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A, T2 B HAERED VO HEBEEZREL TS, ZbOIEENT
EHEERCRE A TAURC, FHERF2#EICSU) T [BeHiioizonr—2FE2 )
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(CODATA) 2 EIcB T 27 —#TEMBFOML 22 b D TH D, 16> T, HADKILFH
FROMRZ K MUK 5 LR, HRDHT —Z ZEM L THAD KN L S 6
(2% < OMIFERCR Z LA T 720 MHAERBOFHRICIES X, 2 b o EBREEREEENIC
HARDS HFEBANCSI - HEkT 2 2 L B3 B0 THETH D,

3.2.6 BLIIBANT D & HiMkise B I D L B

AIEEHD U = CCD 72 £ Hoilt 20 RIS 5 KB & > —om EA kI,
YO ERABICILE S 2 VEE L EOEERE L7 &> THIlRE TR, DREIC
BT, @ELRRAEMFEREMRDELZ S WO TN H Y | DETIEH 5 0MEF 72t
FREDEHMICD > THBEICHEL Lt 22 &icky, SV -7 I Uk, e A
+X S CCD, R Y —, T L TRETIIT U~ A A=V v —7p & TR —
MOBFRRRZER L T, B =DM b XBREUREE. AS— 2 A B/ &1
A=W~ zhy, bz HWEEBRFEE Y v Y =7 FRFEBRICET LoD
H5,

ZDE D REFWHBIIESNORZEOMEE D Z L & b DWEE D IES ICHRHE S
NHZETRAERBENEDDL O TH LS, FHOBREERAIZRD 2D TIER, B
FEVNRITROLREFEDICEND Z LT, RBEL LOEEPAEAT S D, FEEE, ISAS TiX
25 AT < (T 7z o TAA— X [ EIEAN O BRI A ikl L 725 5, 2K LU T OYKIE 2 5 ¢
ME—3ERR T A nTE, [+, TH2v) | SMILES, SPICAY%<n7Fuy
=7 MIFIHENSOH 5, FREOBIIB TN E R0,

L L7 BIEE A A KIBICHEE S iz i= ), RKEEFEE IR ICHE S &5 215
RND, e b ORI O NI Th 5, KPEILFEFRI AN Tl &7 |
10D HVNTTNLL EIChZ - T, R L7V T —~ (2o TR W Rk A1 Sl BY
e tED 5 2 L AEET TRMRORIFOMERIZE > T, OO TEET
H5,

—Ji. HBHIE D AR Tk L CIEYS il & 5 2 2 BREE IS OV T, FRANEIE
MO TR TH D, FICRFFLAEN OEFMEE ORRIZ, FEOT-DITHERZRAMR T K
D BN RFED R CHE LRI SN0 T2 ENEL b BRI TS
DN U CHANBZ ICHE DN D BREE DN > TV, B 2R Cikam LEEZH— L T,
PR L CRIERSGEZ T D MERH D,

3.2.7 T ZTEY LT 5 BEEMRRMFEIZOVT

3.3 HILAETIX, B 0HOEMFEIC OV TEEMICA TN, 22T, Yrv=7 h
E LT, ENSOEEEZ L) REREDOEFLIZEY e, A=y g iZon
TliE, JAXA/ISAS O FOFHEFEERS TV —F U VI N —THEEZROLNLTWNDHD
WZOWTOAREH L TWD, IO/ ay =y b, EEFERFTOVHEREICSH
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L7mY 7 hOWTIEL, BRIZ, 2006 4, 2007 £ 2 BT o THREI I BART
firigF e TR - FHYHPORMGE] 07 v s I L2 LIcoT, 25655
v,

REINTWD7 R Y27 FOFTH, aIa2a=7 4 —DOREE L TRELTEHRT
TLEZOLNTVDHDIZONWTIE, RIF - FHWHELIBRSE LT, 6TV 7% FE
1T L7z, ZOHT, FRZ, REURIEE ) LmsEsE LCGT. 30m KADL PRI Zim sk
S TMT, RAARRANR I SO 25 SPICA 1, HFA L LT, HICERANEN’N DR
W EWH ZEERD, BEELH, 4BIFEMEE O L LT,

3.3 BEREHAZEDRIHE
3.3.1 IZLBIC
(1) 5F OB & B

AAROFHBIIL, FHREEM IV ERCHE2 RO EZ T 7, 1980 FFIHIIC
HRERO IV IRBHTEE TH 2850110 45m BN Eixsi & 5 B TWEHABE L., 2
W - B OARL « SRR OETR BN S OBFZE T & F LW EBRREZ 20, 2v2% < Off
FeH B LT, BREEMEER T3 VLBL ICX 5 K% TH., FHEENERT & O
TR D A~—Z VLBI N3 57, #1_ETid VERA IC X % m k5B = A8 2 54
72, SeimiBRR S A TS, AT L CTRFREFRIHME & L COEN R TEOREfH, K
L HLE U COENERE 72 E A, BARDER KICFIXrICEH &3 S B s o5
HEHOEICSSDLWVWaIa =T 4 —DENY ZEOICE ST,

BITE, BB T H IR OB K RAME R O E B R, SR &S
e fRRE & BT 2 KRBT WG O RIC A o 7o, B ARIZH KR = 3L F o KA I U
7 IVETFHHTAHBEZE 0P =7 MIALEDT, £ O/ ThREnNBeE 2 5%
L TWb, EERBRETVTHEEEFEOT VT OT BN X — 2 HET D0 o
X5, TV OT N~ ALY 7 X U O SR 22 B 2 D | VLBI Tl 1132571
D% HkEE ASTRO-G @ 2012 4] B & FH-#Mi bk v b U — 27 OREL T TH 2D,

I

(2) BHETEE :: TA~HORRFE

EFRILRI O KRAIEE 7 L~ DEERIT, BHx L#EATWD, YE, AARTEELZI VKK -
BT IVERLFEZT AV I TRESYE, THOWEE R, B - REREK., HiE
e & ORI CFHERO T a7 4 T AGY K Z &S HARDER KI5 O Y
DORKEETHD Z L1, WMz,

Wl D T~ /@R O R Z 2T, # B2 S OERBLH OB TR, T~ Ll
% OEWEHE OB N TV D, xAF /1D SKA (Square Km Array = 1 %5 k m&EH T
WED) FHENE, B E T7 v~ LA B TER 72 R R O KBIHPESE SR TH D |
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T CICEBR A L D IR A Y 5o H 5, SKA IXFHiamd O Mxtim. Filo
Ao SRR & TR A 87 R & B 726 LSS EHIA 2 HEEE T, ZhicmER
Rtth « 722 VA E B R OB A FEOR AR SE L, & b IZENFE & L TEE
LT ZEN, BRIZHHFUZE > THHEETH D, HAD SKA S0~ [FERSHHIFHL
m<, BAROBIRKRILFEII 2 =7 1 — & LTH SKA &2 7 /b~ LU F LG E &AL E S
F. BARRIREHZIAY 22 ®H 5, SKA FHHEIOFEM & Ziv~D B AROHGE, WO [2]H Tk
5D,

T thORMFEIZBO T, SRS E =L X —FEDEY. &E T 5B
ME RIS, EEEEZHET A 7 L— 2 UFEHRBERICE 2 BN EEEESE L SO0
TR PRI BRI T 2 722 &L SKA b & THRIRHIIC HIEE AR E L TIT BB B 5,
Y7V WRIF O R IR T W AU O m R EBIH e & S F S E e B - Refi] 2
=V THEBFIZA > TE TWHENEICOWTIE, [3] HTHE#E T 2,

3.3.2 BB DOFEFE

(1) SKA #H (Square Kilometer Array : 1 5% 12 X — MUVEKTHED)

(a) SKA FHE O E

TV OB R ICFEORT M FFE & U CEBEICREE L ALE ST LR TWDH O,
SKA Th5, SKAIX, WE1ecm ATOI VU - 7 I VR CHBHIZED 27 v~ &Lkt
FRENIZ, R 1em UL 3m £ TCORBERMOEBRZBIHT 5O T, Hpy/NLOT 7
F % 1000 3 2 A — hLLL EOHIPHIC 2000~3000 FER L, )6 1 km2 D &9 E K
B EESE A LT D, cm A CHAER KO VLA K] @ 50 {520 EOREE, 100 L4 E
DZEE S fERE(R B 0.001 B 8) & BERk 35 . B 22 [EFEFE Th 5,
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E

SKA OFFHE A A —3 : Focal Plane Arrays & Small Disies

SKA OBIHIxIG S 4RT L~ R TH D, FERFEEIEEE LT, 520ERH 5,
O HIKFET ADEREA A —2 0 72 X DF M OB BRHRORK, QF HiES DR
AL DOWIZE, @FE S BER O EEMRIE, @TMEAKIE T 2 OB K 2 82K —1 8l
H & SRt L, ©FH ISR D AEMmORR, ST OBRE,

EFRDI B, THARET A (21em #) OBHIODIX, 7~ RNEEO @ AT X
S TEBEDI A &2 BT 2 DIk L FHOEAITCHE Th HKFED 21em # % 12D
TRV TBRIT 20 TH 5, OIF 130 [EHFEL Y bl FHOROROFTALIEO,
INHDOMELTH HIRIE - IREE T 2% XL TEMT 5, WEFHIIH ORI 5K
BREROBERTH D, I HICT VX VAN ZBRE L TR O AL L SR - IRHRB 24 L,
FHYW P HBIEE TORRKOPHEAKFEN Z 2B L, DX 5 ITBIEOTHMBBIEL L
TELEONEMRAT 2@, —F. WEERCFH OGO RFEOMI Z H 30O, 7L
P— OB EFEEBINNC XV 5ROE ) TR 2 BREET @1, T O AARFELF
HORMINIHE - FELHMS 5 ETEETH L, QOB L ERE/T X, FH)
HIDORF2E DT ICHE A LT3 T O mE NI OEHEREL b iIc e 0 L Hffsn s, ®
TREIER DY TORBEE T O Z B L, F 72 HERA 22 B SCAFET D ATHE
M&2 % (SETI = Search for Extraterrestrial Intelligence) & DT, AmBl<C AFE TGS
WZHZ2DBHLRENTHA S, TOLHIZ SKA IXERBIANC MM T ¥ X VH % Fr
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HIAATA U Ea—FEEEL b E I NEHLWEROBHIEE L EBTL26D0THY |
ZHUZ Ko TE OO THREM D DWTHT 2 FH OB RN FEBT 2 L HIFF SN 5,
(b)SKA 5t & B ARDERHE KL

SKA BHEIZA T & A F U R ERRMGEE. 7 AU J- A FF 0k, BERKCF-O M
VM2 FF oA — A2 T U 772 ST K IRV ERR LA TR S v, BB b o
FIZE Y BER LV TITOR TS, L LA THEO A Rix, £7237oTn
RN, FEBLT LT v~ & &SI FH O AR RTE O BN ER Y ATt R O E R K SO
FOMBIEEE L 250 THY . BARIZE > TRO TEELRFHE TH 5 L FRFS, [EEE
HIC S BARDZIMI KR E R R T 6T 5,

SKA OEHUZ H RN RI-E HFRFR - HEIFMERIEZ, FEFICTZ 0, FRCRERF 5]
FFENTWH DL, SKA O em BEHF OILE BT & BT, BAAYICIT A ASE O SR
AD (T w7 - FUH)) BHEROERE TR WK OZ GRS AT K &
Thd, BHTIE, 7o~ TIIBHSNEE R KA (B & BHCEES 55 1)
OPARL, VERA OB 2 F e S H T R R 5 il CORBELALER TS, HADH
HEEREHWRREZETHI0HTHLH, FTIXLERESCT L~ B, Bl KU
72 EDOmWER LR LT, TH M, mER, T, Amoifiie £ SKA 3R L
T LR A = A~OEBERFENEGFEND & L HIZ, BRORIF-FHWH TS
RODRZEZHLTZOTHDERDIESD,

(c) SKA FHEI~DEH% DX

HARENTIZIZNE T, EERLFa I a=7 4 —ZH0LIZ SKA ~OSN0R 7 - i
M COFHEIZOWTHRFPITONTE R, L L7/~ OERRIZEN KICE DR 5 B
DN ZFT TVDHEURT, T~ TR0 TFT—ATHELZED TWET AU B, ESO,
F =~ Z V77 EHRMEREEIC AR HENIIE O o T, ENRXAIZINE TEED
Funding Agency 3MESD SKA 7 +— 7 AMIA T HF— =L LTI, HRAKELE DOW®E
RNGFMOIAFEED TE o), TAYOERNPEA TELBAE, S HICEENRSN -
BHEHOMENBHE THDLEVION, BERRLFAI 2= 4 —D—HLIZEALTH
Do

WX, AL LTOSMERE, SOV TENTORBZEA BTN 5, SKA
FEHAHETEEESEE L CTAARADOSINC L D SKA DEELE ERHH T T 280 b
FTPRETHL, BARAPHEHMRTRERFEEE BARN Y — FLEBT & 2 5B
A S HICEARICEI L, 20— T, EHEEMIC L RBAREIER O TRILICITWE
ST SKA OFEFEEEHE & LTS E O/ 1y NMEERE (47 > 4 O LOFAR X
ASKAP (Australian SKA Pathfinder) ~®O /1 EARANIHRETT AL ERH A, FD
EAFATLC, ENRIXAEE a2 2=7 4 —DOWHII TARER 72 & OREHEE 2D, AR
DEFRLFAI 2= 4—L LT, TALUZORMROFGE & LTO SKA O
R OMEEICHET = LRI TH A 9,
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(2) FDIEHDEE

SKA (37 b~ Ll SRR OB BAEE CH Y . ZOEBUTE Y fHTe Z SIXHAROH
ENSOEBRBHSEE L CHEUZEIRTHS, LrLEbAA, B0 LSO RAG

B2 T b O TiE e < %h%fiz bOWIENENIZERT7n T 4 728
&, EHZANREEOMREEZBR L TV 72D, T & AT L TIZEN « JeEnmr
Fea AARFECTRMATL ZLEBUHATH D,

FRIZ, B RERTH 57 7~V B~ O, JAHE Y —~1 | VLBI 72 & D
BBz &, TA~%OIVEY T IV ERLFEOREL BETZ SIXEETH D,
TN~ EREET LY 7 IV VLBL @R, 7 I U3 - TR & VLBI Hilioik
BELTHRENTWD, BETITOZAHENEED, Zhns O A2 0 B < g
& 72 % BB ORISR 22 PR 2 D 5 Z L RIR RO B D,

F/-. CRETOERBEEBICA L 7L —Ya U FHOFEMEZ BT R Y., Hi-2FH
WEZOMEICHEKT 2 L b HEETH D, TOH HIZBHMIC L7T- K50 5
BT & 2 S B ERR 72 & T L~ SKA 72 &SRR B 24T © YL H b O EE i S i
BELITHRR D, ZRTH LA EZESo TS ZENEETH A I,

Z 9 LTPEREHE DR RITEZE < | BRI S S ESE TH D, TDE <UL, 2006
. 2007 0 2 B2 Tz o THMME S N7 A S M [R50 - Tl O RHE
H] (2B THE - SN TWD, KIF- Tl EORMEEREZ T.OHREE T 5
AHAEOHRGIZES, ZNOHO|MBOERLOIE, F3 - 1ICHELTRYELED, UT
THIET DI EO D, Tl BRIV AT T LOFRE-EHLINEGELI-DO T, 2RIV,
@V T IV T I~V RXFPOREEZD STHEH

HATIEOT IV~ 2tk OF 7 2 VRO S L ok, BETHDH, FHiICT I~
DA R—=TERNT T~V EE (R 300pmPL T, B 1THz UL E) TORLFEDOR
. SV EY T I VSR T T L~ SR TH VT 2 B O i A 2 < AR -
IR — A B, Z LT R U VLBLERIZR E b 5,

URHRE IV EY7 I U ERHIBOBE%]

10 FFEHE 2 AHEF IS AL RSN CCD IZH Y 3~ 5 I O 2 ocfE mmmMitas & LT,
P77 IV IWEBREZ E Y B AR OBIRE ATV, RO A B < G, ST RN O
IR A A N OEKES R0, 3@ TR O IR RE Lic ¥ A M, 3 X0V CMB O iz
b 3 U D ERIMROFEE RN RE DO B — 27 2 5 HOD T, F ORI T o g -
JEAR BT OGN 71 A T DBAFITIAW S B OFHEBINCRO CTEHETH S, T, Fko
THz £ AR ORBE~OREZ LV T <, (4]OEANBREE L 2 1)

[(FRICKIT BT FT~Y (BIURIME) RCFFHHE]

FARRD R — A5 AR (& 3810m) TH 7 X UKD DI RIMR CRITEM 21T\, [
KNI KRB Z X E T Db, Ml - 5% (—80°C) DD RIAHFDKRAKLMEEIC X
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DRI D THRKHERFEL SN L0, #l ETROENTZY A FO—D L HIR S
Do ZZITHRHRRT TV ORimBE AR E L, EAOFHEABNT 5, T~ LA
® 300-100pm (JE¥H %L 1-3 THz) O R Iu AR 2 I 'E O HEAL-CERI A b OB C B2
T, RFEA A [CHDER (1.9 THz158pm) CEHRL EOEMMN L FE L, B OiE
HOBEOE—7 N5, FATRHH & OFMMERE RN RELZLZ L DD, fld THEN
7B A FTh LT O THz K37 O EEL A JRIMR CORIEROFHE & &l L T
2
(# ERXPARY 7 IV HEREGEEHE]

e, ENRSCEBA L E HRHEIIH LT 10m 7 I U 2w ASTE (Atacama
Sub-mm Telescope Experiment) % 7 VU & CiEH LA BN ZHED TWDH 3, O£
20-30 m DOV 7 I U RS A EBLTAUIAR BN FTRE Thd 5, NI KA X TR0
HE IR HI Oy YIS TE O RS T ., TV~ EARRIRY A AR Y — A O AR R G,
KHNZITABIRH O oA A= ZIRFEBTE D, FU TR 26m 7 I VIKEER
CCAT DFtH % 5 Z & A MEIZAN-DD, AARL LTASTE R 45m ORI FHY -
BATAIRCR 2 & LI KAV 7 X U I EEEESIC EARAICIR D M2, FEBZ BT,

(7IVEVLBLICKL BT T v 7 A— R ERGEE]

TN~ ZFRIC U CEKICY 7 2 U VLBI @25 L, Fx O RFLo7 7 v s
A—/b (SgrA*) ZBIHT D5HTH 5, BMAEPEKIL 230 GHz & 345GHz, 10 HfEEO
BN 2 F ok m M B 8 T km ORI CELE L, [FLROHERE (77 v 7 H—L - vy
K—) 1 Ofiffg % BE57, BI7E ESO BN E 72> TTV~+ 3 RFEEN S 72 % rE K VLBI #4
DOFBENNYREESN, TLABF o, TIT7VVOMEEL BB LT A MO THE% %
HHTWD, HARTIIARIE, ASTE Z W% 7 2 Uk VLBI O 5t FZ8RETE O RET23 6
FoTW5b,

(b) FHEERKESN (CMB) ORISR

FH~A 7 vt (CUF CMB) %k fRotasr= [CMB B-Mode @t O#1H]
DEZENER fROIEEFIZ 2> TWD, A7 b—a VB TIETORICAE T
AW O D CMB O B-Mode @)t & W IR THIRI S L, Z OB TA > 7 L— 3 D
EEBRAEN TE D LB LTINS, & 52 CMB @t OFEEIH CHH I o m = v
FREBELHEY . TX VX =27 — LVOHESLEAYHITEDL Z L b ARELE B X HND,
B-Mode ff )t D JEMEIZ SV TIE 2009 4F 5 HIZ4TH EiF b7z PLANCK fiii2, M T6%
OHFEHEEENT Y - T X <% A &+ (QUIET, PolarBeaR, CLOVER 2iE&ia11H 72 &)
ordt (SPT HimEds) CHLNZ A L T 523, PLANCK # ORI Z B L2
FHENC DWW TILE a2 ma 3 fThbit Ty, 2T, B-Mode fRtEZ#HIE LA > 7
L L— g U OEEMGE & JRAAE M 2 B 453 CMB (R)C#iE 2 (LiteBIRD) % H
AREECRINFTD BT LD LWV EHEZR ERRET ST 5,
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* 3-1 BB E &0

B EEY S A RFEHE, BE - | PR | EERK
E{SCESYIN

SKA (Squre | OFMKFE S 2 DEHERBI | BIEERAT 77 % 1000km L EoO | B - KE - 52 | 100011 | 2020 45254 % H 5

Killometer Array) | & 25 OB REROLEK, | #HPHIZ 2000~3000 HREFE L, &tm | N2 EI2ED LTWb, e,
QF S OWALOZE, @ | F 1 km2 OFENLiEGE L5, B | BHH, BAE SKA 7 + —J A
FEAHGHOMGE, @Ak | WEIZ 3m 205 1.2 em, BN E | B2 HBET5 D, RET AR D T
A ADBING K D R4 | B & @ fiERe (s & 0.001 B2 A) D52 | Befs, W5 B, BRI,
R —A B & R, | Bla B L. & o T CIEBER K F 7= = E Ik
OFHICB T HEMDOEERD | OT#E VLA O 50 f7LL DR i
sk 100 fi5 LA LoD 25 3 file 2 R T~ %

CMB Rt#lE | > 7 L—va VHNCARS | oMM EER 1 ERomEsS | PIES 90 i | 2017-2020 4ELEFT

£ (LiteBIRD) NIEDTIC L > TER S | iiEZ ROV IRBEE 2 koot | B rL¥—) LR, FEHEY
TEFW~ A 7 I RBOR O | FR A AR D B B G o/ N | BT RAE ZEAIZ WG &
{w R Sy O E HEZ RIS B 5,

R AREY T | FHOMORRERE 2 Y7 | 04 20-30m oY 7 3V i EeE | )IB R 30-40 & | 2017 4ELH,

JUEEESER | IVETBML, 22 ToX | mET ) EmMICERR T 5, AREEEE | [EN KRR |

JEH] — 7 BRSNS | W ~T A URAERE AT | LEET
EH LT D, RS LIS E 25T 5,

7 U W BRTLOT Ty A= | TS EREIC, Y7 I U VLB | B KA, K | 100 | 2020 4FEE

VLBI (2 k57 | )b, SgrA*OFEROMFAR % | MAEMESE, BLUE S0 230 GHz & | Bk7Z2 & O E R

T v 7R — VR | B RBLINT 5, 345GHz, 10 RfREOBIAIRZ K | 7]

G sat AR 8 T km D% PH TRAE,
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3.3.3 BHfBARE DIRE
(D) VY7 IV EAOEREAR 2 RITHHIE DB

EN R SCERENA PR FF L WAL, I VY7 IV REEEST L~ 2T
VYT IVEONT v VB ERORMEZED T, BEMRD v 7 7 T2
IS TV D, —h, i AR g O BRI I D W IR B AR E PR [ 32 K SR E
DENTONTELLDOD, EHLVIESTELT, AN HEN TS,

VYT VA ORI 2 oo IHER A BRI T 2 LT, BA-OHEERHE
Th b, RHIGATIE, #ETo CMB B-Mode it Ot % H5 L7z X U 10k pixel
DR ERE R R, fEEEMA O Y7 I U - THz % ¢ 10k pixel # &R H#s O B
FEHMWETHA D, - FHIIITHAIEEOERBEZLE L L B oD
FEME - mEALRERND,

178 2 otk ZR T & L CTiE, #{sE TES (Transition Edge Sensor) " m A —#
L BEE N xRS ST (Superconducting Tunneling Junction) 734 %, TES
L. K[E UC Berkeley <> NASA 23 cgAicH 0, BHIOEFE L H D, BHATEH JAXA O X
BTN —T7RRK, BMFETRRENED LIV TR, BENVRXAES 26 OES UC
Berkeley & 71 L TES O VST I VA A 7 O EH#ED T DH, STIIZEEL TIE
FBE, ESZRSCE TR ED B L, 5xb #F 650GHz 7 L A D% & ASTE ToOakhk
BHNCRP) L7z, 10k pixel ¥ XOMIHEGFAFE TIE, 2T ¥ R/UTHIGT DRiAH L
B ORI bEEE 72D, STI & WO MBAEIRORFITEE 22, BEELAERT 5 LT3k
792 TES 7 LA bR & L THE ST TELLERH D,

R OBIITITZ RREM, < OANE, FFFPLET, ELFEBFEFERCES - AR
DORHYBANEETH D, FIFPRINITIE, MARSEIER b & O 2 HEH T RE 28 >
AT LD LEETHA D,

(2) BEHIRBRNTTEER Y AT LD L SKA ~DJ5 A

H 7 X U VLBI OB SKA (23T, AT I 1T 5 B IR H LI 23 T 6e 7o 8
VAT LAOBRFIT, HERETH D, FFICY T IV TIE, BT U FITHAT T
VRIREH (FRBANM S DAV 2 IR S FIERICHEL 72 5 BLWFE S RE C e 2 et 97 2 12,
JE A T OB 7T — IR L 3 — 2= b 7R DR B 2 A T L
(2K o T, BN 2 RIEIZ BT D 2 EMMARAIR & 72 D, BUEENLRICE Z H101IZ InP 4
M OBIEHIRY 77 —OBR% - BAEREATE Y | #5011 45m $ Tl 22GHz K A —H
OB CHNEH DI 52 HHE A/D Z# L TAXY MERGT 5 Z &2, R T T
LTz, 72 VLBI 7 —F 3B L 2 — 2 — O ZED T\ D, T BANRY
— R o8O %2 S B2, BEERESNZ B SKA ~DICHZ L T 5,
T, BARN SKAIZBINT 5 Z & CTHINT DD CEHERERO—D L7225,

(3) ¥ 7 X Y B VLBI HAff DFeL
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HARTIET V= OEIUZMT THT I VAT 0 2 A UG 37 U BB,
LR « AR OB MRS ED ENTE 72, TNHDOEMIZOEEY T IV
B VLB OFEHRZAREICT D bDTH L, SR INOELFERSE, ¥ 7 I U VLBI O/
D DOBERPAM 2SS D Z ENRDOOEN D, FHIIROBEPE~DORAT 2 ATHE & 95 IR
B ET°, BRAR TOY 7 I VTR gL 05,

3.3.4 EBW 7 - BB

T LA S RAERSEE SKA Tlx, 7/~ X0 & 5D LUV EFE 2%
HETHREN, BRELTEDLI R TEINT S L, SKA OfH% FES 5 EH
[E & OBBEEENR AR Th 5, R EOEELZ XL R OOWMILE, 2 2@ L Tl
UNZ a2 D DR - SRV AT A OREEN, SKA OAS%OBREE S 2 5,

F o KIUFHETZ T T < SEBRIY « S8 2 N BB O FHENZ IV T H L BRK & Ol
DREFEEAITAFEA L, TE - A8 - BERE-CR MO & EEMIC s L, B
FIRR & KBRS, # A AU —ZEBL T Z e R REREL Ze o TV 5, Wik
WX 2MERBARITIH 2 OO, BARS ATREZRIRY EERA 2 LRI 0O 6 & Tt 4
LT ZEEFIMATHA S, Z0O X9 /N OER ) & DRI SR T & 5
FADEHOFRELLETH D,

3.4 3t - FIMRBRIEEDRIEE
3.4.1 1ILBIC
(1) OB

WA R LFEOMIEE 2 2 2 =7 ¢ —I%, 2010 FRIFHRBE N BT HH%E 2003
LY 2EMPT TRET LR, ()X Emetic >3 < i ERAIEmSE & LTk
AL 30mZimsE D ik & (f ) RIMRBLAIGT R H 220 12k T 3.5m ARIMRZESE SPICA
OFTH EF O FEB A FEEFE EALESTHZ L EAGE L. 12010 RO SIRINR T —FF
SFHER RS E 2 2005 4 3 HICE D £ L O3E Lz, FHEOREULIZHE, 2 OfE
TTIREN - BRI ). EBR ) OB B 3 5F 2 © AT,

InEZT, ENRXATIZELT e y=7 REXREREL, ~U 77 UETO 30m
KIS E AR MR SR E (TMT) o EEEEFRER AT GEEOBLEOIEB NG E -
TW5, F7o JAXA FEHBFAEARRS TIXIFHETFZRESO b L 1T SPICA WG 235k S
TEEN 21T > CTE 721 ESA & OEREH 17 Cosmic Vision OHEMEFEAERIR £ THiTe & &
HiZ, 2008 4E 7 HICJAXA 7Y 7y =7 3.2.3B)BH)~EBIT LT,

INOLOEFHE T 1Y x 7 MIMA T, KFEOENMUIZHED BOEWFEHE T& KRR
Wi 0 > 2 BRI O HR R HE 2 3 LHEEE LT\ %, RBEHEHEE D AMER OIS 2
NOEBGEZ AT L CRIAL T ZEBFETH D,

(2) Bfs9 HIZ

68



e ROMRBLIN R S8 BAE T R BRI T —~ & LT T2 BiEHEITAER SN D 8m
Wl EEESE, Ny T Ay Yy — HinD I EOFHEERENT VBV CETZ, (7)
IR T AR T O S O BARRIBLINIC X 2 SRITERE O, (1) BT A L Z A Ry
SRHKICELEFEOMY, (V) EEDHIC K 2R EREOMY, (=) JFibasERH
BN D OB AOETE DA () T 2~ S — 2 & —ofH @R O OB O i |
BMEDILRDFBENP BT HNDH, WA 30mRZimEBEOKRENT) & mfgt ). Rigko
] - RSN S E 22BN 22D SPICA DREN R EEXEZ L L, ZNHOHHT
(T, WEFRINERN RIA TN S,

S BT, IR AT T O LA — A~ BN, #EFEHA 2R T 7 1 — T IRE 2R Al
AL TRI TR, == F—0F — 7 =X —DOfWR 12, RMEHN D
BLH LR 5, EFEBEFEOT A b X Y gEGHE [JASMINE] 73
FHA UL, FEMAER 2N TE D,

3.4.2 BIREEOHEE
30m KAV FARAN R i 8551 TMT, WK IRIMER R ST 2 5 SPICA, Z DIEh 0
FHEIZHOWTEFOME LT,

(1) 30m REINFARS Eim St i TMT

IAARD O£ 30m RAEDEF ARG B (TMT) ([Z5W\WTiE, 4 HETH LR
RLHDT, TIZTEHEDOMESITORTIRIZE EH D,

W ARA R SGHAR S OfF R FHERFTS T O 30m @ JELT D L 0 £ L&, [H
NERICETE 2006 A2 JELT 7 0¥ = 7 bk E Uiz, JELT IXERRAIZU < D h R
L CTHIREIN TV DRI AT LG (ELT: Extremly Large Telescope)® H KRR T&
%o

JELT (X, (1) Sk & FHBEMOMI, (2) RIKREHRE & BRAOBREDOM
(3) 7 z—Hh—H =R 2 — OB, 72 & OB T, 2N ETIZ
TIXDLEEBE THRONTRREZ I HICREIFERIEDL L EBIZ, JWST, T~ b L
7.5 2010 FARD RIFIlifR & #5192 HapSimsi & e D,

JELT A1 13 B A B O 7288230 0 A F /=23, B AR C o> FLI SE 8L 3 IR
EDOHIEINS, Y T A N=T TRRFE, B 7 NV=T RPE, T X RFRFEEDN
et & D T iz TMT(Thirty Meter Telescope) 5HEIZ & LT, ~ w4 7 [UTEHEE T
HRTHWERCFERT L2 L2 BT 82 2007 4 1 AIZED, ZO7DOIES) % i)
LT3,

2009 £ 7 AIZIZY A M3~ U F 7 TIZRIE SHLTc, 2ix 52T T 2010 FE O A E 2
RKEITV, 2011 FEPOLORMGEE LT, AX—F 52 L2HELTWD, JEMIZ
R HED I 2018 FITH DN T 7 — A T A M ERDFIAHZTH S,

69



(2) WHAARIBRRSCHG L 51 SPICA

AR IR AN R R Ui 2 5B SPICA  (Space Infrared Telescope for Cosmology and
Astrophysics) IZOWTH 4 FEICFHELWFLERHDH DT, ZONMEDITOFLRICIEDH B,

SPICA %, (V) Rt &k, (2) 2 - B2 ROHEAE L itfk, (3) WE OO
Zex BfR L. L2 $ul L CRE T omZE e O RSL - AR Z B9 H
AREEOOE 3.6m ORMEHEGFH TH L, IAHRHNO JWST, I V7 I Vo7 v
~DORIDOW RSN AE D AS—FT HFHRLAEE LT, ZORFERSABET —L20FEEND
2010 FARTOEBHINL E L, NN RCHEAES OFPREHERGFTETH . BAROILHRI A
NIy ¥a VOREEREEMESTHATND,

RN Clk, SPICA ~DOSNfFK I v a UEfid—>& LT ESA Cosmic Vision ™
PO F TR 4L, ZORFTTRENT TSRO T\ 5, #EE, KETHLSMOM
SO N TS, SPICA v ia Uik, BFR&RE, 16 LiTRE, ENREZEZD
HEHEEHORBICRL E AL LN TWD, KERAEEF | L LT 2017 £ H
RFERZAFRL T, BETEED TV 5,

(3) FDIEHDFE
[JASMINE (FRAMRLE R BRI R) ]

JASMINE = v = i3, KOJET DL Dl % 1% 80cm D Limds CIT ARG D
RKw N K (FLERE2I7my, N2 R 1.5—25 27 120)TH—~A L, # 100
TEOR 2 OB AEEOREEFEREAEEECLDEBUELZITV, ZHLETO
HIPPARCOS & & 0 (iiEHERE T 2 M7, HEKT 1 HiZ2WElZDE7T, ESA ©
GAIA FH, NASA @ SIM FHEILW S AU OBIRL, FHB AT FHIERZE
B2&0b L2 JASMINE U—%2 27 7 1—778 2008 E LV RE SN TS, ZOFHE
IZHEAT LT, 2015 FEEHDOFTH i & B9/ JASMINE FHEORE b D T 5,

[WISH (BAHRBHHFHEEI v a )]

N2 1.6m $i & TP ELRAK 30 ADIEMRINMEI A ZIZ XD —_"AM Iy ay, FH
AN 31T 2 SRITHEAL S & KBS E O R  Ofigl], &Y Rk (SNe. AGN, GRB)
OIFFE7R E A e T, FHNCEI TER, RO R SPICA O [ 30m S4EER
TMT &, #EE, A2ENEEICEOTH BWMEHRERICSH 5,

WISH & 3N7I, FHAIMNCHEA: U7-HiE [ 0255 O FIRIMRT 1 Soid o
BN Z HIE L C. BIEYEOREA ST 72 WELE IS ARSI R SCBLIN &5 2 5 A3 % 2558 i fid
H v ar (EXZIT: EXo-Zodiacal Infrared Telescope) &gt S dLdhd TN D,

[JTPF (HMERFRAREHREI v a V)]

JTPF G TR RAAKE 2T D & L b S bIcEMOREEZRIETHZ L2 H

HE3 25,

70



ROMVEE OELEBINCIT, mEE, SMEE., S22 T A MO 3 DDOEFENFIRFIZE

Ban2dnidzsnwy, Zolkd, Do aROEEE TEma sy M7 A Ml ai
KT 2HhikE EEEONELN 3HIE EFER SN D FRRMRCH AT G2 V50
EEBET, A0 3.5mis L Emsis L2 HuEICi TS BT 2O ERE L =
0} 77 7HMD R&D %475 CE2H, LETRHBENPRENTZO, KR E OEEERH )
(23ISR DO HERBUR AR B BB R > > 3 COEBLATREM HBER LTS,
[(HERKZET7T X H~<RKIXE (TAO) ’r¥=7 K]

FUHFIE - 7 X D~ IZH DR 5600m DOF ¥ b—/LUTEIZ A 6.56m FRAb
MR 2 ek L, JWST IZIR PR CHHIRIMRBLII AT 5 2 & & IERIMRIToR
B — o 24T 9, BT E - SR & BRE R RO E TR < ik OfF
REEDDL T 0T =7 N ThdH, RFEERE S L TEFBERCHFIIBIIEIC & IS
i U, LmEERE o —IXE N O MR O 7eE - KERAE RIS 5,

2009 R TIE, A vy FEEHEE L TO mini-TAO 1 mEiEEN 52K, ITRIMR
71 A7 ANIR IZ X% Paa (Ny = o) BEBEEBIFHZ LRI L, & DICHRIRIMRE D 2
7 MAXS38 (T & 2 8 HEf & BB O 7= O IR O#R 2D T\ D, 7ry=y
N O RIIIA 80 M THMIE & - WEH 2ok - RFPEOEEIUIRZFHE L T\5, 6.5m
IOV T b ARIME - PRETRMRBIIEEE S 1 B2 R UET 2 TEIED b,
[FRE KT 3.8m FrfiEiEsE ]

FESKAE, ENLR R, 4 HERE, /47 =7 AWFFEHT & o NFEEEE T, [E7
RICE LR BRBLRI T O fils . REE 42 THAR 3.8m DO HANNEF IR L i 85
T DA 2006 AEFE L D HERE L T D, ESHIERNIOSEEE TR E L, BEE
IR 2 B L CHRUYE L, BRREDORBEZRAT 270 L, OB Lim St D
T DI BT SRR A FEBRIHFE T~ 5, RFCTOEE - \MBERICHEMN T2 Z &30, 5%
FREIE, T — A N EORBERIECEZREKEIROBR AT OFHETHY | A
FARXELLTTvF a7 ebaEffcEfE Ly FU—2225< %, 2012 D7
7—AMIA4 FEHEFELTWD,

[RAERFRERE R E ]

FARRNEED R — A5 UMt (B 3810m, IR —80°C) BV THRAME TDORIL
BLNZAT S 721z, WALKZE, B K, MHBFZEET e & O RE BN R L2y Y — v
T LEFER LT, AR 40cm iEEEZE 2010 AFEEICERE LT, TSR N o — O BLHISe
RNBREFEE OB 21T O e A2 D T D, FERIICIT 2mifk w4 3% & 5 25 vl RetE
FRETL TV 5,

(71X 5 BiEBER B E FE ]

FIED LmEBITE PSR L LT, ZRIKY 7 4 N—0 k288 FMOS, L—H—74 A
RHifE 5% LGSAO188, #2277 7 HiCIAO, #Af1E 7 A 7 HSC # &% Th
%, ELT FeROEMIEMO 8 m —10mk Limss & Dt - HF o2 E R LI D &

71



% 718 CEERAIEED MG £ > TV D, T OB T, 713 5 Pim 813 T UK AE OO Fa L B
B L, HSC 1T & 2 A B g B R 1 2N 2 CIEIBR /) CIAHEF L RIK T 7 A /N —4300
BERE & FF OBTEE O BERR T REME DS 2 D TV D,

72



% 3-2 FASMBRIGE FHE E & b

Eapis H Y AT 2 REH, 2% - il | TR HERRIR L
Ak (A A£HHSY)
TMT (Thirty Meter | SRIFERK & FHEE | VY 7 4 /L=7 RMERF D 30 | BAMIIHIEAL £ | 1300 (& M | 2011 AR 4A,
Telescope) Bt RARERE L E | mPEGEFEICSE L, ~UAUTE | [FIEFEEE-ER | (350 (8MH) | BLHIBI4 2018 4F
TEHOEFE, 7 = —W— | TORMFEHRL AfHET, RO VAR Y IEGEE
R <= A b LY
DY ER DR
SPICA (Space | SRITOFEA L (b, | A 3.6m DEEF L L2WE IS | T)IERE, ZEILRE | #2 (32048 | 2017 44T 1
Infrared Telescope for | B BEZROHAE L | Hif. T~ & JWST OoOERER | FE-FHEFAWZE | H) 76 k-
Cosmology and | L. WE OHELDWITE | Z I X—FT HEEEI v a U, A o EARRE
Astrophysics) Bl
JASMINE  (Japan | SRR /S/L Y O | EARSMRT A~ w4 b U R TR | SRR, EN2R3C | 120 2 H 2020 AFEACATHHT
Astrometry Satellite | & AL S O fiE A BN DZHOEEZNIE, /| B BB - Tl =
Mission for INfrared Hlfer R COEERAOAZE, AR TS | BFERFEASES
Exploration) REBEZHET,
WISH  (Wide-field | ] 3] 5t o $R{ % | TR TO 1.5m JAHLE—~o1 | [H -, BAERE - | 200 f&H 2010 AfUHE 4T
Imaging Surveyor for | il « #EfL5L, BRI vvar, FESZ R - FHiF E
High-redshift) PR FEAE
JTPF (Japanese | HIERFU RN SR ERA | fhsh LS4 L2 $UAIZZT TRl | 2R - |FICFH. | 1000 & [ | 2020 4EEEHT E
Terrestrial Planet | L AEMDOIKEDHE | N TEa L M7 A Mgz B LT | ZEILFEFE - FH | (200 (EM)
Finder) o] DIk & REARIMR VTG | BHRAFIEAES - [E ST

EIB IR R R,

RKXHE

73




TAO (The University | BLHIFFHim - SR | L 5600m O i @iz 6.6m B2 | HHE, R K¥ | 80 &M miniTAO

of Tokyo Atacama | 2> HEERIPKE | mEEA AR L, FRIIRMR CH ik A BR BH 45 (2009) .

Observatory Project) T —_A B %E £ | & & 58, 2014 585K
(2. —ERILERIH,

FOHT i 8 SEIEERLEEGEON | RFE&ICEI D, it EEddx | RAEW - 28— | REE &K | 2006 4 B 46 |
JE RFRECERBE | ITHBERDANBIR 2 e, ENYO | 5l 5HKRFE T/ | 12 &1 2012 H5E
TR D BLI, 2ABR | ZH LR E =B 2 =R T 5, A7 MFGERT - A
RXBEELTHIEM, B ENCR R

FACKRMREmSE | SR Y — < B | B R — A5 CICARR 40c mo7 | W), FALKRS - | 76M 40cm (1% 2010
ERPRO 2.5m Him | A NEESIAEE, FORAIC 2.5m | HRHAF - FUEKT H-—2018 4
BEREICHTTOR | 20T,

o
TIX L WM BLINAE | ¥ — 7~ 2 — & ¥ — | WECFROmE L FATL T, 8 | RIEZ, ESZRICA | 100 fEH JERKIE 2016-2018

o

J TR IVF — D5
BRLORIKEEE
(R Z L o 8
—10m ZEHi & D
# - ZFWEFE D,

JEARES 1 A T RS RIFGT I L D E
HERBERE 2 R L L. ELT Rl 2
Do

NEE

F

74




3.4.3 BeATBATE DR

(1) RGBT

Hi 1S58 b A — 2 i b £ P CH B KLY D BRSO WA I ey
RERBIGELEDBNLIETH Y | RICFLSN CTORAESPREH COFTENKE < IehoToFh
METHE, O CORBIEBNCE 7, S, ik, BT oS b L 72 538 T
HY, &ﬂl®%$&mﬁfﬁﬁ%_ﬁﬁf%oé YHTHDEEZLND, FHiE T

T THEAEORE, K™ 3L —0OHNR, FHEMBRE, HEEERR L O
FRIMESR & OBIFR T, ZOFH OB EROBFLIED DR TH S I,

(2) BLRIEE - B HARBIE BT

TIE D B R FEEF R & OBRLEE S A~ — 2B R OBLINAEE OB
BILTid, £ OFEEPH ) BRAMATE F - TERIIEEN T > T D, KISEH
M CCD 72 &l EERANICER SN2 EWNEREDOHRE IR H 5, RIMMEEDT-DIZ
ﬁﬁﬁ@ﬁﬂ%%éhk*%ﬁ%ﬁ%iA%Xﬁ%ﬁﬁfi%ﬁE HW B, HFRUZEE
DA I Tz, — 05, AL - PRITRIMRIRGSE - OBIRITHEIMEF TH D BT
~@@E%%_iofﬁmﬂﬁﬁbfﬁkoHK®#I%%%T®éiéiﬁﬁk@&
firid, RICBINZIE 2 L A REME 2RO TR D | JEL B & O 2ghi, PRERADBHFE & SR
LEHBBETHS 9,

(3) REFEZHDEME

RICFTE G, B, EEABRO = ON—KkE o TRETLIFMTH D, KFELKRF
AR BB, 205 H9E, BRI, AR O S S E 2w Clih IR EMHEEL T,
WA EIESE 2 & OBHER L, Z OBBENKRFEDO—FRETIE2AROBEEEZE D Z LR
TERWEEDOHBE L EHESIZRD DO bR | EE I NV—TPEE L T—
SO RBIGRLEE 2 BUWET H 720D~ 3=V A b - KREFIOFTFE R ENEE L Bbn
Do EMEE EBITERAIZTOFR AT Z EBRD B, ZOEERGRES% LD 5
JB S HMEME L L, FHANRWENTTE TS L) IZEbILS, &RFIMA O
ﬁkk%_\imﬂ%%%&k%@@%%%@ﬁéi9@%@%%%ibf\%ﬁ%kﬁ
IR AT RIET D Z ERFE L Bbhn b,

3.4.4 EEW - BB

TREFEOE K & & IR RO RBLGHE XA EH B D RN Fite & 72> TE T
%, M EEEEEIZ OV T, BLHISIED B WERES T 218 S EMED & b EER ) 23 A 7]
RelpoT&Tz, 2O X5 e, REIKLFEFIHEEI DEANEIZ L0 EER RO B B ERN
HL7EmIERHMicXx 5, 20O—F, a2 2=7 4 — 2R TOREMRESESLNAN. O im
THHEOME ST N AR oTcmnd D, BHRBEGHE BARREKE L TOOER

75



FHEAT O G DOTREEDNRE L 72> TV DD TILRWEAS I ) ?

345 A =2=7 4 —IZ X D2REHEE

HTINRR LD A I 2 =7 ¢ —I1F 2010 FFRONEFHN R FERRA L, TIXD5 L
LB FEITKE  FFRFHE 2 REH 5720, 2003 4 1 HISERIN R SGERES & BlaH K
LFIBRE O EBEOREODNT TREREHERFT S 23 e S8, § 2 FHOMRFHESR %2 2005
3 HIZM2010 FEROIEARA R IT: - FREHRMEHREFI L LTE D LT,

Z OkIE (FREE . P38) 13, EHIFEsrE LT (1) TidsLmsaiche < b3t & L
TWHAL 30mAk Lz ((KFF JELT) Gl Bk, (2) AX—RI v a & LT
SPICA FiliZ B A Hm & LCEML, (3) ZALDFBEOE T LE2—, (4) EA
W IRH O, (5) KPS, (6) EERH A OHEMEMRE], OBEEMEEZE - 72,

Z Dk, IR ICEE D EMORFTRC. ENL R LB ONFRATFMHEE S, JAXAF
HA P AARLOFHEFEZA S, ERFNEESE COEER DR AT, [E51F E
XX DTS, 2007 4 12 A & 2008 4E 5 HIZIE B AZINESHES 3 e F o v —27 v
g v 7 CIE, ARIMREASE OREREHE S I L 728 - BEMTHONDIZE > TV D,

3.5 X R« AV THREAGE
3.5.1 IIL®BIC

(1) 3EFOTIR

[X #2]

FH2D O XML 1962 4, vl MR THARICHE LIz, PIICHED i 7 8-
FZNOB D X BUEE OB TIZ, KB 10 (FREDOEED T T v 7 R"— L OIFIEN T
LTI oz, XHMBLINEZE 0%, STHIIZE ORRE 5 ~10 [FHOEEE H D,
THEOEEIRT 7 AP FET DI EaMONCT 570, FHOBMIIA R RIER
ELTHRBERT CE, BOKBEORTHLARBKEE, TR, 2L TT T v I h—
JNZ T D MRREREE O PRE, F 7o EodE TIHBIEER T RNIE EEmnT r L F—
EFRFOFHMMOMERE 22 EOWFEIE, X MR FOM#EE & bIC#ATE 7, BRI
19790 NI B o) #HEYIVIC, TAE), &), (B9, T8 L 5%
DX E MR L TH S B, 200 KESERL TS,

BUEIX T3E< ) (2005 45 7 AVZHT ET) 28, 7 A Y 1@ Chandra, FKINFHIHEE D
XMM-Newton & WA TIEET THD, LL, ZTNHOHEDL., PN TEOEHEEZKZ
Do Tarkks & 70 5 X SR SCfT R ASTRO-H (IHFR NeXT) 138I/E, HAD X HR U
DA 2=T 4 =D& ST, 2013 FEEOFH EiF %20 & LIREEOBESE & HEiC
BT CTH D, ASTRO-HIZ, ~A 7 uhn U A—HIZ X DBE D REED XARy SEEH L |
1% U D T oM X T OENRGEINIZ Z12 L 5 0.8 ~600 keV &5 3Hi& BT A
5 - BREOBRNC LY . BT 5 X~ OWESHORE. 7T v 7R —NVJENTD—

76



IEFR R FRI 7222 DE A OFHAL, EWWEIZR INTZERT 7 v 7 Rm— L OBl %@ Uiz
7T 7 R L OO TR R & FHH OREIETE RS = 1L X — i 2t b A D
ET, #EE A BRI HRER T S,

O/ OFHE & LT, 2000~2007 4, A (B, LK, F%K) LKILOH
iz k5 HETE-2 2N T~ —2 FORUSER 21TV, 2 FEOSR— A h OFEJR
IS NST D KRR E 260 72,2009 45 7 A 12id, &K X T = & —3E MAXI (Monitor
of All-sky X-ray Image)?’ A X— v ML THH EiF o, EHEFHAT—a VOHEAR
FEREV2—NIEIE) I OINT Ty h 7+ —LIEE S, 8 H LV BEZ MG LT,

[H v ~<#]

T~ RRICFE, 1952 4, BJISEBIC L0 FHBMEERN S O o~ RNl &
N5 E XBMRLFELD BEWELZRFON, TR —NE L R DI > TETHN
Wi 785 ) 2 HBEEL W LA B k0 | ESBEN TV, #9110 SAS-2 X COS
B 2L, T~ BRCFIZHREE LWERRIRE > 720X, 1989 Fl2d—1 v 3d
Granat, 1991 4E(Z7 £ U & ® Compton Gamma Ray Observatory (CGRO) 23415 Eif
LN THD, 21 fdiciZv b, INTEGRAL(2002 )% 81V (2, Swift (2004
)R AGILE (2007 )3T H EF b, S BT GeV fHlk THE: DM E2 b &4~
VX BT E SRS 2008 IS D BT B vz, Swift 1X HETE-2 O#% %511 C
o= MEICHTERZ b5 L, 7= 3T EFEEN S GeV F <
IZBWTEL O REERATD0E, TORWVEELZH > TND, ZNHDO ORI
21X, BAROF — APRFEMICSML TV D, AARTYH T8 ) ICHHE S 72 i X%
HEE, a7 AT 7280, $10keV O XA 5 600 keV Btk DA~ HRDOHHE
BCEWREAZEB L, ZHUCEY BARS BRIORERE T, 0l B~ R SUEICE
AT Z &Il

BETRLFX—0 TeV o ~fid, RKKREDEEOSWF =L a T HuzRkTH0,
HERBERT L ENTED, LOLKRRICEATIEZRAT—FHBREG 72 ES,
[FERICTF = Lo a7 a8 eE L, T~ BRlOME L b, ZOMEE kL, RATF
= L a7 PmEEn KIS TeV Ik OFH H o~ ROBLAEEE & LT 5 £ T2,
Refi] 22 22 L7z, 1989 4, KBS EROE RIS B~ s TF =L =
THOBE LD R, T~ BEIR &R FEIRD Vv U — AT DA A =T v T HGER
ERLSN DI, HERE M CTHGERITF = L a7 BmEN gk S, BEmmr/L¥—
T ~REDEZ BRI SND L O o70, BARTIZ 1992450 ThrHr—) ¥
WENAAREA—Z FT U7 OEBEILE THLE S v, BEAIER LR S8 EZ1772 > T
BY ., BEITEEOEESE NG5 [T V—1) BBEELTWD,

(2) Bfs9BiZ

77



BRORILFTIEL, BARDWRILT, VT 23RS LIRS TEBIZITY 2 &1E, &b
THETHD, LICXBPOLHTr~METIE, BRICLTI2HICH KSTH, BHlo
HIEGLILLTH D, @R AF —RKIKYBEE) DBRN TS D D078, FlRCH
K2 B D007 £ OBLEN G | ISR M T, TN AT T2 DRk v v
a VOB SN TN D, ZoiiuE, ASTRO-H £ X O ik < KELOPH X
REXBEIvvare, JAXADBKRE Lio/MUR A EFEICRESND K52, B %
ENLTERFEDH D/ v a D 2O1ICKBITE 5, UUT, ZNo0EELY THI#X
BOFH) & TR FX—hi1] LWV ZODOBENHIRR, §35.2 TIEZ Z 10~20
FETREIN TV D BRI Z BT 5, FHHRICET 250013§3.6 12585,

(a) FIEAREDR AL

BRIRBIZ L T~2 ORI TOFHIZ, BUEIOEWTHORNMIA T - EE
REEHTH D, T TIEFHOKEENRE L, RO DK S L, O TREMK
WEEXZEBBIND, ZORREHED BT, IR COERFHBEEOEEMITS O &
THRND, ZHEMG L2 XROBHG DO TEETH L, 7ol b Z ORI, SR
HFUMZIXFIREZ, BERT 7 v 7 R—APRRE L2 B2 6N TEY | B AZEE IR
BT57 77 AR—NERDHICIE, XBRRAIKENDL THD, EHIZZORHMR, ¥ —7
~H =L LTOFMHANREGRLZ B TRE L, £OHTIE, WHDETHR A 2890 LY
XD KEBEO®IRT 7 X~ EAHLTMASHh, LidvbhiztExohb, £0
WFE AT 5 BT XBRTH 2 BUN T BT,

EOEMNOT =< TEHERLDOD—DONENIZAN) A | Thd, FHONY U L,
FHOMOTEGHIR ., BLOFHM/ ST A =00, FHONY & PE ORI
WHETIRE D, & ZABPKRETAHONY F ORI Z 0K 20%I2i8 &3, 7D KTk
BHTHD, 20 TEEIN7 YA v ) XEE 10 5~100 77O H & iR R
(Warm-HotIntergalactic Medium: WHIM) & L C, R L& fESE—F <X —D 7 4
TAY MR- THAi LT XBE T2 B2 5 TRY | ZORGENEBE TH 5,
HO120F BIHROENED LI ICTEILHELAHR L, TILOBWOFTHZEMICH EHL
LENENTHY ., ZNHIRH T 7 X~ 72 EO XM NBIRITHED Z LR ARETH D,

(b) BT RNV —RTFDOHFFE

FHOBMEO KT, B D TH O FT CHELRIE, & 5 WITHEFRIBIZH
HEVIHR"MREICHESNTE -, ThICHLHD L, HEOFHOLITFE L HE—
HCIEFEMCTH Y | Tl - R THE DEEL. ZERMEICIT T L TV D, JARAR
FHOPTIX, LT LR R TT R AT —PNEE S S NT, KEOKZ R LX—hi 78
FFOZ R NFX =& DRO BT R X =R FBEOEET 5 &) | FiT T o, Uik
LITHEITT %, 29 Lic T=xF—0IEESRL] &V o WBEhERiE, FlHELO KA
DOWFZE e LT, RERBKZAENTEY, 21 O EELRT—~v Lo TWD, Z

78



NAEPAET 2120%, AR I D IEBRTR 2 R L <R D 0ERH DA, FiH OB
X FERLIE O JL WIS D72 0 B 22 = R L X — 5l & b O T2 BRI 2 e S 3R
NOBHIST LD T o LBIINEE LV, 22T, XD T <RI TOIRKRAREK
IZBWT, MVERE L &L bIC, TR ANHREL =R VFX— i xr b oI v a v aHE
BTEUR, FHOEZ TR AN E Z L TME S, F ST IEERR 2R 3 FH O = %
NF—REIZENTZTFELGT D0, £lo, B XL X =03 ED L ) TR DEE) = % /L
FoICEMINDINEMD Z N TEDEHFIND, 2L TF <1576 ASTRO-H,

SOIZEDRIZORN D, RERVFT VA Lo TND,

MeV 7 o< EICIE, 7T v 7 R — )L OREH OF R, OB = L F—D
R¥z 505 GeV FED T RLF— % FFOF O ECIEmEE, #EirRRERIcBiT 5
REERTEOER, S OITEFFEHIPICKREICEREIN-EBZ 2 oNd~A 70T Ty
I IR—NVORFEBGR R L, BERREPBZ D, ([Zb0rrbbT, RHEEZmED L 2 L
MEEL W=, X AR GeV/TeV H o~ CORBMNC R, KRE<EBENL TS, 4%, H
RO AR N ERIT &2 VTR 2D, v v a VARG L TV 2 ERMET
b,

3.5.2 BlRIFEE DFERHE
(1) A_—=295608H  [IXO0]

BUE KB Z2EBR I 6 & DWW TEHI S TO D IRIEARFH X#R I v v a 2 IXO
(International X-ray Observatory) 73& %, Z4u%, I —1 v/ e HARAPIEFRIRE L T
7= XEUS Gt &, 7 A U B3R T % Constellation-X FHE 2N A S, HARZ G
DXBRLAI 2 =T 4 —ORNERHEL LRI v a o Th D, HATIE ASTRO-H
DWIZAI 2=T 4 —BIRTITIREI v var L LGRS TEY, 93— v /X Tl
Cosmic Vision, K[E TiL Decadal Survey (2B 25O 7 a2 2R LZVLENH D,
IXO O XHREEBLE, 5 ALV I RmWEBRE L 1keV T3 FHA—FLEW I ERAR
A#hiafE (EER KO XMM Newton O +-%) ZOFEFFOFHE T, 2k Y z=5~10
WZHDRAOERT T v 7 AR—=/121F Th< | z=2 OFWET S0 8HIRE L 720 |
§3.5.1 (2) THRARHEDL T, BARFE LD, Rl d LT, EZER ORI
T TES B 1 U A —4 7p EREH /Y IEHE T DOIED, X CCD % AV 7= LR B &
ZHUTHAE D SN O X #RiRGEHFE 1. X MR IEER R EQ BRI NL 2 TETH D, H
KiL, HEHES AT 5, TES hn ) A —% 2 27 500 X RGO 7= D% gk, X
i CCD ol X MiiRfe & 172 &, ZNE TS EMICE Y. KnSinEd S,

(2) AR—=ZNGOHH . £ DIEHOFHHE
[FFAST]

FFAST (Formation Flight All-Sky Telescope) 1%, 20m=10cm ® B2 HilfH X du7z — D
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NN R 2 IZER U 7T —#0E BICHRBIRIT (74— A—va v 774 F) S8,
Xﬁﬁmfﬁmf cERBT HERREE CHD, —HE . FRRIZRREAE A U7X
BB LD Bimbifir i, b O —HE XA A — T ¥ — &8 L7 B a2 &
LT,%@V?T@IZW%—HIT@@Té 10 keV % # 2 2 Ik COLRimF 4 7z
KEEEBINT, R THND TORRTH D, ASTRO-H 1Z#:< T EF 2 HEE L. VR
FHEVY = XD 1O LTIRESN TS, JKWRZEZBIH L, IEEHERT OH &R
ZOHALDORET 2R D,

[DIOS]

DIOS (Diffuse Intergalactic Oxygen Surveyor) #FE[D HHJIE, &V T KL — 45 fi
BIZ K DIRHEF (— 1°) Ot ec &0 KRG LciER O KRz~ vy e 7 L,
§3.5.1(2) THAR7ZFENT=NY A ET 5 & & bio, FHOEEZ BEHEICHED 2 &
Thbd, BHRIT, 4 B XREESEFXT)E, TES BIXf~A 7o) A—27 1
£ (XSA) 5720 . ASTRO-H @ 2 40 2015 A0 EiF & BHig L, /R 2

VU—=AD 1oL LTREINTND,

[CAST]

100 keV 725 ~3 MeV &\ 9 RIEKD = 3 )L F—FEI8 T, I i BUE O oy Yl % 32
HT2HZL T, FHOBZ RN —BHBOMMZRBENICEDD ZL2AMLET 5,
ASTRO-H O o ~#ifiias R St 8K a7 o SiEdi) 2w Th >
RO AN T 2 @SR EETEN S 2 & TURE DM EA XD 1D WRIKTIE, % 100 keV
IR DOREHE I O o EARITER —_A B/ R & U CNIR RS Y — XD
1 2L LTRESNTWDER, 77 AL OEBEHIINC LY oA O M REE
HLOoOH <L XEHL, =S RS T 4 v T ARG DY AT a bR
frch b,

[PolariS]

XREORIL, BEIC 1 HORK DITEE) 2D, RONT-TRAF—TEMS
NIDOHRT, XBRIFFESNIZRBESHO—>2>TH 5D, XMOMEBHEIZEY, &
MEEES T L——hbDv 7 ha U list, 77 v 7 R—/L O/ M DORFZERETS
PN —DEEGERINL, T~ RN — A N ORI ERIATE 5 LIRS N D, Th
WZHKER S D DA, XA o~ iR e Bl 2 PolariS (Polarimetry Satellite) T, /)M
B E Y ) —AD 158 LTIRESNTWD, ORI X BYREH S & i X8 K
FHEIC L0 REW TR 2 W8T 2 EOB 50 (ONZEZED 1/100 BLEDOH S S0)

XBRMBITx U, XBMFEE R H T E T A4 K3 K(4-80keV) THIET 5 & & BT
JRARE T v~ BRI #R T v~ S — A MBS 72 EORNEIEE » X,
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(3) #1 A& DBLE [CTA]

2m0$ﬁm@iD%@%#thESS%MAmC&&@kﬂ%lv/:7 iR D
TEHEIC LY TeV o ~#RIRIL 90 A2 # 2 5 F TlZheoTe, \Z—HiLL E DR )
k& %MEW%&mzw#—@ﬂm&W&mizw%—wum%W®ﬂﬁ THERT D Z
EEHELT, EU ZH.LE L KEERSEE CTA (Cherenkov Telescope Array) D
WHEA TS, CTA TIFBLHIFHEZR TeV RIKOENBIAED 100 FREE S 147 E3 2,
AANG b N— Y =7 OEREZZOSIMEAR SN TND

(4) #1 E2S OB EOMOFHE

KETH CTA L FIEED B Z£F> AGIS (Advanced Gamma-ray Imaging System)t
EARRE SN TWD, —J, S FHEOEIFROMINCER LK, 10 TeV UL EO T
~ MBI R E L CRIEfEZ HHEJ TenTen fHHE S A — A b7 U 7 ARG S C
BY, BEPOOHEBDHIAEIL TN D,

[Fy FEE Y ¥ U—BRIZERE 2 AV - 100TeV FEIROFH A v~ #1EH ]

TR B9 D ME— O KA R RBLIIEEE CH 5 AP IR0 TRy hERY ¥ U —
HEZBRESE, T 2 —FBHEEEZHRT 5 2 LTk b, 100 TeV fEIKO T o~
& “knee” T H/LX—HiE O —IRFHIME TR Z /NS e R ECBAT 2 2 & &
Higd5tm b Mmat s Tnd
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F 3-3 XA >~ MRBLIGERTE £ & o

B Hiy AT A REFE, BE - # | PR | EPRK
HEFR
IXO MY FHTOERT T v 7 | NASA/ESAIJAXA i hKHEiRE X it | BEFH (A AMD, | 250 MR | 5 — 17 v
(International R LOREEBIL, BEX | @i 1keV T3V A— Ll | NASA/ESA/JAXA | £ (B A% | Cosmic Vision
X-ray 7Ty ARV ERE O | SERLEDNEIEE 5 DAL H) Program (ZRKH
Observatory) b, AL, BIHOE | ifEE EHRT 5, HERZE, K
W % U 7o RIS & O Decadal Survey
{LOfER 2 D 9, IR, BARIT
WG &
CTA (Cherenkov | TeV 7 > v HRIERD Y —~A | | BEFOHEE LY | —Hr UL EORE | Werner 20-30 fi& | 2008 4 XV
Telescope Array) | FEENAURL ST OB, FH#R O | ) k& BRI A K= kL% — | Hofmann(£ & fX | 7 (HA%> | Desing Study B
T EEAE DfiE A, I Rr=rent I e [ [PS A 1N #) - Pl (B | ) th, 2018 4£ LV
ENL)NS TN DN JRRBMGTE, 3
T R SE T — oy REDHE
Bt 1
FFAST 10 keV B X 2HECTOE | ZHO/NMIFEZ, IZIEF T 7 | HEEE, BCK - 4 | 70-80 &1 | WG iHEhH+

(Formation Flight
All-Sky Telescope)

B A WO TORFR
BN X0, LIRS
SRATAZ 00 e B B0 5 it
L DfEH,

7 —HIE LIZHRBERAT S, il X
MRBE CIE W RZE 2 BT 5
80keV F TD T /L X —ii [ % ]
W2,

K #F R - JAXA
ftly

(/N 7 Ay
2)
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DIOS  (Diffuse | FEIRSRFFHEWHIM)O | TES I m U A —4 L SHBFEmEEIC | KiGHER, EH#K | 70-80 (&M | WG iGE+
Intergalactic HImMEOMmRLEL, Iy | 12 WHIM OZEMOMOEZEBRR | % - A EK - | (/B
Oxygen Surveyor) | > 78N % BOUT 5, JAXA il 2)
CAST (Compton | MeV >~ —~o ki | IRIAEE(Ra 7 F o A Z 2k | RiEBmEE, Bk - | 70-80 (EM | WG i)+
All Sky Telescope) | NIERODFR TR/ —DfiFEH, | DI o~ (3 100keV — %5 | B E K « Bk - | (/B

B E A RHESR OB, | MeV) H—~A JAXA % )
PolariS e XA £ - T, B | A HEem 2@ e ARG | ARG, BOK - 4 | 70-80 [ | WG iE @+
(Polarimetry OB S RN OEE ., B | 24 B &, TOESHEICKRET H2 YUK - IR
Satellite) BIR OB, T~ | FE (BEL, 7 28) o X#RG

N—Z N ORI D, | FHCRERT D X#H o~ 8Ll

HEiE,

F o hIEER FHARA - RBAIZ L - T, | BEFOREEREBT 2Ry v U —#8 | HIEAN, HKF | 9.5 &M fRgeh | HEakiERe

100TeV fHEigk (10-1000TeV) | HIEEE Tibet-IIT 12, KF = L a > | HERFIEFT, FIE IX 3 4F

H <RI FEED, FH
RO AR 2 Knee 83 C
B 5N 5,

KAL) 10,000m2)H F 2 = —A4 81
HEEE 2 BT 5,

L OEEEW )
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3.5.3 HATBAFE DR

HATIE, /D5 DOmT RV X —RIFIT 2, FHBREHCHER - EBRICB W TE
WHIR 2L L TR Y . Th b OHZAT 2K T, XN v~ EORIUE%
BIVBAWTE T, 4tk 25 LicnBeodlfsr L —@REIELZLENLETH D,
L VEGH D VNT X 058 RIKOBINC I T, ATESECARIMR O FF 7 H ] & 36 ONE
DI, XMEiESE L LT, B A 205 & B fERE & B A — MVEL EO R ZhE
FERMIEEL 720 2N a2 FEBRT 5720 OBREHITSR T m ICbET S, 20Xk 57 X
EHE T, 1 keV LT OHR X BREEHIRD HHA keV O X ARHILE THA—F2 Z &1,
SHORERFHFRETH 5, i, WHIM O X 5 (2L LN - - XFME S OTEEICE
WL, XS s L CIdEESACTHBZ N 272 8, B LRGFDBARE 2D,
EBH O XaHE L LTE, KBIL T4 >0 HMMNEELE 725, & 11X Polaris #
Hi7e & REDOKITTH D XFMEIEITHTe b DT, LE BB L 27 N CBELAIZ 5y
HTE 5, #2132 10keV U TOFEBICBWT, MRIBO T XX —SfEEZBRT 50
T, ASTRO-H orm Y 2A—4<, DIOS THFF ® TES B/ kimitiasz &, WwWihd
MARE A X LT 5, % 31X, ASTRO-H Off X gk, KETH% T NuSar
FEICAEIND L O IC, $t keV T CTOMXBRER CHREE1T 5 BB ESRT, 7L
kBRI TLEDT Y a0 BIEDNCEW RO LERETNE I TH D, wkid.
CAST FHEIcABND L 91T, $AH keV~4k MeV fHIK & V5, BHIAHEH L REOR
M1 &7 T aakickiet, T, ASTRO-H KRG ERER 72 & TR AT e 8 A0
HAERNcary T R IATOEINEREZ N ESEH720DOH LNWLERN, RERfF
R L By 7 7T REBRESER L L HIZ, AAIRTH D,
RABESTOBRTIX, REOZRECH AR ST HHEZ DS OO L EET
b5, BREMNROXBRERSGTOY G, HESKREZ LRI L & b X TR 21T O LEN
oD EDOTDIZHNGE ETORRIREECH MG, M s 5 L7856 omi, 207
T HRR A & EEE OB AT 9 BT, FRHIAER 21305 2 T hud e B 70t
BNRZ N, ETMEENKIULT 21O T, EBETOREARS RV aX bbb ERTS
FESL BT LWL — < ICAS LIZ< <72 %, % 2T 100~500kg FRE DB &R 5, K
A FTCIREICERT 5 2 N TE D/NORREENGEO M EE L L TR S
THY., 2012 FEITITHE - SENFERT L RIALTH 5.

fRgRlF = L a 7EESICE LT, KOROZESFHZ AT, X 0Kz 3rx—1
BT 2 = )X —HiPH 2 ST D 72O DA, A A—2 2 7 OB Z O D7D D
FLOVERHHBOBRRENAMLETH D, VAT LE LTOMREZH ESES1-012, £< O
PG A mMUIRET DFHEIC OV T HiEm SN TB Y RN/ a X o TR Y E
T T DI DEMBAFE KO b TV D,

3.5.4 EEE T - EEERS
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AR X BRSO L0 B OfEFTE AR | d#fi L CatmzEDd T &7z,
FRZANR—=A T % MLOFSR LT L) RO XBRICACB W TZEARELZ D IZR
SRR, EEB LOCKEE DOEERR T TEAD) REAHBL, HHICEmRLZZ &
FE<FH Sz, 20%, T30 FETIE, XERHEE XREmEEa A ki )i
HEOEBR SN, EHEMRBRAZOMMANEAS N, BT —4 b EBFEE
BN T =~y NCT—IA TS, BTy 7 bo =7 bIEELIh-, 25 LizFEEE
WAOEENT T+8< ] TESICHEEL, ASTRO-H #HEICBWNTHZ MBI TN D,
SRHITTVTHELE O LV ERELBIIBREE T TV ZENEELRA I,

AAROXMaI a=7 4 —d, BEOHEIZEIOMEE ZHET H72F TR,
Swift, 7 = /W I, EloIET A U I TRIRS IV XK#MR YA E GEMS 72 &, sk o
i 2 DOBAFEIZFEMAYIC SN L TV %, B BEE O m EAIC - T BLHEEE LRI R
BULOEICHEA TR Y . TNEEET 20 0HE IR EEREB I TEIASND,
ZoHLERD IXO FHEICAARLHRO SBO—2E LTEMLTWD Z &L, §3.5.2
TRz, ZH L RMOEER/ITH, £F/h vy a ek, A7 EER
NatEDd s ETCOBEMT, AARYA o ZA0FESHFL Y —RT52 L &, Brtad D%k
B (A== T — ALBWEERE T, o, BMEER SR, mPERE CCD,
HABTINE T A AN E) ZHTHZETHD,

TeV 7 v ~#RBHNIC BT HARIL, MG T < Lo a 7m0 L K& < HEmk
L. Thodn—) LEeErEal L COREE2bIF &z, 4%IX. KVBEZHT 5729
OEBEHIFEAER SN TBY ., BANED L H 1D T i ER L R>T D

3.6 FEHEE  —a—k1/ BEEE
3.6.1 IXC®IZ
(1) BHOBAR

LIAL BB BP A I G S 4072 100 km2 & 7 S —F 5 22553 v U — Bl E AGASAIZ L D
1990 715 2002 42 FE TO 13 EH OBHIN D 1020eV 2 2 D = R /LF —Z FFOFHM
2N 11 Bl S 37z, 23T Greisen-Zatsepin-Kuz'min (GZK)Zh 6 FAEIN S B v b
T T R DFHRPFET D2 L Z2miE L, £ OMIRZ KD B4 Z2iimn vh & i 2 -7,
ZOFEREZ T RO ERR L LT, TAE U F T 3,000km2 DA NS & HE o+ |
BRHERE 4 PATORKENAT — 3 &% LTz Pierre Auger [EIBR 3[R 525k O g1 HA%KE
BN E SNz, BN LT =27 MUt GZK RPN TND Z &
T S FL, Fem TRV X — SR O TR O BRI [0 5340 D3UTEE OTEEhERTEZ & FHBE Y & 5
EWVHIRIR L LB IZEEEA ATV D, HIKIL[E D Telescope Array EHiZ, AGASA @
10 OO ERHa: & 3 ITORK[ENH AT —3 2 2/ L, =X T 2008 4
AWBEHLHG L TRY, HFEOIROBHFE RN E bRtz D,

F VIR F—OFHERO RN =T hUIZIE, 1015 eV U112 “Knee” & FEE
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NHEENRH D, AT P OREDMEMET F VX —[D-2.7 115 EHT R ILX—HD
BOICENT D Z LIFRLI LML T E o, FHMPEIRICHA LA 5o T
JRALHE L CW TR, M= L F —FHRORR L Z 2 b CE B REREIC BT
BHRANEDOBRFUT KR LTV D ATRESE e ERRRM SN T2, 2O RF—fHk T
X, FHEBROAFMEROERIIEFIZRONTHNDZ L H Y, T H ORI & RIEIZD
W T ORI ZRBRIZITE - TR, Bl O RBIREREERS, AMS-01 - PAMELA 72
CREBHRFEROERIZLY | R f AV F—MTITEEDBRWT —Z B\ 225H 503,
BB IR 35 0 | M= X— I TIEHRAEREZ B SO LW 2D, 2
K[y ¥y UV —BIG AR A L MENIEIC L 6 225720, BREFETFy M ERT v U
—HERS, N YO KASKADE EBROFERIT, £ 7 WV a it B OET VRS D1
L, —ELEMENE LTV, 7o, i PAMELA 520581 GeV Ll E
THE OIS S, KEEHE O ATIC & PPB-BETS /65 STV 5 600 GeV
fHEDEF AT b —2 LY, TORRICKERELATE LN TN D,
FHARMER 1L, FHOBGCHITONTLE > DT, BERAFRMBRLILRN, Lo
TFEHEHBROMERZHE T 5120, MEFECAER SN D 2 kM2 PR (X, P~
B, =2— KU ) ZHOAZEREHTH S, o SWFHEMBOE I L T,
ENORRETHV 7 u ba s XEFRNVIC, 2OV —BE R, TEEERN
ENbDY xy el T, TeV 2T = r X —F TIMHENEE TWDZ R LN
ST, W< —ZA MR E L THEREINTWD, L LFHBOEERTHLH R
o VRO, T EMENZ LD ZOIEIGENCET 2 T 0 IXZ Lo T,
ZTITHTEREREZ B0 LD, EITH P onic 7 = v X« o~ T i
# [§3.5.1 (V] TH2D, ZOWHFERICE Y, B FENLBHF SND IR -7 0.1~
10 GeV OH = fix, FHBN R U BNKER 70 & L@ L TELN D r0ki 723,
BHAELIZ DL LTI TEAZ N VEL o7, ZTHICK Y A%, HiEk)s R
NG ET COFHMMEDNT RO, FT2FHBRN Fe o OIMERPFE SN D LHIFS
b, ATIC OHIE LB OBEIE— 271X, 7 /LI TIHER STV,
RENLOETZANLF—=a— M JERBEIL, THE CTH T OB FAEIERIEESS, E
WO, FEROOK 2RI U7- B TRl B C & 7203, MR T & 2 I3 mnV T
WRWDNRHIRTH D,

(2) Bfs94 HiZ

FERLT- & L CORTEMSSCE LRI, Hor~e=a— Y ) 250 Fif
BROFERR Y % BT RV X —ICE D E TR CHERHIE L, #HERIZHE Y < E=x
NXF—FHBIIEZ TEO L IIC L THAEL, HERETRKT 2D EV D, 1912 F0O
FHHRIE LR O TFHBREIR O 2T 2 Z E R EMKEIE L WZ D, Fike LT,
BRI A EEEMBEC L & 2 5 51k, B X —FHRONMECEMHOERE TAEL 5=
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2— MY ERET L HE, R 2 RE T2 WD 5L REICKIISh D,

T L—miz IFHBEOER] Lo Th, TONEFIXZIEIZDI-5, B2 Th<
NRu RS (B OIMEEAZSETS 2L, T2 TORECR VX —ZHTLETF L
MNZIZHI D 2 &, D A 1 = R AL 5 2 L~ R iy O A
HZ &, KGRI CHESNTEFEO T T v 7 AL AT v, IEFEE#HO L LE
bETHEET S L, FHROMBANTOLGIRE EREVICHEIT S Z &, GZK RA
KM GZK K- DIFEICREE DT H 2 &, REBFNIEIND, IHICH =7 ~vZ —hif
OEAEE Y L < IIHEROEE 2 A L, # LSS TRETX 20 >1TeV DT R LF
— IR CRAMOFRL FBGEZRET 572 EOBLNRT —~ bR STV 5,

3.6.2 BlRIFEEDFEFHE
(1) B R —FHRBEFHE

Pierre Auger X° Telescope Array @ L 9 7o KEEFER TH ek, B oML Rm T R/LX
—FHBROENIHEINC 0 LTV 20D, EHICROMROERPHEE I TS,
Pierre Auger FEBRITILFEKIC S LV ERRIEEOFERFH 2 £ > TWD3, ZHETLEH
FROFBZ WD H FBHNIERFIEWEZ X 65720, FHN L OENBIH AT 5
JEM-EUSO X°, ¥ ¥ V=76 OB &, B LWBRIHESBRGF ST\ D,
[JEM-EUSO]

HEK 2.6m CTK 60 FEEOMEF 2 FF o AREr ZiEdi 4. ERTHAT—va VAARE
AR (JEM) OBREEIICHE#T 5 2 & 2 B453 JEM-EUSO EH# Tld, K& R/LF—F
HRAZERP TRy V—0RT 280t E 400km OFEOFH 2 S8 L.
200,000km2 &9 ERZRAEREZ =25 Z LR TE 5720, 3 FRIOBLIThdm
T AL —FH R 1000 BILL E OB IFFTE S,

(2) BN —FHREHE

“Knee fHIR FH AR OBIHMRILOLUEZ X HH EZ25K s v 7 — 3B Tk, 73y M ER Y
¥ U—T LA 28T 5 YAC BERSNTWD, —F., RAEZ AW T - RFHi %
P %5 CALET FHEIZSRFT ST D,

[CALET ]

FHRPOEZ XNV —EFEBRT L L =RV F—HENRE GEFEND LRk
LRV E WS RN D | R OIEIEDFFE LT W E WO FEAH D, ZOBHIA FH
#L 3% CALET EBiL, EEFHAT— a0 JEM BERICHE#ET 2B L
TV, ThE TOKERERICHARBEICRE RHFEEZBES ZENARETH DL, 20
HEE Tl GeV SO T < fi0“knee” Ik & TOMBEFHMOWE HITH Z LN TE D,
Bz GeV O <okt LTix., Fermi Vo ~HFHEEE LY BV X LF—4
fREEZFE D, FHE — 7 ~ X —DPAHER L TAEL DT~ I L D BVEREZ R > T D,
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B) ==—1V /BHEFE

B TRV —FEHBRBMERL - CTHHIRY |, FHE B O T L 0% (GZK %)
) OB, WEANA PR DERS L, ZORENOEZ RNV —=a— N ) BNER
s, £, FHREZIMET 5 RKIETIE, S=rrF— v b BEOWE L DM
HERAPG=a2— M) V3B END, ==2— Y 2 13WE & O AERFEES /N E W
72, ZORBICIIERENEERLETHD, LML, KE=a2—h ) /2 EDKT
FNF—ma— Y IR BERAX —=a— M OIS ThH S BBk 11
D= 2— Y ) OFMERFFT S0, B LTS RIKERET 22 ENARETH D,
AARL S L TR TR EDNER T O IceCube 1E 1 327 km DK% H /83—, 2012 4
IZGERTETH DD, SMIl~DOIEIEE | B MEEOMMbMF I TnD, EU 23k
[ACHEE L Ty D KM3NeT &, [RAROBIOYE 2 M OB T 5 2 L 4 HiE
LTW5, MmN E Rk E D N—3 5 2 L2 X0, [EEERIEL R & E =L ¥ —
RENLD=a2— ) JBEBNERTHREICR D, KETRAX —FHRBHEE CH =
2— M) BT R ERLED S ORI & ER T ¥ U —0 b O K0 B AT
BETH Y, Ashra EBROWEfHL NV A - v~ U a7 THEDLRL TS, LanL, GZK =
2a—hY OBRBIZIZIINDLOEETHL STV T, SOICERKEOEBENRLETH
%, JEM-EUSO TIIFIZEBIOBRHAHIFFS TR Y, BHECFRIC X2 HHE S B
ERTW5,

— 5 B TREOBRRE FRBENET 5100 77 b7 T AOKAKT = L v a 7 e
ELTHRH SN TWANANR—=AIFH VT, =2a— ) /&7 a—7L LIERLFO
BHEETLH Y, BERBEORBEOBEBIHEBERICHKRT 2=22—1) /0, K==
— MU OB A SRE TV, B RERRROMASC, =2— M) OWEOWEE
1ITH52 LR TES,
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# 34 FHlEM=o— Y VBUAGEFIEE & O
B4R H GRS REE. BFE - | TR | EPRN
HEME (R
JEM-EUSO 1020V B2 D@m= 1/ | [FEEFH AT — 3 0 BARFERM | AE—, Bk | 120 EM | JAXA [Z(T 5]
(Extreme Universe | ¥ —5FH{#i% 3 42T 1000 fF] | MRS, AR 2.6m O 7 Lx/L L2 | FFERT R L (BAH |26 2 MiFHI v
Space Observatory | & B 2, = R/NF—LEIKS | & W= LmEiaskiE L, 6000 # | EEEW ) (HA, | 44576018 | = » Phase-A #f
on ISS/JEM) MEZHE L, COREZWAL | OXEFHEE TFHBR YV —0 | KE,. 77 A, | 1) g8, 2013 FF4TH |k
AN R RPN i el SR AN R4, 42 FTiE,
T, AFxva,
R[] 7 &)
CALET TeV fHIL D @& T 3L X —5F | FHETHAT —2 3 O BARERK | BEE T, B |60 (£ 1 | JAXA [Z1F5)
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