiG
B

CAST HK HHEEFRITE (BK) 2008 pRfkary SN AST 1SS/ HHE

JAXA 2017 MeV #84] O 2 RKEPELE, BiF b
2020 i

DIOS [EEAPN KIEHER (EHK) 1999 AEEEYE TES hu ) A—  NEIEE
EPN 2014 2 TRMKE Y A > WHIM
JAXA 2018 b

FFAST [FoN TG (K 2010 X M3 7 — LAmPRAT o /NG R
ESUN 2013 X RDILRE, CXB DR

Hi-Z GUNDAM  &iRX AR (4I0K) ggg High Z ® GRB ##iiL X /NEIEE
JAXA 2015 MCMERD, RARTHS
HIK 2019 B

PolariS B K MR (A 2009 BXMMIT—2 bAY VB DN R/
JAXA 2015 Yt s Tyl X fMEYEE HED
IILZZN 2018 i

WEF-MAXI I W&z (RITK) 2012 MAXI O&E, FFICRX% 1SS
JAXA 2014 ) X f 5 % )51 GRB 21
beiivrns 2017 H

5.2 BN S B R

ECTES ASTRO-H & OHfliME WA BT NN —

CAST AH PEEE K727\ E >600keV 2 73— AH V7 by AT %KM kel AUARYEE /NG
DIOS LT, B AH & AR AH WisbE Rl & s i LW ASEBE A D
FFAST IR R S1N—, AH LA T EHE AHMX#3IF5—., CCD zizH  ®XiLw

Hi-Z GUNDAM A COeRBLR 2 B, FHAME &, — ML THED
PolariS AH 3mSR S AR, AHAE . AH M X3 7 — 2 KE & DA TTHE
WF-MAXI IR TR B G e RAL, ARAEIE A MAXT #effit Dk R LW

HIZDOWTHEFERLTWD,

Insomnrs, UTOMET, RELETEDIRETnY 7 e LT, DIOS. PolariS #3EH U 7=,

DIOS 4 [0 DJAHE Xk I 7 — L R OWEEZ Wz ho ) A =& (FHBHFFRO TES) 12X b, A & &
T RVF—RAEEZFEBL L, RN A v OFEEEN T H 5 Warm Hot Intergalactic Medium (WHIM) DR %
HiEd., ZORZHMIE, FHYHZIHNLT, by 7LV OEENE2FD L 525, £72. Post ASTRO-H I v
a VIZHRERNIZOBRD LSRN H Y. —EORAME RO, U, HE B U NT — BEABARA TV 2 —
WIig EIREEMBITH B,

PolariS X #mYetid, X R TREAHOSHTH O, X MR EM O EE P HARIZIZZ W, X KiiE
KR L, HADHI T REA MDD TH S, &I AH, [HU RN 23 o 72 KkE O FHE GEMS 2288 F v
IVl o 7z, GEMS (21, HHF - A RDBEEAM 2R > TSMLU Tz, GEMS O % PolariS 23217k < &5
BA A, PolariS B L GEMS G2 R H#ED X2 250 o7z, TITEHFETIH., ZORZOFHE2Y
R— N T RELHW L, PolariS £ HAD GEMS BFRHFIZH L, WiZHZEMAI IR RERED D Z L 2L 7=,

CAST, FFAST, Hi-Z GUNDAM, WF-MAXI %, Bk L TR EHEIZIZ R SR 5 20, WG Bl
EUTMEDOE NI vy ¥ a v Th b eFHliE hiz,
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52 [LRBURFE X #xRMAER WF-MAXI
521 EEOHE

pulll

WF-MAXI (JARK X SREHAEE) X, MO XM7Yy NEHRORKR L ALERR@E %2 Bk & 35 FH A
T—vavEHIvYvarThid, TORADEEIZ, 2018~20 ETA YO TEEMRILEI NS L fIffEI 5 KIKE
FIEBISIT LT, BTG R A E RO 22 THb, ZOENBEIBREAHIFHET NS 2010 FREICHEIZAED &
SIRECEAZMBT 5720, BEOEM 2 RKRIEHAL CHRKT L b2, T TITERIN TV EBFHA
TV a VARER [Z135] BEHEZHER TSIy M7+ —LET 5,

HOIvavEDRBEK: BFOMN Ty Y 2V MERI v Y 3 v THD MAXI & Swift HEIFE SR HE D AEEIC
RAERHURIZERE MR 5720, REFEI v a VvRRELHBETH S, X512, WFE-MAXT FEHKIKAA <
(MAXI @ 10 ff, Swift @ 2 £%), ##HEXHMFEEESEKRTFHRI N MBI U TH E TTRRDEEE
£, WD 2020 FEF TOFET, ZHUEE DL L RMXEEE RO DIEAR,

BURIEE : FHHIBETH D BXERAKIEH AT (SLC) i, 0.7-10 keV IZJ&EEZ 5, KD 20% % HRHEHI L T
R XARRDOALE % 0.1° OKEE THEIHT 5. MAXI/SSC (CCD AV w b A AF) XU ASTRO-H/SXT (R X ##
Wt A7) OEFE CCD B X OmEIHEM 2 RKRIEH L, CCD 7 LA 15~ A7 2fladbE s, dltdc
HDWEXME=X— (HXM) &, CsI > FL—&—% APD TH#iAH L, 20 keV-1 MeV D XK~ v KD 58 E
LAY MVEEHIIT B, HTKTHKL A Y <N — 2 Masesiil /N g S TSUBAME (2014 4 E¥5&)
Bl v <N — 2 NEGEE WBM OV AT L% MK L TREMET 5, o1, filherd—2 LT, 2R#GL
%I ZIRH GPS ZEHMABER T 5, NAMITMARKD TZ1F5 ] BEHI v > 3> THS MAXI & CALET OFHifi
B MR L TR TS, SIFSBHELI vy a v UTOBBREOKRINZX 5.1 1257,

D RIREETE & DRIF : b EERDIX, FEENED SN TV ENFE RS KAGRA L OWM#HATH 5, ALERE
BELDZ U\ GAZEMEIK ~ 100 deg?) B/ A K - RKMFLE L 50 BBEE X5 DN WF-MAXI
Ivvay ThHhb, WE-MAXILIZ & o TREEHERZ B ALATICRD, 3185, EVLA, ASTRO-H, JWST., TMT
FORLFFIC L DB A FREICT S, £, SRITREHEOEHENENRIROGEIIEA—NR=AIF AV TEHED
Za— MY Bl OEBELIERICEETH D,

GPSR

—
Star — SLC
Tracker +— 0.7-10 keV
254 cm? (0.6 str)x 4

N
...‘I HXM
Ss T 20 keV-1 MeV

/7701‘/'0,7 160 cm?2 (; Str)x 2
Star Tracker

5.1 WF-MAXI Q&% EDREMRZ O —Fl, EERFHAT -3 VOHAFR (2135 ] OBREBI v
Ya v UTHIIBRG 217 o 2fRO—2Th 5, MXKYLRIEA A F (SLC) 4 A, M X #E=%— (HXM)2
B, BZEFEE (Star Tracker) 2 &5, GPS 2EF 1 A, B, 7— XMIEE, ARERPERI TN,



90 %55 EHIAILF—FHYELIE S5 DRE

522 BEHNER

KAGRA QOEIRRH & REWPIBRZITHEV DTS : DWICENHEES KAGRA OFEZMPIEE D, BELMNOES
BRI DR & 72 5 7z, HEREAIZR I D &l TSR A K 2 EIITER 10 M WS HETRB I
%, EBHEMH S N RS RO A NN Z e TE B e, (1) EHRIEE LGB B A
HEHOKGE. (2) PHTFREOAE X L EROHEICED < THEORELERADMRE,. (3) 75 v 2 F—LBKRD
BERE. (4) BHRBICRECT 2T EWE» 5 O r#fEcE A, (5) ¥ a— b GRB OB, w23t
2 IEERYIELAE B X ORI ELZ O MK 22 2 DT REIC 22 B, L L7RHY S E T Db O O FISE 7 [P 8 K 13 e
TR GEASURER ~ 100 deg?. L2 $RKITHSI1X5), FEFROMEZ EMICHIEL, BWAIO XKL HEST 2
7ozl X - AIEDEE QIR RSB K 0, EAREERICREESTS I Y2V FORIEPAARTH L, 5
2. RIRBIRIOEES B i UWBIIO BB 7N PR Z A 2 RIRPBSR (728 ZIXBR VY —, 7T v 7 k—
VX FGER, =a— M) JIREIRY) BPREINEZILE2ZEZD L, BEHRFESPBRBINGE. ZOHEEZHS
U, Y% BT 2 72 DI X E AN O S N7z HIETHREFRZEL ICHS DT I2HENDH 5,
HHBRFIFRICE T DXER - v IROBEU & FIS : ERWLRENFRORENPHINL D, Tk TEEEDEERP.
THR DB HHIER CRNRARRKTH D BRIICEKRE LB IR RO XV F - I b, FHZEN
B OFRKNE 22U WVERDFHEDOIXNF —E, H YN —A MTHEIETND & 512, HREE L TEK
DO XD DR VIEER TR T N5 Z L BWEZARBRAR e LT PRI NS, ik s E A EREIERO il et &
W a—h - FUEN—Z D —2 GRB050709 (z=0.16 DRI THE) 51k, 1 HESTO v kgHzinz <
100 FPRT D ER X KA & BUH Iz D 72 2 I T T w5 (Villasenor et al. 2005, Fox et al. 2005), Z®
GRB #% 280Mpc D /i (b7 2EE AR X 2 B OBUBRSHEME) 12@E < &, 100 Bk 728 X R IX
[DMCRE] OTHEEVIRVEEICR D, B RGMER EOFERTHED 1/100 128 < Ro7/22 LTH, ZHIEAN
FeCHHFE T 2 ARHERE 100 cm? FEEE O MR/ S 70 XEREEHUE C o il - MEPE i Tdh 5, WE-MAXI i
0.1° DIEETXE M T oYV bOMEZREL TEMFITHE T 5 Z 212k > T, ADEEEBE D 5\ I XA i
2Kk B FEMBUNAREIE L U, BEEEOPUE & FEBREBE, RRORENEL, £72, #HE PR E 72 13008 2
PHEAETNE, =a— M) JBHIE L T, B EOINTERORMEIHICEH ST 5, BB S BRI
KB ENWFEOFEE X TOTIEEZM 5.2 1I2RT,
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-, XERARI L T BhER
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i TIvF
AR PETFE
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523 FERE

EERERFE D701z, BHAE (GHramiaiih TEE RO LR8I X 2 FHWE 2O SHEmst TEEXR
PRI S D XA - v B OBEZR | RE 24 4E~28 4E, fR%H 194 M) 2HEEHEATH D, 1SS kOB E 13K
32 G CRARBUIEEE 12 f&M, NI 7 — XALFRAEE 20 fEM), EAREIL 5 MM GER 1M x5 M) &g
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5.2.4 HFREE
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528 7O T MDY
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53 & —oN)FREFEHE DIOS
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NI OV — 2 fREED XK T, RARE L -BBEMERE <y Yy 7L, WHIM O3 255, FiHOFHEE
D100 5% BA B HAZIZIFMETETH O, OVIL OVIII 6D 22D T A ViZk b 1EHEH~ZY 100 22 25
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al. 2011, ApJ 734, 91) . DIOS I3 % 7. ASTRO-H SXS O 100 5 ¥\ 5 B r I & D . SIS 5% £ &
ERAT—NDTIAIDHAARAF IV ARWPSONITT DI LN TE 5, PUTRNO @R A, HHFEERE. A% —
IN— 2 MR 7R & DIE A, HUBRRE S PE X2 KB R KA & DB R XIRB Hr 7 e R e e 5,
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ASTRO-H & OEHIFEET SN BEMHETH D, DIOS DEHIE LTI, K= NV A v DH—_A (5 Ex 5 EOMHERK)
2R, ZOMOEE, SR, EHEREFEOBHIC 3 EEFEL TV,

5.3.5 EMEKH
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EINOENMEB & £/ B BENI T OMEY TH 5, FHHZEFEHRORBEPIRETH Y, RTu— FNOBMER, &
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Erariiva (AR ) Xigditgn, M am R W (R ) BT, XA
INEEB D (AT X, MR AR ki GRIERT) BRGEE, ¥ Iab—vay
e N (AT BEHE, ¥ Ialb—vay bl # (BIBAF) BEE, ¥ Iab—vay
i AL (JAXA FHiF)  HEY AT A, BilEm iR PEETE A (HRAHLRLR) XipiRthan, Mildrm iR
Tt (JAXA FHMP)  BEGHE, XEdid AT (HRATHLRLR) BUIEE, ¥ Ialb—vay
il 2 (JAXA T8 X SRS, HERF it (F 7 EBER) BWGEHE, ¥ Iab—vay
Eped 2 (B RKE) X ARSI i 85 15 L (F B R) BHIGE, ¥ Ial—vay
R At (i RKE) X ARSI 3 85 FH R B (JAXA FHiH) BIEE, ¥Ial—vay
I8 | (iR RF) XS St HA A5 FEKXR) B LT — & B

AR — (&RNKF) Xigditdn, M dm iR JOREr (A THRTE) WRY AT b L8R
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E &R A
DIOS OHEEIZ T DEE S — b F— B AL THDLZZ L IZLTEY, INETERLBRIZ2IToTET VWS,

1. KE (NASA I X — REHEMITEY X —, R. Kelley): TES 70V A —=&R7 LA, {55 AH[A1E, Wi BH g 5 HE%
2. &7 & (SRON, J.-W. den Herder): 7 ¥ ZIVALHEL[EIEE, BAgkat7e &
3. 1 &Y 7 (IASF-Rome, L. Piro): JE[EEE, Ny 7750y RiRERE

REZE - F—0D R. Kelley KO Z )V —T2%, [T, ASTRO-HDO~YA270hn0) A—=XDWH% 20 £1F3E
BT TWB, KEIX 128 FFD TES 710V A—XEHH L0 vy MEEE 2014 £IZFELTHB Y, TOYAT A
MDIOS DR—AF A v FHA v eid, KEIZDIOS D7zH 2 NASA 75 5 (EMH DR %155 72012 JIiRIEE
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NHH, FHESEEDTDIOS ~NOHIEMEEL NV TEHEELTWVWS,

536 HMOI1=5F1DEERRE

T OV — FEHYEERE 2T 2012 RO, RESI N2 6 DO XERGHE OFHli 2 £ fE L. DIOS & PolariS & & %
IZHE D S FHli &S, £ D%, MOKEROFHS GHE THAANREYHEEZE S, RX¥ - FHYEHZES R
5 8 DDFMEAHEE I NS Z & &b, DIOS IEE— D XERGHE & UTKREEIHED T AR —T F vafgRInsz,

537 RFEHEMH

K= N\) & VEEZTLET 28 5 E D725 DIOS OBMlIEF— L& LTEMT 2 FETH L0, Fohiz
T—RE 1 EERBRRAT B PETH S, 5 FEHMUELBIHPTRALEG, 7 A MU L2 LFAMHZE X 5,

53.8 7OV x4V hDIRIK

BEEHEGS LUK 2013 FEICFRIND/NURZHE 3 SEOFEANMIT T, MEOKRHN 2 EDTWD, B
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ZGBIZTHEE Uz, ASTRO-H LFIBED 2 BeRA R — ) » 7BEg e YV a—)L b LY Uik 5 aiig T, #
NZIZEAZT B Z PR TETHE D, EAIRFORTHEREN TR Lo T\ 5,

B4 ORFLEE (FXT) 2012 FEDIZLDIT, 1/4 3EID 4 B 1 #H5E2 ANTRED S OO Xije — LB T
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WXZONT VT AT E LY P UTXRE — LRBEITD FETH 5,
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96 5 @I RILF —FEHYELEE S S DIRE
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170 E OFEAOFYE, EBPYHETE B,

SHEIRFERE OZ Y
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FHMII2=FT 1 TOEERR
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HEMABEF OZ LM
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54 HYIN—Z M ERAVLBRFERESE HiZ-GUNDAM
54.1 FtEIOHE

TSRO ARG - RO - 37 IV FBITIE, RARE 7 < 2 < 121281 2 HERIM 0 — B OB, T
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1. MWK OREEZ I 7= GRB % X MBI 5 2 & THAARE L. SERBREEHRT 5,
2. HAMICIELEHELE L, #1950 5 FFHCHERL T\ 25 RN Ce B 217 5
3. BT (19 1 A ORE) L Bk SRS TH 25 E S p BT 3.
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729 /NHE LTV,

ERHH - BRSTIRERG I OREIIIT> TWRWY, 72720, GRBO7Y 7 — MERZIUST 2 EROFRERZ D
A Z . EEEED & U TR 2 Rtk E iz AnTn s,

546 HMOII1=71DEERRE

HiZ-GUNDAM #8213, 2009 455 DD A VN — T 25, GRB 2% 6 T3V ¥ —F Y EER 2 (U
T, BT T CHEEEZITV, TRV 22 NONEZEAMLTETWS, TDHK, 2012 ££IZENO GRB Wi5# DK
MEDEEEBT, T—F V7N —T2RESET,

2012 4FREIC @R Tl S N AR BIEG T E O R T, T —F Y IOV — TR L ES TR DT TR
ey, RIELHEEE L TTRIING L o2, BENERIRD SN, TRICHETZHEE U232 Tw»
%, BIE, BEL T2 Swift fREOEHAIK T T2, a5 &< GRB BlI# 2138 <. GRB OW%E % ki
T5DIIFRAEDOEHVHEETH S L ERAFWI TV S,

547 RFHEFH

ROV 27 bTE, TRV MAUVAPREETZBRDAZITD FETH S, TOR—FIVENIEA L 722nas,
firmy s b OLEBNPEETH S LHWTE 2561, LABNEZERTSZL2BELTWS,

AFavzr vipon7ax s e UTE, REEBNT—2 87 7 — MEWRD 2 I FET 5, GRB BFEL
D7 7 — MEHRIE. VT NVEA LATBHIERCEAETES L SICL, #THRHATEL L1295, BIEBNIT—4
D55, XBNT — X OWTRMET — 71 7Lz it 5, ERIMET — X213, 7ayz 2 FPEELTREA 20
TERAER L&, 7T5 EFRLEZHWZT —h 1 T%175,

548 7Oz v bOIRIK

2012 4 4 HIZ HiZ-GUNDAM 7 — % V7 7 ) — T O ENFHBAAEAIC & o> TR X, JAXA Ivvay
FTHA VHEIN—TB XV, ISAS VAT ALAI YV =T ) Vv IROWIDO T T2 ED T W3,

X MR AR X RIS - BALARZE AT 2 MR 2 D TH D 2013 EEHRIZZ Y =7 ) VT ET T K
DR EREITD TRETH 5, EHRINFEEFNC DO WTIX, FH RN =G 2 8113 5 CIBER-2 gHE O s &
BEDNEWZ 205, ISAS B L UAEEBHRIRIFER ZFLE Lz — 7 THET 2D TV 5,
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549 XXZF - r FEHYEEZESBEHMNSOOAXV K

FHEDF M SR

FHAMAIEH CRET DA VAN —A ML, BHIZHEREVPDVWRETH Y, ZH2EFRIT LU THAEX TOZER
BINARY MU SRS BT AT A TIZKREBINTH D, H Y <HBIITN— R MFEZRI, RIMREESE T
IEMERFEEN B2 TEE L. KEDRFPERBEEZ T A N5, TNEFTHN-—TETVWARWAT A - Rz BEETE X
PEEHNZ BE LT ERTRTH 5 5,

RE, 25221 —ILOTYMH
BEIIZOWTORERFEE 0, HIFO AT V2= V2 EHT 5121E, WIREERFIOBIRBHETH B, <287 —,
BREIZDOWT, EEMZH AR OB S B ETH B,

R B

YRR DO W TR I v ¥ a Y TEAINT WS VAT LR, F 72 a8 R IMRE RS Rk
Icldwn, WIENE EEAEERENTH LD, ZOYA AL FEDI vy ary TERTZICITITLEPBEL L EbN
%5, ZOIvYaryTRIDDRFERVMAAENDEDT, V¥ 10, AX—AATE2EDT, MEmE, HEH K
FHHE DL Z ORI DOV T OHMER AT — L DML 2 #ID D, N— R N FAEBRD EERDZEGIEED FIL L KED
ML ERETH 5,

SHESEFEASI O Y
R OBRIT, MRS 2 1T IIFE L SN HITH DD EFENFNDN— R I ZT7 DI F Z8— M AAKIIZSINT
LB THETHL, FAFOIATLRDEIN—TORENRRKRDOSND,

2MAIa=—FT 41 TOEERR
I3 2a=T A IZZDFERA SN, BENRIEEZFOAEDRLBRVD, ZDIvyvarvs2aIa=T7 1 2KTHf
EEZETEEEDERITELEREIN TR,

HRAFMBEG DOZ 4

LRBHIZOWTIE, HUOT 7 — b2 T, KRE@EHz 3SHHENIZHT 272004y b7 — 2 2{F2 BE
WHDH, FHZEELRA NV MUIBR SN DT (GER 1 =), T2 ) N—=8)b (FAPANY ) REDPBE
rZeilbns, LEFMMIZ, <N —Z MG S DS OB XL FEF] HATRETH 5,

Y= i

BEIRAR7ZBRIZ, 2Oy a v oy 20@EE M, Baltk, ERNLEBEZEE, a3a=7« OHfEE
5288, N=FRITIZTDIFANR=I2F—LIZWDRAGZ DR EENS, FHIOHDOI v Y a VIFF#NETER
HENTWEEEDLNED, TOWHOEAR, #HAEDI Y Y a VA ADBRBREEBETEZ NI THFETY A
IYVADERIZIZRWE BEbh3,
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5.5 XA v ViR ERRIEHE PolariS
55.1 ETEIOHE

PolariS(Polarimetry Satellite) (&, KD X #4 » <#aLBIHNIC L U 72/ N R CH 5, BN, FHO
BIBHEX 7 T v 7R —VEb ) OREMABRZ Y, EERGEI A TR KIKOMIEEZHS M2 FRE LT, XA
YRBMRFORAER P SN T E 72, UL, SUliREED SBETH REMBDE TH S, PolariS 13, <R
P NLHERICFT CHFE, FIEL TE 2, ENOMERAZMAa0E, X I E AT B W mEBIH % 5
%, BHNEIE, 79y 2R VEER, fETEEER, oOVY— B ERE. BEERTK. X512 Y o —
ANE, BIAINE—KLFEOXERNREBET 5, AT ML, BEZEHER E WS kOB TR TR SN T
S, INSDORIKIZET 2%, AL VIFMILRahronENAS I E2HBELTVWS,

B WMREYCEDHIRF S 12 DIRIFBVEIT T H D TN K D B ITHN S O X SRMETH 5, D728, PolariS
Tlk, 10-80keV DO X KRHEIK TOMmMEHEANC FIRIZB VW T WS, X MRAXAHORE 7oy =7 b, ASTRO-H #
ETHIHMNTHORERZEHNDOV DT, M X MREGBN TR L D —HEE W& WEEOZE AT T
%, Mi#EDHENRCFEHOHEANBR OISR Z KU T TS, ASTRO-H #HEICHEH S LT W HIRA > < iR
#% (SGD) & 60-500keV OFEIHDRNMLIEESI % £ > TH D, PolariS & OFIKHBIHIT 10-500keV DR GBI A B 3
%, 772U, PolariS 2%, #ERKZ 10 2N 1 FEZOEG T, HEEIE 0 0 IR S &, FGEIH O R
EHR/NNRIZETASTLEREZLTVWS, ZTO& S %EMAIE ASTRO-H # 2 CTIEATEET, EHO/NIEETI 2 EE4
RTH 5, HAIZIE, PolariS fiEICER FEDOM X M IE ASTRO-H BEEKDET VA 1/2 ITHI/NL 725
DTHBH L, 6m MEALAESTOTHA V2 BRI 2 (M5.9 2H), X HEEEOUEMH%EED, ASTRO-H
i R DO EATEPE 2 RBRIZRMA %,

5.9 PolariS 2 OB, 6m DOXFEZHER UIORIE, 3 B O X K S 85 o 88 U I G e RT & 3l
U TREDRE X B 21T 5. KRB DA > <N — 2 Mitat & B8 2,

55.2 REMER

X KpA > R E DRI &, B2 e RAKITH§ 2B OEEE IR S T &7z, HIZE, i o
O ba YA & o TWa A, B0 RICEBERFEEP I NG, Xt Y OB X > THRIHRD
FRKOZ QRAER DY FHIZHET 2 IEBIRIC B 1T 25 OKEIDREET E 5, BAKZRERU TR, #EHE
B, TV —Y—hEhbiFonsd, 5020618 LT, MEYLER X MAEMIRIZH 720 #EL X oy
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INBT—ANH5, ZOHE, MERT A4 AZ Y TRVED, SWRLEPHREIN S, mAEED X T )L ¥ —
WAFMEAARS Z T, EESIIIREREEMNBOMEZCHRTA LN TES, 51T, WG VY —»15
DX HME, 7Ty IR ED D OREEME? S OBBUO X #MEGICET 2 HEmN PR IERINh TV S, X
RHBHOFREREIMAETHZ 2T, TNTh, BETERIE. — AT ERHGROBRIMMREEIC L5 & FIRIN TV,

LU s, IS E TOBMNTHEERREPBREIN TV DX, 10keV AT D X REEE TIENIZEED A,
B 10keV 725 MeV OERA ¥ ARFEE CTlX, ZHUTIA TR S & S FE X-1, KO, Bl H > <=2 k&R
BThHD, ZORNEIMHL, i X MEKTOIXUO TOMEHMIEZ, 10 KAz U THET DA PolariS @ Hi
ThHd, BEIRELTE PNCEED 1/100 L EOWH B X DORET, 7I7v 7 F—VEER, fmETEEER, A
VA — R, SRR A S, BNCIE 3 AOE X SR RS T O N E U 7z i T RE A R G
Gt MMAT 5, PolariS OFE D HMIX, IEHE A Y T #RELFHT & 2 72 <N — 2 N OREBIIIT, 4ER 10 N—
A MEEOfEMH % BT, IKAROS/GAP Tliffi & DAL A V< fN—A MY oy MhTORGHEICEL T,
MEHERA TE D £ TH > T WL, IKAROS/GAP OBIHIFERE 2 SRS iz CPT kD EfREE X0 FiF 5
ZEHAREZA D,

553 FIERE

07y MIb EIFEAZRNT, G555 EH, NUEENR (DAX A X8 Z 5D T) 25 FH, st
EAEEE 10 EH. WRmEGEIE =L F 6 MM, Hr <N —Z Madter 2 @M. I v ¥ a3 VREERE 3 .
I 4R, EEE R 5 &M,

5.5.4 FREE

2006 FERIZT —F 2 70— THREREAE, TNETIZ, STV A v ERIEGOREMFE T IO TE 2, JAXA
NI 3 SRR D RNGFEAY 2013 AR H, £ DIEIAY 2014 4 L RGE U 7 GAE DIED A7 ¥ 2 —)Vid, 2014 FERESERE
2015 4FFEMIERER. 2016 427 F 1 b ETOVEE, 2017 AR, 2018 4E4TH B & 4 5, LR I3 RERE SR IR
ZEOTIERE LT, FRIZ 2019 FL DA I NS,

5.5.5 EHEKH

PolariS EHfiiZ 2006 ERIZFER L 72 JAXA NIEE T —F 0 7NV —=T00 e DU CEtlZ#EL T\ 5,

ES[A Sy i N

T—=% 277N —TDIEE AL IZENOMZEKEEID A W N—THEKINS, KIAKFETEHEOE D FLDETHR-T
W5, FERHERGEICETORFEIE, KB IIERT:, BF, SE KRR Z I, Y <N —Z MEdesHE ik
o BRKREEZRMNATR>TWS, WHFLBELD LV, F—RWBEEE, LY Iab—ya VARERE,
X S Ba it XA R R DY TH B, LR, MBEANFEEZEDLZVATLLEDA VX —T7 2 — Rk, FHH
ERBRFEDHY LT W5, B, FHEHIEEZ, GEMS F— A DEBEHAIORATEH D, N— R =T OHF
F—LITMAT, GTANF—REYHEOHRROSMEATE D, BHHROEE, RILBROARRMEREIZT KA1 X
ERTW5,

EEHH
10keV BA RO X fifE GBI /N R & LT, NASA/GSFC ZHulMz HAD S 3 JAXA, B, &R KD
ZIMLTTTOSNT WS 3L GEMS TH 5D, 2014 £ 5 EIFICEITTHERTTOSNTWZE Z 5, FHIB
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BWOREREMMIZ 202 F B 70 Y7 b LTELREINAZ, ULAL, 774 Mad 2 WIERAEHOHEEZ THEA T
BY., 7oV bEAMEFRIIZEMEINTWS, GEMS X8 X g2 5% & LTH 0, PolariS fi2 & 13
HER DML 25 Z 2T, MHalilZRBRIZH 5, 2012 K KD, PolariS ¥ — 24 & GEMS F— A D[ THAMED
LEDImiEETTOTND,

556 ZEMIAIaz=FT1DEERILE

2012 4, AT AN F—FHYHEKRIZE T, BENIZT IO R ERBIERREEIZELT6 Yuyz s M
B L Caam, HwEDITHN. PolariS FHEIE DIOS GHlE & & (2 S HIE &2 G U7, GBI, X BRRCEDEIC
BWTHETARETO VT4 TDOEDTHEILE, TAYH, -0y TITENETNTERD X RSB
NIRRT I NT WS Z oMo N TH S, MABHNOEREVE N EFMEINTVWS Z LITmA T, Kz
TR NN EARD X FERLA LU T, NIFREDY Y —ATHRELERDPLED D Z LV ERIZH D, L
MUBD S, BTANF KR UTEHTELHIE, £3 TS ND DOAMHFHKPRELT, EBRH 215 114k6 %
52 eMRABHEEERD-DIZBETH S, @BIxNF—FHYHER2OHERTH. GEMS #E & 0%
B2 Z eNERINT W, ZHUZES T, 2012 KK D MHED OFEEMEZ EDLIH#EEZ T TOTNS,

557 RFHEFH

BUHIGHEOEE 7o A L T — X /ARG T TH 25, BHINROEEIZ PolariS F— L4056 DR R Z KD
28, BgHRL RS BHT -2 /T ERBETHELEZITVWD, A7V MIBHITEE L
TIHECEEN R U 7/ N R T H B0, ST 3V F — RKUFEOMZ BB K2 @#E L. 2 < OMREDS A
DI E NG, 2D XS RHT, BHRADHIETIZARVWEDD, HTHHEE, T HRED LS REBRIIZFHH
INDZREEZETILE LW,

558 7OY U hDIBRRK

PolariS 7 — % > 7 7V — 7 Tlk, 2006 fERD 7)) — FHEp AR, JAXA NIEREZ2 T v b7 4 — LIZHE
U, T 2BIHIEEOHKBRAEL I v a VOMET YA V2T TE, MEE 6m OXFHICEL T,
ASTRO-H ##®D 6m =fA~ A MUBEOT YA V2B 52 2T, WM, EELHMERNI L2 XA —T—0DWH]
THERL T2, i X M EEE, ASTRO-H OMFE SR 12 mO Tz B, Hafme  1/2 12#i/hL 72 i
BTTYA v LyaIb—ya vy TAMHEBEZEHN L TWS, AEEMNL 72K R L2 FEBEICEEL, X Srotge
FHiT 5 Z L IFSHOBETH D, FAMICRET DEGMELEHE. 70 b ETVEBREL, BUHDEHERIC S T 5 MEE
i % EhE L T, R OBRERED O 2 2, Modulation Factor 23 0.5-0.6 ¥ &\WIZ & 2R L TW5, 57V <ig
N—=A MdatizBI U Tk, IKAROS/GAP OEINZEI Efi\\VC, ARMOBF A2 TTHOT WS, BEAHIMH L ZE84W%
HIZBLTH A =D — 2R A MR#HE2TTOTED, BBEARA TV a VEHERZEVHLTWS,

PolariS 7—F > 77V —7L LTik, JAXA 35HIZINET 2 HATHEEZ T ITHOHTNWDE, 27U, EdRL~ZXS
12, 2012 4ERK & D GEMS F— AL DG IcBL T2 93O THE D, BifE, GEMS#HED T A Y AMITOXE R
FIZD T, H <N — A b OEABUZ B U 72 K88 O SEEH 2 HARMA L U E 3 2 aTaetk 2 Bat LT w
%, Wiz, PolariS fiEfRERIZ, ] X MR GBI Z 3 25 GEMS Mt f 2 K 2 ik s 4 7o a vich P C
W5,
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559 XXZF - FEHYEEZSREHMNSOOX Y K

FHEOZMMNESR

PolariS 1. ASTRO-H OFFEREREE2FMAL, B X I 7 —OHELUT b LY VEELIL O XERE T 2 ## L T,
REAF 7 XD GBI PRk 2 & 0T, FEAMBEHcB I 5> 70 ba VEBORE, ST =Y R X —0
MHEEOT R, 77y 7 R—IVAD OBEMEICB I 2REOEARER Y, MOFETIIHE LW —EOENZX
RYEEDOE SN D, JAXA O Fvorary MZL 5 EF28ET 5 7, KE SMEX 71027 A
TEFTLUTWAR X RFEI v > 2 > GEMS (HADREEAZF > TS 2, a X MEEDZHF v LI h,
2014 FEICHPR OB 22> T\W5a, PolariS F—AIZa I a=F 1 R EDBZ IRV, HKD CGEMS F—2A4 & 151
U. GEMS ki PolariS O —# %z &S5 HMbH, W7 L THELTW5,

BE&E ATV OTZYHE

F—LBNE, T EBEAEZRE, BRI 25 MEM, TCHEI v Y 3 VIR, EHERER S EMNE L, A5 55
BHERE->TW5, 205 BN EIE, PolariS F— A DE(L TR WA, —MRINC 15 MM OBER R T b
728, FEFT 75 MM HTH BIFEH (1940 M) 2B h 5, i, GEMS 2SKETHOER & v, PolariS (0 —
) &2Z ZITRINT EGEIE. BRERIZHKS A, HAROREIE~20 BHOA —X—IZETHOEEITHA S,

F—LMOAr Y 2 —)VEE UL, PolariS BMOBA, 2014 FEI oY = 7 MR, 2018 FIZBIHIBILG 5 2
TWBH, HEOENIHETI %22 F W, i, GEMS 127 54 b ETNVEIEDHERITF Y VL EINI L %
HBEZBE, TNH 2014 EEIZHOCERI N HEEE. 2018~2019 FHOITH EIFlk, kKoL BEbn s,

PR PR

PolariS Tl&, fff X fREEHOD b &Y VEELRRYEE 2 W5, ZoHfiET Tz, V—F =t =)V FEil#H 2 IKAROS
ICHIRI NAETE D EE GAP(RIRK, I RAY), &BkI2ER PHENEX (ILJER. BK. BRAFZ &), AU < &BkE
B PoGO (JEEKRRY) RETEIEINDDH DT, HAMREAEIZE Y, GEMS 2K U TiE, BR4 K
A, WX SRR SEE DO TH B HABTFHIE 7 A 1 Ve X2t L TH 0, IR 235§ 5 kM2 £ D,

STBIRfEAH OZ 4%
ASTRO-H L DEZIFXR L EFRBLND, F =AU N—D—HPMUOFHHRBEEIEIZHSMLTE D, HKDOMIZZR >
TWVWaLRFEVE, RRLBENEENS,

FMIAI2a =71 TOERKRR
TTIZ 2012 ZEDOFK, BT I F —FHYHEK S TIX, PolariS 2 &£ 6 EHE O FH 2 17\, DIOS & PolariS @
FHEE IS] i Lz, 20LSI223I 22T 4203 —EDXRE2BT WS,

SRR A D 4 i
FoALUTH, ROBATOF— X AMK, FEB0AEHSNOKIE R T, 12ERY LT3,
B AT

HRDHAMIIZ & BRI R 22 LTHE D, PolariS £721% GEMS O X5 5B HRD hy 725 2 228
MCEEND, T, HAOSINZ L b GEMS fHHiZ58{b 32 & L 12, TNALFERITKRD > 2565 D NNy 7
Tw 7 UT, 47 s EIFIc &5 PolariS Oi%dtE, LOEL KK DIAATEDZ Z BB ETHS S,
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5.6 MeV/sub-MeV £XHY—~41 CAST

5.6.1 FEIDHE

T

o

CAST (Compton Telescope for Astro and Solar Terrestrial) FFHild, K 7ZREZRBIIOFZIEL 72\ 200 keV 225
~2 MeV OFET, @RBHZITV, FHOEI XL X —BEOMRELREMIZEDD Z L 2HNE TS L, ZAIC
B, BE»S. X# GeV, TeV DXV <HUZED £ T, FHBUIIOEMIIREINIES L, Z<OHAEREZ L7257
Do THRTz, ZOREKHFLDIEARZEES T, ZIREOBHTEROMAGDEVHELIES, L L, 2000 4128
HZz# 7 U7 COMPTEL M #:0ARE, MeV 77 2 < fOBHIZITHONTE ST, BHIZKELRDB DV ETH S,

CAST i, ¥V 3y (Si) & F LA K 39 A (CdTe) ZMAADELEGBEOERKTY T R U H AT ENS, H
ARFEDHHA 23 & EMHEHC AW S (K5.10 28), FEEKROEN Iz T X)L F —/3fiffg % 1G5 L. COMPTEL(0.5-10
MeV) @ 1/5 1%, 0.2-2 MeV ® sub-MeV FRTD 3 > 7 b Vit x EB T 5, sub-MeV #igk D2 KB T
MOTTHY, HF—D DD RNF—DEB DT OEDPEZ 575, & D /NEIOKHE T COMPTEL & [RIS$(2L
FORGKEMHTES, 51T, IVT I UDATOREARNREED S, HEWRKIZH L TIE, 2ROEHY — A
RO THEET 5,

CAST I%, sub-MeV 2§t 9252 2T, MNEIDI v a v EEHLTWS, ZBHHOEREFm R VD, K
ROV TH# e U, MR E L Uil BIF, @XEHEHT I 215, BHlloLw MeV ik
DH3H, D5 1-10 MeV (GeV HRED TR AL F—FT) &, FRDO X0 KBOMIBENPBETH S, CAST &
MeV KX#HEHAD—HHTH D, MROELDFEBMRET L TWD,

510 (%) ASTRO-H/SGD Mii#d Si/CdTe 2> 7 b ¥ H 25, 10 cm 32 DMIEHDHIZ, 13,000 ch O
PERMEERPINE > TWD, (1) CAST OBE&RM, FMIBEREEEKER, 7T —X Tk E s, RTIENY
HAGEREA TS 3 v (FEIVAZE) O5E %R U, () 2000 F£ARDFEFEA X T 2 < HRO 2 KB E DR
W, CAST OB, 2 FERMOMEH TR N2 BEKE 2R Uz,

5.6.2 RlEMER

21 fHAIZ A D . FRAN, AIEDED S XHR, GeV AV X HIZES £ T, 2RY —XA P HNIZITFbITWS, Fermi
GeV 7TV < #EEX, Swift /7> <N —Z MR (100 keV X 1) (&, T OFIHRTOE T XV ¥ —KIKD HREE DR
MIEYIARS MV E S5 T LIS, IZIEERE2BHTE 22025, PZEZO 7L T7RFHY = v hRIKD
GERIRIEN TR E R R 2T A T E 72, FIZIN S OB, TOHCRHEZT EIHL X, AXT Mo, i
KDOETFNEBEITHRADIZ L, NS OREORTIE & A EEOHEMIZKERERE2EZ50T VWS, LUK
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ULSKFIEZT>TWBINSDREKOBHNIZENT, MeV KD ART MVIEHRAFIEL RN I 22, €T
WVOREFIZRERARENEZFR L TWD, CAST IXZ Za2RT 22 %25, BRI, Zho vy —% FH
Vv NRIKIZHA, Y722 —=%7 5y 7h—)LEERED MeV TOXE%, ML CEME, BT 5, sy, &
TR EERAR E 7255101, 5Co R EDHEMMEE AT L L EIZ. KBBET7 LT 56D MeV it £ 8IS 5,
CAST (%, HBER(EHE ETEM L, KEEOIY TR ASTEEZ 100 22—, ZIFeR2EITS, 20
T—REMS L. H~EA - X —DIHEEHART M2 EWHEETRHRS 2N TES, 2V 7 b VAL 2RI
LTED, HRFIZERD sub-MeV Rt~y 7B GEoNnd 720, FHY v bOREERL 22 LT, #i/-7k58
OB R T 5,

56.3 FIERE

CAST EMHIBD a > 7 h A A F i, 2015 45 LIFFED ASTRO-H RICHEBEI 15, 87 v <kl
(Soft Gamma-ray Detctor) SGD O Hfifiz BRI 7= Th 5, EMLEIE 50 cm M4 TEE 100 kg OV 1 X%
Fib, HEEIE 200 W THD, ZHEICaAMR@ELE, 53125 0U7%, ASTRO-H/SGD O FEHIZE DL
Bidebi R E L. EARE, JAXA /NIREHEY — X 77V —TNTOBGHc D FERB LS k
FREZTICREE Lz, —RALTHR2 L5, Y IRGROLAITE, BN UAMEY AT L2 FZRWY, I AL
AV FBREVD, YA R ERICHERDEET Shien, ERBREETHINITERELBINERNERTE, HEES
IZHRS 2 MeV AU <Ny 2750 RbEb a0, BED LTHHEMTHD, Z0D &5 ITHHEE LEMRE Lz
T, BfEE, RHIOFEEEZEGL, U ITBREEZFHEL U THRH2EDTWS,

#53 CASTOIZbMHE@EL

HE ARV THE (HE) SO (A 7Y a)

Bt 25 f&H * 25 {8H *
fir B AK - 20 f=H *
15 B 0-10 fEH 30 15
i 5 &M 5-8 f&H
&t 30-40 &M ~80 {5

* BRSO

5.6.4 FREHE

# 5.4 CAST OFERGH

K[ b % HiH b %
SRERL AT ~2008 SGD #ilizes 5 B 2020 i
R A A 2015 SRR 1L R—2F1 Y24
AR (EM) 8ERE 2016 Goal IE 5 4
MR ERAIERS 2017 LFwy TR 2022 EL:

CAST 2 ASTRO-H Ol 2 REIELEDTH D, T I TRONDFEFERERE FHEMERARRIZHHT S Z
. BEOY AT —DEBERT D7DIT, TDH B BT 2o TRBINZHAEICBITT S, Z0ROBITRED T
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JET 2020 E4TH P FETH B,

5.6.5 EMEKH

B P A

HERY (7R 2 MUE, YA T R, BT, JAXA FEHBEPETR (F70Yx2 hYRUA Y b,
CdTe MBEERIR, TL 2 ho=2 AB%. BEEA), ZHEAY. KEAY (VU 3 VRSB, BEAY,
WF. KA. SLAC(TL 2 b u=2 2B%. ¥+ T AH)

EEH
B CHHE R GRIITFAEL Vv, D MeV #1758 L R IIEHEIME L T, CAST 7ny =7 b 2%
UGG, Y 7 b, Y1 AHEIZBWT, Wik#%E2 L 20 EE2 L TW\W5,

566 FMOAIa=F1DEEWRE

JAXA /NURIZEEOREFEME LT, 2006 FIl2HEAI VT IBREIN, V—F 77NV =7 L TE#H, &
IR F—FHEYHEEESIZEWT, 6 DOREFHEO—2 & UTRE, @imIhT\na,

5.6.7 KREHEFH

CAST &R BlZ2T 20T, FHUL UTRHEDORKIIRA VT4 7% Lz, FAlE UTERINOAZEIXT
DIV, BonzT—RIiE, ERO MeV vy 72 LTEedD, BHREKIEZTDOART ML EFeE A, ENIED &
£ &HFUZ AT 2 A THE Z2EDTVD, FEICT — XS 5121k, V7 FBFE RFa XV b, R ME
HOBHEIHRETH B0, FHE LTF—oKW (HSN— b F—2E0) COBMAEZATHRE L, QBT — X DAR
LAV, UL, EE/ENAS- N —0GRICEDISKIBIZED, V7 MEORREMAAERTHIE BMEHIZIX
2T —XONMEHEL T 5,

56.8 7OV MDIRIK

CAST GHEjZFFHIRET BEFE 12 %, MRitids D32 8eidly, T i 52aEd, ASTRO-H/SGD Df#FEIC & h RESHERL T
W3, HHOET, CASTHEDIV 747V —va vt La v T by ARXATOT— 2R TV TY ZLD 5K
LS BHEDSNTWVWD, M EIZB T BEHHTDO MeV BEBIHIOEFEIT-oTED 6. Zho2RELTEIIY AT
LD ZED T WD,
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VFX—IZH 720, FHBYEZ L F R 7RO I U CHEERFREZHE S, TR e U TIEZEH MeV Kk
(o= N—=A bz a8), RMAIERAK, BRSSP EFR, ZOMRAIOE T 30V F —RIKZREWHIFF S, AR5
EHIZZNSFHTEHIANVF —RKIXDOHLWAEEZVSLTHS D, BUIRSNZ A, S W RIKTIIRES M A aE 7
DT, FHIRIVF—RKXDH 77, FHFBWFEHEZRDIHIAZ MLEMASTHAS S,

BE&E, ATV —IIOZYH
Astro-H 15 EIF# (2015) 1 EH T CEHHIAA X — U, SHEMTRERIE DL AT Y 2 — VIFZ Y RE 25 5,
FTHROEBFHAT —Y 3 VR OBWBHEE L TRZY RN EEZ 5ND,

TR A
NAVETFNIMMEI R AR AGHLEZI Y T N A TREE T B 7 MiE Astro-H $T5 B O & i
CELUTH B, Lzhio T Astro-H 75 LT TR RIS 3 EIEE N B725 5,

STEREAH OZ L
FHHEFE L Astro-H O#RA v < #R AR (SGD) F—ADENA Y AN—PNFIFLEASMU. RERFERIITHE WA
flcds5,

FMAI =T 4 TOERRKR
IOV —FIEXER L ET RO S E S 72 3 RS S Th D, a3 a=T 1 NTAEIR
BhTnsdE&E>

HEF A ARSI OZ L4

MeV T—=XDLR< v TE web FIZAMINZDT, BT RNVF—RIXLHDO AL S T EDHEE DS HFIH
INDETHAD, BWILTF—RIFPRBREDIZRDEDT, T—REMIENPINDTZOIZE, [KWVSE2S DR SM
MPEBEIZRA S,

RN Y AD e WEHETH D, EEMEIZE .,
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5.7 f& X #H—~ 4 §tE@ FFAST
571 EEOHE

137 BAERTIDO Y I NV TR E - 2 FH X, SHRARBIEOZRICHE L2, 10keV AT (KT 3V ¥ —) O X fRELHIT
. BT, FYURI Za— btk XBREODMHITFHORTIZETRO, B 5.11 TR T FHE 5
H (CXB) DREJHE ZD ~ 80% BEKRKT T v 7R —IV&F> F{EBHHE (AGN) TH 2 Lo/, KT )L ¥ —4H
Tk, BB INT VS AGN ONREREE KRS Z L Ickd b Z & THHELDOLEN HRTE S,

— . BINOF 2720 10keV BLE (RZALVF—) D CXBDIZANLF—T T v 7 AART)VIE 30keV 720 1T
V=2 %f->TH0, BT 2V F—HKD CXB 2T % € 7O EMAINTECTlIE T 2L ¥ —3EO CXB 1335
TERY, FICHEIINF—HEHBIIRAOERDILER > T 0D, Lard, TSLOEENCLD, HAPEIZHELES
NTVE7ZHOMT XN F - TIEREVAEI RV X —HETHS W AGN OZHH 25 Z L PHHL2D2H D, Thb
2%, BRT Iy oh— e o2 BT 5 ETHe R0 eI NT VWD, RETIHA—/N—=3IF—
ZRALUZET 2L —HE TG T2 LY, it d B0 EA, NuSTAR ¥ ASTRO-H T
FEBIHDPEE 2, CXB 025 EH 2121, KB IE WSO BB AR AE R\, FFAST & T v
F—fHIK T, ASTRO-H R E T AN—TERWVIEWREZBIMI L, Swift 2 DERBUHAE L DB OWREZ L L,
NS DERBINE Sbhe TEEHEADMEIZHIET, DE 0, FFAST 13 ASTRO-H # &2 &t 2% % %2 B3,

PAEOBIIZ TS 272002, BWHERFEMOM X ME2ms & & EO &R X iz fiagbe s, K
TS L AR & & B O/NELE R IC I L. B E L AR 2 U, WBORIT S ¥ 5 Z L THENE O m OB
il EFBT 5,

FFAST Ofiff X f#S8T1% 2015 £ EFPED ASTRO-H O A— =3I 5—%FRME L, SQ2AELTEH L
SITBIELZHDTH S, HUL, Mili#hiE ASTRO-H #i#D X ## CCD 7 A 5 ORI EE 21 X i TRIXL 72
CCD # AT THD, WINBEEBBIZMIT ZBRE XS, ZHEIX, TNTNLBHIEMEL D, 51Tl
BERIE, NIRRT AR — % iz, LEEEE L OFME IR T 22 KD, 2 OMBORITEANE. T80 0
b1 & TOZIFL) THREEINHMZIZIZLTE Y, TOEZEREFHF Ny TTh D,

YA TV ATERINDBIZERT E72DI12, IvyarOBRMOPEEZATAR—2%H LR VT4 VI8
HEED, MHRAZ T, EEBHEE CTIERZ RV L S 2EW AGN 2832, ZOBHITIERS Y TF1 v
KB ET D012, MHBFHEIEXT 77 —#E»r om0 s K5 THIEL, BB E2KBICHEHAT S, 20®%IET
Ry I —Hud cHEMERE —EICTEL LA FRHLEICAS, 25 LT, FLACREE2BHRETICR
Mz D72 D IRNERZ BT 2, DF 0, FHEMZMIPAT 2P BPIHKRITZ2ER T2 T2 OA I Y
> a VN FFAST Th 5,

572 MEHNEHE

FHEDOMIFIZ R PR VO, B NMIBEOEKRT 7 v Z7h—)L (BH) O#LTH 5, TOREHETH 21EH
% (AGN) ORHizid, X ARBERIAER7ZH, T E THEAMMZRHIRY? 5 RINO D AGN 721238l E T
Sz, A, WINDOKREL THELHENT] AGN BEEH 25 L DRBVF[BONDDH B, RINOKEZR AGN X, 1K
IND AN AGN LIFHFEDO KA TH 0, SRMOEKIE->TRKRELD22H 2 BH THS &\ Atk b iR I N T
W3, Zhoid, TEKRBH 212 70w ZEBEEPAEP] &0 HARMED, R - BH HEMD A 7 =X L% H
g5 LT BRIKRTH B,

UL2L, INETORNDOAEZR AGN OBHIEIA 3T, TOEEEREMITIZEA LD > TV, Tk, B
KBHOX Y VYA TV IDBRIES N, FHEMOIHEMIZEEL S 726 Lz, THIEIRIND/NE 72 AGN O#HI 72
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5.11 7 5 X T R D A2 + )L (Frontera 2007), 10keV BAF O FHigIE W < DD & (ROSAT,
ASCA, CXO, XMM) THLULBHIZNT WS A, 10keV 2 A 2 HIHKOBIHIZ I NA S TH D, £ 1l X #i#
TO Lx-Z i ETD AGN OB A /R T, Swift/BAT 1&H] 2 W OB % 17\ Z2 OFRZ IR LTWS
(Baumgartner 2013), NuSTAR IZ#\\ ik, FFAST 13% DAz e 2Bl 2 9 %,

FEFKIZLTWD, HlziX, AGN X b 2HREAIVRIB I N T W S BELERIMMREIIZ, i N Em
& AGN 2MEET X, ZOWMBEPEI NS 1D Ly, £Z T, AGN ONERBOEREZZEE LD 72012, 10
keV LA B X F712 & 28 &2 D, RO K E 7 AGN QNS 7 ABREEZFETLUEZW, TOEHICIE, B bk
HURE & R 2 AS b 28 2 RMAT 2 b2 ERm 52w, X 5.11 A2 X HTo Lx-Z Hi kT
D AGN OB E R T, B2 OREDIHD W AGN IZDWTIE, Swift/BAT I2 & 32 2 KFEEDVEICHEA TN S,
T OHEDRN AGN 12DV TR, Nu-STAR 2 K2 BEDVED SN T WD, £/, BT HHA 5 ASTRO-H
D HXT & ZOMOBMIAFRETH S, L. TNS5DOBHEITIEAN—L ENLW AGN 2% 5, B4 DRIET S
FFAST f 2 1%. Swift/BAT £ v % 10 5@ Wi HEE T, Nu-STAR £ 9 b 10 fFA Vi E < 2 < BT Z &
MTES, FFAST I2& 5 TR TIEW ] BUANE, ARFRE 0.1-1 OHiPHIZHD 7z > T, REMEEDO/NI 7 THENTZ
mXE AGN) ORFIHEEZ, HE—ABEIZT 5,

573 FERE

LoEEHERESR 29 R Mg 2R 51 &, A 5 fE

U EDREE 0 IXEHE A —A—2" ASTRO-H X ORI ZEHEICH T 2EFHEELFAEOL D2 MR L ZLETH 5,
ASTRO-H & Y ORVEHEIZTEM %2 3 MM T EARANMIRESTHED, FRIIEIL INEFTOEBETHRIE, &+
1% 5-10 £ TH B, TN LT, FFAST 1344 0 HSBIHIIR O PEOKM T HE LB 2 ERTE S L5117
YA rIhTwd, BifEE. T &S AR EZFEICRE L ) OWGET 2 ED T W5,

5.7.4 FREtE

FFAST O&E#» S DA 70 —256 FEI A VA M=V 2D TRICHE T2, EEFiemidiid ASTRO-H O5%
WOBEAL I BZDT, Ay I TRUEZ ASTRO-H DA Va—)L kbbb LEREES L>TWDS,

2013(%6 1 ) R#EtE 39O MDR/SRR #4175, HALGHFELA (ASTRO-H FM #fE)

2014(% 2 FZ) FORFUGHE 78 PDR. 3l aHBALS (ASTRO-H fa&dER)



5.7 i X ##¥ — A Ghil FFAST 111
2015(58 3 4EE)  FEMIEGHE T4 CDR. FM ®4ERR (ASTRO-H # L)
2016(%5 4 4£/%) Y AF L PFT. Z0O#% PQR. HE5E%E/IT 1
2017(58 5 ARRE)  RA VT4 YT K BHEAREI (R, Lo — NEBUEIC X 2 IERBIGLS
2018(55 6 ) Lo — NEBUEIC & 51T BBk
575 EieAH
B[RS N
FFAST @ PI HIE O (CK)
g s PI R (K)
i Hillg R HEEP R (OK). &S (HIRK)
{5 5 n FRE 3, RIREA (BK), i fE— (ISAS)
R SERNZFEH (T2, FEMT (RK)
IR R EAM (ISAS), BERIER (BK). NEC
i/ FF g MW, loc &, B HAL kB (JAXA)
LEgie Pl BT (#K)
bt AARIESL, R (2R). B & (GSFC), /NS (JST)
INAHR - LB R IEM (ISAS), NEC
B RRE EHAER (5K), PREEZ (FFK). MU~ (51K)
B % (B¥K). WER B (ISAS)
EH A

BUR I3 BT IC B W TEBE D 3 AEE L Tunien,

576 FMIIa=5714 DEEWRRE

FFAST B2 T 2% E D%  IF@EFHE (FT RV ¥—
MHELU TR, Y VRY T LARFRLE %@L Cilan L T &7z,

2012 FHE I IZFMEHE 2N S DIRT, BFEETLSHTWS 6 MO TOY 2 bD—D& L THEHESIND,
T HINEZZ oo Ta Yo MTIFEE N Tz, BB,

FHYEERR) (R

LT3, 2007 4E12 FFAST DO
AR TR 2 G 3 e S 7z,
z
FFAST 7R Y 2 hOPEL 2 H A—N—3IF—¥

EECYAN

TR HEBFE O 72 D DRI RS (23000004) 2% 5 AMEFHET 2011 4E225 A& — F LT\ 3,

577 RFEHEMH

FFAST 12 & 2 BIIZE WK DN S T AH —RATH Y, FFEOX =7y &S Z

NEF—2iE, VA Y3y LEBIE—RIZABRT 3 2243,

578 7Oz v MDOBRRK

M e 2—N—3 55—
flio 7z /NIRRT RGO 3 BREE HIELTWA, 3 SEEDEHH

BERAERGIEE D & 705, &b & 2012 FEERNIZFHEAZEN S FETH o 7225

CRETELTVARYL, £5

DEDT—REVzTEBLUCHEMHEE RS,

ZOWTIRRAHEEM S T2 DT WD, BEAKIZEL TR, A1 7vunrury bz

REDFM S NREINHET 5, TITHRIENDS &,

HHEETENTVS,
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579 XXZF - FEHYEEZSBEHMNSLOOAX VK

FHEDF M SR

T XHRR R Astro-H D712 TIZHFEDED 5T E T 2 X a8 O Bl & 15 XRS5
PEBT B R VR 2 S & SRR 2 0 R X 2 BO/NUB R OMRKARIT THEE S E, RN
T A — D HE & [F] B 12 DN HRICEBLS B IR WO XA EEBIZ TN E TITAVWEWEETITE S L35
HDT, TOEREZVAABHE LAV, HPERNERE U TR, BINOKREWEEEIIIS U, MEHETIEERTE R
WRT A= X —GIRO N T ARENRFER S, THANERE U, EREz2 — /R 2 M EmBORTT
firDFYE & £ DfLE EFEFEA IR E NG,

BE A5V 1—I)OZYMH
WiEZ 2BHETANRERDHD, BRE - ATV a—IZIEENRODAL VT B HA S,

TR AE
Ty va vz oWTlEk, Astro-H IZAIF TR I N TE M 2{Hi-TH 0, BFEIC L EBHARSED SN T
W3, FERITIZOWTEH, JAXA IZIEA VA - E ARVERODEREDNDH 5.

RIEEY NIRRT 2

Iy v a I OVWTIE, TNZTNOKEDOHFE - #EBHORIRDH 5 N=b 12 & b EfiKGIVERT hTn5,
INBDANZHITIE, Astro-H fi 2 OBIFRIZELS B> TWB A0 L Wh, Astro-H 2R DR 2 Kb o,
FFAST #E DO 2 #ED D5 HIZ/R > TWD, — . MBKRITHEAME D, FH TENEMBAFE DI 512 DWW TIE,
JAXA OHEMFEB MO > TVWED, FRBERIIZVWEEZ LN, TOHH OMENILAIND &, EHiAREIL X T
ESR AR

BMII2=FT 1 TOAERR

BT ANVF —FHYMHZICELSHEE LTI, STANVF—FHEHYHY I 2 =T 1 2B @mIMARERO N
TETW5, BURTIE, AT ANF—FHYIETZ T )V — TEEREO WL D O h#EGHE O Hh T, RELDH DL Rk X
NTEVARVWDY, MifEOEWI vy a v eiHiThTwd, —F., MERITEOFH TF L U TOFEOMEIZ D0
T, B3P URWEKFERROND &, GHED X VRN HEET 2155 Z L1225 5,

HEFM A OZL M
Jont=7—2h, LEFHAIZHIND Z Lz, RERMEIRRP255,

b= i

i X SRR B D KB D & RSO %2, 2B80/NUERIZATIE, F U EEOBE % f£ 2
RHIRPSHTHERATT 5 Z & T, RV ZEOMERZ BB 2 5HE X, 72 WAABAIKNTHY: - TEOME T WAA
BHELAW, TENEZDLREVEEZ SN, TOMHM»SOFEOES - BIFREH - EHAHEDS, X 51I0MmRIN
&, FHEHOTE—NVEEZI HIIHRDBE I L LRSS,
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6.1 FEMDIELD

BRAEYHZOEEE L, (1) 7L 7 oRAEMME, (2) aornfEeE, (3) BEsoRR (REESE
WIZE) IR TE S, Tho OMBEEMIT 572012, DAEIX, 1981 iz 0D &b ] R, 1991 iz T&S5Z
51 fiR, 2006 4EIC TODT) g z2ib BIF, MROKGAR—-2BHE ) — LTS, —H, KRG EEHc
13 1990 AEARMEHEAR, HATREBER X G & EE R X B RGBT (Z/) 2Aa8E T, BN R SRR IR R B
FRER T, AR—ABRE MR8 Z2T>TE 7k, LEORELZITX, DAEDOKGDE I I 2 =7 1 TIL,
BALIFEHIN S KBFIEREIEMRG WG (&, KIRIFE) 2305 LT, D23E O KB ORREHE % HEH IZHRG
LT&7, ANDHEmIZ, TNEIEABDTH D,

6.1.1 RHEIEtEZS

2010 4 3 H OWsT CEMRERICE - FHYME BRI &L 5 TR - FHYHPORZE L BYEE] O dHD
X&) Tk, TooT) #E (Solar-B) OXROEEEIHETH 5 Solar-C FHEHD I v > a Yy FIVIIF 28D o720 AR
(KIGHESFEEI vy ay) &, BE (BoiERGIvyyay) Ths, ok, HHN. EAOKEHHII 2=
TAILBTLEEG LML A BIFBURTIIEMNN KWL Z VW I MEHHRS ST R, Bz, 2011 43 A
DHA Solar-C 7 —F ¥ 7 Z)V— 7T, BEM Solar-C i & UTHEEI N, —FH. AFES Solar-D & LTD
FEEHEL THET 2R T 2 Z Lo ohiz, (BMFOROB— K<y T5IH)

6.1.2 HRRETEZRRDEER

LR OEMGEERZ TR LT, 2012 FO PR o ARG E O & ). 2012 £ 9 HIZ KB BN RE
J—rvay TEZETHRIBELZ, £ I T 6 FOGHEEIMREI ND, PRIBGHE ORI 722 \WE D, K7
HEEEIH L UCEATE2E 0, FHNAENHFNLREDRENEENT WD, 4K DIAAL, 61T, 9H
22 HOKBGMgtE @S2 (R 0 RORT: (RXFEEMEER)) IZEWTHEMRETR o fb R, Bz EA N D 3 112
F iz,

1) PR AEAOK G P BR B LR BB 4 > - 7 — 27 51 |

HEMERERE (£ B RZERIGHEEREREAZE T, BN RKCE, 5K EE) . BHAEE (RE sl ORI fEME—/B, L
E), $H (20~50 /&), FHEA LR (2010 FRETEEZRFG,. 2010 £ ISEHRMIR). B (KETEE) &
ZTHUTHED KIGRBRIE AT O LB L R OMEIH), HEME (REMZEMY V7L —2 3 VB E KUK E G E)
B E )
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2) RIS B R B e B at 1 )

HEERSRE (ENZ KRR, R, BEAEH (BRI —). T5 (20 (M), FHEd R (2017 Fdabaih, 2020 4
HEAG). HE CREp & BhEd 285 77 A BIROMIH), KEMZE (2m 27 7 20 EKP (+HEE) &)

3)  TERHILEREANY AT 7 OEMIE RG]

HEERE (BN KA. AdiERT), BLE (MEE). SrmEa iy (2015 4 4 A2 5 5 4EF). AN (KB 7V
7. REROZEOMEN) REME (MFOELLIERANY A2 57 OEMILR)

INnon5b, 1) O RDRIMRKGEERRZSHEH & v b7 — 250 &, KGeRoRIZ#HBH (¥ 771y
B WS BRSO, AR—ZABIC 2m MR EEHFIT & D SARREBIN R L LM TH D, REMESEFHEL U
TRAUTHEE ST RSB L I (SFEil), 2) o DRI ERFGE&EEENE ] 13, HARDIIa=F 422 >T, W
TNBELINDIEETH A 5P, Solar-C DRAFEX Y/ 77 1 v 7 BHIEREDOILFAEFIZHAR 2 L BEMHIEV, Xo
TA (57213 B) dHiie Tz, 3) O MEDLEKRAND A2 T 7 OFAEEFE] &, EAKG  UTEEEZR-T
FIEZTHEENH 2N E S A -FOMETH Y, ZD &5 BB T, EALERSEZ h G EE LT
FMRFRCHEE T2 Z T U iR, 11 ARETIZ 2D X 5 BB o 72,

PAEWZE D, K% e U TR I HERS 9 2 iR Z AR O 2 Bl & U 7z,

1) TRMERAKGEEREATBIMN A Y b7 — 2 5] - S Fli (BAED S) (R [HE )

2) DRI BRSO EET ) - FRICIE A FHEiZZAY, BR T (Ledi-> T, £ 21k B #Hi)

Z D%, 2013 42 A 17 H - 18 HOZFARREER XY - FHYBLZENEEIH Y VAR Y Y ADOBRDO 3 X > 2 HH Af,
BOIARPZEEANY A 77 7DiERZ, 1) ORIARARFGEEREZH % v b7 — 7 3B ARAZRITEEL 2, B
TN T BFMEIZ I DBIEZRET, 5 H 29 HOFMRHEY VRV U LAOBIZHERI N DTH 5,

6.1.3 KRREHE & DER

B 6.1 12 KFBEEGETHE & U T D A= 2B (Solar-C G & Z DD Solar-D Ghii) & hIEEEHE & U T il EEH]
Du— K<y 72579, Solar-C #Ei%, 0DT (Solar-B) D#MI v a > LT, ¥EOMGEN L a0 0
BEBINZE D, RKBOBKIEHOEHZHSIIZL LS L WS EHETH O, 2020 FH5 EIF 2 HIE L THERHED
LNTWVWD, ZIITREINTWV S PEEGHE X, Solar-C FHili & MK R %EH A2 RZTEOTH S, THhbE, b
PDE D KB 43 B DB OFEREFE & U Tld, Solar-C &1 % kb HELGFIH & ALE DV, ThEFEBT H7-012F, b
DE2EROKGAE I I 2 =T « O ZILT 2 Z EBEEL WO BN S, PROERTOREGERIZ 1T TRl Kb
WER b BRI DR B D KB FBI AT 5 T WA KF O E S, KGEEEAST Ry N T — ZEHEIZED
5 E51ZLTW5, RPHEEIHZEL T, Solar-C HEiZ #x 9 2 AM 2 BIE T 2 KF¥ TlIRIL EH L. Solar-C T
FAN—TERVBIHZ LTS oDz D 5 Z L3, BUEORADRETH 5,

6.1 HADKEAN—ZBH & KRG BB —F<y 7,
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6.2 RHAKXGEREZE R Y b7 —JBRGE

AEHENFANED LB TH D RKEED XA F I 7 A2 R L ZOLH Fll2 B $5 L 2 HiEL T, GBI
RBUAE & B v X — e MR L, R BUETE & D BB i K M BREREE A ST & DA BB D & & TRl
RARGEREMEOZAAGH Z2EETLHLDTH S,

6.2.1 EtEOHE

KIGIHE D 2B IS KGR & s MBREREE K O A2 H W82 52 5, A0 Z O KB EREZH) 2 GG
Z 57D DLEM M BN Ry T — 2 E R R — 2T AEDTH B, DD, AREHEIZLATO 3 1H
HzE7-2HHME UTEBINS,

1. 0®OT, Solar-C. KU Solar-D 7 X REME & OEHEGmFAD S & T, Fe MECEREEE L TR - K
VAT L DTN 2 MR IS EBL L. FHRKBROTH RO & 2 OLH FRIOEBUZEIRYT 5,

2. R J ORI B 1 5 KB - HE D O AME R & a0 & M U TR RSB 5,

3. HERERBEAIZE & K5 - HEMEOZEEED -5 WF & UT, DHMEEZHEET 2,

6.22 MEHNER

ARFETIEH 6.2 1252 &L 512, FEHRR B0h o HHEEOENN L FHERELS) ROFHEIE BrHH
S BRI S BRI 2 FHEREZE) RICBd 2RZEM e TN ENHEE T 5,

o FHRRMR: K7 L7 OREL FHT E2AF—LEMHAET S iz, KBS RL¥—k 1 (SEP) ¥ a0
FEERHE (CME) 7 812 & 2 P8 KEABIR O EHE 7 58 % FZBLT 5 72 DI BERBIH A& v b7 — 7 % %
T3, 2Tk, KB - KEGREBEELO X 7 = X L% RS 25 & ERHTE RN O &0 i KA TR0 E B =k
TEHIENTED,

DS, HFBRNZ & D7 1 T AV M ORES; - WESGHIE GEREKY. KIBKRT) ., EREARM O E i E
HBLH (NICT, AL R%), BEMEMY v F L —v a3y (IPS) ERAEIC & % 3o FE&EBUE (CME)3 Xt
MG OBIHINEE (#dBKRY). @ERkiNL I 2 —A4 Vg (BMKY) 12X 2 HMAEREEOTREHIZ L %
FERT B, 612, KET7 VT EHEE T V7 OFMAREMITC L b, ZnE TIcBllE T 0w nWE R K
7 LT OHHel & T OB EIZ OV T RS 5,

o FHRIEMI: KEHEE)RIHZH) & HBRKMEDMIZ Tk~ R A7 —VTHEDRH 2 Z e AR I N TS

M, FORRERE LT 2 A=A LIERMATH 5, R CTIEREGRATED & KGRI A7 MV EROK
ILT7HED BIRILEF—HF MNESRERD (KEBEMSDRA
FEHRASPZE | BERRETA DINEE AR S RART NIV | T4V TRFAE | FHSIERE
KR EEE RIS -l Ll crid VDT Solar-C
(VDT Solar-0) TS
AR ED JC BERM| s | AR | [ KSR LB
M AZ R & CME- B R DR EE i KB | cmzmn | PSBR|  wmer )
EE* a4 74¥>€Eﬁ5§;ﬂm %ﬁé?] ovED E;ET;*/ EIZXRXE-RKX BEEXE %1%';;;)3
s pircad b R IPSELA Bl
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