RKEVa2ZIy b RUTIEBEERICELS
7 x—H— - Re]F—A

FACR AR AR~ FER
P EE AR EC

o H e

Pk 12 4






B IR

B1E
1.1
1.2
1.3
1.4
1.5

B2E
2.1

2.2
2.3

24

Fr

BRINFHERONE

By FNCFHM . ..
FHERBUN ..
FHOKRBBREEE . . ... ..
BREPSSERBBME . ...
BUKOFHBIH . ..

SRAIFEHOYIE -HBIEREROME-

FHamoREmE
2.1.1 Hubble R . . . . . ..
212 AF—NT7yryZ—ChWE ...
213 NI A—=HF
214 FHER . ...
2.1.5 MD/NT X =% & Freedman 7R . . ..
FHOMEMIE . . .. . .
BREOOLEEL CDMETIV . ..
231 HEJIRNTEBGS . ...
2.3.2 2MRMBEBEEC ...
233 BWMEWOLELNT—=AXRZ NV .
234 F—URE—
235 F—r<H—CKERKR ...
2.3.6 CDMICEBFHEETIV . . .. ..
237 AVTIVU—=va PEHA ...
COMETNVORBR . . . . .
241 low-z BT SBHIEOME . . . ... ..
2.4.2 Las Campanas Redshit Survey {C &K AMGEE . . . . . . .. ... ... ..
2.4.3 SRHEERENBORR ..
2.4.4 high-z b —_XA Ik BHERRETVOMEE . . ...

g O Ot ok w W



ii

FIE
3.1
3.2

3.3
3.4
3.5

B4a4E
4.1
4.2
4.3
4.4

4.5
4.6

5.2
5.3

BFRARBREY — A 29
high-z ® Lyman-a JERR KRR —XA 0 00 0oL 29
Lyman-o FERRRIE . . . . . 30
321 Z=—¥— (QSO) .. .. .. 30
3.2.2 Lyman-a$RE] . . . . ... 32
Lyman Break R . . . . . .. ... 33
HYemR A% (Photometric Redshift) . . . . . . ... ... ... ... .. 34
e BRESR T o VI kBB 36
35.1 RFEART 4 NE—eth - JEEES T oV E— . 36
352 WePET o v —BHIORS 37
3.5.3 W7 4 vy IS kBBHIOBL . 37
3.5.4 IADOY—AFHA 40
RKEYV21Zy PEREICE DY —A 43
AEY 2 Iy NHEERE 2kCCD A AT . ... . 43
AREWCBU LMo . ... .. 44
HDF % —_ADKE . ... . . 45
WG — 2 QAER L HJIE ., 46
441 WUET—F OMER . . . ... 46
4.4.2 MIEREUE . .o 46
443 NATRLTTy MCkafiEARE 00 47
444 WHBROERGDYE . .. 47
4.4.5 KREKoML .o 49
4.4.6 HPEEEROWEIE . . ... 50
FERRORREREE OREIR . . . 52
WY R Ao T AN oo 53
461 FFIWVSEDFT VT V—NIEBTA4vTa¥T .. 53
4.6.2 FEROMEEL - 0Bl obR- .. .o 54
4.6.3 KGR OMEL 2 -high-» LBG oMt - . . .. ..o 56
F1E£% Suprime-Cam [ L B H—A 59
TIEBHEEL . .. 59
5.1 ESE . 59
5.1.2 BEEISTRRREMS . . . 60
5.1.3 AREDES . . 60
5.1.4 BIHEEE . ... 61
Suprime-Cam . . . . . . ... 61
Suprime-Cam IS K A&7 Vv x—®H . . . . . ... 61

5.3.1  BUHIEHEOMEE . . .., 61



5.4

9.5
5.6
5.7
5.8
5.9

6.2

6.3
T 8 A
T 4% B

5.3.2 REABIHBMC BT i o V&2 =8 . ..o 63
Suprime-Cam HI{$D 1 RMEE 0 . .o 63
5.4.1 biasMUEE . ... 64
54.2 maskingUFE . . 64
54.3 77w MllE (flat fielding) . . . .. ... 65
544 TIUZNEE 65
54.5 EARMIEE pst &b .. 65
54.6 WHEOGREEF AT Z 0o 66
HPE 66
Lyman-o FERRRIREET ORI . . . 0. 0 68
Lyman-o BPCKIE . . 0 o 71
R T 1 V7 —IC KB RE R koM 72
T4 VS =B ES LCoRE R 74
SR DER & R 79
KRBT 2y MF—A 79
6.1.1 BUEETOMEE . . ... ... 79
612 KETa2Iy M—RADEEK .. ... 79
Suprime-Cam H—"XA . . . . 80
6.2.1 Suprime-Cam iCXABHIOKEE . . . . . ... ... L. 80
6.2.2 Suprime-Cam %= "ADESHE . . . ... 80
FL® 81
VERRDOFEMIE (Equivalent Width) 83
FRoHEE 85
ZE 3k 87

i 89






X B X

1.1
1.2
1.3

2.1
2.2
2.3
2.4
2.5

3.1
3.2
3.3
3.4
3.5
3.6
3.7

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9

5.1
5.2
5.3
5.4
9.5

CIA IV =AWk BR[O .. .o 6
COBEIWC K VBIHISNIZCMBDANRZ MV ..o ... 8
Las Campanas BT L bR B —A . .. .. .. 10
R e Ay — Vo 22 —DBf%. . ... 14
2 DEAQHE D HAR o ..o 22
LCRS OBIHIFE R S3RD &zl o 2 MBI oFL . ... ... ... 25
LCRS HHRD 2 RITCA T A A ECRDENFZNT—=ZAXT MV .. 26
SR BRI B BRI MG 27
QSO DETIVANRT NV 32
z = 5.34 @ Lyman-a $] QWA A7 NV 00 33
SRl D ANRY MBI 5 Lyman ROy .0 0.0 34
KeckIl THXENZHDF D LBG DAXRZ KV . .. .. .. 35
I RS - (/0 o SR 38
z = 5.74 @ Lyman-a SR EMIRAKOmEE . .  0 0. 39
2~ 3.091CH 5 Lyman-a “blob” . . . ... ... 40
AE =2y NEESL .. .., 44
median SIS & B RMAEZEREOBNE . . .0 49
TR E XF 4 7 o BREMRAZEOHDF QWS . . . . ... 50
HENRTG A—=FDESE . . .. 51
HDF CTOFEZ Lyman-o RARGERT . . . .. .. ... ... ... ... 53
photo-z 1C&d z MR . . . .. 55
7 photo-z AT & s ERER e DR . . . . 56
photo-z IC &5 z ORISR e DR . . ... 56
high-z LBG OfE#i & Shd RIKDWMAMMARZ by 0000 L. 57
TIEDLORN—=LCYHEERIR . .. 60
Suprime-Cam iRBBUHITHEH L 2740 V¥ —oFwmdhiy . .. . . ... .. .. 63
sky flat WHEOERRTFMT . . . . . .. .. 65
Suprime-Cam @ CCDFECE . . . . . . . .. ... 67

TIEL VI —_A TOLAR e Pk OFRE Ty b oo 67



vi

5.6
5.7
5.8
5.9
5.10
5.11
5.12
5.13
5.14
5.15
5.16
5.17

Al

Lyman-o FIRR KRR 1. . . . . . . . . 69
Lyman-o FERRR KRR 2 . . . . . . . 0 69
Lyman-o FERRRRMEEAT 3 . . . . . . . . . 70
Lyman-o FERRRMRMEEAT 4 . . . . . . .. . 70
Lyman-o FERRR KRR 5 . . . . . . . . . 71
Lyman-a OHOIRNEZ ST TCnb e Rehb Rk .. 0.0 . . ... 72
Lyman-a OHOIRNEZ ST Tnb e Rehb RIk2 .. 0000 ... 72
Lyman-o DO ESZT T e /RN RIK3 ... ... ... 73
IBIO 74 VH =Tk OMihS R8s Rek . ..o 73
IB10 74 V& —TCHA <M a =Rk . ... ... ... ... ... 75
IB10 74 V¥ —TCHA <M s hi=Rik2 . ... ... ... ... ... .. .. 76
IBI0 74 V& —TCHHA<MlshARIKk3 . .. ... ... ... L. 77
FIROEMIEDESR . . . ... 83



vil

& B R

3.1 Johnson HES AT HICBIF A7 4 VE =NV R . 36
41 KREY=a2Iv b2kCCDAATOARE . . . . . . 43
42 HET AN E—oRONRESEN . . 45
4.3 HDF ¥ —_XACOHERBEHENATA—=FOE . . . ... ... .. ... ... 52

5.1 Suprime-Cam OfEF% . . . . . ... 62






P

20 AT A D, MM & /1570 & o ssc B 2 #ii- kino B L, Hilfo&
HWeREICLY, ARoOFHICHT 2T KE CEFLL 2. EHuuble DBHIC & > TFH
DR LE T 2 ERE SN, G.Gamow 12 & 2 W0 FHIC B 5 B RO H D
5, FIOFHIIHECTHBEDOKDOED LD WIRIETH 5 /e 2§25 &y ZF NV HGRIE S
Niz. Zot&, APenzias & R.Wilson IZ &V 3% K OFHFABH OFESE LS, S 61
NASA @ COBE 2N Z OEENERCIRE-MIC2TK THLZ b2 ENPDIZZ LT, By
I N VHEGIT FH O R LR T A EERG Y L CRAIER L. —J7 T, 1980 SEN\ DY
WV TElHO BB LrRiEns BERRREENFHEHICEET 5 2 EBEHIC X L Ehroh
=08, By IRV FEHGOPHAOHRTZ 5 L KBS 2R T 5 2 & o sk ¥imfs
AT ZHERIC OV TR ERFE R L TH 5, TR aryEa—FilkbyIalb—
Va YA, FRFRNRE -2 L BET ML > TBUED FHO LR H 5
BIEHBT 22 MRS 2 e3> TETUINDED, TXRTCoOBHIEREZ FH% {SHT
& B HERIERZTER L THRu,

FHOMEEMD DICiE, Bk >TIh s MV ERT — 7 23 50808H Y, X
DIEL DFHELVLALS ARSI TENIHD THJREICR S Z & Th - 72, 1990 FERICAY,
Hubble ‘FHYEH® Keck, GEMINI, TI1E27%2 0 KORUEGNEH L 222 T, LFE
K DFHERD Z e DERIC2 ) FHOBEAE LMD TOORIEANKE EST 5 2 & 23
It DTk TEL.

K2, FHOPIMCBW TR OB TH 5 KHBRIEN Y O L S IR E Wiz onic il
hZFFb, ZoEKRORHSLELCOBIEICOWTIIET X ELHFHORU B LTV = —H —
DERE %7785 T 5, THOFHIITHMKREN X DIROHHRRA R MV E ORI 7 = —
Y —DFEET L7280, Zho O EIER ML TE SRR T V7 —ick b
BHZEDTETWS,

KL TlE, oIS o FHROREBICOWTEH - FEGommm» SHEBIL, RCBUE
DFHHE TN O & BEERIGOMEIC O W TN G. Zotk, HHOERGREREK
BHIOER L BURICOWTERIA L, FRADMTR - TS FRRFAREBHITTS L 0913 5 Hid
$LCTo, - PR T 4 )V F — 2 L 71 ORHRERARPERIC L Y BUERR T&E T 5 K1k
IO WTEIHIB L O O FEM & 8 Tk R 5,






F1E #BHAKNFEHBOLE

GEIYES R6<Aﬁ’8cT$$iRﬁ’ﬁbé’kwﬁwfff%bﬁﬁf%t.L#
L, 20 H4CIC AD, BlERfio#E Lol & 0 KIEBIHI oM SREN I EL, 612,
B 1M &aamot%tt%@%@@ GBI LT, ZhETICHD R
52 DTERD S IZFHOBEEDLTMIHE MR BICoN, W JELED DAL BRAR
ETHDHLRELHT TOFEHIL, IS oicd Z0E2BLIETHhE I 0o
TE, ZLC, ThETHoe ShTEFHEEEORMZ, AFWRIHTE 20 bHh
RNEVIRRICASTZDTH 5.

SHTIE, RITMORIERRE2RAL, M SBICWE 5 ETodH 6 L EBRIKDO B
MCFHOZTEZRADRAZR 2SN, LVELDFHOZTEHLZ LT, FHOWMED L% |
EH»L, FHEEDPSBUEICEDL EFTORELLWLENMIL LD E LTS, 29 LMY
MBI TR SRS h, BUEZ < o - B L 29w 5 hTng, Zo®E T,
BUHI 7 e o BRI i 2 fiEE T 5.

1.1 EvINUFESE

TEMRICES ET, FHIBAAICEZEZARVWBOTHLEELHNTEY, £ 0ELR
e THORSEEREDY ZhBEETH L & L TEIL R 572, A.Einstein ® £72, 1915 4
WA R 2 O CTFHET VEREEL &5 & LR, FHEIT—MNEFES (FEIEE
IR K, RZERICh Tz > TE RIS L Thb) TH Y, RARERFFNIRAIFIE
THDHLIUEL . KITTFHEIALTH L LHEEL Tz THA, :@ﬁié 5% QT
EFINERIIMEL Z LM TEL -T2, FHZER 2L S TELE0I1C1E, ZRNoYHEIC
FDHE/NFIVES BRI OFR JIWERESND O TH S, £ I T, Einstein 1T MFHER &
3N 2 FHEICERINCFET 28 TEEL, Zhic kY ARICHEL ZFHOEF VR F
AL LD THB.

r 2 AN, 1929 4EIC E.Hubble 2377 4 VY V| OHEEE T 18 A DR D 27 L& kI
FRIAGHR, 26 DR E TORRE r &S BTRA DS SN 5 W v & DRI,

v = Hoyr (1.1)

2 HAIBEEASIR Y o 2 L 2R L= Zh THubble @7l THY, ZoFEEIL, Tz
6 3  VALE T 2 ST FE & 0 O T S - TN, FHZEM SRR LT T 5
ZEERBLTCNEOTHE, 2T, Hyld Hubble EHEIHTh AT, BYEDICBI 5 H
ZE DGR R T RE L R 5 lETH Y, FHETVORECBOTEER AT A—-FD—D



4 H1E BN FEHRONE

TH5.

C OBHIFE R, FHEMFHIEL T 0 TiERL, WITABFRT THEZ L2 rThH
JiE e 720, ZhE CREHIIAARETH 5 & ORIECHED 5 h T - FEHEE o5
KRERERERPHLBEKEL o720 TH L, FRISHIEFHEZIEL ZHGEBEL &5 2 RAAR
T /z Einstein &, H & PHEROLMTHAAATRE TFHER % TANERKOML TH - 7z)
& RAJu] L 7z,

Hubble OEHIMIEL <, FHZERAMFR LK) T &, R FEHo 7T
OYEIFIEFNT/NE 2O L T 22 212725, 1948 4F G.Gamow A3, MK 1/
FOPNF R TRELSARBL T FHOMRE Y, FHITREIEFIONS 2 4 X0
H, SEED KoE] ©kH7IRET, RV TZAMERNIFE 2D 22 T 5 G2 1E
L7 obic Tey I NVHGR) SFTh G HmOEETH 5.

vy 7N GG T O1FEE 2 RIS TFHE O D S BUFIS W2 2 18R %2 P12 3
210 COMERTH - 72h%, Hubble OBIHIFERLISMCA /723U Z DR S high» - a7z
®, F.Hoyle 72 & OFHITHIELHRT Cnd 325 NEFHTFH 2XTaREEL 2L,
RFH & TEETHE) BEE» ST AN LIES {htniz. LAL, 1965 F 2 O
ICHRE 2 DT BHRET L R BHFSR R BRE SN S,

1.2 FEHE=EH

1965 7 A U 4 Bell 5eT o Fhr#E T - 72 A.Penzias & R.Wilson 1%, HrEIf{EHDOER
ZAEY AT DEBERRKEEANCHL &9 LB X, ZEYAT LANTBRHERA R & oM TR
FEZRATR > Tz, ZOMBETH S, ZZodb 5 5 b 6 FICla Ul ©fh < FREHAR
HH DR DIFAFICTDNI DNz, Penzias & Wilson 1213, Z OEEFMIFHZEMIC <ML
T5 Z LIFAER DN Z DIETIL E > 7= S RITH - 72,

[/ Z A, Prinston K%¥® R.Dicke & Gamow & 13 {1, MPHOWIoRBII SR D
B TH SN KOED LS bDOTHY, ZTORPOLIINESE FHEWZL THHIET
THo.) LoffEimziliL, [@KFD P.Peebles & & HIZZ D Z L 65X LD EIRAAR TV,

Y OFHTE, O T I AR EHERE 2L TBY, 72 TIIWHE & RYHECEiT
DIRABL 725> T B EFZA BN TV, ZOREET I A0 FHTIE, Mot AdHBET
LOERERVEL THE o BEEITRS T3, 2o 24 2NEZBHIT 5 2
LIFTERV. RWC, FHOEEMTAY 3000K UTIcmilishg &, NUA Y LB
GLTHMEL, HFBEETE S L)1k b. ZoRllZ I'FHOh EARY | LIES, Hih
Eu»e i, WHE e e ol TOMEFRIER 20 RTEC I Tl e bn, =
D & YYD TR )V F —1 Plnack M2 R BT 5. Z ORFHZEM PR L T L olcfiE
WIS OEEIE TN, BUETIIN 3K OlEE L 2o CREHSERZMZ LT 5 il s iz
DTH5.

Prinston KD 7' )V — T Dhff5E% Kl - 7z Penzias & & H 7z b B3RO 2 IEARRNIHOER D &
212V T Dicke 2 BICEiL e e 25, ZOWEKI ZAVE SITKOEFHIHR OB o Z % T



1.3. FHO KRG 5

HLZ LIRS TzDTHDL., ZORRTT SCFERESH, TOREBITMDOPRTOBHIN T
bk, ZoORUNEE &€ 27K OREKBIH DAY MV e —8T 5 Z gD b,
Penzias & Wilson 2R D 728EE, F JICHERAS TS L T FHOMlH £ oRFHIICIK
HENLEREDbDESTDTH L., 2oL, BWRICLTSE & 5 &4 7 niRoWiiic
HoHZeh6, Dk TFH~A 7 s siut (Cosmic Microwave Background:CMB)1 8%
WITHIC TREHERBUR eI X515,

EHFHATE, ZOFHYRIUNO A =X L B0 H 3T TET, 22
ey ZI N FHmOFUPNREN LR >T2DTH 5.

1.3 FHOAREEE

G.Galilei 23H & 8UF L 72 HEEFCTHIHIL 7= KK, KIFROBER Z IR A3
INTH 5Tz, YRFORFEHREIC & > THHIN AR TH 2 1IABRONHO MR TS 5 7. A8
THIHIBAroFE & & HIciR4 BB O TE 2 FHIZLAY, KAFRIHRe S BERARELE
DEGERDIEPITHE L THBHICTET, FHIIEZ D LR SAFEL THnLZ
MU SN E 25T Tz,

S DU FHITE D L DT L T B 0Ktk L 7R B TH 5D, Ein-
stein Z 460 & T HHFEE - BHY, —MIHRERICE S S FHET NV EELBRIC T—HE)
BRFEHEELLZ 2R, i, FHYRBUNFEHO TN TOHMD?E RO THEL &
WO BRERENS, FHEMOWHDO I THY, L7hs TR EDKREKDMIY
—RTHAD L HEALNTVE,

1970 FFANE TR /MM I SIS, FHAEMICII2ERITh 2 > URFE—MIC T7 4 —
JU R[] LIEEND DML, & 25 &2 ARSI 2YEE Lz THE ) 2%
ELTVE W IRERTH - 2. SRMENEZ N E2 R T 28R oBUC & > TR DO KIS Y,
T4 =)V R L IFHEC Xl TE 2 STz, 2L T, FHlofFEEe ERL Y, F
R TR OMIAIFIE—Fr e A TRIEZR L, SRENFHICBT 5Kk KERRAT —
IWORIETH 5 2D OPNYFFO— KN HRX L8> Tz,

LU, 1980 SIS A BUHIEGR A LU, K VIAL £ ViEL £ ToBHlAIpRICZ251cD
h, FER O ELEHIRIC D A% 5 7o g B SR A31F & A EFE LR WO FEEDS
Hohe 2y, FHIZIEFICERRAT — VORI ZRSMNRIET 2E2 L Tnd 2 e n
NP> TE. Tht PHOKBRERE) Y, ThET IHFEH EEA6NWTEE
FHOWRBIKRESLRERZ L6 LEDTH L.

1986 4FiC Harvard-Smithonian KRS > &% — D M.Geller 5%, ALK DFRAET 135 1%,
TR 6 B, BATE 150h 1 Mpc O#iHICH 7z 5 TH55F L 0 LW DY — XA 21717
W, 2o 3TN ik Nz, 2oV —_XATav ey ML, KIS > % — (Center
for Astrophysics) DILFRS [CIA [TV —XA | LI THA2, [ 1.11%, CFfA TV —

Hpc ldB & Z 3.26 4. h~! I& Hubble &8 Ho 120 LT Hy = 100 h TED & B 1H.
22 &V DIFGIC CIA I AT T 08 > TIVEINT S NIz



6 H1E BN FEHRONE

NA W k> TESE NS i A 23R THIX) TH 5.

R
13" 12h

17+ 8"

10000 ks~

500 kms‘l‘ ?_:5"

B 1.1: CfA TTH — AT kRO, 1

CORERTONE &1, FHIIIIRIEPNIFET 29Uk 1T e A EFEL RO
BB 5. SR OBEDOENIRITRH OV 4 X213 MTBA A — L TH Y, TR
WH 22N THS, £z, FMWIF L A SEEL ROZERIROMIRT TRA K (void) |
CIEEN, ZOBEBIEBLZF 10 ~ 100Mpe b DY A R b. LT, ZTDORA KDY ZHX
0T LD IERUDBRICA L T B 22T E ) e A5, 2ok, —D—D20R
A REMICHT TR, b &9 &2l 72 55N L Tnd Lo it
HZehre, NukgE) & bifiIns.

O LIS IR R A Rin & o KBIBEE o if5ed, FHOMELD R 25 FTIFRFIC
EHELRD, I OMEEERT 2 KIKE L, 271N HncEL TB6 7, Mk
TR 20 &1 5 I FHICB I 2 BE O S SOMMEMRIFEL VTS iBbhb,
RS & & BICE D L IITHATHLI DL, KESHD FHEF ML > THEZY,
W& 5RO KRN 2 M i ok F NS 2 21, FHOKBBBEPROMGICER
EREGADZLICRDEDTH L, Lihi->T, KBRS0 FE BN F im0 L3R
HO—DTHDLLWVRD.

1.4 EEWDLF L AHREES

FHICHT 250G IO, FEICIE, S - SR - SRl e W 7o SR A
=V OREEP BN ICIFIET 2 Z e BHOED L R 2D THDH, 29 LIEsra Lk
BANZALCEVIBRENTE oo nd Z e ljfe b, PEaNapsezikic Lz
Rab—yaryPfEGicoh, 29 LEARBMEZIEKRT 5729121, FHOYIICBNT,



1.5. BifXoFHBH 7

BRACHO T2 6 EAYFET L, ZoREJREMIC L > TBED & 5 G2 EIES
CEMTEDLLNIZ MDD TE, ZOEBEOD S EDFEEVHEID LN, SHITZFD
D6 EDAT = NVIHRENNIE, KEBREEKD X B = XL 2 S HPTRELRFLNY
LB e Z RIS,

ZOYIHFHEHICBY 2EEOWS XD LI L THANNE L ORI 50, &
AT FHEEBU (CMB) 2#\5 Z L Tk h b, 1.2 TbikRe By, #E
EEOFHIIEHED T I X< Tz STz, FHOEMEDI3000K £ TRV EFLE T
PG LT ET 5 TR B0 | oRFZ BSOS FIZEER I 2 NASBUE CMB & LT
BHITh S, rE, W2 OERjE T L Ol T Compton AELZ Y HL TH W5
7z%, CMB ©W & Zi3iFh LAY KOG FOEED 6 E&2 XML TnbdZeickbd. Lk
M>T, CMB DWW 6 EERFEDIT 52 e TENE, BUEOKBIBEE 2K T b & Linolz
BRED 6 XREEL RERTENILOBELNSLZ IS, LML, Penzias & Wilson DSH.DUF
7z CMB 13 Z R OFMLBHICBNTY, FlHo2GmM 6 U@ETinTsy, Himih
WICESRENA LD 6 SRR I NN TN,

1989 4F NASA IF, K&ACH i & IRBUMS o0V e KABY D & CMB OBl % 17
720y, CMB DANRY ML & ZDREDEKRTONMiZ G ETHET 22 2 HN & L i
EEEARE COBE(COsmic Background Explorer) 2475 Fif7z. COBEIZE Y, 1072 ~ 10~*m
DPEIITH Tz > T OMB ZFHAMCHEL 72, Z 0%, CMB D% 2.728 4+ 0.004K TH 5
Z otz ZHIFHERMNIC THIS WA L IERICR OIS TRET 5 £ £ big, CMB O
ARY MVIL, ZOREICB 5 Planck Mie RFRETCIc—KLcoThHs (M12). &
512, COBE & CMB@EDOKEX ETCoMiZHIEL 72203, 2 oBHIF R OfTicid 1 4L E
b ORI S Wz, HEShET 2256, CMBARROESRAZINY B EEICIEFIC
WAL TH D, HET CMB ol Al L CHlnHER Z L Tnb 7280, Ry 7I—73)
ROFETHEED CMB OEICHT L TThAET 5, £z, K4 DRl & ol o
WEIIKEL, COBE OBHIZ V— 132 O5ZER IR R DITibESI LIz, Zh b DfFE
R ERZRK, 1992 4FE COBE 7))V — 71 CMB OEEIE S & 0-FEEIL, KB Eo 10° #ih iz 2
TS L COT/T ~ 1.1 x 107 FEETH D e R L 2. ZofldIEFIT NS kb TiEdH 5
P, CMBIE—MEFETTIER LS DTN S NTND Z & oD Ritile -7z, LrL, 2o
BUHIE RS, FHOKBBREE ORI BT % 4% BIFE 1T E ZRER S h T 5.

1.5 BAOFHEBR

MIRCEZ RS 20D b RGN GE» S U6 E - - RIKBHNE, ZoBKEEBEOFHIC &
O RZES L T, e SBIEEMT, HiEEE NIRTI &) FE» 6 0%k
RS {Fihier o 7.

LL, 19 HilohicFEERMNESR L2 2T, KCROMFUIRHMICHREL Tl s
Llind, ZhETORCHABIHITIE, BUHITEHHFMRO N, F73Milsk %2 ikd
ZEMTERNYD, NTORNEREOFTERMNKERFHATH 7= L, FEHEMRER L



8 H1E BN FEHRONE

1.0+
0.8
0.6 .

0.4

0.2 3

SR (107 erg/sec/cm?/sterad/cm™")

ﬁmgﬂﬁ!

g 3
e ponny
T O B B m o o

S
2 4 6 a 10 12 14 16 13 20
i {em™)

En

M 1.2: COBEIC L WEHIE N/ CMB ® A7 k)L, O1% COBE OBLHIGSH, FEHUTE
AR Z RS & <HBIT 5 & D ICEIEN /2 Planck M. [2]

72 8T, ZEOMFEBGY LAY 5 Z LA [EL 2 Y, KV KE OB & T At fEL
ALY

SHHIC A Bl o RIBIITHICHESR, KEBHIORKE - Sakb RIS 2R T2, Th
E T D R TIT DN T BN, RPN S SITIE X R - v i & Bl DD 5
BLIEIRICB LU, B KBl Tz, & 51, FHBAFRR 0 BRI RS04y
T b B L, BUHIREE 2 B8 L 72 ATRIEIC &2 KAEND & oBHID—HEL T, =
hicky, HiEoBHITIIRE 2L 25 HHOBRGICERN T 5 /7 4 XOHIERRGUT & 5 1%
W7z & ol % — 4R L 728550 T CoBliIAs e gEL 72 - 7.

F /e RAEFHETRC OB 2 Ht Co /e AFEEEE ToBHicB»TY, 1980 I A>T
CCD A A INES L 7= 2 & TN 2 EHANEE 7. {EROTFTHETIE, KL I TF2ME
FE LTI (LK) 1310 ~ 20% BEL 2L, —KRoTFTHOENITRREHL
HTHD LICHHITE2HL SORALFNLDOTH 7. LL, CCDIE80 ~ 90% &1 D
FVBARERO2®, LVROELFN TV BOKEKERY T 52 e A%[pEe 2, g
72 RABHNIREEN i 2 b b 2 e e T,

ANLHIZIC &2 KABSN» & 0B, BYNEB B ISHFRIMER X R ToBHINFLTH Y,
HAHHESRIC X BN E2 AT 0 oE e o Tz, LaL, HiEToXBllicsy
THHEDOKAQADW & E DT RIKDGBERT TLE D WD T SN WREERS 5.
61T, HFBHNCIR - 72 2 & TR 0As, KRBIHNIEMIC LM 5 2 213 TEY, £k
KIEICKRELSEAENTLEY ZL DRI SNRWEETH L. 295 LBEZHARN IR
THIFIKRABIMCEHES 2 ZE T 5 L0 Fldn, UL, HiimEED Zuzoic THE
SR AU LYNIEYEED & O I8 bh T,

72703, 1990 4F NASA VZE A 2.4m D FFix i A 7= /e md st 2 WER [l fiuE iciT 5 B,

SZoIERFHEHGDZE [V =422 (seeing)] 113D




1.5. BN FHEH 9

FHPROFR LY THBIHINIC E 5 272 E.-Hubble Ic b 724 THubble FHEESE (HST)) &
LT Bz, HPNIHEFEROFAR I 2 AT & O BYEANFERTTL £ 95 v D Bldn iy 22 KRB
%R T 7z Hubble HIESLTH - 7208, 1993 FFDOAR—ZAT v MV DI v ¥ g VTBWTUHEH
PTRDNIAGR, KR oREL ERIChBE L 22 2ick 0 ZoMEEZ 72 < FfH L,
SREMEERLZ LTRADY L AR5 TE 2, D TY, 1995 FICFHEEBINZET (STScD
DAL Ty =y k& LT bz THubble Deep Field (HDF) ¥— XA | 13 flrE2 iy 22k
RE w7z, HST L, HEOBHITIIHLIWKRENZE A LRALINTES T, XRLEKD
BHIT O 2N 6 DR AR Sy, WhiE T8 Z24% 10 HRPLEICh 72 - T
LD THDH., ZOFRE, ZHETHEREKD R - 123 ERICHE < 1Z & D2 D RAKRAR
Ui iz, BHIoBRFIIH 30 FITICE TEL, M ETIIRL URETERWLNVIHS &
DREETHENE 56N TV, HDF 13T 2.7 ‘FHEE DL & LKW TH 5 2%,
Z IR 2 E 28R oz L s h B Y, BHINFHGOMTHT K% & O
Y2692 LIl >z, HDF OF — % O follow up D7z OBHNT S 2By Ty b,
FHEEFOBIIRBL I N, 25 LEHEHFELWLDUITH LT3 L <L, K
BEY R TR, LT, #HRe L THLEL S oBHINERTH S5 Z LITFEDL VI
o TS, Wi ToBHIOBE J %0 &8 5 13 H k2 Kb &5 k0 FRHIZR L,
FLOELCHUEFIOMIE 2 & ORI e T R EFEIZL» > 72, LA L, 1990 FRICAD,
Z 9 L7 2 s g g s T &, BEOTZEREEANR 4 & D&MD 8 ~ 10m b
b5 RNEFEORHBNHEF L, RS, MHORNEEF 2 T 55H0E 27 — F S+,
1998 FENT A =T+ 7 INTHIC T 132 W e L 7z, 15 13t KN ESH I3
D5 R REF O B EERIH X T AMEA S B, ZROBIHIZEENTEL TBY,
2000 4E2* &AMV UG F A HREIFHBIHIC & > TEL DIRENET 6 hd bo LS h b,
KRIEHEGEIC & U 13 < O RIKoBIHIANESG — 75, FHORBBMEOM FE L VLA
% =9I, ZZoIRHHICH 2 238 % < 722 SBHIL SRR 7 = —H— (RISGER) 2 oKk
D RPN 2 BUH & RER LT o 3 Kotk ofifiiliz H N & U 7o KEBD — XA b S HToT
b Tns, BUFIED SN TSRS —XA & LU, BRENRe Ly rat—2
NSV 7HEES (D8 4m) 2 - TiTbhTovs odF 7R iy — X4 (2dFGRS) ®
AREZNFE LTI AV =2 —RAF T NDOT Ny FRA » M KLHICHKE S-S HEH
i (O 2.5m) ZHWAT =V TFIF VAN AP =4 (SDSS) MH 5. 2dF TIEH 25 /1
il o$Ri[ %, SDSS TI1EAY 100 T ® DIF 2 R AR fRBMEE SN D & AT hTHY,
I E TICRWARIBRMEHRIC & O FHOABBRBEOFHMR T EME I Z 5 & L5,
61T, ThETIEIRADOERZMAS METF] & L TEBKDORZBHIL T2y, HKIIT
lF==2— MY RE) e EMFEHEBHIOFR L LTHOOND X211 TBY, &Lii=a—
NU 2220 TUE, 1987 RICK~Y BT VETRA SN IHHTE 198TA DS D=a— MU I DR
HRFOBHEEE Kamiokande TEHI S Wz 2 & ¢, RMEABIHlo FRrE L (==2— U 2 H
WBHZENEHENS LD o T, EJBUE, — MG T OEENTE SN TEDY,
FERITHROE N EIEH 2 L T 20 6E U B2/ 0P B8 e L THEBEL T b 20
LOTHDH., BUEE TOL ZAFE)JHOIFEDREIL L 72 5BIHIT — 213 5Ty, Bl
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FEHARZ SO - RSHTE R OMPZEEIMESNTEY, Zh o2l Z it 5 L E T
WL DH T KA — R T B2 2125,

[ 1.3: Las Campanas HEFIC & 55T — XA OfHR. GHIRL TH B 00 1.1
D CIA ¥ —=_A DY EE LA =V THLHDbLIb D, [1]
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B2F ROITHOYIE -BiEEkiEmOME-

KIWEERESIC & B L HIFHIC b 72 2 KB — XA R, Hubble FHEEHIC & 5 EFHOBUH
7 21 k) FHOKBBMEOFMPL R AREOKEN (0F) LV#ED) RIKOBIHIAE
Bicoh, Rl Lo KR T S 0ER & LT o KBBREE OO BRI L 0 thiz
KGNS TETWS, LA, BHITHS Z o TE 24T E 2 FHOMEDTITD
fﬁﬁ%ﬁ:L?f%%@ﬁﬁ@%ﬁﬁ@quﬂ%@&ﬁﬁéﬁmubfﬁwfmﬁﬁé%
Hawv, DITT, BUEOFHGBOEENIRET IV LR > T b — RIS i Pk
%7wuowf%®Mﬁ%ﬁTw<.

2.1 SFHGHOEM

By FNRVHERICY & SR FHO R 2 MGMNIR T 257 001E, A
%Kbtﬁﬁﬁfﬁkéhé.ﬁﬁﬁﬁﬁ%?éh7x~9uﬁﬂm‘;t%&i?é;&#
TERVLDONELEENLZD, TILENATA—F Dz EIRETEMIL>TEEE
FRFHETNVEMETLZENTESL, ZNHDNRTA—FITRIL T MEHGNST X — 4 )
CTHENTEBY, ZoMlzBHINICHED 2 WITHIRL T 2 BB D KE R H o
—DTYHH L. PEACBON UL, MEHIFZERNC—REEATH Y, BB RN
—THB] ThBHewS T-REATH) OndzikHT 5.

2.1.1 Hubble &

WRFHOY > & bHARNZLNIL, Hubble DEHIZH 6 DT v = Hyr THSH. Z 21 TL
% Hy ¥ (BUEDKFZNCET 5) Hubble E & FIEN S FHGNTIA—-FD—2THY, ZD
BT kmesec™ ' Mpce 1] £72 5. Hubble &L, FHZEMOWREORELIRDHNT A —FT
bbb, FHOFMEHET 5O ER] R TH L. Hy DIED[EEE Hubble
PIRZ L DHFSEENMT72 > TE T DA, RIKDFREREIC BT 5 NEMW 2 TEiRT 5 o 23N
128, SIRBUHENZEITRD 6T, BEEE T o8 ot &l HST oBiHlF—
LEVRRINTND,

Hy = 72 + 5 (MLEHEE) £ 7 CRItRE)

THDD, BHOHRICBNTER, 15% DI EOENKD Z L 2% 5. KIC Hubble £
P72 TH 5L L L TBUED FHOFME ZATHGY, Mo/XT X —51C k5 NEEENIXS 7=
D, 90 ~ 150 BAEFEE L LAPREITTERY, 2B, FHGTIIFHRDRKkoFihE 10 #E
(Cyr) BAICRBLT 2B EMELL, BUEOFHFEY 9 ~ 15Gyr L RSN 5.
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2.1.2 AT =D 7 I 8—tFKHRB

R FH TR Z Db DDA 5> T L 720, BESROINY 2 /- 2 HEITI T2 5 DERH
5., WE, 2] Eod UV OBHIE ZEAICE Y, ZoBHIEICEA oSS ([
%t proper coordinate) TPHREr BN 7-mlicH 5 RIKZBIHIT 595, Zoe &, » I XBIHEE
Rk oM OFREEZ R Z 212D, FHZEMORICE b2 p TR 2 & izl T
WL zhuatl, ZEMolgik & [\ CEIG TR S BEER GRfEEESR : comving coordinate)
65 S 72 2 R OYRE o 1 IFRFRNIC K &6 T B2 R, ridz ZHNT,

r=a(t)x (2.1)

ERTZEMTCED, ZDat) % A —NVTy 22— LIES LEA>T, B4l
JEEIC BT p 2 T/ 2 I ORiRER, KX 1o ICEREEI TIN5 &,

(2.2)

L5,

DGR & bR, B 5 R S U S Wz EBRE S ] & & 6107 ORI X 1T
ST, A ICH 2800 6B N, TR S h-EBEdE, Bzbol A TRl
BTN Agps = alto)/a(t) \s ICHISEEZ SN CBIIS B, 227G, DToRIcky <5

A—H 2 B EFT D.
_ )\obs - )\s o a(tO) 1

As a(t)

ZFt DMLY —RICRE L0 T o2 FHONMZRIIEEL L THWS Z LW TE 2.

Tabb 2 OEPKE R HIF EEMPIT LY RO/ THEMZEATE LI 2ITRY, €

DEMEIE L VIBEOFH BN QI hzbo b, 202 % DiAREOKES] &

BHVEHIC RG] LY, RIKE ToOMREY 2 =" LW RIRTRYT. £, KGHRE

MREWEG% Thigh-z1, NSWIEGEE Now-z1 ERBIL, FHREOKEVKIAE Thigh-2
Kk LESZ b H L. LR, ANCHICBWTORGREZ HIC T2 &RiLT 5.

(2.3)

2.1.3 BE/NSA—4

BUEDOFHIZE v IV LLERIEEZ T TO5 0, koo ket 20»H 5 00%
H LW & BUPHFICER L 2 O DT FHOZ ANV I —EBIC k> TELGS S (HEb T XV
X—LEMTHLLEEXD) . WEMEFELHRFHIIBI L P XA VT —EEEL p& L, 28
RN D4 r OEGH ORI B HBOESREZE Wz T4, BRIEE o TEB50T, '’

ROYLY O YL R NVE— FlT

4G pr3
E= v .
r 3

7% (GUVEER) . Hi—x)L¥ VURIVIRNVE-BHVED (BE=0) Z&

1
2"
— LR

ZRMICL, ZERIFR O & L CBUEDOME vy = Hor 252 THERZML &,

3H2
8rG

(2.4)

Pcri0 = (25)
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85, D, paio % RAERE] LR FHEGET VBT, FHOFT RV E—
%‘F{ £0o & %";R?%FFR Pecri 0 ODHZ,

Q= 20 (2.6)
Pcri0

TEFRIND BENTRA—=4] ZH0V5. Qp> 1T, & LEHORICITE MR D

I 2V T — KV (ER L0 5 o TFHITIHRICERL, Qo < 1 OBEITIEREICFR & #il) T
WL ZeiZkb, Qp=108E, FHOWEOTUI0 L 232 oFRERE TR O R o
Z0IPRT 5.

KEEOFHITBT 5 TRV —3U, NUA Y, F—r~<F -2tk THbh T 5,
IBIA 7 V=Y a RIS I, BoR RS CHEZED T OV -RFHERE L
UREED 7289, ZORZEYEENT A —ZITHARAERTUTR S0, LEeAd>T, ke LT
DEENT A= ZFIINEDVEDVEDITDNTDEENT A =% Qldios Darions DM, 04
DFIE LTRD EHITRKENS,

Q0 = Qraudio + Qbau‘ion + QDM + QA (27)

BRI A—2 b ZOEIFEENIC L PRETE R0, BHITFEORAIZ L b NiEE
ID=DITBIED,
0.15Q <10 (2.8)

BEOHIPRLP X 6N THRWIRNTH 5.

2.1.4 FHEK

Einstein 2%FE L 2 FHEEF NV ZHEET 2 2OICHGNICEAL 25 XA =2 TH Y, FH
ZERNCBET DR /1R RL, BN ATREINS, ChECWERFHEEZLRT5ET LT
A =0 RETBHEMNED ST, AT V—3 g Y PEHGOEEICLY, FHYMNIEE
LB RN BT VY - EHERE LURES &h, FHEhE koo, &
7z, BITAT72 0N 78R N OFIFT 2 & W if5E T, R RNEMERZ LTk TEna b
DO FHIGHESMEL T 5 & oWEN e sh, FHEBOFELRET S LD Rffe -

TWa, 61T, Qo=1,A4=0, T 5EENRTFHET VOLEE, BHOBHIZITITREL
7z Hubble FEBD Hy ~ 72 TIXFHDFEMDPH 90 EFEL 25, LL, KERIITZh LD BIE
R RENE AL Sh2BRREM R O REPBHI SN TS0, A=02LEETNT
WFEEZAELCTLED 22T, ZoRTYFHERDIDE TR L RS T 5,

AZPTORICEVIITCEL 285 X =7 N\ ZFHERE L THOW B L 20,

Aoc?

X =2
° 7 3H?

(2.9)

2.1.5 MMD/5 A —4 & Freedman AR

CHNETITHRANTZ, Hy, Qp, Ag D 32DNTRA—=FIFHEWITHTTHY, T bEHIC
o TORLPZOEREIETAHZ LIFTERY, T D3 ODNRFG A - DRE [F



14 B2 R FHOYIE R O M-

Hifi/NT A —F] LIFATHD, Ihb 3Doftus, THIRMGE) & NRERE) 2vwH 220
S FONDZ MWL, L, INEDONRT A= D 3 DDFHim/N T X —4 OEK
CLTRTZEWBETH B 72D NT A—F & L CUIbhun,
TR 13, 2SO | OFEEZRTNATA—FTHY, HFEMNE K & L THIY
IR % 3 IOCZERIC B 2 R 2 WEER (r,0, ¢) THFORL 21,
ds® = a(t)* (dfﬂ + r%(df? + sin? 9d¢2)> (2.10)
1—Kr?
ERIND. K < 00BEOFHIE B2/ e HZhvukiEICR LY, K > 005
GiiE TEHU 228 & mEh 2l o kI FROR R ORICPHRICHEE L 5. K =0 &I
M7 Zef] ) & rFIEh 22 OFRIZBER ORI ORI E 5. 2 D K D IR OO
13, SBROFHFROEHEZILART 2L VI RMTHEENRTI XA —F LECHEHEZF2 VDO THS
EWVR, FBRICK ZDITORTEMU /2 ky i<xt L,

Kc?
ko = 2.11
" ol 240
ko, Qo, Ao PRI,
1=Q0+ X — ko (212)

W) BRASR Y 7D,

a(t)

t

2.1: BRI K DR EATZBEOAr =)V T 7 7 % — q(t) ORFRZELOR G,
GBEDORAR tg Z/RT.

NIKHARE) 1 TFHPROBEDOE G OIFEEL 2 HETH Y,

o - o), o

= % (2.14)



2.2. FHOMIEHIE 15

TEFRIND.

PLEDX5 X — % % TR FHZEC B 5 EE) HENZRD 5 &,
i?ﬁ_ﬁ§_§ﬁ+ﬁf
a2 |dt| 3 P a? 3
b, ZolENE, WO TZoMEEIKD 2 A Freedman D% % &0 [Freedman /7
B\ &Ins. EEROFHETIICIE D Freedman HENZ FHER A 0FHKSS,
FKEDOWEBEEONTIOY LT 0 THIPRE LW S TZSESERIED Y LI
BEORICEk > TEL DY — UBMFEL T 5,

(2.15)

2.2 FHOMKEEE

1.31CB T, FHZEMCBT 28 o ild—MTidk <, SRIJAYEET 2 4k & 121E2]6
RIS o TR e MEEL T b Z 8IS0 TRz, 22 ClE, 29 Lk MElH o KBIBE
] 2NV, ZORENREEZINIBEORSHLE 5.

FHOKBBRBEOIIR & Vo Iz P A DA —TB 5 11285 % 2 521, )
W Ak ) 2 LTk, i, BEZ 10! HREOENEE > -EHTHY, Bt
REL DRNTH B H AW IETE/ N L > TERMEL ZHCE1ZRLTH 5. FHIN AR
il OB RIEZ 0 ) PN 2 HEPRIEN S HEE T 5 2 e T E, KGOEE Mo (M, ~ 2x10% )
BHMEL T L L 101 M, BEL 25, BOWEEIUA —F =10 > T 528, Sl HEDBH
FRZ D CICHEHI SN, KT FEINRETH D LIET 5 2O EDEBDE LA — & —IC
75, S ONFHIITELIMC b4 RTRIC L VRS WA T Z2H Y 2N SIFER T A (&
BYE) erfidhs., £/, Rl OMBIZRERMERH v, RN RShEThE
TR 72 ) FRIRAE 2 FFo 28 2 Z CUEEE L Idfilih e,

COLEBNCE s THELNZHED D bbb A — VO/NE WL DT, 2 DD HET]
MEEH 2T 2 NE ] cFEhs b0 TH 5. 3MELLENS 10 [HFEE £ T o LML
L7zbold TER[EE) 2ifidh, PEMICEEED < IMpe BEOKE I TH L. $RifiFoh
IIFERIS NS OEE O PIBE OS] ABE L 72 Ta o8y MREEE] 2IFIEh 5 b od
D, ZZTIHREI LS ECOEJTH EMNFEWETE - GhEL2DHL L EX 6N TIN5,

TRED S BITHBMREL 2D, BHEDLEOSR D Mpe OAIMICE—EL Zb 0%
MR &IPS, SRENZEHCE 1265 L QI FHTRAKOY A X TH 5. RufHoikt
DRI — v GRETE D X > N —$Rin] D — D A3$Ri] [ D4k % Kk 9~ 5 D122 IR &
#ZL THIKTRERD ) 250 )) 1d, 100 F0A — ¥ —ThH b, Zh 2 FHFkh e iy 5 & 8
WFHEADIRE 2K E R IFNEACEZ R T 2 DI HARF 2 TCninz Licky, Thv i
ICFHEHYIHORME 2 SR BRIFEL T EEERH 5, L >T, Mo EZ2FH L <H
N3 Z Lld, FHlHim T A —F OPERKBBEE ZKT 5 b LIk 5 IZHEED 5 & DffEi]
REICKRELGGT 52 e TEh, BHINIFSGcB O ORI Z 05 e 95 2 LI1ddERIC
EETH 5.

1970 FEME TSR N FEHICBI 2 RKA T —VoETH 5 L X 6N TN, 1.3
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Tz & 122 D& 1980 FFANIC A > TRRIR LY — A DM T2b KER 2B 2 5
MoOHWRBAESEND &, IR HAZESY A ZOMEN R TEZ, SO0
FIAMED &9 L 212220 T Mpe I2B X S KBBZERZE-> Tz ThH b, Zhe
DEgRin ) & 5. tﬁﬂﬁ@ﬁﬁﬁ%i?%@iﬁaﬂﬁﬁﬁﬁéwi%huif%é &

BT, ESTHNIEED &5 Iz - 22 LT, ZOENMPDIZE A CHEEL Tk
WA Z D BT & D1l 5> T d. 2 DRMERE OROHIRAS TRA K] ThH 5.

ZD &I, FHZEMIIBY b RKMEOMMHIZYYEZX 5N Tk S —faboTidikl,
SRR MNICEIE L 722 b2 2 e Mo TER, TlE, 2Ok RENRED LD
RYFENEREE R TEON TS D e 0 ) IR L 2 50, BUED & Z A FHA» S
BUEIC A S F ToYREMNIELE TRl LS BERITTR L Ty, LaL, 2 Ea—
FICEBEHEY I 2 V- g VHRTOREICE Y, HERRICET 2 MGNIZE D & RiciEs
LTBY, 2hEToBllHREZIIIETMCHHTELE TSR > TETWS, 2.3 TIEBIEH
EERICE T 5 EENRET IV 2> Tn5, EEES & e HJRNEIC X 5DV TR
5.

2.3 FEWDPLEFELECDMETIV
2.3.1 ENHALTTEHESR

1.4 TR &S, FHERRY (CMB) OREOWD S 1T KEK Eo 10° Bz 2 sUCKTL
TOT/T ~ 1075 LI IERICOT PR b DO TH o7z, 2oz e, B EAY (2 ~ 1000) P
DO FHOEEMINIIFFICEORE T HETTH - EAD I MW TEL. LENST,
KEREEDOTRBRE DI L T 5 8 O RHBREIEZ 213 E230 oR DI ICER S iz &
BRI NE RS, LU, BRI HRZEMMIoE ETIEI ) LMz o< v iy
ZLIFTERVED, B Y OREITI ) LHMEZEL 0D T2 2] BMEELTHD
39 THL. Lb, ToWwsEECOBE DFHIL 72 10° & WD KERMLEAT — )V Tldx <,
FHoOMEN A0 ORI BT 2HEERY 4 X LR THETE 25 LV bt+omahal
LTI e, 25 Lk, BEWLEED X %] REL TFHOMEBEZZKRL T <
WEOETIVE L TN I hWb0ld, FHEEERICGKZ - 222k (17
V= a ) OFBRICAERE SNIERITNS R/IRIBOEED & 2%, FHFke & bICE/N
WMFRIC L ORELBED & D kG2 AR Lz e T5 TH/JIANEMR THb.

2.3.2 24AHMBIEIR

FHZEMICBY 28 DT TR 2T TIERTE T 528, MR oiEk
ZHERNICERT LG 0 HE-1E) OEEGRERNCFRT 20ENH L, T2 T 24k
MBEEE fiEh s B EEAL, R HoIE—RRE L2 eI 5.

JERE 2 12 BT B8R ORIBUERE R n(z), 26 r RFIRRNIG T OMBEER 2 n(x +r)
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YY5, ZorE, 2 RMBEE () 1T

e = MR (2.16)

TEASND. 22T, (n@nlz+ 1) & (n@) EThZR,
(n(z)n(z +7)) = % n(z) n(e +r) do® (2.17)
(n(z)) = % n(x) da® (2.18)

35 (VIR . () MWEARMNICERT 2 D1L, IR OMRu &ML LT, Z o
P> & FERE » BN 72 AU B 20 SR DIFTE S B RE SRR M AT DI G L R T EN T TH T
NEDNENDZETHL. T2 RIE, £(r) > 07261E, —HMi oG EICHATEIRE » BEh
TOB LI RPPUDORTDEMEZNE NS Z e THY, o Mm s roMENRE SIS
WD ZLiTkd, TGN E(r) < 0 D& EITEERE - BEN 2 & O 2RI o X713,
1969 4FEAIC, 2 MM B RRU .
¢ =(~) (2.19)

LD INEBOIECHEBRTE 2 LW IR &, YRFoBHIFT— 7 2 b—HL Tz g=1
ot, #EE 2 Jotolm FICaiL, g =2 DFEICE, SN 1 KIToM BT s 2
&l it%) BELSHZLHOLENTNS 1y & 3 DL, 1983 FEIT P.Peebles & M.Davis
&> TR 6N

ro = 5.4h"*Mpc, 3=1.8 (2.20)

Thod. £z, CIA Y —_A TORRE 150h Mpc OHERN D 1761 {8 DRl DFEEH & 1
ro =5~ 12 h"'Mpc, f=1.3~1.9 (2.21)

EVIIBUEREFOENT VS, WIS 1 < 8 < 272DT, SR o /AL Loy A & i oy
MANRIEL 72 & O wiRMBL L CHif s h 5.

2.3.3 BEWLEFEL/ND—ARI ML

COBE OB RAYRT & o 2 FHolh 20 ReHic B IEEIC B2 65 1%
BUED & o iG> VT Z e 28T E i, Lt s T, MERROMGNRET VE D
KBl YR L TRV —EREOZEMNIE—FE 2 ZBL 2 < T b2l 7
5. ZOIR)X —EREOZERIKIFEE,

p(t,x) = p(t)[1 + 6(t, )] (2.22)

EHEbL, i(tx) % FERDSE] LS SEBRCLELRDIL, HIHREDMICBIT LW
5 TDORETITRL, BEDL TDZEFNY - NED LI RWEOD S ToERGHLELE L
TRINEDENVIEHTHLDT, FBEEHTRINTWHLIEEDS X%

(ﬂtk)zh/5@¢wexpﬁkaﬂdm (2.23)
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& Fourier AL Tk DZEM]THEZ 5., E 61—, BEOS 0 2 FThHs T3
=27 M) LIS BEBHGSNS.

P(t, k) = (|6(t, k)[*) (2.24)
Z DRI =AY MUIE, 2.3.2 0 2 RMBBEBE DITO LS ITHO T 5,
tx) = ! Pt k ik-x) dk 2.25
(t.2) = 5 [ Plt.k)exp(~ik-a) (225)
N — 27 ML BB e LT,
P(k) = Ak" (2.26)

W) MO ZIUEL, REOBEECHIEIRIC 2 A XCE CRETE 25700 8% %
JRUZAGR, DEFL L Cn = 1 YEREND, 202 &0 5 EDANRYT MU (P(k) = Ak)
% [Harison-Zel’dovich 2AX%Z7 ")V (DIFHZ A7 hV)] RS,

2.3.4 H—UTH—
F)IRZEMGIC L AERROBEIZL To L IcE v o5h b,
1. FHEARD 5 WIEZ0EEOFHHNIEFICIRIEO/N S WHBUND & EER I NS,

2. BUNRERED & EMFHFR e L BICHSDE/NITE > TREL, WL O ORI R A
TF—=NVEb S ERIBOKE RS ENTE 5.

3. S ENS, BUEBIHI SN D KD kN Y — 2 &2 b o Il o MAMES T <,

L AN, EIIRGEMGKGD T F VAITBOTUL, Y OBUNRERED &5 EAKE L TG
ZIRT B0z 5 el e T, RERCBIHISh T2 E» S ESh S HE (Fe L
TNUF V) B TEMEIFODSOHTZeNTERne» ) l#NH 5.

Z ORJEICDWTIE, 97CIC 1930 FE 2 AU F.Zwicky A3 Z A BESR FICTE T 5 A > 7N — 4]
OMFED 2 A, B S BEY S W2 HBRICKZ2HJEZ T TIIEEBRLEROWEUETH S
ZLIRTE, kb HE) OfFERIERHL 2. 2ok, iz D] oMEIic W TogFEL W
AT asiEL &, RILY BIHI S TR HEZ T TIEFH O DR WBIEAR L b WG S h Tk
PhHE] OFERIESHEN otz 2o b /EHE) 13, B CI3BHERH 0 BE
RIZT O R L TRz oI A R0, FHEHZEINICKRICH S TP E M 5 T
HeEZLNTBY, BUETIE F—r~F— ) e nsd, BHKREY?S o ETlE, Bl
EOFHEHITFET 2HEO S BB LZ 90% TIFF -/ <7 —ThHhb eI Tn5.

=<8 —DERICOWTIBUEL EEIXL TB 6T, 2fRoBEgNETS N TH5 D
BCHDH., 1 2FHEONV A SHEREND RIKT, BERMATEHBIVNSIEE S 720
WG IEEZ § 2 WA TE IR NHOIEE, DIV FECHERE, I v
JR=NVIRERH L. T EITHFL T TMACHO(MAssive Compact Halo Objects)] & FEE
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Ny, BESHTZoEERZ TR 7/ay =7 IR ED N TS, b5 1 Do fs
IREEZb D=2 — NV % ZHE EOFET L2 WENTRRER - (SUSY Kif) 72 L5y
WHBEH DR 2T 5FZ K FTHLE. b DFKF1d TWIMPs(Weakly Interacting Massive
Particles)] &IFEIEN T3,

2.3.5 Y—0TH—ELIESEER

MACHO IZ2W T, A7 by X e KidhbE /)L > BRI OBHNC & 0 BIFEN
BINGZ DIHENER S22 H LM, EESH L HRIIIRET T NVERT 2RICIIBLZ
ATATHY, MACHO DL I BRNUA VT =2 <5 =2 TRBUED & S 2 FHIE DT
RIT A EEE ShTn b,

WIMPs # ¥ — 27 <% —DIlEfke 270, AREEO=a—NY )2 ¥ - < F —
95 TBWF—r<%— (HDM) EF)] & SUSY K Frl okl f42 5 -7 <k —
95 ke —r<5— (CDM) ET)V] 255, B Ly Thfn) v ok f
DUEDENMI L LR PTH Y, KMV HETHITo2b0% [Buy] 25 Thrnbok
[a7zuy) LIRS,

Za—= MY OWTIEER PR TREHENG ) 1ICBWTIEZ o RIZ 0 & Shinky,
1998 FFIC B KA F HARIFZET &2 /v & % Super-Kamiokande 7V — 728, =a— KV /i
PS5 2 LIENT 5 =a— UV REIE b h 2B ML Lz e RE L. ZofR,
Za— NI 2B F - <8 - Dbl 2 B2 15722 L127eh%, Super-Kamiokande KD i
WRITE, =a— b N DBFERFY -7 <X —THD LT HITH L OEENES T b,
Za—hU ) OEEANTA-F Q, F3EH0=a— ) OHRE TN Zm,,, m,,, m,.
&95L,

Q, = 2:<U£$W)h4 (2.27)

imepur
Wb, F—=U<F—DEENT A—F Qpy 1E, BIHER?»SOHIET 02 < Qpy < 1.0
Lo TNBEDT, UCF—I<F—DTRIN=a— M) ) THEIL2IARLEZELTY
Q, OHIHIZ 02 < Q, < 10245, ZOZeNS, Za—b ) BT - F—-ThbL
ThiFzo 3 o=a— M) 2 OHEOGEDS, Hubble E8 h ORNENED FRL = 1T,
5[eV] < (my, +my, +my,) < 100[eV] DFEHICH 5 Z & EREN S, Super-Kamiokand 7/
N—=TW LV WE SN c=a— MY 2REBIRDS y, & v, LOMTES VD THS & ThIT,
125 DBLHIRERIE

|m,2/T - m3M| ~1073[eV?] (2.28)
ThHhbZLERLTWS, —a— M)V oHEMERBTREJHNTHWEZ 2 ERLT
my, > m,, &3, N2.2806, v, DOHEEM,

~ 3 x 107%[eV] (2.29)

Vr

VRS ORI S ISR E OV kil D & 2 ofEEAHT S, BIECEO RS, Yo RKko
BB L TR A 72 ) FEROHELL RIS - TRA 2 —ilinam U BLG
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BELWS Ziiid., ZoHBIT ETERSNIAEICHARTIERITNS L, ZOEETIE
Za— MU HMTIIY - ~d - L URBEAZRNZ L 2REL T 5,

BT, Z=a— M) JICE>THELGNDEED 6 EDRT =)V ), IFBUED FH OV A XITH
2NE

9

-1
my
A ~ 40 x <E) Mpc (2.30)
(my, Vd==a— MV OHETHAIIT V)

BETHY, FHOAIMNIBW TR AT —IV (~0.1Mpc) ORKE I OMELELZ LMW TE
B, LMo T, ZORRPOb=a—N) ) DRET -8 —L L TUET HET VA
LW EEIND,

BAKIICIE, BUEISE 2R S T SUSY K172 & DRk WIMPs I &% CDM €7
ARb L bENE 5, EBE, CDMETMCHES S SEFSERBES I 2L —3 3 v ORER
FBIHEBEREE X HBLLTBY, BED L ZABERKROET IV E L TUE CDM ETAVNY 5
CHBRNTHLEEINTWS2, LaL, —HoBlHlFRICIE CDM 7V L5 THIE B
HEODDOLFEEL THY, CDM EFNMPEEIZROREMG & 220 132 DT> TE o
MEEDRETH S, $£7z, CDM HEHDIEARG REZARHTH Y, FK Yo iistoitEEic
LEH LRI NER 620,

2.3.6 CDM IC&BFHELEETIV

BlED L 25, CDM ETIIVBBUEDOIK A OIT(FOFHIC BT 5 KR0S 04 off 7 &
BN ESHETELZ205, CDM EFINIC X BHEKROBRIITEED ShTns,
CDM EFN T D WIMPs R4 2% & o &M EAEFIC L 0 EMEZREN T L KT
EHBIL T Z 212252, FRIIWRB ANV EL 25 DTN ZET VEH
WAy Ea—2IlkbyIalb—ya USSR L THW SR TS,

MEROBUES I 2 L —3 a T, GIRIEE L TEREY 5 ED/NT — AT U HZ
AT MV (P(k) = Ak™, n=1) Z2CEL, FTHim/NNT XA —F Dfiie & SRICELS®LFR
O TTY L EOMRE L MEROM FEHBESE 5, 518, RITHEED S EAYFTNIC
BRI 5 EANOERNITIEREND L LT, DUTORTERBESNDENL T ANTA—=F )

ZWAT 5. , ,
((#)'0) =+ {() o)

ZORDLGUNE, Fr OBOPICH LZHBEE (F—r <4 —-bE0) 0P b ED 2 RF
PIthv, EIIZ oA O OREEEOD S D 2 T THSH. CDM EFNVITBW
TEl<b<2MBFELWMEE SN TN 5,

CDM ETNVOFHE L LT, YA X/NS B2 { S ARSI N Z N 6 2R 2l
R GREZVEL T 2 TLY RELY A XoEMICHEEL T TR LYy )
DIREZEATRD L WH DL, ZoTF Y AIEDTIE, ETHDIEREL OV A XD K

2CDM & HDM %A EHE 7z “MDM” (Mixed Dark Matter) £ W9 BTV b RSN TIN5,
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HRLZLES R, Th BRI ONTH LT OEEMEL T 2o, SR Zhl
FoY A XTHHRBBKEEZ L1 & ROBFICIR S h b Z 12 b,

CDM ETICHIUET 5 FHi/NT A —F OMEDOBNIT L VA RN T— 2 a VIMFEET
L. ¥, A7 V- a VHEGHWERT S K = 0 0 FHRFHEENEL 2 £ET, FHoOT XL
F—XT XTI L EZRIEE L, FHERDFEEZ &0 20 Standard CDM (SCDM)
ETIV (Qo =10, \g =0.0) . [HIL < FHRFHEWEL 2 BT, FHEBRIC X 5K IR
fii < £ fXET % Lambda CDM (LCDM) EF NV (Qy < 1.0, A\g = 1.0 — Q) R EMHY, Zh
52T IUINTIEA VT L —Y g VHEGP S OEREZ L LT T TnS
P, FHOMEMRBMETH S LIEL 72 Open CDM (OCDM) €TV (K < 0) &IFEIN5
EFNLVLHD. INEDZENTNOETFIVICBNT, FlHii/$T X — 2 OEx B ERNs
FHHEBIC VI a by a2y, RVBIHKRE RO—BE R ofeRkose L
TEHOMERE RHT 2 G2 LTt s hTnb, 72721, OCDM EFI)VIEA
Y7 U—va YR OBGENIN Wz, BIED & 2 ARONZRG L IS Tunian,

ZL DV Ialb—Ya NTEBIROFE, BUEDO L Z A low-2 (2 < 0.2) DOWIROBLHIAE
R b ELEBRTHDIEQ=02~03, \g=0.7~0.8EEDLCDM ET NV TH DL &
SN TS, \g=0.0D SCDM ET IV T, $Rinl o 2 A B BB % KEROBIHI & &
BT E0ICHBTHZ L L, £RBHIShTOIERIREMOFl LV b FHF#E K
ELT5 (4> 15Gyr) BICITh <05 2o TLEY, ZNOBIHID S offf /e & K& 13k
hTnsg, ZhUitL LCDM &7V T, 2 A B BB il orAfiZe & 2 FERIS ORI Tl
BlTE, SHICTFHFME 15Gyr LEICT 580 0L 0fib, h 0.7 LBUEOHEEM L GBL
Twb. 29 LS, BUEIXLCDM £FNAY, MEKRS I 2 —Ya VB 5ET VD
Hubh& 22 ) 22%H 5. SCDM TNV TidZ < LCDM ETF NV O EBHIK R % & S BT &
% LD RUEBRZE L, PGANZRIIFSRED & FHEBOFENER S TS L b E R 5.

X 2.2 13 RFOTH MG 512k b 2 OB HAK FORM O TFERD Y I 2
V= a v ofiRTH 5 (Yoshikawa et al. 2000 [4) . ZDEFHHTIE, BT A -2 ofi%
h =07 Q =03, \p = 072L7%ZLCDM EFNVZHWTEY, BOX @ 1o¥ A X
75h 'Mpc GLEIEED TH 5. HTIE, K FOBENEL R VEEIEL RHIFEHRFER
INTEY, Tl fORMICIZZDY I 2V —Y g VITHWEZFEHETIVICBY 2 EEIVR
INTWD, 2z = 0047 WD DIEFBUEDOFH L IZ L AL CIRERZ & FX TRY., MTI,
2z =3.0DH7Y TIIK FOMIFTIE—RERG <, & UTHV - T c &2y, o
%2=200H70PoRRBERBAONS L DITRY, 2z =0.51 TENRYPEITEEOR
ROBIN T D DR TE 5.

237 AVvIL—Y3 UFHE

FHOFEANSHEICE MBIy FINVHGTHIHTE 2D ENTW D, vy r
NUHEGE T TIESH OO K X 2 A 2 > DB HEA RO F F RSN T,
— T THERRRE) S IREINL R TH 5. BUEOFHEMMEIIBOUI AW INHEE
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z=30 (t=213Gyr) z=20 (t=320Gyr) ; (t=4.18Gyr)

z2=10 (t="5.78GCyr) z=051 (t=8.33Cyr)

Bl 2.2 2z OZACTHE D HAK DM DIRE DM . BORKFZAEE KD web 4 b
(http://www-utap.phys.s.u-tokyo.ac.jp/ suto/index.html) B LT [4]

RRLELHIFIC P o Z LIS K BHTH S, BUEOFHITKMMNIIE—HELTH Y,
FHHTET VO ZOZ LRAHEL LTS, E561, COBEICKABIHITY CMB e KITh
feo T—FETH L Z LIFFERS N TS, PHBRIIOEOM S L O O HE TIIREL v/
D, FHIEED SR ¢ 37 FHE TN ERMEET S d 3 d~ ct BETHY, Ihik
D YEENT: 2 RO TIEAEWITHEROR D & 01372, Lhts THCYHRIBICS 2 080
20, ZOMROMERRZ HFR LS. L L, FHIEED S 30 JTFEROTFH
DN ERY ORI (2 = 11000 OFHICBI 2HCFROMREL, 7 oBRFIR & - BUEDF
HCIEAET 2 BEDQL ETLIRN, LW TBIEOFHB—HESTH L 0I121%, 1
FDOFHEITBNTH & N REGRE R 22005 7213 T oailE) Eh4 < 6 CYRRIBIC S - /= 2
CERRDRLLTUIRERY, Fol{ OHRICZ D LD RHFBMILT 5 7z L1 HIT o 1203,
Yy ZNVHRTIEZ oM fDSEIH TS 2 72,

YO —DoREIE TNEHMEREE] L EZNh Tnb. Freedman R\ N 2.15) 2 A4=02¢&
LT &,

Kc? Kc2
Q1= = o (2.32)
Y b, ZITQRQ, CHETE,
1 1 1
S 1=(=_1 )
0 (Qo )1+Z (2.33)

25, QIEBHIOT =206, 01 <Qy<1.0 WO HIREZTTBY, 202 v HRT
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5 & FHOEN ERY oFHicBT % Q Ofild,
1 -2
‘5—1M<m (2.34)

Lib, 2 MEBICKEL BT QIIMRY 2 < 11T E, FHITFHE 25, ZoZ ety
A D e, FHIHNICBOTEITH S 20 R 2z L TR T Q) WBUEDRL
HHE %72 372 {%2>TLES. LL, By INAVEEGRIIBOLTUIFHoERIT L AR
TN, FHMWPFHTH 2 Z LIFFEHNIIEFT I TRy, 1ITHEDLST, ¥ FHIT
ERSTNBDOMNENS FMNGkE Sh, By INVHERORTIIMADO TERWEHTH - 72,
1980 fFIC72 Y, 6 offiie —FEICfRRTE L u[pEE 0 H 2L L TEIF L -ons,
A.Guth & EBRSEZENZh ZMIciBB Lz T4 7L -y a ViR ©Hob A7 —
va VHGOE L, FHOSLKYMIIBO Ty V2B EHZET X2 VX —-NF /12 LT
fih < = & CZel) 2 FEIHBNIC RBUTFE & 8, IR O#ICEZE T 3L F — 1R L 72
EVOYDOTHL, FHERE L THZEZRXVX —MBFEEL, ZOEPIOT XL —-LD Y
E5MTKENE LT (A> p) Freedman FTERZ L &,

a\? Ae?

a(t) o« exp (\/gct) (2.36)

VD FRRIEBIN 2% T 5 2 L1k b,

A7 Vv—ya VHERENETIE, RSNz 2 Do RBEMBEIRICHRTE S, £7, &
W PRIC & - THEFRR O RS — U HI S EIZ S h - 2 & G, BlEDFHO LI H /- 5 H
FHAS— BRI HIERR L 0 NI A>T B, 2078, Z ORHB THISER P o Ak
IZ[a] CHe o © X Al CYIELIRAEZ RO Z L 3u[RETH 5. T ok, Wi LYY ofElflE T
NS DHIBPHO LG OHEER LY AN CHENRTL £ 5T, YRR FE S it
L1-OBHEDFHE FRICTHLIEMNTELDTHS. 61T, BEANTA—-F O,

_ K

"~ a2H?
Rz 920, o WEBUSHMT 52 e T QN LIS EFHRFEEHE RS, Tbb, 4V
TV—Ya VHEREET HRVICBNTE, FHITFHTHL Z e RNEFHI WD THS.

EHI, A7 V=Y aryHimickhid, FHOBREY 6 ITFHPE RNV A X TH -
TR RONEEMNFIIGER T 2B 7O 6 ENFTH L e S, ZOWSEDAXRY MUITHZ
AR MIZ—HLTn5, CDMEFNLVDYI 2 b —¥ g BN TUIAINERE L Lo HZ
AR MVERTOMITHZ TN, £ 70— g VRIS, HZ A7 ML bR
HINICHA 5 Z e Bu[REL 25D THL TH 5.

A7 V=g VI E EARREERINNELL, NI A—=ZDIERED K&V & F
SEREHILGENELZLL TOLIRIETIEH 508, Filo & 5 ok« 2R 2 JE N ISRk 5
ZEeMTELLEYD, FHoBTFFEHEE 9 IV FEEHOBRE 2 o0 CEELMNTH DL 0
D Z IFHEWR L, BUED & ZABENLRFHETIVE LTHRY AT,

1 (2.37)
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2.4 CDM E®FI/IVOREEES
2.4.1 low-z BT AER L DHE

23 TCHREERZ LI, BEOFHmMmIA 7V —v g vMime CDM EF V%2 kP LTF
HoOEAE L LR ML B OM—N L 7> Tns, LaL, BURTIEET vohicBlllficL
MEETERONT A—=ZNEL NELTEY, BUEREBINWTHWEET I ENY EN L
HER 2132 0T, 2.3.6 THRARZ LCDM €T LS Y R a — 3 Ui low-z Ml
(2 <0.3) COBHRHRLIFEILS—BLTHED, EHITKER ; DHIRITHT L COWHTE
BN ONTUE, HARBIHRE R > TORWBURTCIIAETLH 5. 72, low-z U
IIHEED R T 2 £ TITAR 2 WS EMA VA THY, 22 TOBHIKRZT 2 &I
JEHDERED & EW S DIREDOHFEFROT20EH TV ICHENTHL L EX 5. SHIT,
low-z HHRICBNWTYE, LCDMET N E EALT LY —HL T neBbh 2BHIE RS —
WTHESNTEY, CDM ETIVIC K S HBEREEGERICIT E ZME T RERBL kS h
TWa,

2.4.2 Las Campanas Redshit Survey & A#EE

1990 FFAR DRI F VU D Las Campanas KX C, Las Campanas Redshift Survey (LCRS)
EHHINZ IR DINIEY — A TP =y "MTRbhiz, AEREERD 2 ODHIET 2 < 020
24000 fHl D] 2 BLHIL 2 DM I 7z, 1 EOR 1.313Z 0B TH S, Z Z TOBIH
fikZ b LA D 2 (RMIRIBETL ¢, 23RO DHIZEBIHIT — LT K> T T2Rdbi, 2 NI BRI
DOFENER 2.3 D &k D127 572 (Tucker et al. 1997 [5)). F2.3(a)ld, 0.1 < s < 100 [h~Mpc]
OHFAIC OV THIHRRL 72D TH Y, (b) 130 < s < 250 [h~Mpc] DHEFHIC DV THEE
FRLIZbDOTH L., AFAREBEROBHFRZEL GOELLDOTH Y, HHUIILR DA
SV, RIEROLOWTEH LM TH S, £, AZERZFHTFHEEHWTHEL
LG omRTdh s, M (a)iclid, ¢ 2MBBERRLAER 219032 5=-152& L1k

GOMENKRTRREINNTS. £z, FHTE(s),y DER s 13, THRITIFE2EH T o Bk )
R eI TS - TRERE » & Hubble B Hy B & G O BIBHEE D 5 b FHFRIC &
5 b DLISNDKRY v, GFFEEE) Ik ->T
M
Hyr
ERINDGETH L. ERRITIE low-2 DHIH Tl s ~r THDH & L Tk,

s=r+ (2.38)

[ 2.3 CIHEASRH YA B2 b s ~ 30h ' Mpc FEED & Z AT 2 MBI BB EHEIC 01
IAFE 2N &0 KREOBY A X TR QMR 2 BEIXIZ e A &2 2 8b2 5, L
MLARDS, s> 30" Mpe & D bAERY A ZTHDOTNTIED LM, KBNS NS,
LB 100n~ &4 200 " Mpc D & Z A T/NIRE— IR TE S, =7 DRE SN
SLMEHNCHEER LD TH L LWET S Z LITTERVAD, 100h 'Mpe & W) ¥ A X1Tb &
) ERBIBHEE D 2 — NI —RLTBY, ZZIHAND ¢ OE— 7 A KBUBRERE I FRFEIN
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1000 ¢ — — g
100 EA “’/A/T\ ) (a) E
£ i A Nk ]
r B S §
10 g = Bttt E
— £ 'A\‘\A*ﬁ 1
0 1 £ Ao ]
- o
AAQ
0.1 £ 5, ]
N f;A
0.01 E N
| o
10*3 | L . ‘ﬂm \:\w\
0.1 1 10 100
s [ Mpce]
01 e e — e
L 1t
i
L (6) ]
005 F |} 1
%) [ & i
o b A A A
o \ //\ AL A A ALATA
v 0 AN 1 %%‘\ég _ s et t 59’\_
Y TA%ZK\L/ f—f f . /// ;4,,\$
ooy Lo o N S R
0 50 100 150 200 250

s [ Mpe]

2.3: LCRS OBHAGED 53K & hizgfin] o 2 (kA B o FEL 5]

IRAT = I)VIMFEET B Z & ZRL TS u[REERH 5. L L, 25 L¥—27 DfFE% CDM
ETINPHEFEL Z LT L <, Tucker et al. ITBWTYH, E—F7DFEEICIFEKRL TS
MZNBERICHERODTHIDEIMDITOWTUIREFRTH L & L TERIZL T,

X 51T, Tucker et al. £V BLLEGIS, [AC < LCRS DA R Z © 212, BLHIMIEZ 25 1
A L 7z 2 ROTH T DRI S BED & EDNT — A7 MV EFHET 58BN TY
CDM EFI)V & =B L 2 WRERIHRE S h T/ (Landy et al. 1995 [6]). #2513 LCRS B4
MOIKEFRDZFNZNDE 2UTCIC AT A A LI E 3K 20 L, BED S TS
T —2ZR7 MVERDZ. ZTORRE, 1FEALEDAT A AT 200h 'Mpe B L <1E 100~ *Mpc
DY A ZIHHET WD & 2 ATHRT —=2X7 MVICHiERE -2 B ohizoTh s (X
2.4) . 200h~1 & B WNE 100k 1 Mpe &5 729 A XL, Tucker et al. TD 2 AMIEBEK O & —
7 E—BLTHEY, KBGO EDY A X, WS EDRAMFEEL Tnb I L &R
Bl CWb, £z, 2IHILRE—=ZITCDMETANLTRENDE T =27 ML EL L
MIEENTHBY, ZoBHEEEZ CDM EFLA»SRIHT 20N L W2 L2 ilbE ok R L
Yo Tnb,

ZDEIT—HTIEDH D H DD low-z HIKITB VT, CDM EFNVET TIEHHTHHD T
EROBIHFRPHE ST TS, L2 ST, BIERVHE/IE &N TS LCDM EF Vb ik
L CRENZREER L WO ERTIE R L, SROBIAIKERIC & > TUIKRIERBEIESRLE L Shdu]
AEMEIZ TR E T ER W, low-z HIRIC DWW, BUE7Y 7 ad—AMF Y 7 RKXATO 2dF
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Power by Slce and Means for Notth and South
hMpe
T 40
w0, W, M. W

5000 — 2a) Mean Notth .+ Mean
%00 — Expected
3000
2000
1000
oLy

S000 T L— T L m— T T

Comparison of Syrrherie and Real Dara AL 2b) Meah South s Mean
4000 —
h-lMpC 1000 — Expeced
W00 10 1 40 EE] 2000 ]
] f | 1 | | Fﬂ | | | | g
w0 |1 1000

e
o
(=5
o000 - la) Combined Real Data — —E o G N A I N I S | A |
e ——Hon ofall P =
¥ ., e O e B B P
P ] £ s ZjNoith  ——-2
e A 4 &
E’ LU o — 3000 | ——a
£ om0 - _ - el —o— Expected
o F ] ]
1000 - & T R N NI N
ol 1 I L I [ o . . . . .
om 0.06 009 o3 016 ol9 I ! ' ! L 0 !
; e ] 2d) South
Wavenumber kih Mpc™) J —#
3000 | = — 5
T —— Expected
2000

S S
0031 0063 oo 0126 o157 0188

Wavenamber kih Mpc'l)

[ 2.4: LCRS HB#KD 2 IKTLA T A Al ETRD S 7z —ZAX7 ML, 1a) [F2KTD
FEL 2a), 2b) 1FZNENACKEL, BRMTOTEL 2¢), 2d)3ALR, MRZhZhTo
BATAAZ L OFR., FRTRENTNSDIE CDM EF )V SHIFF S W B HERE,  [6]

Redshift Survey R HXKH[G] 7' )V — 712 & % Sloan Digital Sky Survey 7% & O KRS — <A ik
ITHTHY, NSO =AMLY SHIZZLOBHIT — 2 R SN D Z & T low-2 Bk
BT 2 MK R OMEEAED b o & ifFEh 5.

2.4.3 SROISEEMBBORER

1990 FFANEFEICR D &, 2 > 0.2 D high-z WERIC IR OB EE] L D B Kied T aftgas
RAESNhZ, 29 LAIROFETIBTO CDM ET )V CIEHBELT 5 2 & %L <, high-z T
DY HLE DT HIRDO R LMK TS, 10 BUTO CDM €7V % Higid 2 LA
LBz Eichs,

1995 fEA 6 1996 FFIXMTTH Y 7 4 V=7 TRK% (Caltech) @ C.C.Steidel & D 7 )L —
713, Palomar 1IR3 @ Hale Bi$ii (048 5m) T “SSA22” (Hawaii Deep Field) & IR
NERMEZEBHIL, < 5IBHS 7 KIRZEIRIIC Keck HEF & - TOHHKL 2 ZHIEL
7z, TOREE, 9x18 OBHHIEOHIC 2 ~ 3.09 D Lyman Break 385 (£238) & FiEh 248
we 7 =—%— (&) BEDLETI6MHY Ao o7z, o1k iRz EEEH (over
density region) | EIFAREN, ZOEGHEEMKICET 5 2 ~ 3 DR OBUL, WEDOH—X
A DFEREFLIC L 7 FEI O L D 5 50 KE L, SN Z OBIRKICHRI AEE L T
52 e3bn b, %5132 ORin] OB A B O [FAGR T H 2 o] BEME 2 5 L T b
(Steidel et al. 1998 [7]) .
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z ~ 3 &V high-z BKIC Z D & 5 R EREE O OBHNEO» 5 Z 21F, ThEToCDM
EFIIC K BEEIKER CIE TSN TORNE E Th o7z, FBE, Steidel DEIHIFERICHT L T
YK DO HERE S D 7 )V—TMRSCDM  (Qp = 1.0, \g = 0.0), OCDM (Qy = 0.3, Ao = 0.0),
LCDM (Qg =0.3, \g =0.7) ® 320505 CDMETFTNVEHCTEAMKICLEYI 2V —
¥ a v EITR VB R OBFB R AR08, Bl NS L O REEEAIERA 2 ~ 3109 x18' @
B S h B H%1E, SCDM 5 /LC 1/10, OCDM & LCDM EF /L TH 1/6 FETL»
wirolz, BT, HERODEFNVTCHOOENTOWENL T ARG A= DETHDH b=1.5~3
BEETIEZ ) LB E A IINSIBmE S & oftm b AIFFC I L Tvb (Jing & Suto
1998 [8]) .

25 SSA22 Lyman-—break Galaxies 15 DSF2237 L_Vrmanfbreak Galaxies
L 99 Galaxies, 2>2.2 E | 106 Galaxies, z>2.2

25 3 3.5 2.5 3 3.5

Redshift Redshift
15 HDF LFmanfbreak Galaxies 15 CDF L¥manfbreak Galaxies
L 49 G.B.—Selected, z>2.2 4 |l 52 Galaxies, z>2.2

Redshift Redshift

M 2.5: SSA22 Zhfivd &9 5, SREHEEWIRCIB T 5 M. 2T EMEBEHIA 53K
B 6 NI FEHED M, [13]

I HICZ DK, SSA22 PO T Y Lyman Break Rl 23 FFE 2 K & < 1 [u] 5 SR T
FEL T DAY, 2 ~ 3IT{E T ORI DFEEAY SSA22 Hlk/21 T T ORISR TS T
F720 2 EAMRAITIH S MR 5> T 72, [X2.5 13 Steidel et al. 1998 [13] 26 DFFET, =
NETIKROP S ADDOFEENMERLTH L. ThTho s 70 FIBHIL 2480
LD Y, BHIBE O K E 13 SSA22 & DSF2237 239’ x18/, HDF & CDF 289'x9 TH 5.
WTho 7578, {9 —4 OBHIREE % TCICHRE S 2 SR B D — R 232 TRl
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TN, Y=L DNRE 2 ~3DPREXIRE LTS 10 DERARICLY 2 ~ 3D
HlICE—IBHRTHS, Zol»6, FED 2 [HIFHEZ K Eul 5ok 3 H >
Mo TWNDBZ NP5,

235 D high-z I2B T 5 SR SEEBIROIEED CDM 7V CIE—HHIFEI T & 2na
6 Y CDM I EZHERROMEGL L UIATLTH L L EDLIL KT, SEoBHIO
EFIIC & o TELLH LOEF N EEL 2L U o2l kbu[fEEL H 5. Blffo L 2 5,
oMo T B EERNIRIIN T IR TN REERPTE LR T oYV IVEBD 5
CEWFEARY. LT, CDM ETNVOMELE T 272012 2 6 OEEE IO BIHI B
xS, & OJNOEIHE T high-2 $R O M OF P2 H0 5 0EN S 5.

2.4.4 high-z Y —_A [ & BEETERE T IV DIREE

BUEMEEROMERE L T /10EAMTH 5 CDM (LCDM) &7 IVIC & 5 PG T8RS,
BHIERZ LI RHTERNZ BN o2 812k, S6RBEHNICES CDM
ETINVOMEEDEMNNEGL R 5Tz 8V A 5. low-2z BUIKIC DWW TEATH @ 2dF % SDSS 7 &
DRRUES —RANC LD RKBEOT I NESBEBOENE 2 LT, BT IVOWMINIHED 5 Tu <
Libhs,

—73, high-z WURICIIELG OFEED & 0 S HIEK S 1T < HIH 0 B T o id ik
INTEY, CDM ETNVOMELH 5 OITH /= 2 MEERE T )V OREED 12 DIT Y high-2 M
TOBHIT — % OEEMILE L, high-z TOLESEY — XA T FHIROMERISLEAN R b D
THoHEEZONS, HST DMk LB L TS AINEHGES, HICITRIMERD X MEEH o A
THEOITS LT LIk VEEFHOBKE L ED 5 -0 ORI N> DO H 5720 T, S8
low-z CTOKBURZZEEE & high-» TOEEHIROHIIR S S ITEENROKMKE 2 > 3.01CBJA
RS D % L 720 OBIHIT — 7 2P L T S e WEHE L e b,
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F3TE SHRARBRET—<A

ARETIEIRA DED T B - PRk 7 4 )V 4 —12 & 5 high-z DR —RAITONWT, %
DHW e FFKIAN, BHINROKE, BHIFEOFEMIIOWTANS.

3.1 high-z ® Lyman-o B ERMEH — A

AT TNz k918, FHEBDFELZIUEL 72 LCDM €7 WVIC & 5 MR o BT
{BHFHTOBIHRRZ N LS BHT 5 2 e 23 TE, BUEIXZ 0 LCDM €5V CHEH S h
TWAENRTRA—F DEER E& e LT - BERO MR 6 oD 5 Tnd, L
ML, CDM ETNVIZL OBHIEREFET 27, dilho L ICET Vo TREANED
BURER Y I ClRE SN TBY, REMEERBELZEGDER > T\ 5, & 51T high-2 Hik
BT BHEOIK - >0 TiE, BT — 22 ThnzebdH Y, LCDM ET VIS
& > T high-z DFHDOKTFZIEL 3R T E 2 MITEN TR,

ZD LI, YO FEHEITBY 5 0FEAD 5 HETE OFRICE 5 W 2 2R 5 o1
high-z SO BHIN FEHBITDEA] RN R 5. ITF £ TERHBSES O MEREDBRAM & high-2 KK
D& D RIEFITHENRAEZBIH TS5 Z L1 3BL S ELTOPRICL Y AR MvER LR LN
D Z IEARUBETH - 7243, 1990 FFANICAY CCD X T D& & HST - KUEEFLOMK
SHKENC £ U high-z KIKOBIHIENT A LY O FHOZER LI 6™ S NS KD
IZ7 > T&E Tz,

*AE, BUE low-2 TOBHIFGRISH L TH —E BN TR WEfrBH 5 & X 6
N5 CDM ET VA high-z DFHICO Z O FE FHHATE 5002 BHIN 2T — 71N TH
MKRET T B ENS D & H A, high-z KIKZ LGP CHEE T 2 2 & 25HIL /-,

F IR, BHFOOCEHEEE & BiRIEOR 7 1 )V — 2l G, FEFITHR Lyman-
a DFERANXY RV Z D high-z D KK (Lyman-a KIK) 2EEET 52 & T, £< D high-2
KAl 2 PR 2 BUHIEHE 2 7.5, JULRFAREBHIFTO 105cm ¥ = X v NEESIT OB
T C05, 618, [ARROBIHITETHEY K STG T A BHIFT O 913 5 HEGIC L A
BEHE L, 2000 FFEIIEEREABIHIZ2 2SS k7 4 V7 —% 1 KRUER L 28l b 1172 5 72, §
WEHIER 8. 2m DFHFLMATEY, KOKHEEETIETIEL 0B >FEAUT LD AW
HTINETIVITDEDICRENKREZEZ L BT 2 2 e 2RETH 5.

K2Z, T3 2 HOEIRWHEF COBEERIC K 5 T, high-z FH TR O & ki %
FCEINS Z & T, high-z BIKTORMO RKERLHEEOFRLICHIFF 2 FE T 2.

3.2 K TIEIR 4 DY — XA DRIG L 72 5 Lyman-a FIFARK K % & & high-2 KIRDFEAM & v -
Ptk 7 4 W& =12 K BBHNC DWW TR AR T L,
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3.2 Lyman-o JE&KK

high-z O RKEEE T 256, LIRS XIFRE 225 RIKFFRA P 6 E L3R T b 7280
IO RETHBHEMNEL AL THS, LL, 7 =—H— LTI REREFRIEE D
WA ZL—EORTIE, Lyman-a FifR & FEIZN 5 KEH FOFERANRT MV ER->THBY, &
DFEFMITEFICIH D W2 DITRIB LR T W2 & 25, high-» RIEEFEEICBWTUI Z ofiii 2 7
00— T BBEENEZ, S 61T, FOMENS KRR » 2iETLHZ e biliks., 4o
o JREER T 4 )V & — 1T & B high-z RIF —_XAITBWTYH 2 D Lyman-a Fif & 0> Kik%
WRICLTwa. LIT T, i Lyman-a Mg 21> 2 = — 3 — & Lyman-a $Rif 0 2 DK
RIZ O TS 5.

3.2.1 7 z—4%— (QS0O)

27 = —%— (quasar) 1%, “Quasi Stellar Object (HETHEIRKIK) » DUEGEET, JLF DA%
LoT QSO b EMPNE (LIBEALICBO UL QSO &£ 75) . LBYbtemzeiilc, £
DEDITRRICL DTS 2o e le iz THENEIR] &S GBI 6T s,

QSO DEEREFKE VI B DITFZ SN TR, —fRITITBB L 2RO & 5 2 Fl % FF
DRIEL I T3,

1 o[BI kBB, JEFICY A XO/NSRHEED LS I LTS 20,
2. YA RTHANTZ DX (2N F—oi) PIEFITRKE 0,

3. & L URARBBIARE N (Fi4 KD EWHFERZ) .

4. WRME DR OHERZ .

5. W[ BT AN SERN DA —F —TENXT L D0H 5.

6. NIRRT H DML,

QSO MED LD W KIKTH 2T ONTHYNIANIHTH - 7248, ZoROBIHIT QSO DJFH
WL 2 DR D AT MUV —BT 2 W AERHS» 5720, $RJHoHIC X 2N — ] &
AU 2 28T QSO MEOP 5720 LTS, ZOEOBIETIE, QSO IFHABE CBRAME
R - COIEFICTE R TG %2 3 5 $Rin] /0% (Active Galactic Nuclei: AGN) O—FETH
LEBEIBNTNS, QSO IFFAEZDOPO—FEE BEX 6N 729, high-2ICZL A2 5
RS 5, BUED > & bETD QSO & L T, 2000 4FIT Sloan Digital Sky Survey F—2
12k Y 2 =5.80 D QSO WHE SN TS (Fan et al. 2000 [15]) .

QSO IFZDFEKR T X )NV X —DRUL B O —D2TH 5. QSO DXE (ilidh bz *x
WE—8) Lo, Kortke Lo &2

Lo ~ 102 L, (3.1)
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Y%, —UTHED M ORKIE, HEOBHNT L 2B ETHIEL v & v ) Ffh & i
72 IeDITHIEDBRANS MITIECTHRD 55, 2 ORFIEE % TEddington BREVEE ] &
W, PIToRNTEDSNS.

M

LEddington ~ 3 X 104[/@ (M—@) (32)

QSO DYEENS Eddington FRAVERE & /2§ 7291213, QSO OERE Mg iZx L T Mg > 108 M,
THHIENERENDG, — T, QSO DEXDHMIKHA» SBEEDL —F —ThH D L1
BUHIRR2? S, QSO DH A XTI KT Y KGROBERREE TH 2 L) fimildrhsd, 2o
TODREREEDED E, QSO IKMEREEDKE & DML S KBRS GRlok &z
10015 bOKBEOTZRINF—2HBL TnbZ &Iick5.

CHIFEETICHERRBOZ AN T -2 UL TEL A= AL U THERNICKRY 22ET
Wi, HIORICKER DTS v 7 R— IVBFEL T L T53HTH 5. QSO DHULBITITE
100 ~ 103My DEKRT Ty 7 R—NABHY, DT Ty 7 K- Vo[BI TE N AN
i (BREMHE) 2677y 7R —IVOHILENE HABETL T LBMETHTADORT V¥ %
VIR VX =DRILE N, ZOTXIVE 1T LY DT ADERICEE & WU 215> & v
YYD THL., ZOETNVHERIE, QSO»SNNE KBOTRXNX—2FHTSHZ &N T
X572, BIETIEQSO 250 7/%Z D AGN O DX h=A L LT, FINHDOT T v 7
RNV ANOHEBRBEHFET NN —RN &R >Tn 5,

QSO DFHE LT, AXT MVOHFICIRD LR 65 L) AV FET 5 T3,
FERRASR 7z % A T = X203, JRICIEANTz QSO N TD T T v I R — VADOHEEHETH
. 7T 7 HR=IVHDEENEE T L T HADP SN S NIZE )R > » VRV F—
1%, B O AN OKZLEICE ZIHEL 2N S OET A SN h 5 & shT
W5, £LI2QSO Tl BHl S A ¥ e LT, Lyman-a, CIII (2[n[EHEDRZE), CIV (3
[FERE DR, Mell (1 MO~ 72w L) REMH DL, %M TYH, Lyman-a ¥ QSO
ORI 2R T O H Y, BHIE NIz AT MV TD Lyman-o FifE DR % # ik 2T olE
(1216A) LHET 52 L TZD QSO D 2 2[A/ET S Z LMW TE L. E5HIT, Lyman-a fFA
N7 NVOHERDEDFSY (continiuum) IZHARTERZE 5 T (1 2RI HE W20, FEFICETT
DTN QSO TH->TH, Lyman-o lIMEAH[AEL 225G VH Y 2 DAIT Y higi-z D QSO %
BEET G0 7a— 7L LT Lyman-a OEZEMEITKEW,

QSO DAY MV, Lyman-a FlifR & U b RO TR <7~ WO IR
WROENS, Zh 6 ORI, QSO Tk4 & DM D27 (ET 5 hiE AL T (M
THD)ICKBNTHEL VD THDIEEZALGNTEY, 91432 a OFF (Lyman-a forest) |
CIHEN TV S, Lyman-o forest 1%, il 4 OUIPFRDE C T 53R & Z OIRIXOZES % filT
T5HZ LT, QSO T TCofGN Lich b HI HADMiKNEHBT L2 N TE 5, i,
BT CIEEBCE SV Iab—Y g il &> T CDM EF NS & BEEWD & €T Lyman-o
forest WHBL SN 5 Z L AVRESH, RO S N SERD 5 ED T — 2T ML &I L
ROLEDSNT VD, ZDIFD, QSO AXRZ MIVD continiuum 121 QSO IT{ED I AERLTR4

RICETIZ RS "Be KL Lot 2 FFOCEE THITHE) LIfs
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4 ] v M M 1 1] ¥ T o

| Lya/NV

[ 1216 & 1240 ]
= | cty ]
s 3 15249 -
e [ ]
5 )
.5 :
Sl y
=
G
’< -
5 V[ suvsom .
L 1400 ]

I {Nelll]

- 3869 [out] 1

1 4958 & 5007 i

1 A A N n i N PP L s A A 1 i P 1 A i "
1000 2000 3000 4000 5000

Quosar Rest—frame Wavelength (&)

3.1: BTN TS QSO DANRY MUd 6 GAR L TES NI FEINRET IV AR Y b
Jv. BRI ERE R T ORER, M= x VX —75 v 7 2. [16]

L QSO ZHEALEHM EICH 2o —HoH 2 L b LERIENEONZVTE LD
YHbH., M3.112 PJ.Francis 512k b, 7TI8HOBIHIS Nz QSO DAY M EZ G L CIF
b7z, QSO DFHMNIRET VAT MVEIRT (Francis et al. 1991 [16]) .

3.2.2 Lyman-o $Ra]

IEOBIHIVERED (0] 1131875 BRI 2 Bl Z i BEIC L, high-2 D8RI & b 5 KIkHS
Ra eBHI S hIGD Tnd, 295 L RIRDHIS, Hfivy Lyman-a Fifg 2 502 $Rin 232 < BLHI &
o & 917> TE . high-z ZERNCH 2 SUNFHEAEN S B2 TEW ) v e Sh
THBY, 25 LEEWIRN TIIERREERMTRbh Tnd e Snd, 29 LIERQEE
ZLTCHLRH 0P Te ICHIBEOEWTAELZ 5720 02 & Lyman-o FARAS7:
NTH5 EHEHI S h, ZH 56 DiEV Lyman-o Fifg Z O8] %2 TLyman-o FEfRERU[] & 5 0
IS TLyman-o $/i]] & IFES.

Lyman-o SR O L LT, FiROIRE 2R MR (Equivqlent Width DIT EW @ {78 A
2B DIERICKE AR Lyman-a Fifi 2 - THBY, 27 MNTBOTEIERIE T 1216A
WIS BIBFTICEEIE > TRERE— 7B ENS. QSO TIIKRELDINDEITEIC & 5 iy Fif
LW ONHEENSAY, Lyman-a SR CIFEICERIC & 2 HOFRES £ O il shawn, 7,
Lyman-a FER D ] T AT "VOTLRDIEFRNC2 2 RO CH 5. Zhid, Lyman-o ¥
MEVROHIOEETIE, QSO 0BG LEIL Rl L34 L ook Ficdh 5 HI AL
KBWINESZTCT Ty 7 AN T 57D THDH. M 321 ADey 5D )V—TI12 kY Keck
HHIEHE COEBIHI S vz 2 = 5.34 © Lyman-a $Ri] ORI D AT M)V TH S (Dey et al.
1998 [17)) .
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Rest Wavelength (&)

1100 1200 1300 1400
e B e B o LA S e
0140+326 RD1
2=5.34 s
ar hy

F,(uly)
F,(udy)

0 Lo ekt el ot ao A
MRS AN s w1ynmwp| |
PRIV B | oo b L -

s P P B
6500 7000 7500 8000 8500 9000 1210 -

1215 1220
Observed Wavelength (&) Rest Wavelength (&)

M 3.2: 2 = 5.34 @ Lyman-a $Ri] ORERREBT O 27 RV, B AN G M TR
o Tigvo e, POl ToIROIENFA L < brd. (17

DI high-z AIC B BRI 2 # 2 MicENnTBY, 722 Tolkiic & 553543
22T B ORI BIH S e e S hv Tz, LA L, Hawaili KEEOBUHIT — L03H
WP RMEAN 77TA OFREAR T 4 )V F — % Keck RSO (1 THHIL 724558, 2 ~34 &
2z ~ 4.5 ® Lyman-a ${0 2 ZRHFERL 7= (Cowie et al. 1998, Hu et al. 1998 [18, 19]) . %
S5OBHFERE b LICHER T 2L, 2~ 34, 45 MTITTIE, THROFRRZ KD Lyman-a $Ri[ A% 1
FHERAL 2 B2 0 B L Z 15000 HOEET 2 2 &icke b, ZORUEE, ZozicTilEh5
P DMEB OB+ % IO BEISETHY, 295 LEBHIKED S Lyman-a $80)13 high-2 OF
HICBOWTUIIFFICA Y » —R{FHETH D L HEA6NDD2H 5, LA 5T, high-z IZBIT S
Lyman-o $0f OBIHIC & 0 I FHIC BT 28R 04 o GERIA» 2 0 fRI T & 2 L ifF S h 5.

3.3 Lyman Break $RA]

high-z $RIJEEE 21772 5 B, Lyman Break $fi] (Lyman Break Galaxy : LI LBG) &I
FN 8 2 I L THRE T 5B G0820. RO AXT MVE, 75 v 7 238 B
SRITHNC & 5 AKFEH AT K Y Lyman FJ) OWIKE K232 5 7o DI ERBUR T 9124 &0
FAHITIET T v 7 225 L KRS L TBY, B 912A 1 Lyman i (Lyman Limit) & FFIE
hihd, z> 3O TIEZ D Lyman MiAHR A Z 2T TUREAK T 4 VE —D BV R (&
W) OWEMICAS>TL 5720, BAY RTOBHITIIREOBIIIZL ACKIE Sk 5.
ZoBG%E TRy 779~ (dropout)] H5WE BNV RTRZ > TWa Z & 2idld 55
GLT IBRay 7 79k (Bdropout)] & BIFY, LBGIEZ ® & 97 drop out B & #LZ
LTWBR oz e Thb.

3.3 1% P.Madau (1995) [20] iICBWTREIN TS, Lyman S0 75 v 7 ZARND 2 12
FBEEHBLZEETNTH L, 2 BPKRELRDITONTIKIXNEL 72D, 2 =45, 55 &
W 5 78R TUE Lyman-a RIS £ 57 T v 7 ZADEH ABIEF IS LW L23pn5, Lz
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redshift (2)
. 25 35 45 55

L T 1 L l .

0.8 LA

s Lya 5/ ;

06 ¢ '. e

04 F 1

ok LA R TS

4000 6000 8000

wavelength (A)

3.3: P.Madau IC & V3R &N /z 8 0 27 M)UIZBIT S Lyman 25 o IIX O£
MBI 2 1 2 LB B oRIKOESZ R, [20]

MNoT, BAYVEREY EOREBTIIMBEEHTHT B TCIIRARLS R->TLE Y KiEidh
¥, Zhidz > 3D LBG THLREMMIEFICHE N WD Z 21 b, HIT 2 > 4.0 DRI
DWTE, BAYRTOTI7 T v 7 ZADHRICMAT, BAY KLY —D2RERHloNY Nick
WTCT Ty 7 ADNEFDEE D JICHARTRELEEL T LB R TE 13T THY 2 h

5 OFHR O HESL FV T high-z @ LBG oML %1179,

LBG P high-z SR OBERIRARZ R RE LT 2 W TE5720ICEH SN TEDY,
HST OBLHIT S LBG DEEI R ZEL < o & KNS CONEBIHIC LV 2 D[EEN
Ka D s TnS, —file LT, Steidel 512 &V KeckII HiESETHEE Nz LBG O—EB
DANRY MVEH 341TRT. MERTHM25 L 51T, LBG DD 5D DNV Lyman-o
Wi 2 > Lyman-a $Ri0] TH 250 L0,

3.4 RYHFRARF (Photometric Redshift)

SR 2 2RO BHITH Tz > UL, FERMNIIIEBH 217N ART MV EFLLERD 5.
ANRY NV O ORI IRIPGRAS E DWRICTH SN E T & - T, EOEE DR E 2T
THEMZI N0 ZHKIL 2 BWRDEND, LA L, EBHINTE 5 7201iE KK
MIEDIHZ EBPETH Y, BUER O IEE O Keck Wi O N EBIHIEEE T Y 7 o PRASE
WL, REARO T 4 v E — (Rik3.5.1) THLTHLLIERAY ROFEHRT 25FHRETH 5.
61, FEARMIZIE oI TIE 1O REKDAXT MV L THEZ L D RIKEZ Sy
HBHIL L5 &T5eZNRETREPVREL RS,

Hubble FHEHEHIC & 2 HDF OBIHITIZ 28 FHHIT < OIS 0] £ THBIHI S h T2
D, IR D 2 ZRD LD L LTENMHRICLLIETH L. 72T THENKRGRE
(Photometric Redshift AT photo-z) | LIHINE FENRRY Ahenhb koick-7/z. Zo
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L B B O B B B S B B T T T [ T T T T [ T T T
DSF1550 GDR3 z=4.053 1 [ DSF1550 GD30 z=4.299

0.5 —

T sin-1ze0- - - == -

£
3
5

Ly Ly Ly P Ly
L R R F—t—t— ] F—t—t— F—t—t—
DSF1550 GD32 z=4.176 ] L HDF G4 z=4.421

Ly Lim- -i- - - - - - - -

E - , Fgg ] F ] .
b 5 7 58 3 [ 5 B i 5
T T T T L L e e COE L b
I 0902-GD11 z=4.205 g 0.8 DSF2237b G4 z=4.492
WL ] r

0.6 F
0.4 F

0.2 F

L sill-1260:% - - - - - -
01 1303 45~ - - - - - - -
15
y £

Oi ¥ 4 R B % 1 O, i B LI L B | ''''' m7
B B 3 0.2 - B B
N e PR B B G R S S R Bl
4000 5000 6000 7000 4000 5000 6000 7000

Wavelength (&)

[ 3.4: KeckIl ToMEE 7z HDF @ LBG D AXZ bV, Lyman#gd & 2 A TAXRY bk
JVORREANRA LT b, [21]

TFHIL &b & 1963 FIC W.Baum MMRIEL 72 D TH B DY, 1990 FERIC AV high-z DRI
KLU TOLIACD 2 DIEIEFEPIDEL 725 72D %252 TZORFENED 5 b L H Ik 7.
EURN TR T Ol Th 5. £7, RM2E@HONY RO 7405 — Tt L4
DNV RTCOEREWET 5. BHT—& L1390, PN IR ARZ hv -
T3 )VF — M (Spectral Energy Distribution : LN SED) 1ZxtL T, SRl OFEOIAE, K
KL TWbEDMFEOHE, ZoR[ D » R EIJEL THRA4ICELEE LTy L — N 2R
T5., BlSNRfDOT 4 NVE —FBDT T v I ZALXNET SN RTDETIVSED DT T v
P ALEIRGL, bo bBHELZ R HBLT 25 SED 2 W2 L %@ SED ofFkicHw 7=
NI A—=F T 5.

HDF X9 % photo-z & W72 fATIEE B 28Rl o > T NVBIL L, £ltic kb AN
7 MIVOLRIE B HEA TOD 12D OMEEB RN T2 R T2 e b H Y, ZL ohff5es
V=T IWFEHRT T D (JlZ1E Sawicki & Yee 1997, 1998 [22, 23] X Furusawa et al. 2000



36 BI3F ERSIMERAAY — XA

24] 72 &) . EHITTNS D photo-z 12 Ko THER Sz 2 & KEKITMLIT & > THED® 517z
2z L OHIRYTmb T2 (Hogg et al. 1998 [25)).

photo-z FEDRERE LT, BEKREDOLNT 4 )V - O LOBHIEEZ b 1T L 7z
e, Hiadhb ; O OBENRKEL R S>TLEI EWIRPET 65, ZoE %
R BITNE, WRIEORNT 1 )V & — & ZRO N TR Z /Ml < rE| L THPDET 2 o3k <,
KA T8> TG - JREstk 7 4 V7 —1C K B BIHIT — # 13 photo-z 1T K B T OREE % 1
FHICbHTE S,

3.5 - fkEIET LY —ICLBER
3.5.1 [LEEBI4 NI —Eh -T2V —

CHE CRICFOBHITII IS, REIET 1 V& — & T 5 BRI 1500~2000A
BREH 574 V8 —2HOCTEIE R, FCBNTRE T4 VY —COT Ty 7 ARD
SEBINLEH (HDLE) R 207 4 V& —HToHPEED% (Gl % Teolor : 1)
LA TND) RIITICHNS.

Wi 2 HEGI RO NEROT - [E L2 KT 58, HEHI LICHEHL WL 741
5 — OFEMPRFEDRS AR TH 5 L FEDWRICB Y 25RO SN L 225, 208
HYEH OBEN 7 4 W — DRI E ED, THIHESHTBIHIZITRS 22 TF — ¥ DER%
HIPTE 2 £DI1TT 2R END 5. BUER Y 2 HH S T 2B Johnson HPEY 27
LETHENS L DT, YTEMNED & hfRAMRIC 2 2 R % 11 HoHPET 4 V2 —THEIL
TWa, ZOH)Bbu[ETIEB, V, R, ID42D 74 VE—=MiflENhs (GEICk->TE
BEObY—2HMENOU 2052 2bdH5) . bt (—HITRIME) 0&T 4 V5 —
LR ER 31 ITRT.

T4y =% | bR (iR
3600A
4400A
5500A
7000A
9000A
12500A
16000A
22000A

NN~ SWd

3% 3.1: Johnson HIYEY 257 LTBUIF BT 4 VW Z — DNy KRG e HINREM. J, H, K ZITRIMR

BUEIEITH @ SDSS FHIETCIX, o/, ¢, 7/, ¢, 2/ D5 2DV RiIZ kb HOHY 2T
LEHRHL Tn5b2%, SDSS 2MEMT 557 — 2 2JEEICKEP S EHZ b O THLZ b 2
D SDSS DHPE Y AT LRI N DY 257 12 L THWS Z & b i S T b,

2O LEINER T 4 Vo =1 K BBHNCHT LT, ITEBMKEREZ IOz 4 Vo -1tk b
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BUHIMNZ L AT N B EDITRY, T LT 4Ny — %l 5 0idkistg =+ v 2 — &
A G S, HESS & Bk & IS REZR X A3 s, DIBATHIC B Tl B B A
200 ~ 400A FEED b DRk 7« V5 —, Th & D VRO L D ZIRAART 4 V7 — LIS,

i SRR T 4 V8 — IR, REHRT 4 v — 2 H LRV DT 5y s R
2135 DI R BB E 25 2D BHO R IARAE 2> TLED L5
RSBV, ZhETHEVEHANTIIROE SNE/RL T Rb72, UL, B0
FOK OO RSO BB T - Pk 7 4 V¥ — b HIRINER TR L VD7 5y 7
ANEFENS KIS, WA PV high-2 ORKORAN T DN &1
oz,

3.5.2 ®H - 3kEE T 1 LI —BRIOF R

Aol cnE TCOBHITIZIAGE T 0 IV F =12 L BFEH/k S color & & T fifAT AS—i¢
N7/ CH 7. LML, high-z OFHICHROFERZ O REBZL RS, F20ER
REWA 25 & D725 S DOKIKITH LT photo-z FRIC K BMTANRNTH 5 Z LAVREh
TERZ LT, R T7 4 )V — DRI LB BHNTAND O i RIE o7 4 )V & — & ]
LzBHIERH SIS LD Icik 5Tz,

JNEAR T 4 V2 —TCEBEL 2759 7 22 74 VA — B TELOTIVIKD Z LTk
TLED7%®, Lyman-a FifRD & D ITHRRO KRN T v 7 ZABPIKRELWP T2 L D%

&, BB 7 4 VW —TOBHITIZT 5 v 7 ZADEENTL EWHRE L T S gk
B 5 (M3.5). ZhCH L CEBRKRERORNT 1 V7 -0, 714 V7 —oftRick -5
THHFHRDO 7 T v IV ZADH %I Z & b ulREICR 5 T MBI O = 2L X — 2 HDET
522U TE, RV —_XATBOTUIEHNKD 7 4 W F —TORIENT T v 7 ABBHI S h
% KRS - 1B ECE, £ OREDFRRRIA TS 2 ufBEMEAYK & <, TaRFFR KR OEERICY
RN TH 5.

51T, FPHAT YRR X D1C photo-2 12 L RSB DREIEICBNTY, [REHR7 1 V& —
DFHDBIHFER TIINEEBNKREL RS>TLEI N, P74 VW —DF -2 2 HnbZ &
T photo-z IS L BH iR EDKERZHD L Z L Wu[EL 05, 2D kD1, BEREED
Py 4 V& — & O BN high-2 D8RI - QSO OEEEICITIEFICH N w FRTH L L %
Z 6N, JTELL OIS EIREIE T 1« Vo — 2 OB % 1T O BIRZEORE R 2R 4 & #)
HLIHD T 5,

3.5.3 - EEET NI —ICLBEAORK

K OBHEFAFEIEN S 2 DIRNC b Bili o3k 7 4 v & — 2 ffi 5 28I A 5 h TidBs b,
H 21X EM.Hu & R.G.McMahon IZ &V z = 4.55 @ QSO IZffHfi L 7z Lyman-a ${ 23H D
515 (Hu & McMahon 1996 [26]) 7 & 5RO KE S h T2y, —I 2Bl Tk e
LTUIEFL T adsTz, LAL, 1990 FNEHITA Y RIVEESI S L 7z 2 & CRUHI]

20CD WCHREERT 52 2% T LIS,




38 BI3F ARSI MERAEY — XA

I e o e e e L e e e e I N
e SDSS 10440135 7=5.80
0 Lyt
o H h
= 3
E filter width i}
o I assu Sitv-+DN]
‘i Lyg-+ : !
=
@y
e
T
[=}
ot
o MR L B . e oy o
5000 &000 7000 | Bo00 =00d 1ot
wavelength (A)
— T T T T T
s SDSS 1044—0125 z=5.80
M -
T
E filter width
u QS SivADN]
i Lyg-+o ;
=2 i i
Nl | total flux ;
=) . J :
- f aba;
o MR i e ] T
SO00 “00a sooo I 8000 =00 1ot

wavelength (A}

B 3.5: [N 7 4 V& — & 2T RV & QRN EX] (a) @ KD 256G, 75 v 27 A% (b)
D EITFEHE S, FERR D RIS FIBIATD e,

BEZR BRSNS — UL 22 0, TRk 7 1 V& —12 & 5 15 S BUHI C il iR % 0D high-2
KEDBAZHE LI L, Zho 2080 TARY MVERIET 2 &0 DD high-z $— XA A8
HHENS k)T s 7.

RIYEHEGE & Rtk 7 4 NV & — I K D BIHITIIT K E kR 2 R L 72 DI, Lyman-a ]
DIF (3.2.2) THN Tz Hawaii KD 7NV — 7k BBAITHL (Fih [18, 19D . 851,
z~34% 2~ 45D Lyman-o Fific Zh ZhGbE 0 (BIT CW) 53904, FHifi
EiE (LIF BW) 77A & CW=6742A, BW=78A @ 2 K OF#EtRk 7 4+ )V & — & FHFE L 1997 4F
HIC Keck HIBEFUC BB Z TR > 72, ZOFER, REHRT 4 V& — THPDE S Iz kol
MTHAR TR 7 4 V& =1 BT B EN 2T R > T WREDBS TN ZTho &7 1 v
Z =T ONROMY, BB LD ZAXY MV DIEERITR> 722 2 5 Lyman-a $4]
ThHoHZeWERINE. ZoBHERICE ST, WNReLE 2 ICBI20BE 2L /-
LZAINETOTHE Eus kERde -7z, 2 ORHIZ 2RI E BRI Z hoae, Bk
7 4 IV Z =1 K BBHIPHIRNTHED ST 7z,

Hawaii K#®D 7 )WV — 7% FiloBlHlo®k b, SSA22 ToOREMET 4 V& —To@Hl %k /)
MIZAT780y, 1998 4FICIE CW=8185A, BW=105A Otk + V& —ic & EW (BHIE R
=175A @ Lyman-o ¥ 2 2 = 5.74 £\ S IEFITEST D Lyman-o $0] OERIR (K% Ho
JTHW5 (Hu et al. 1999 [27]: X 3.6) .
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B 8185/105 . z [ ¥
Foatl -foasl .3
':- ';- '.'t

‘ . R ‘ .i. : ' S E
___- '__Ir e

[ 3.6: z = 5.74 ® Lyman-a SR BERIRIEDE T4 NV E —Z DA A—=Y, BV, R, I, Z
DIEEAF N Y R e HARTHREARN K (8185/105) THOH KK S 725> T2 Db
b, [27]

& 512 Hawaii K2 & 135 C.C.Steidel 5 D7 IV—TFE SSA22 #5145 & L 7z high-2 @ Lyman-
a RIKDY — A &), SR OBEATEE LV EV 2 ~ 3.091C 8 72 CW=4970A, BW=80A
DFFEART 4 W H 1T K BB %1172 > 72 (Steidel et al. 2000 [28]) . ZOFGEHR, FEHk~ 1 v
5 — T OFEHRA 25 F &V 15 PRAHK T OFEHHERDEOFH LV b 0.7 FLL LIS WRAEKD
2T 127> 72, S 61, ANHAIZRIICIRREICIA A% 72 Lyman-o FFR OB RAS R
Mo T2hy, 2D KD R RIRITEEITH D2 5 72372 <, Steidel 5132 DKK%E “blob” & HfT
iz, NEHHSANY RTDA A=V % 5 & blob OTBIMIAE T 2 DR T E 508, Pl
NYRTDOA A=V L HERT 5 & 7 DR DY A X% K& L E[0] 2RO 658 Lyman-o
FERRDS= T 5, ZORIKDFEL WEMEIT O WU E Z R REBANZNDS, EFe R
RIEENZ L2 480 o BB ] & 2 D JEINIC & 0 Md TRV HI H ADENEFEEL ZDOH A
AR S DT RV F — 22T TRHEL T LD TR0 e bt SN T b, Steidel 5
ESCHRTC, 2 ORISR RS RE o JRAG SR T H 2 ] BEME B HRHH L T 5.

I HIT, o7 —AT LY SSA22 LU T oHBMICHBTYE, Rhoads et al.  (2000) [14]
R LA JESR ] itk % 2 31T L 7 Kudritzki et al.  (2000)  [29] 7% &Rtk 7 4 v & —iC
&% Lyman-a Fif KR DOY — XA D 5 THY, v - RSk 7 2 NV F —12 L B FifR kD
Y= RAFBHTFEO -2 e L TH#LD22OH D L EX 5.
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Continuum NB-Continuum

100h™ kpc

[ 3.7: Steidel 5237 D7z 2 ~ 3.09 128 % Lyman-a “blob”. JA&#RDA 2= (k) T
VESRI 720 L2 R A TOR0DS, B 4 A= (f5) TR L 0I5 LA 5 72
WRTHRAL T2 008005, (28]

3.5.4 Fa2DY—RAEH

AIIH TRz k91, th« Bk 7 4 )V # —12 & % high-z ORI RIRER IR IR R %
L2o2HY, 2o EMFHLIZABELY —_XAICk>TH OGNS high-» FHOT— 1%,
BEIRROMRICZ KR EL FA b0 e bh b,

KaeoZN—T1%, B SIERT 4 NV —F — XA OFFOuJEEICER L, 1997 FE0 5
FRORSEAREBIHIAT S = 3 v MEESEZ AL CBIHIZBIG L Tz, LYo QSO 2¢
FEL T340 I Tio QSO # R A T2 2 b 2 ERE LB 21T > Toiens, &t
FHIRT T E NS high-» REKOEEIIARMTHY, £ABE 23y MORAEEHIH LY
NI bH Y, HETRERKORICITIES h 5Tz, Zo%k, P EEREMIROF
FERHSEMNCR 5722 & T, KAOHIREZ NS L L 72BHITi37% <, HDF ®Z Ofio Bt ogh
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WL DEGNIRZ R U 7 NI O RRER RS — XA 24770 ST TRl 2 D 5 Z L1
L7z, REY a2 Iy NEHEHO 2kCCD A X Z1E 50/ %500 & WD IFFICLWHEFZ2H L TB Y,
Zh B IEEEREMIRO Zh £ ToOBHRE OS> S HEHCBE L& 2oL EREZ2EHT
%2 LT, BRAFEKRZ 2D high-2 OFERKIEY — XA Z2RHENITITRD 22BN TS5, %
7z, TIEHHEBEOFENN X T (Suprime-Cam) b KOFHEEH & L IO WL
HOBHIDUBETCH B 720, T OH AT LR T 4 V& — & ORERIC L U BREZER DTN
B— XA B[ EEICR 5.

REPIBETIIREY 23y MTE 28, BLOTIESL TOREHET 1 V& —H — XA G|
ERBEBHI TR T — & DT RIC O TOFEIR T 5.
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BAE AEVa1Iy PEFEEREICEDY—A

A TRz & D1, th - Pk 7 1 V& —12 & % high-2 DFERERARY — XA 1387 72 22 BUH

TR LT ET el TB Y SRS RRELZ BT 2 e lifFsh s, KETE, k4
R TIT72 > TE TSV — XA OB L T OBUR &2 BT — & O F ik o %
RAIRMSFHT 5.

4.1 KEPa1Zy PEAFEEELE 2kCCDAXS

KT =2 Iy NHEEFIT, RIFR=ZERN OGRS RCEREN Y > ¥ — (BRI
FRYH) MEREBIHIFTIC 1974 FFICHRE Szt - FRIMRBHIH o HiEEi <, LEO
FeEIC L CRER It ST s, KB Y23y MEESE, B 150cm O FHUCER
105cm ORI EMAGESL Z & TYCEZ R L L, RWEEFCh 2 0 IHREHEN S 50, &
KRAEWPUENE 6°x6° (FEENRER) TH 5. YYNITFEHEHIC X BHI 2117 > T
7273, 1990 NI AV BIERE D CCD A X T L BBHIC D 5 72, BUE, nl ek
WG H @ 2kCCD & IT/RIMSERIEH O KONIC @ 2 GO A A I BBIHEEE & L THEIh Ty
5. CCD H A THOAABIHINTE ZEEIIBIED L Z A,

CCD Fv 7 | SITe AHHEAKINN AR 2 —F7 4 > 7
LIES%S 2048 x 2048 pixels
o iRAE 1.5"/ pixel
web L AR 23 *
FRARSE & U 20.05
(K& 15 49) B 21.0%
(S/N=10) vV 225%
R 2105
I 21.0%

R 41 RKET =23y b 2kCCD A AT Dft#f. *: 2000 EEZLRITI CCD o2y bua—5
PEELI0, —FENICHERAE L A XD 56~ FEIEICHE L 2o 7.

FRADPBIHNHFH L T 5 D1E 2kCCD I AT TH 5. 2kCCD DBIHIBEFE 50’ x50 L IEH
LK, AT oY — XA IIEFICE L Thb, HESN TS 7 4 )V ¥ —1d Johnson ¥
255D U, B, V, R, I D5KTHY, TAITEHITThSITMATHEISIERL 2 - $hily
W74 Va7 —%MHL Tb, 2kCCD DIEARDFHNC W TIEFR 4.1 1R
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4.1: Ky =23y PEEE. SO E BUHIAT 2404

4.2 KREHSTIEIORE

KRADTNV—FF1997TELVRE S 23 v bd 2kCCD IS K HBHIZHHLG L 7228, 3.5.41CH
% £ OIS FNIEERI O QSO MDD 5 T A HIIc DWW T Z o To QSO oFAEZ HIFL
fe— A ZHED Tz, Z D, HDF FUSOIZEHE - AYEi T 22 < @ high-z #}
WREO» 5722 &6, high-z FERRKROKTIC B IFFAT & /2728 HDF % HuL i 72 B
Mk L7z, Hubble FHEESMGY L /- HDF L SlxB &7 2.7 FHRE LML, Z
DWIRE 50 FH O LR >AY S 2 I v M THEEET 5 Z & T HDF O oMiikic b 2o
high-z RIKZ RO T2 & o TE LA H2MCH 5 & £ X 517z, HDF Ol 1998
FED 12 AP S 5 NT CIILER T 4 M =122 TUT R BURIRER 2 57203, $Rizhi
T4 NE =IO TUEE SICBIHIZ HR T T RN TH 5.

KRETOH - Bk 7 4 )V % —1C &k 5 HDF BB, YPHR2IEEE U~ 8D o -
PEAR T 4 WV F — B [NDNEEACD 2 5 TR, RIKOIRSEANRY VRS Z & THIRK
R LBG 23 U778 CBIH - AT 20 Tz, L LZARWS, 2 D) ETITRAEEHRDL
Lo Z &R O RKEMILT 5720135 H - ST 4 W E — IS+ NRBOT T v 7 A
PRI ER ST, ZRRBIHIFR %2 05 & LBIHIRIR O S CRIENS - 7z, B, HDF @
Y= _RANTYYZ DFFEIT L VD T2z, HMTEFEOE MR ARY ML &
N 2T OBAE T 5 DIIEFICERMEZEL /2. BRSO W7 Hmai s R o th TR
BHIZ TR OERDLREE LT eWE—-THd e Ex2D L, 20L& RBIHIGHIIEIAR
HEBH S22 LITHETER,

Z oK, 24.3%3.53IBWWlNZ X DI, Hawaii K7 )V— 7% Steidel 5D 7 )V —F
1242 LBG ¥ —_A CRUMEFERICHFEET HE—78Bo®H 52 ENHEL LR, Th
5 DY — 7 JiIcnt I kAR 7 4 Vv F =1 L BB T Lyman-a KA Z L o570 L
ML, 176 oBHIL Z2HIBOBENINThhE 9x9 R 9/x18 £$k< high-z DFHITODWTD
Famz T 5 0ICHTlERwy, 22 THRk41E, HDF 28807 216 O3] SRR K RA
5D Lyman-a DWEICEGDOEIIREIR T 4 VF =% FHL, H50x50 &5 ZhE Toll
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HoBT 5 H/HOF 15~30 5L VI RE S 2 I v MDOJRWEEFZER L 2L HE O Lyman-a
WHRRR AR — XA 247705 Z e 2EHH L 72, REY 2 I v b ORRERT 22 FHRETH 503,
NS OEBEEANIT 225 X U 2 W R % D Lyman-o KEZ i T & 2 ol GBI+
BH57=8, 2000 FOBHID S ITEHEEMIRE NI & LR T + V& — 12 & B IE B O FiiR
RIKY —_A LG L 7z, BITR & 924081, K 2.51TRSN T2 HDF % SSA22 Offf,
8 x14' DFIFFNIT 2 = 2.5 D QSO & Lyman-« $R 535 D RO Y RETEH & U <13 KBUEAE
BO—HTH % u]BEHEANF 72 Tuy % Hubble Medium Deep Field (HmDF) (Campos et al.
1999 [30]) %, I35 HEHHL T ORBBLPEEZHEIAMRET & vy D Subaru Deep Field (SDF)
RETHY, 1 FOTXRTCORICHZ>TIN 6 DHIONT I Z2BIHIT 5 Z &3R5,

BRI e Fik e LT, STt LRSS < 7R > T % 2 @ Lyman-a FfR OB
WCEDLERAR 7 4 W E — & 2 Ol ORI ICWVIE T2 Lads 7 + V¥ —2FEHL T,
Pt & 0 B IREHEIEIRICI S <, BIHRAHSRORNKENTT Z v 7 AREHUTHKA L T b
(Lyman Break) KAz 2 Z & T, Lyman-a FifgKKOBEEIZ#E LT WS LD TH
5. ZOXIITHEWIRERY, PEHRT 4 V5 — ORI E 1 KT 5 2 & TRl o%)E
LT oZ ek, £ 1FOMICELOWIENRETHZ T, IhE TPV
T oKz iz e bllifFTcEs.

43T, ZMETICHDF 2303 LU R el 7 4 V2 Ik 5 —_ Ao
WT DM R 2R 5 & 2 big, (AR L T 2000 4F & Y BHEG L 7238387 « v & —ic &
ZBHIOBUR & BURFRU T DAG RIS O W TN S,

4.3 HDF Y —XA OE

HDF Zif40C L 7% — A1, 1998 4F D 12 H & ARKIICHLG L 1999 4F 5 H, 3 XU 2000
E1HDE 3, Zh 2 HMT O AREBHIFTIC TR - 72, BlHlpURiE, HDF Z2Hhe L7z
50' x50’ DHIFHTH U, HLDKERERIIF A (right ascension) 12"36™00°, 7’ (declination)
61°56' 00" TBH 5. AL T 2000 F 1 HOBHIE T s hie T — FIFESW ik 2
ikl T 5.

BIHNCIE B, V, I ® 3BDIEHAE T 4 W F — &, F£421TRT 6 ROHEIRT 1 V& — 2 HH]
L7z, 728, DIEAITBNTUIHFIEIRT 1 V& — 2 R0 T 2RIl TMB(medium band)] @

LI (CW) A | R (BW) A
5770 450
6200 414
6610 447
7000 437
7450 498
7950 486

R 42 KT 23y b TOHDF U —_XAIMFH L 72FE8 7 1 V& — o JubpeR & IR,
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HLITHDEELZ nmm WA TRLZDDEZDTTCRT I LT 5, e ZE, fuliE 62004
DHEAR T 4 V& — D6, TMB620) & 3RiLT 5.

IBIT, INEDOILHHE - KT 4 V& —1TZ, Steidel et al. (1998) (FiH) [13] 10K
SN T3 HDF Toghin] Sy “spike” AMF{ET 5 2 ~ 2.9 @ Lyman-a FFRICHE L 72
CW=4792A, BW=203A otk 1+ & — (LI NBs 1) ZBUHIICZ /2.

4.4 [EGT—48 DUNIE LRI

BHNC LV EONT —F 32D EDRIETIIZLL D) A XBEENTEY, 1 K2
I RAEEIME S NIy, RIKEGOfENTIC BT,

LI, KEToOBHT— 210 L Co 1 MO LT 2. &b, Zhoo 1K
B L CHDEZR EfRffTro2ficbz 0 7 X U AEV 2 KCEH (National Optical Astronomy
Observatories : NOAO) 2SBHFEL 72INHIHEIANT Y 7 F CTH 5 IRAF ZfHEH L T 5.

4.4.1 [EET—49 ORER

BHIOBICIFAI S (7L — L2 IES) Z &I, oD RARR, Yot
ST 2B 7 L i EN 2 ALERIRICHIFF LA L 222864772 5. iffoERicB iz on
TOiREBELICL, 74— NAOREMGE L 2l§7e & TOMHL2n2 LA S 2%
(R % FEAT FHIEE 2 S50 L Tl L L, BlHIoBRCIIERICE R Sh Tk L5 icilbh
TNTY, KEEZIIM 0D F T T M LY TICIIHER R K D R > T L E 572 b
OMREENTHLHEELEL, 2O LD REBITONTUL, IMCHERTE 2085 ik KR
W% HIFL CGE AT 5 DERH L, &I, N TART Ty M EHiEICE L 7
BLIYFITONTUIE L WAL TR ) A A0S 5 L XRS5 o CIERIFHEEICT2b %  Tdk
578N,

4.4.2 FHIEFAE4

a) NATRIVL—L: ARATDV vy ¥ —&B CIIRET 0 MiliofEN %2 L T 6N 50§ %
NAT A (bias) 7V —LEMES, NA T ATV —4lE, EHialirkoBIcHiih 2 Eimo ik
NeMETDEDICRELRE, N4 TAD ) A XL CCD A 6 2B k-
THOTHRMVSRFERT 5720, SBHIHFEICBH PR 72TV —L%
5 %.

b) 75y b7 L—L4: CCD Offi4 DEFEDREZITHE TIE—MHTIF L, Zhze IEELT]
IR, ZOREELT RAIEL 2 < TFELWHPEEITE S hin, 72 T—Rts
CCDICAH S THLNET Ty b (Hat) 7 U — L HENDEBEEEY, ZDT Ty
NV —=bohyy METRIEDEG ST T H g0 R > MiEEIHT 5. Zhick

1351 CORBMEALZ DT 4 VE — D BW ITHhEHRICIET 2 2 21225608, 74 )V F —FRERTIEZ 0
BW @b D3k e L Tik-> Tz 20 8kE8 (narrow band) PEHTH S INB] 232 65N Tn5.
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DIEFELTITAIE S, IEFECAGDECHAI L 727 F v 7 ARD 6N D, Z OHIE/EE
175y h=>7 (flattening) ] H25WIE 7T v b7 4 —)VT 1 > 7 (flatfielding) |
e,

77y Mo e LT, R—LHHICHEL THH AT Y — 2y T AR i
WLTHEOND R—LT7Ty 8, IHITARY HOZEERG LI NTIATAL N TT v ],
B 5WIIBHINIBDOIT K DR DV IRNZEL Y L TIRONTAAAL 75y Na WD 5.
AN COBHIGEOMEICIEI R —L 7Ty MEFHL TS, 2B, 79y b7V —A4lF
KEQe e A SR TUR T 5720, T 27 4 VI Wi T 5R0ERH 5.

4.4.3 NATARET Sy MK BHENIE

¥9, SBHHBCZOABELENA T ATV —LDORMEL b7V —L%EY, K
KERE LTV =075y h 7 L= 6EICIBYHO N, 72T VU — L% EHL
CHERBRN ZRET 5.

KIS, NA T2 ERL 7275y 7 V=M LE T4 IVE —DT Ty NMEITHRIEE 7
V=L 2ERT 5, EHIRZDFE TS5y MT7 L —LDEEEFED N7 MEDFE %2R, [
Betkoh oy Mk ZOFEHETEHHL 7L —LD 75 v 7 Z0FEHlE% 1 ISl B
. ZORBILESNFE] 79y M TV —L%2 NI Ty b= 70k Y RIFDI§%EITTd
% (flattening) . AT KV, MEHOEELIHHIES NS,

DIEoFHE £ D5 L LITD L D175, (bias)ay, (lat)ay EFENZTNNL TR, 7Ty
NP7 V=24, fat) & FE 7Ty M T VL TOWMBEFEDT T v 7 ZOFEETH L. &
7z, nITELGDLEDL T4 NI —DHITH 5.

(bias)ay = %Z(bias)

n

=

% " [(fat) — (bias) av)

n

(ﬂat)Av

=

(RAKIEHER) — (bias)

[(Hat)av/(flat)]

ZZETH1IIILE (reduction) &IFINBEETHY, 1 KUHIC LY HiIEEES Wz K
RIS % TCIS AR 2 22 fENT 2 4772 5.

(HIEFE) —

4.4.4 EZGOELREDYE

KIKERRIL T H72DI121E, NRERDLRIEDPEDT T 9 7 ABFMT ) A LD bEH LR
JCEL T2 Z EBREL 250, BOKREROGEITHAREH =V ICHETLE 7T v 7 A
WA AFEN R 2 2L BT 5, LL, REMOMY % FITL ZEEITRD 2 2Dl
HRDH 5. FTH I, BUHITEFNICIHZ WRIEDNS - 12850, REHORMNCE> TRKED
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JEFH CCD I A L IES SR %2 A 72 Eh 2l (saturation) U Tl Simivit LT
LEOoEZGEEL KIZELTLED 2B 5. F2off#llsie LT, BlHloFRicl, K
B EEZHEIL T RIKEZ BEINICIBERE L CCD L ToRKoENERL VWL ST LD
THBHD, HEHERHOMNTIEZ o HENBER OFENKE LRV M EToOMENTIT
LESBENBH S ZENETONS, 20L& 2MEZ T 57012, —fKIZlEZ—D2Dx %
MR E W[ 2T TN L, ZThe oz ERGbE 5 2 & TRIRINICT T v 7 AR
T W HEBESEN TS,

£ 7z, W EERGDED Z L CREMCE DL ERETE LI XYy M3H 5B, CCD
TR CIERE 2 1 & SRR TR 21 5 V50 H - TO B BERH 50, T SIEFH
FAYCCD O Yz o UKL b D TH L. 2D & 9 R FHEBIC L 5B THE O
WCRRLFHRL TL E DRNAH 0 TICIIAETRGE ALY, 7 2 TRIKD G % B da 2 PRI ]
FHIIK TV —L0T7 Ty 7 ZMEOHRAE (median) ZERHT 2 LD ICL Qg2 ER S (R
F4 7GR . FHBICKBROIMLO 7 L — LA TIHEE T ARWEITTH L0, FR(l
T 52 L TTFHMIC LD 7T v 7 RABBRESNLIUICRS. DIFTIE, X714 7 Gk
DOFNc DTN 5.

KEERGZ L 727 U — KDTIT KRR H E DK DY 2 12 L BIFRAD ) 4 X3y
2759 ReLTH>Tns, —fRICZOWRENICHE ) A X% [AAA N I 7T R
A R] HDENIFHIC TZ2Hh A LIPS, W2 ERGHOELFRCE, FTETIV—LEITZIDR
NA A RDFEEL T V=L 6HEHT L, ZNTRAAhA ) A4 R0 FEF0Ic2y, 7
V—LWND TSy 7 RZREDSEDT T 9 7 ADIE IR >TWDS, RIS, REDPSDT T v 7
ZERRIZER L T a0, GRT2 7V —L0hh b —KIEEL 257 L — L 2RO (JEH]
L CZ0BREROMRIEDFRICEERE L WIRT 27 V— L% LT E), &7V —LTlEl—
KK S OB B2 DT Ty V AME LR RDEEIICTV—LHDOT T v 7 A% ER
BLAT 4 7o ART 5., BEIC, GRLETZV—LD 75y 7 R L EbE MoK
ZRLDHZET, ORI V—LETERESEDL, 2B, YREBROERXT 4 7o GREITRD 129
IR 3 ML ED 7 V=L ETH Y, 7 L — LB 3 BUTH 7z I AT FEME I &
LEREEEL2HT, FHBOMENK S TLE O uEEENS 5.

ik,xf4?/ BROFFHE LT, RMEZ 2V DBRER CCD O OHIER &b H
5. CCD OMZEITITTRITEEEZ R o TLE > TUREL o720, FeAai LD £ {11kb
h&ﬂotbbf7/7ﬁz@%ﬂﬁ%6hﬁwu URMAEZ) DFEET D, 29 LK
MIIZELZRET H50IC AT 1 7V GRIEENTH 5. K20 CCD EofEITZED 6780
DTC, RICT7V—L2Z0EEBMICERZO TIIRMEED T 5 v 7 A6 % HigL Chk
EZIXD 2 DICRIGIEDOEIZOEEBNTLE S, 22 CHIHIZ T2 OB, [6] U KA
CCD LOHEL B EICL 5 &0 1 RN E T 2BICHEFLZ DT HTOTE Lanolikyd s
WSO R E T DBICIE RIKDIEMNER S LI TV — L% L CTERS 2D, KMHEED
MENSNT NG FERCHREICERHA SN G Z e %L kb, Z0EHIC1 7 V—LE
W2 DT> 6L, KIEAE[R CCD Lo s E Thatahd kHicL, Thb
DITV—LEZAT 4T VERT 52 L TRIGINZEDELHRTES L & BIT CCD MFEDFR
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frame 1

frame 2

— :dead pixels

O K&

frame 3

I 4.2: median {7AIC & 2 KMAEZEREDOBAN. KIEDAED frame 3 DVIEITR S K
J1Z frame 1 & frame 2 ZBE ST THHERS Z & THREME TIZRMGIZENHEATL
9.

ﬁ@gw%$ﬂm?é LY TEDLLOMIEEROARUIRE N, 2B, BHECT L—2A4

W ONIE Z DT T D82 &% 59 Y 2 (dithering) ] &1 9.
u@@A&%?é@®&_mabf KKDBRDILY G OFTEND 5. KK 6 Dyl
HIER D KA TN LB K — LN OIS & - THHAAELS VEFE L U AL A 5 TERIH &
N5, ZOBDIRMY DGR T2 —A 27 (seeing) | LW, 7T v 7 ZAD 5 Hi% pst (point
spread function) ZFHINDEWTT 1v 74 ¥ 7 L7FRoLdlE (FWHM) TaFiiL, H
i THER (D) Thod. 2o —A v 7IRRHERT 57207 V- LFIHR bl 720,
F BRI N 2 R OB IR ERENN L 2 b B D, 7T v 7 ANSERERD S
FEERITRIOBICIE, SOV —A U TORNNIE ST T Ty V7 22 RET2HMMNERY, #H
EREOEDL-TL Db, Z2T, ¥Y—A 7 OReb %2 GIKRT DHEGICE, —&Y—1 >
TDHEL o T0nd (Tibb —BENLN>TND) FV—LIy—A VT2 EbEDD
WAL=V T EINSBIFIC K > T T T v 7 A 2B NI O MZEADR S & Clf %
[NTF 5., 29 LTy —A U7 RIFTIEBREICHA - L TERGDOEEITR ).

4312, 1KLL X571 7 U GRE KA TZBE O HDF OME2/Rd. 74 V7 —I3Rdy
MOV RTHSL, 2B, ZOMEORKOL &L, T 70050 FHE0 b
IR TWB,

4.4.5 X&KL

LRI e AT 4 7 R E R 2RI LT, 7 V= LHIZHE > Tnb KikeBbh 5 %
DAVE % i E LB 2 308 T DIFERITR D, ZOFEEICBOTEERDIL, TRk LT
HHREETH S, L, N2 75T R0 ) AR LT, ZOME»rDESTH, Hb
[AFELL E oS Cilific L TR Sh T 2EEIC, Thz RIFeEEBTs k2L Tns, &



50 WaTE KRBT a3y NEEBIC K — A

Bl 4.3: 1 KUEE 2 X5 1 7 U EIRE KA 12D HDF D[H{%.

ZTC, No I 7590 D75y 7 ZA2WET HHke Kike L CERERT 5 5%1MF L 2 2k,
BIZV—LDY—A &> THIRS ., RIKOMEEEITZIRAF IC& > T ) Z LMW TE
58, ZTOBENY I 759 ReRKDT v 7 A%iHT 2#Z /RF A —% & LTHAR
T s, KIko7 5y 7 Z%5HIT 5l %Z RT /3T XA —% % laperture] &Ny
7 759 R, Taperture] OO —EDOHERWKATDOT T v 7 ZDTRD 5. Taperture]
DV, WHEDY — A VT 6HHIEERL Z LIFTE LA, FREEE o) 27291
%, WEIMRILERITSETHRETHZ 2Tk b,

4.4.6 Rt EFERDOEBRIE

i, MihEhzKKT LT, 20759 7 ADSEREIET LU EELITRD. 2
DHPEAEEAFEITIFITHS 5 WO T RTHRD Z 21C b, ZZTH IRAF 2{f-
THDEZATZR DM, BRERNTGXA=FZ e LTI V=DV~ AT, TU—LERTDANA
DOEERE, S 51 FTHITRI N TS aperture, annulas, dannulas D 3 DDNT A —F %
FA%., ZO3D2DNRTXA-FORORIKIINE BY TH L., RIEEMIL L 2EEL hbe L
T aperture DEZFELE TLHNTRENSE DT T v 7 A EhTnb e L, HLA6
annulas DMEZTHEN 72 & Z AT dannulas DIEZ - ZHREZEL, ZOMEROH TR S
NBTTY I RAEANANY I TS5 ReT b, aperture DHND T T v 7 A6, Ny o
750 RIS T LRBEZG[EHL IRV BREPS DHETHL L L TFERERDL, 0k
DRBLHNDT Ty 7 A REKINSE DTS5y I ZATHL L LTHPET 577k %, THOHDE
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(aperture photometry) ] &35, $RinJRLELEL LTERBHEEZ L TR KIROHDEE 1772 5
FRiciE, ZoIARICECRIT T 5y 7 22 AL 20 hidze 6, ZoBGIcidMoibe
WY TR, L LRMSS, KREH—_AI2BW TS high-» DHRENTIE S A EHERICL
WESTY, ELKREOY —A VY ITMENFERLRNRIT, DR O RE S 2RO RETRN
BRO §HYE DS CHIICT 2. 207w, 4 ofFucB O T OHbEZ v 5 2 &icHic
RIEElX722vy, 728, aperture, annulas, dannulas @ 3 DD/XT X —F{TONWTYH, MEINHDE
i1 5 2 L CIRIEE %2 RD 5.

annulas

dannulas

aperture aperture

annulas dannulas

4.4: aperture, annulas, dannulas D/3T7 X — & DEFR

N TCIFEHANTITEERARD 5Nz 2 1272508, 7 L —LNOKIKIZ OO TEEEFK oIk
CIRDHAENEE > TR, 2T, MEHPDEEEMER (spectro photmetric standard star) &
iEn 5, ABHNC &> TT I WEEICh 2 o TAXRY MVEFEHIMEES N TS
Kkz O TEHERORIEZ1T72 5. FEBHIC B L, RIKO KT S O EEIC & - THIER
KZIC L DRI DFENF IR Y 75 v 7 ZBWEEIT 5 /20, BUHER 2% SBRCITBHIb %
Bz LT 5 (6] URFRNICBIHIBIR & T VIEICH 5 B &2 BSINENRZ LM E L,

AHHEEER I RICO > TEHBIHI SN TEY, hyareixs THRESh TS,
HDF OBHI Tl Feige3d &) BEHER ZFH L CHEROBIE 2T > /. BERED TS v 7 A
M BEROILEW KD, ZolE b L ICBHlT U — 2N RIKOFEREZIKIET 5.

HDF #— XA TCORINY RCOHERRPNAT A —F 2 RA3ICFL® L. b, RpPltkBn
THRAEEWIE S/N = 10 TOMl, oy EAIA N I 7 TT Y R ) A XOBEERETH S, 22
T, S/NH (E5 M signal to noise ratio) &, (RO XIIEDSNE, KUDPSDT T v
I RE fopjy ANANY I TTI Y RIALXDT T 90 Ak fo, BHIKHE 2 TDL, 20
ANy I TS50 R A XM CCD DaeslZ L /) A Xig EITHARFMTRETNE S/N HIE,

Jfobj
L5, B MBT95 7 4 )V E =IOV TUI TR RRARHIE S hThRnizw, Sloff
M Z Tz,

NB5IC2W T, BUEEZ+NRHAMNTE T LTS THEROBHITHREZT -2 2B/ML T
WL ZETEPRDEDSTL2 b0 b b7, LoRITHELE IR, 2B, K
i ICBT 5 NBs 07 — 213 2 Fflfigor L 2B CofE R ZJtic L T 548, Z D&k 2000 4F

SIN =t (4.1)



o2 WaATE KM 2y NEEPIC LB — A

TANE =N R | TN RASE® ogy  seeing  aperture annulas dannulas
B 4h 22.5 65 4.2" 5.1 6.8" 7.0”
Vv 2.4h 22.0 95 4.1" 5.0" 6.8” 7.0"
MB577 2.5h 21.9 75 4.2 5.3" 7.0" 7.0"”
MB620 3.1h 21.8 80 3.9" 5.0” 6.8" 7.0”
MB661 1.5h 21.4 45 4.9 6.2" 8.2" 7.0"
MB700 2.0h 21.4 56 5.3" 6.5" 8.5" 7.0"
MB745 2.5h 21.0 90 4.7" 6.0” 8.0" 7.0”
I 2.0h 21.0 190 3.6” 4.8" 6.8" 7.0"

3K 4.3: HDF Y — XA TOHER & APE T A —F Dff,

12 HICEBIZBHI 21772 > T B DT, TWRHHIcZEN S 07— 2R AN 5 Z 21
o T,

4.5 WERREEEDOHLR

high-z @ Lyman-o Fifg KIkO R Z23H s NB5 TOBHIZHIG L /=& 2 5, Steidel et al.
(2000) (fgih [28]) T/REN T3 blob & & < AMHF % FF 2 FE 7% Lyman-o Fl# KK D
BEfi e Bbh b RikEMI L7z, ZoXRKER 4.510R7, Mo EEENREO B XY KT
1%, FEAWEHEARD V N RTOg, TEMWZ O OBRICHIE T 5 EHK D NB5 TD
BTH 5. LD 2 D DBITHAT NB5 OGBRRAHHNZRIZITIL A > T2 Z & 3T
&, HPEDORIRTYH NB5 DEDFTH] 0.8 FFELH S 0.

BUEIT ¥ 72 NBs R REHIR D 20280, REOEBEHIIIHZ 5 T 6 THEEN
ZLIFEKTERNA, NB5 TOT7 Ty 7 AN Lyman-a iC kb bDTHLeThIE, o
KARS Steidel et al. (2000) @ blob & [GfED KK TH 2] fEMEIZHMCH S, 2L, T
T 7 AW Lyman-a \C LB DR LT HMEEHIESNTE ST, toitHEN S ORI TH 5]
REME® TETER, & <Ig, WK 3727A @ Ol O EE ORIk b H B = &6, NB5S
TRAOGNIZT T I AN 2 ~ 03 DREPSD O DT Ty 7 ATHLE I u[REE L H 5.
O L EARREEREZ LI L 72012, ZOREKD NBS 74 V¥ —I1Z L 58H%Z & 512
BH5HE L HITNB, OMHPNCAE T 5L D B, V &5 W3S HICREEN DR T 1 v
H—ICkBBHEZ S HICERD 2 TAXRY MVOMIEERET 208X H L. ZOME, &
B FERE Lyman-o FiERIKCH 5 u] BEMEMN A TE B TCHEBITNEEITROVART ML L 2
DFFEZATIRNTZ 0,
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4.5: HDF TR 5 72 Lyman-a $ifg 2 > T 5 & b 2 R K.

4.6 AXRFARBBDT A b
46.1 EFIWSEDFTVIL—RMI&BT4vT4 Y

K42 DV —RATlE, 3HMDLFKE 4D (MB795 13k <) otdk7 1+ V& —DGEkT
D7 4 )% —THDF 2BHIL TBY, $fuJOAXRI NNV EZDTDODDT 4 VFZ =NV KT
NELTHPEL 22 21225, 2D XD ICERD T 4 VH —Tlal— O RIKZBHIL THPET %
ek IZEHDE] L), 340 2ATN LD, HoF - Pl T o v x -1tk B
SRT LAY, photo-2 1S K AR ATMBIEIEORELZ LV ELTHZ N TELLD, KA
I3 HDF ¥ — XA O BEHITEF N D8RI5} L T photo-z 12 & 2R imMBDEE%E 7 A b IIZAT
ALY

HDF O$RHITH T % photo-z 1< & AARATMMIEEDHIZEET TITZ L ATRbNTEY, FHT
LETIVSED DNV L— a Y B ZIRICHz5. 22Tl K2 0BT 727 — % 23 photo-2z
IS OREHHTE SN, 23 k4 OV photo-z DFENE DEREEOEFE LTI VD
ROMEMELL TBL 2 i, S8 — XA ZHED TN ETHEETH S & 5 X photo-z I
& BHRSWMBIEE DT A~ ZiRA T,



> WaT RMY Iy NPT & B —

ETINVSED CDT 4y T4 YT RATRIICHIz> T, ETHBHIL 7KK 6 TR )
ZINY T ERD L. 7V — LOHIIIR LIIMI B OB INT 5> T 50, BEDAXT |k
IR DN L ITKRELE RS> THY, BE2Ru[L[E L LI IHk->TSED DTty T 14 7
ZiroTCLED &, T—FEELTLED. 20k, RULZFEZRXVBL T4 T4 27
RITRDRF IR S e, FERITE, 7V —LNORKDEEE T Z DRI 5 & D4y
M LI R0 ANT 50, KEY =L TV —A V ZIFIEHICKE W20 Z 0 k) Bfizikic
FOMNEIEFICHEE LW, 22 T4, 205F &0 B IO KR TIZSR 3D 2 GRS
W2 20055 &) BHIKERICHK S E, TRV RT204 ~ 2182 KT RKAKEIXY L,
INSDORENRUTH D LUEL 7.

FHL7ZET)IVSED ®F7 » 7 L — hid, photo-z HTICIIHEENRET VDO—> & L THW
ENTNSE Z & Z TGISSEL96) &EiEN 5 B DT (Bruzual & Charlot 1993, Leitherer et
al. 1996 [31, 32, SRl WOk 4 2 0 B ORI Z SR L TIES W= ET )V SED TH
. T4v T4 7KL UL 2 LR DI EZ T A—F 2 L, 0.1, 0.2, 0.5 1.0, 4.0Gyr
DFAFUGDOIRNITHT L 0 < 2 < 5 OFIFAT 2 % 0.01 & IHATELS ® 2G5 2500 T > 7
V—hEHBELL. FHCLBHIRTIY B L ZREKISHL T, 2057y V=T T749 54
YT RATIR, reduced 2 EIH/NIT DL DRI T 4v NOFRIFE L ZDRDNRT XA—F D
% F7z. reduced 2 IFLLTORTED AN D,

2
) B 1 fzpbscrvcd — - fitemplate(z? age)
Xreduced = N—1 Z P

i

i

fzpbscrvcd : BlHIENh KK T 5w 7 2l

flemplate s EFIVSED TV T L= RDT Ty 7 Al
i T4 NVE—DLES
N . HiE
a : RERTF
o 1 7Iv I ADOHEE
7B, R T o ZLIToREZ T TH 5.
6 2
9a* =
U
observed , ‘template
> L - sz :
Q= (f.templlate)g

(gn
7

4.6.2 FROMIL 1 - AABRR & D -

T49 54 7K ORODENT - DMK ER 4.6 () WORT. 4.6 D iz Hb e
2~ 05DHIZVICE—=IDVE, Z2NHIC 2 DREVHINETRA L T8990 5%, X4.6
() &, AV T nv=7TREREEHLE T 5 7 )0V —TWBIED Ty b Caltech Faint Galaxy
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Redshift Survey (CFGRS) &9 ¥ —_A 2B, HDF HUMIEO i 2 /8L TR 7=
2 DRITH D, £V TNEBID N TZDITWTDTIEEH LMY, RUEV 2 ~050H772DIC
E—=IMBUEZI06 2 DREVWHINLRA LTS, LichoT, 2o 22%HIET5RY
ICBWTE, K4 D% photo-z 1C & - TRD 7z 2 13072 0 ROKIRETRD 6 T 5 a]BEMED S
52L& bES, KA D photo-z TD 2 MDD T T 7Tl z<01& 2z~061TDEZ
AR o TEL DR EE S THDD, IhblE T4y T4 V7B LTI~ T
RO KED LW T 1y T4 7R ARCHEET SREEIC L 508 L 0 bh, FRELEE L
EE LI,

150

100

=0

10%* M’Lﬂn
I 0 \ w \ ‘ ‘

':I L1 1 | | | ]
0 02 0.4 0.6 0.8 1 1.2 14
z

o .5 1 1.5 2
<

X 4.6: 3% D177 - 7z photo-z T TD z DM (£) . CFGRS TD 2 < 1.0 D[ D54, [34)

518, IRADVPBHIL 28R D 5 B TTTITHKITLY 2 BFFESIN TS DITDNT,
K% D photo-z 18 & B 2 LFEFED » L DR E 1T 5 Z & AR 7=, HDF HioRuicon
T, photo-z ICK VRO SNz 2 L RKEEDOIMEBIHNC L B HaHR & oI, #AEICY Hogg et
al. (FjH)  [25] 10k > TITZebv T 5. Hogg et al. TiE, Keck LRIS (Low-Resolution
Imaging Spectormeter : IMRAERIG N EEEE) 12XV 2 MEE ST 5 HDF WO 27 fil o
] (RAY REHR <220, 0< 2<1.4) IHLT, ZRNZNITIC T2 NI 6 DD photo-2z
FRMT2 B3RO BTz 2 & OHIREATIR, |Az| < 0.1 DHIFH TRIRD 68%, |Az| < 0.3 DHIFH
TlX 100% DT 2 B—F L7z (X4.7). KT photo-z I L BMHD TR TINS5
TV B HEBH S5,

KA DBz D1, CFGRSICL 26 TH 5. CFGRS 1Z HDF ZHbE T 5 E
8 OWIICH D RNV RT23F LV HLWERMITOWT, Keck LRIS THVEL 2 Z[AET
5LV Y—_AThH5b (Hogg et al. 2000, Cohen et al. 2000 [33, 34] fl) . CFGRS THVE
SR o T, RADY—_RATHMB SN THE L ONEETe0 DY, =D 60 Ho
$RAJIT DT photo-z TRD 7z 2 &N ERO Tz » L O Z T2 > T2, DGR, ko
9 80% DERENTDONT |Az| < 0.2 DEIFHT 2 8—F L = (4.8, Yoshida et al. 2000 [35]) .

K% @ photo-z VX & EONRIBREE T13e L, oIk, ROk 2 W3 H o
b Y OEZEEZ ERL UTnnzd, JEFICHEOMWGELE s TTnsbon, »
20 OO ONT 2 ZMETE L2 Nz DT A MY RER SNz, BlED & Z Al
® photo-z DHFFEUTBNTY |Az| < 0.1 DL LK TIEREIC 2 2 TETUIWARWBRE %



> == S =
56 AT KB
T T T T ‘
2.5 — O Victoria
F O Imperial College
X Toronto 4—color
= * Toronto 7—color
= = % Johns Hopkins 5-color
% 2 3¢ Stony Brook
[0} F * X
- large: high—quality redshift
° small: single—feature redshift
‘-§ 1.5 I )
° Lo~ o
v r O
o,
2 x
) %
e 1 s B
P i xﬁ % x
> L
E H O @ °
o o O
305l 8
At
*x
0O
O L L L L L ‘ L L L L ‘
0 0.5 1

spectroscopic redshift

v NHEEHIC L 5P — XA

4.7: 6 2D photo-z 1T & 2 MENTIREMTRIR & MGHIR & DR, [25]

08 -

photomettic z

. . .
o) 0.2 0.4 0.6
spectroscopic z

I
0.8

[ 4.8: 3% @ photo-z 1 HRD 5Nz 2 & CFGRS ONNBIHI TIRE S iz 2 & DR,

Ky CFGRS 20 KIC & 5 2. #ElhEIR4 @ photo-2 1T & 5 2.

[35]

B9 5L, R4 D photo-z DMEIEHLBED VRNV EERTETCNLEEZXLN TS, L
7=M35 T, 8% D photo-z 1T & DRERRMETNMALITEH L VvWe LT, S —A L 724l
TOREDL 2 MM OHEER high-2 D LBG EHI KA 72 E1TIFHTE 5 L HA TV 5.

4.6.3 FERODOMIL 2 - high-» LBG &EHOR L -

T 51TFR4 1Y, photo-z 1T & B 2 OHEFLIT X U high-2 @ Lyman Break #ii] 2 RO 4 =
EHIRAIAE, 224052545 TINY RTOFEHRMN21.5F LY LHHE W LBG OfEH&

SN D RUIED 4 kR S e,
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4.9 12 LBG i RIAD 5 b D 1 DDENHANRT MV EIRT., TDOKEKD [ N RTOE
WL 21.76 55, HEESND 2132 =424, XA T4y DT T U — MIXT S reduced x?
Ex2,=02TH5. BAYRTBHIEhTNET Ty 7 A 10 OMILIRATH 5 24.9% &
DGz, FERROMEIZS» S0, HHT, @IER/NY RTEBRICBIHI S FHheHEL
IRL, DERZARN T4y ML7eT T U= bOWIET HETDOANRY MVERT. T 6
NS —N=13 74 VE—lFERLTNDE, ZOEMNARYZ MVERSL L, BAVRDE
WEMD VN KE MB620 TD 7Ty 7 ZAWHGETES & 0 1 NS <o TEY, &
SIZBAY RIZBWTUET T v 7 ZMEBRALL FITE Tlik> Tnad. Zhid, 3.30R3.31CB
WOURENTOSFBEIEFICE L L TBY, ZOKRMEN 2> 4.0 D LBG TH 5 ufBEMEIT
JEHICEWE EX 6N,

BURk T4 offfr FikTld, ZhPIEMERL 2 2RO 2 2 21T L WG, 2 ORKBFERE
IZ high-z LBG T 20 & 5 & MDD 511K & D ENANRYT MIVEFR TN LA
By, LL, T8V RT 230D BN KIKIENTIIOMERAZ2 95 2 2 13TEd, K
WEESEIC & > TL2ARZ MU Sy, BUR T, R4 oKk 4 D0 B El
WEEFHET 2 2 138 L <, HDF HiNIC S S ICBIREEO RIKNZ L o - 7 BeRET, KL
BantBllloztn 2w 5 2 12k b uEE D & 5.

21

- TS S S

23 W% 77777 #H

24

magnitude

25

26
4000 5000 6000 7000 8000 900C

wavelength

X 4.9: photo-z FEMTIZ & U high-z LBG DAl & &b RIKOIKAHTA R b v,






99

B5E TIL% Suprime-CamZ&k B —~A

KET 23y MTkoh - Fldd 7 4 Vo — I X BIRBEY — XA 1%, PRAEZEHNS 22 F5ifE
FEETULPRETET, TAHBROENLIRY — A ¥ 7 OHES ofEN 6 BUKDL LIS D
ROF =2 2H125 0138 L WIRIUCH 5. 72 THk41E, BARYOKOBEEFETH L T1E5
Ik B - PR T 4 N F =P — A B EHE L Tz,

KRFETIE, TI1EL o - JEHE 7 4 V7 =P — XA GHEOME &, 2000 FFE OREBIH| O
BRICHSY SNz PR 7 4 V& —1C & B EGORITIC D W TR S,

5.1 TIE2LE1RE

TIELEEL, EHVKLAEMNTA R~ 37 7 10T (B 4139m) 1@k L 7z kKo
- FARBHIHOHES TH 5, T35 0/RIT 1992 F L VLHE Y, 1999 4F 1 HITH—
MHOBH (77 —AMTAN) BT o7, ZDH 2000 FFH T TOR, HEHFAKSLSFED
BUHIEE OG- R OBHIDHRE, 2000 R & — O WIFEHE O H G FHAHHMG S T
W5,

5.1.1 X4&

TIEL D EROERIL 8.3m (D BHWTEES 8.2m) T—RSiE L IR koY A XTH
20, ZOBREITDTHN20ecm TH5., KUHFEH O L > XL, WEHLZEINT Z & THMAHE
TEATCLED. Z0OZOEREHZLELRS LTI, EMERKKOBEELZ e
TERY, INETOHEIETIE, VO XEBELI LTV AHEOMMETIIRER TS LI 1
LTz, L2L, 8m b DOV A XD TE LM Z /-8 5 - OIITEREN 1506 1T 785
TLEWBENZGETIERY, 22 CTTIEL0FHL VA1, JES 20cm, HHE 20.8t 211D
BEAEZHY, ZhTORBAEL S LY XDOERIEICIKAZ BERIS FiRsES & iidh 5 o 25
DLV ERZHET D L0 VAT LR > T 5,

FHOBEITIE, T AOHEOBGL» SHIEDTE [ £ TIFEDBRHEZHL, FHIL > XDk
BEIIIERICE ORENER S, B CAELL o2 E Lz, L XRHOM Y D
KE SITEZEEROMGEISVEL Lk, MRGRoEMEEL HIES T TEsice -
T, VYADOIBEICIEZ N E TITRWIERICE ORI ESR S h 7208, HERGHH & ik % &
RTT 5 T2, oIS L o AR OFEFRZEE 12nm & W D /NS 2o 5z,



60 W53 91E5 Suprime-Cam I & B % —_A

M 5.1: <o+ 7INTICESTIEL 0 K =4 (JB) e TIE%HEioA% (h) . HYX
XENT A BHIAT 24t

5.1.2 BEENSZFFRLNE

FDOL ZATHRALMY, FITRARDOBREOMEOY X TERIVEL . ERBLOMINEIC
K BHENTIEE CIIFEHTE W =DICHOW SN0 )Y TREEISZFISKE ] 2 1TFEh s v 25
LTH D,

FLITIE 1g~100kg DHIH TCHEM ZWETE 5 REE 2 -0 T o TBY, ok
HEMAT 5 LIRFIC 2 Y o — 2 DTOHIAICR TR BBER MR 23T 5. ZoFH
WD E, EFOEICINY AT 5 Tn5 261 fllomEN Il (727 F2xz—%) MiifEL
TEAZHIET 5. T LY HEISERD L WEEIAHER S IEER 2GR E O N5,

5.1.3 #{ENFE

TIE5 OEMBELFERT 2720100F, BROY —A V72RO ENH L, T1E5 Tl
G OFE, N—Loik, HRNOMED HRELHHIITY, KORWY—A VT %

BRTL-ODEERE L > TE . LELRDS, HERO KRDTES 1Tk 240N, K
MRINIC 2 h & Seaeiculftd 5 2 kiR, 22T, KA S &1 & 2 LKMo flh % b
BEICHIE - AT L, IEASKRIZLL 20 ) big, FECBHEEE & ofIcx & iz NNo]
EHOWEELSEDLZ 2L TENEHIET 5 20D 2T LR S hiz, Zhbs, TH
{E/t2 (adaptive optics LLT AOQ) ] &MEENE Y AT L THD.

ZDYVATLORMICLY, 50~100msec D HIE CREZE(T 5 KADOTES EXHIET 5 2
Eu[ERIC R 5 72, AOVE 2000 4E 12 HIZT7 7 — A RS A k2177w, fEKIF 0.33" FErE B
SNTWfRMEIER 0.07 1ICF CUE LR R S e, BlED L 25 A0 ZEH T 51213
WG 6 ELHET D OHL I A RENBHIGHFNICLETH 5%, HHTELBHI%
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EICHIBRDS B B8, S HICHENEDIZTTIZLOMEEY LV EHTAZ LM T L EETH 5.
BfED L ZA AOE, HA REEZEALFER T ABREOHEFTL Y & EHIEMM TR Z 80
728, WML OIRE A NEEE TH 5 IRCS LA GHLECORFEHEINS.

5.1.4 BRIEE

FIXDITFFLER, he TV UER, FAIZAELD 3 2oESMMHA SN TEY, Fin]
B SN E TORNNVHEEEBHITCE S, 20135 OFHEZTER T 5 &I A BUHIZE
EEES TN 5.,

FERUIO 1T 65 o] FOEDLHEHRGEH A Z TH 5 Suprime-Cam (Subaru Prime Focus
Cmara). [AU < EFEAQTIY 1T 50, o] gOEEOIR% & oM 5511722 5 FOCAS (Faint
Object Camera And Spectrograph) . FRIMEDERIE & 3EA3TE % IRCS (InfraRed Camera
And Spectrograph) ®u]$EEK T ORI R 1172 9 HDS (High Dispersion Spectrograph),
BHDENIT A0 LHAGLRETHLIOKRIKEZ 7 LTRLTL EnZoHIcHh 5Kk
B9 % CIAO (Coronagraphic Imager with Adaptive Optics) 7 &ZH8TC 8 HiF O BLHIZE
P —FEARREE & L THES N TS,

Z DA B IR E R BIHIFE A E IR L IR E e &, T35 okREZ +orCTE
MTE R4 EEBA ST 5,

5.2 Suprime-Cam

Suprime-Cam (& I'TIE2 FLRHN X T D%ER [Subaru Prime Focus Cameral 76 & 57z
UHTHY, T35 DEADHETH 5 30 i O EERIOE U 2 7Eh L 72 u] PO T DHiR(g
BHZHNE LIZEY A2 CCDARXATTH D,

Suprime-Cam (2%, EEEO KRN CCD Z T 10 #A5x21CWRE5N 5, {FHT S CCD Dl

FYA XL 15um, IMZEDREUE 10240x8192, /MAREIL 0.2/ /pixel(EERUTIF) &5, Z

AT KO BRBHR B HEIE, £ 30/ x 24’ &Y, ERROUHOITITRIEE I N-TE5, %
7z, BRAEEMIE BNV RC28 ~ 30 ERETH S, HST OBENIH 2.7 FHTH Y, BREZEN
IZBWTY Suprime-Cam DFFAHET2036 Eul 5 Tvd 7289, Suprime-Cam Tlidk HST £ U
HIEDEDIRNED RN — XA BRI RS LD Z 21285 (B OMBEDRITIE, KA
DI & 12 £ 5 WBN K S V0 HST 0F SN TB),

Suprime-Cam D EER ANy 7 H#FRK51ICEL D 5.

5.3 Suprime-Cam [C &k 5 HEHT 1 L5 —FH|
5.3.1 BRAIGEOWME

o PR T 4 )V F =1 K BN — R A D F R HINE, KRR & photo-2 12 & 5
2 REOHEDOR ETHSHZ LITINE TICUIBRANTE L, BIHREIRN 20 S/N D L
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CCD Fv 7 | 3 UKEnl BESEEU Y (BUfELE ST Te #h# & MIT #E3UANESE)
CCD IR 2048 x4096 (2k x 4k)
LITE=54 10240x8192 (10k x8k)
SMRAE 0.2" /pixel (FHERURICRE)
AR 30/ x24" (FFERHGURE)
AL AKX <3¢ (KHEE—FE), <7e” (HHE— NIK)
FRAZEK #30%F (BAYR)

% 5.1:  Suprime-Cam ® EE A ~Xvw 7, Suprime-Cam FHFEZ IV — 7 web ¥ A b
(http://indus.astron.s.u-tokyo.ac.jp/works/suprime/index-j.html) & 9.

ﬁﬂ%?ék@ﬁﬁ+ﬁﬁ%ﬁﬁ@@%g&¢'ﬁ%ﬁ74ﬂ&*V&oT,C®i5&%*
NA B RKBITAT 22 D124, ORI e R OBE & fif 2 7= SHiEsE & BHEEEIC & > THHWR
Rz KEICBHITE 5 Z 2 BRMFETHY, T1E5 & Suprime-Cam o)nﬁﬁ‘ﬁ‘biﬂf—gf) b RO
YU OZNTHO ZOHNICH S 2 b L T 5,

Z & CRA T B D LRI E H N — T B RE 200~400A B2 22 Mo HhESKT 1 )V
5 —% A\, Suprime-Cam I & U [NHEFF OV — XA 2472 53N %27 Tl ZOH—XA 1Tk
D, ZNETIHLNTNLEZITZNICELS, KEOKEKDOWANHDANRY M Vi —EITA
FTLHZeNu[BETH Y, high-z BERIRERZIE LI LR DR & (L, & SIS
DIRDOWFET KR EL HATE 57 — 2 2t c& 2 Z 21tk B,

¥, ZhEOHERT 4 VE =Xk BV —_XAITMA, Suprime-Cam 72 & CTlIDH —A
FHiliie LT, VIRIMRICITOREERT 2 > 5.0 Ol high-2 ORISR AEH 2 5 Z e 2 HIFL
727 4 VB —WEDY 100A DL T A7 4 VW Z =12k B9 —_XA BEHEIL T b, REERT
TR D OH A A v 0F (OH %) RN T=DIINy 7 75T R ) A XREL R0 B
HICWFBE L TR0 TH P, —HOBETI ® OH WA Rk T 55 anHh = 2
T [HADE] LIFA TS, ZORKDFEITH & D G &7 4 V& — %20,
Ny 27590 R ) A XMW EEMESND L Bx, DL R T 4 Vv —12k 2
P—=_RABHETHTR D TEE LT 5,

IO DH - PR T 4 W Ik B =AY, KA DTNV —T D, Suprime-Cam Hd
RINV—T (O Ky, EZKXH), ﬁ%ﬁ%ﬁiéﬁ%@ﬁwwitzﬁ%ﬂfﬁméz
ey, WR7 4 VE —oBFICIXY Hro T s, fERES 27 4 Vv E —1F, —HHEIZK
NED=JEFX v U NATHMEMBOF =y 7 HEERITR, M\%ZTéZ’\\y 7 WSl & h
TWbLZ R L7 ETTIEEANCELENTN S,

BED L 25, TRTCDOT 4 NF —2H L COBHI%Z 177 5 BARN 2 BIHIZHE X7 5 T
RO, INETOBHEE» ST - Pk 7 4 VF —1C X b — XA oEEWITRB SN
2HY, WTHIKBBZRY —_ATaY =7 NGHIS 5 u] B0 H 5 b 5.
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5.3.2 BERBRAMAICE T BHEET 1 L5 -8R

1999 F1HDT7 7 —A N T4 NI, 91325 Tl —JBHIZEE oM REMER » I EZ FH N
U7 iBBIHIN S RER R V- T o Fic L 0 irebi /e, REBUHIE, BUHIZEE 23[R
HToMHICHEARZWIRBICE y 87 v 7T 5812 2000 FFH £ T 1 ELL Eoffiich 7z -
TESH, ZoRBUOBIHIFKFRIC > T P BIHIFTHID & SEEHAE TV — F1C—E
DRFRPMREL S T /e,

KRUFFEICH O R 7 1 Vv —ToBHNE, 2 OREABHIHN o %8 T H % 2000 4F 8 H
AT o 7z, BHIORI S L 7o I, TIEDTDO XA Y —_AEHlije L THRETShTn
% Subaru Deep Field (SDF) & IFINTW A4 CH 5. Z oHUkiE X HR 2 D XMM-
Newton 2AEH B Z FHE L T A M CLH Y, T1E5 COBHNC LV a0 - FIMRETD
F—2 2L COLWREMTOf5E2 D5 2 &N TE5 2 L 2FL CORETLH 12,

2000 ‘F 8 H OBl TIL, R4 %2460 & T 2887 4 V& —H— XA Z)v— T8k H I HfE
L7z, IB10 (Intermediate Band No.10) & Eh b CW=5736A, BW=280A ok~ 1 )V
B — LN D R N R TORRGEP b7z, IB10 X 2 ~ 3.7 @ Lyman-o FERRICHFE T3
FENTBY, ZOTANE—TTTy 7 ANHML TS RIEBEOD S GG, 2021
& % Lyman-a FIFRKKDOBEA & 72 5. Z OBRETIE, Suprime-Cam @ CCD 134543 v
REINTEIBLHT, 200X —H—DHEANRIEL 72 8 D CCD IT & - TEAM TR bz,

IB10

A i

(SDSsHIE
| vzTL)

/] \ I L\ . .
4000 5000 6000 7000 8000 9000
wavelength (A)

[ 5.2: Suprime-Cam ABABIHI T L 727 1 )V & — o iR,

5.4 Suprime-Cam E®D 1 RAULEE

Suprime-Cam 1% 10 /(@ CCD Fv 72 W R/=EV A 7 CCD A AT LI bFEEZ L TH
0, I INZEHRIZ 1D CCD T &I 12057 —% & L THkb b, bias R IX
HCCDF v FZT LI DT, 1 KUHIZONTE, £9F v 72U 21770 -5 218,
oK I 72 WU 2 F8 2 7= 10 KL COD {5 2 A5G ST 1 Motk B s & v S W 21772
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DENRDH L., 61T, TIES D FERTITEEEOIECHNRMERE I, B O &8O I{E A
EFEOOENTLEY. 20k, 1 KB TUIZ OERZFHIE L TIE L WEICE L W
DEEHAEL 2 TUIR S0,

Lo BHIE Suprime-Cam 7V — TR E OVEREL iR T 5 HIN T1T7%% - 72 iABBLHI TH
v, BHHIFTOIEREE & L TAR ST TS BT S O ey 7 b o = 7%
BT SR EIT S h T, £z, Fido k57 1 RUEEZ § 5 7291213 Suprime-Cam
W T EEHEDNT X —=Z B L2 52N HIC DN THBIR R TIEAB I TdnZzn, L
2> T, 1R 217725 12Dy 7 b = 7#EE, Suprime-Cam FFEZ IV —T D X 2N —
Tfﬁ)ég\/fj(n D J\ARHERB & OFIERF R CFHER O RN IE LRI K > THlfEfF D Y 7

EHETHHT S WS BEE RS 7.

1 MR D FEAR 72 RS DUV TEARE @ 2kCCD YLD fEMT & [a)A% T 5%, Suprime-Cam
G0 H DMLY % 53 @EIFT & < 22 H 5 729, Suprime-Cam I D 1 I o Fhic DT
PIFIZHERTn L,

5.4.1 biasWUIB

Suprime-Cam Ti%, CCD DMFED—#ZEmWER LMWL IITLTEBE, &kl
T RRC Z DiFED S ITERRERER (N4 7 AE ) LRI TIRVEIICREL THDH, 2
DEMEER L RN LI L 28lE T —"—2F v V4K (overscan region) ] &Y, Z
DHIRD T 7 > MEPREMWIIANA 7 AEL FMTHL L EX L. £2T, {5CCD Fv 7
DI —=NR—=2% % VAHBOIEE L T Y 7 MIHEATEE, 2046187257 MioF
BaNL 721 LTHEHT 5.

F—=N—=2F ¥ UL, ZO®REET 2 CCD DRl L2 E ST 1 HomgzFs
FPRICHEEIC 25 DT, NA 7RG S - BTV - T L.

5.4.2 masking J0IE

CCD F v 7 OHIIFfT 2 IEEPHIEIENE 7 2 VRSB LW EZ BB 5. &
NHDOE T v NVDOT — F IR A4 OMHE G OB E R KT S 0, T HRIC
FRELIAERT -2 THDH., TIT, ThH6DET VI T W21 5. £,
FEWICHD WENF 5> TLE S DI F L— g VERIL TR EZ2IUIIH L TBIE
ROMHTZONEL2T 5, REREZLVEZRLTLED LWOIEKT, ZolHE <2
X 7 (masking) | &S,

Suprime-Cam DH{§E < A x> 7T 552, HOPUCOREINLHGHEEL D 21K
FyTOEI N EF 2y I L, RAXVTTEIVNEDOHLET IVBEODPNIZoE I 2
NDOADT Y Mz =Yy 7F > /N— (magic number)] EIHINDFEDH T >~ MEITE &
25, DBEOMIIIBONTIZORY v 7 F o N=BHDRAENZEZ 2 NVIFLTY 7 D
TR IND, LedisT, ARV 7 INLEZ VISR Tl —tikbhian,
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frame 1

median
combine

frame 2 sky flat frame

frame 3

[ 5.3: sky flat MHEDOVERFIH. @I KEkDE.

5.4.3 2735y MHIE (flat fielding)

Suprime-Cam @ CCD IZXf L TH 75 v MIHZIZ & 5L T OffilE (flat fielding) 24772
IVENH L, KT 2y NTOBHTIEZ Ty MIHRIZR—LT7 Ty MR LA, T
W2 TEHBED L ZA R—L7 Ty NGO —FRMERR {20728, Sl O ffaT T 1Bl 4
EEAGODETERLIEADA 7Ty b (sky flat) ZEH L7z, BHICBWTUITHY V7D
MAFIT LV [EICRKD CCD F v 7 LofElIZ— ol Z L iIcBiIT5, Lien>1T, b
F o T OWTHBRNINEE X T 14 7 U ERTWEE R (AHA) OBRPB—HIZT 5 70§
E6NLDTCINET Ty Mlge LTHMT 2. M5315, 2AA4 75y bofFRFITZ R
L 7N %2 7R

5.4.4 T3S UUMIE

CCD WORMGHIZED S A4 VR0, N 5I1CH 20 RERNEDT — & DL 5.2 kD
12, ThoDWEOHT Y MV v 7 FUN—ICEXMZ L. Zhicky, <xF 7
BLLIICTTTy 7 F o N=%2 5N mZIT DR O ClIEti s b,

5.4.5 TEHMIEE pstE&ht

TIED DFERTIE, HERORED & T OGN CHBITERNEL 5. ZDOERIC
Fo TREDEMIEL {HEBEINT, EREEEROFKCEF v T TRIKOEELZIA S Z &
MCERL 2D, EREFHEL TELWNUEIIRIEL WEGPHEBEN DS & HI1TT 508
»5. ELORIIICFELDOFEHE L TTIC LR G I k> THILShTBY, CCD Fv
THEOERMIEAEDRNTY 7 METOMARAENTH S, ZOHEMIC & > THRTF v T Dl
BDOELEHIET .
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F/e, G2 GIRT 2I1ICH2Y, JHHFHEDOY —A VT DUV EIA 58S, pst WA L &
IRAEICTIRD KDIWCAL =T TENPT B, ZOIEEIFERAIE 2 RZ TR TR b hid
IELWERIchib2 225,

5.4.6 EZEDODEKREETFA XY

psf G E TCOMM KA MHRITER GO E TR D, [MiffZ2ERD Z & BT, KEy—
NARED—{D CCD H XTI L BY —_A TlEHMI T 2o 2 W TH 543, Suprime-
Cam X 10D CCD F v T2 UWNRTHESN/ZEY A 7 CCD LI AHEEZ L T\W5 %, [
BERO FIIE 2 W E TOMMNT & 13582 5.

BB 2k E —D 0§ & LTS 2 51213, 1 KUK S 72 10 o CCD oifif§% 1
RIS SR ThIR sy, ZoME T 4327 LIFATHSD, Suprime-Cam
WG DR DK E 7L Z DY A 32 ZWHEICH 5. CCD V& Suprime-Cam DOFEMR Fi2<
RMEFEEZRT TCERENTEY, EFALF 7B, ZoF v TH oz D 2 05
LH 5.

[6—F v 7 TCoOmEERIE, Fv 7 LOHLZNKRIKOMI NG — v 2IGL, TXTOT7 LV —
LTE AT — R UKk S KDl i S ¥z ETHRT 5. S SICH%TFy
TOMUEE T B, FYY Ik > TR O F v FIClEl— D KK & B [6l— o4 A
NE =B TNER, ZONRY =B U TERSL LDIHKTS. Z0k5ICLT, &
Fv THBOWEDOEIRE F v TR O EIT72D 2 & TEYV AT IINEKRT L. VA F
T OBED NG — VRBRERDO T IV T XU 7 N DR TREI TN 5,

2000 F 8 H OB Tld Suprime-Cam 12 8 (D CCD F v IMWEHF I N T2y, fiiTich
WTIIHBFNICHE > TOBIHLWEZRT S & & big, HERONRE I 0BG E DT v
TIRCE—JEITHRD O L W, B2 8L THITT 5582 L s Ko CcCD @5
B2 RTFOZINY L, 34 KADOFIRICOWTIMTL 72, X 5.4 124 8 KD 5 B IRk 4 AT
WICHW e F v TONEIVRIN TS, 2B, DIEBEALTIENHFIIREN TS a, b &4
WM& EHY, FlZEIBI0 THREZ Lz a7 U — L2 ETHEE TIB10al 209 kD13
w95,

5.5 R

RN U 72 R O RN, R ANV RO 7 U — 253 360 BFSr x7 B Dt 42 4y,
IB10 %% 600 M x10 BDEE 60 22 ChH - 72, HPEH o DB EM X S ulliR S v T
o 28T, IEMCEREZRD D Z I3 TERDP S0, KA ToOBHICBWTIBI0 & 1F
IR C BRI S 72 5 ik 7 A )V 7 — (IB577) 2 L Clal C A& Bl L 2FE o7 — & A3
HolDT, IBIOTHE L7 V=L REY— XA TG L7 V=L X HITHF > Tnb
20 ~ 21 FREE D 5 & DA — RIKDZERANTIFIE 1272 B & D 1RO MBUE 2 HUE L 7=,
RNV RIZOWTUEL, RS & IB10 RS EZR > T a8, 7V —LROKRFoX
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[ 5.4: Suprime-Cam @ CCD BUE (8 KUEHIR) LMMTICHERL 72F v 7 DT8R .

KIZOWTIFHFERNEICTH S & £ X, IB10 TOFEHIHTL T R N RTOFHK L IB10 TD
EhenEr Ty L, EFREOE—-IN0IC—HTEEIIC RNV KTV —LDEHKEH
filiL 7.

LD T V= LTIHZ D &I RHAPEEZRS> T 2oic, HPHED R RIS 228, i
WMEREDBAZE Yy 27 v TTBICH 2> TUIV L ET R AV RE IBI0 & TOBB LT DE
WERZ AR 2 e PHERNZ I WD T, YEZOFETHN T2 Lk, 5%, iR
OB T — 2 2135 2 e 8kE, ZThEICICEROHIRIEZT2 ) TETH 5.

2B, 200141 HORFRTCIE, HEB L 07 R OfHTIE IB10b 72 6 TN Rb OHRIC D
TORT%> T D,

M W N

o
[{) IIII|IIII|IIII|IIII|IIII|II.I|IIII|IIII

-

¢ prm s s g s pans g g sh swmr WEwe o
20 21 22 23 2 25 ey i a7z

—_—

ABrmag IB10 ws R—IB1D

M 5.5: F#liliAY IB10 TOZEH, HEllT IB10 & R OEHRDET, + ARITKEWI L IB10
DT Ty 7 ADKEL T5b,
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5.6 Lyman-o BRXEEMOR L

HHOFERE D 21T, IBI0 7 V—LTOFEHRN RNV K7 U —LTOEHRHATIS L
o THWbRKEE Yy 27y TTHEERITR-T2. £7, IB10 TCOFEHN RNV RITHART
0.7F LI LB WRIKERIFICE Y 7 7 v TRATRG, fillih Shiz KR >» TR o H
PUC Xk DR Z AT o Tz, il SN ic Kk dicly, B0 WRIKD T T v 7 2058 %
ZF7=Z 2 TIBI0 7 L—LAMBIRICIHZ SHPEIN T L E 52 b OMEENTW DD, %
D L RIRIFEFRICHE THER T2 2 & THIRR T 2. X15.51Z, IB10 TOFEHITHTL R DZFERH
L IB10 OFHfoEL Ty L bOER/RT. b T, RliolL WEEICHz 5> T IB10 0%
WS RN ROZFEHRED 0.5 FRER S 2o TOBREBLZL ML TWEH, it low-2
D] D AR M IVIZBT 5, Balmer RV OWRINIC LS 7T v 7 ADTREDHELRIXRL 7= b
DEHEES D,

A kA HEROFER, IB10 THHA K72 T A KK (LI IB10 excess KAAE 5) A3
HEMIL S hiz, 618, ZOHDONLDMNITIBI0O 7 L —AIZH S KIKDOFRA R N2 KT
DR 2B L DN HEOD 5Tz, B L IBI0 TDT T v 7 ZADMIMA Lyman-o FifC L 5 b
DCHDHETHE, 25K Steidel 523272 “blob” IZHPIL 72 RIKTH 5 v BEME:
bdHbH., M5.61CiE, IBIOTTZ Ty 7 AL TWAHRIkD 1 2%, [{5.7~5.101Cl%, IB10
ML 72> T L KRIKD S B IB10 TOEDIARDLD > T L b DEIRT. ThZnEN
IB10 TD{%, G RNV RTOBRTHS.

IB10ICBWT I NS DRIKDZEHRNIH S < 725 T B JHINA Lyman-a FiRRIC L B b o e S
I DONTUIBIRETCIIMTETE T, 2T 2 ~ 0.5 DRED S @ OILFERR Bk 2Bz 3727A)
Y, MOTLEOKIMTH L uJEEM L H 5. L0 KSR 217725 7290121, R £ IB10 ©
Wi OB RIS IB T BN AARDOIE T — 2 EETH 5. Suprime-Cam DIABEHIIE 2000 4F 11
Hicbirebh B, ZoFR2iE Johnson VAT LD B, V &6 T DY &L TSDSS
D' DI DDRHEAIN Y RIT L BRI TN TS, 26 DR T — # 13 Suprime-Cam
F—LEMHL TOAFLR501T, 2001 4F 1 HB{EFICITIEE ZIEOTHRNAS, T D
HIZZN O DLEAEINY RTCOTF = ZIBNT 2 2212k, ZH 6D KREA Lyman-o FifER
KTHZPED ORI LY AT RA S b DL bh b,

T IB10 excess KAKD IB10 7 4 V& —IiZBT 57 5 v 7 ZDIEAS Lyman-a I &5 b D
23 5He, IBI0 DT LV—LTARBHNCIA 25 TR A S RIKIEE 0 IiEY HI F A% £ 5
TREAER S 7220 2 ~ 3.7 OVEHISRE TH HulREMAYH V, R TR NOEIC LS T7Ty 7 AL
PRZSENTHRNAD, IBI0 CHHEENSD T T v 7 ATMA TR HI HAMNSEDT Ty
DA ZENTWD EEZIOND,



5.6. Lyman-o FERRR AR O R T

[ 5.6: 971E% Suprime-Cam THEUHI & 117z Lyman-a P RKIKOBEAR 1. 2 2D KT
WRITFHTEWITR S hign,

M 5.7: 91E5 Suprime-Cam THIHIE N7z Lyman-a FAR KIKO WA 2. 1B10 Toiij%
() TREM>Tws (BITR 5.10 £ Clalkko K1k.)

69



70

B 5% 91E5 Suprime-Cam IZ & B9 —XA

M 5.8: 971F% Suprime-Cam THUH| N7z Lyman-o FERRK A OB 3.

I 5.9: 9135 Suprime-Cam TEH & 172 Lyman-a FEFR KK BH 4.
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5.10: 91¥% Suprime-Cam THEUHI S 17z Lyman-o B R RO 4] 5.

5.7 Lyman-o BRXKAE

AIHTIXIBI0 TO T Ty 7 AWSEN L T KIKICOW Tl =28, Zoi¥IC IB10 T RICH
RCT Ty 7 AMKELGFP L THEL AZA D RIFY WL o Rod -7z, Zh b oRIRIE 2 ~ 3.7
TR, H25WETh LV EFICH 5 QSO RHEHSR 2 Sz niz AT M)V D Lyman-a @
X Z 320 % Z 212k Y IBI0 TD T T v 7 ZWNEA L TRl S h T B uf BEMEDSS 5.

CDEIRIKEMELCBHNE LT, RO LD Ru]BEHEREZ S 5. 1213 QSO G HgRi]
HE DML 72 HI FAIC K B IIXEJRINE T2 0 TH L. ZoFEE, 2~ 3.7
I2H 5 QSO R4 6 7= A, FHICH 5 HI AT & B IKIXE 521 7272912 IB10 CTIkE
LTBHIENE Z eickhsd, 22HIE 2z ~ 3.7 K VEGORED SRz IHD, Fr412E <
¥ COMIT 2 ~ 3.7 MHTICH 5 HI HADIIC & 2K Z 2T I=u]BEECTH B, E7z, TR
DFIEAREW 28 10A DI ESH O hEBTIE T T v 7 ALK EhTL E> b ko %k
BECE, 2 < 3.7 oK e IRA4 LAGSEAMTTIE IS H 2 JRAG RN EC R 0 7+ A 7 1C
F BN ZZ T TOLu[EEE O H 5. 2D & D 2L WIkiE% TKEE Lyman-a ## (dumped
Lyman-a)] &IEE,

IB10 C7 9 v 7 ZADJEA L TOB RIKWRON 5 7258, A7 "V EELD & 9 720k %
ZTTOLuEEERH Y, ZhEDREKEMELETHZ LT, 2~ 3.7IXFET SN HI
N AER UGS E e & DM 25 TS0 L0 5. SOl ¢ o2 5 7z IB10 i K1k
IZ2WTE, IB10 excess KIFE[EL < 26 DIRINADS 2 ~ 3.7 TP Lyman-a IRIXTH 570 &
IMITODNTIIRNETE T, RIT Y LEHRTOWRNGET — Z A 7RI T H 5 05,
BiR s Bk 2 Ktk e L CiEH L T MM+ d 5.

PIF, B5.11~5.131CIB10 TV T v 7 AMKEL T Ktko—Hoii§ %2 /rd. »wWiho
MicBnTh, EITIB10 Tolfg, I RNV RTo{§%Z /R .
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[ 5.12: Lyman-a OHfWIRIXEZSZTTn2d & /o5 Kk 2

5.8 HEETI I —ICkBEFEEREORL

Ll OHESRT 4 N F =T & B Y —RAITBWTC, Lyman-o PR TH 2 &5 D
DWTIIRREERD S, FERIHR R RN —oR A Ehz, F5.14 17D RKDG 2 RT.

HERD &5 k% LIz 2 o RIKD§IE, RAY RIZBOWTUI 1 2ORMEKD LI A snT
W5, IB10 TOMHEZFHEL K HTH B L, LB Ao P ofko & 5 25 7y
7 ZPENH 5 TODL Do 5, FieZ ORKIEIBI0 TOFEH/D RN RITHARTH 0.5 %
FEH5 < b5 T s, IB10 TOEHOHMD Lyman-a Fi O 7 T v 7 Ac kB b o e D
MOV TUIEN TR L, MOICEDOKERROJREE S +MCH HAY, D & aH Z2R >
KRR SNzl b <, SRFMRIEZ T2 0ERH L L HEA 60, HEHL TV,



5.8. WEHK 7 4 V& —I1C L BREE KoM 73

I 5.13: Lyman-a i IRINE ST Thb & 65 KK 3

M 5.14: IB10 7 4 )V Z =2 X DB S = FERAR, IB10 TOETIE, HICEHB O
FFEL T L 0ODRERTE A, 2B, IB10 DEETIE, HOFERHRTAT 5 -0z
WELTW5,



7 W53 91E5 Suprime-Cam I & 2% —_A

5.9 748 —R%EEY L ToEGERSFH®RE

2001 4F 1 HRDEHETIE, FRADFILICIZIBIO L RD 2D T 4 WE — DT —F L%
Mo lzlz, FERAROHEIIINEEIRI N Tz, ZDH&, Suprime-Cam 7 )V—7 kD,
2000 iF 11 H oB I T S Wz W3 B, V, i D74 VF —DFT —FIZDO0WT, —EHIER
MHEYHDODIRMEEZT B Z N TELLD, ZNESDTF—F 2 MATOMMZT 5 7=,

2000 4F 11 HoBHNT BV TiE, 8 H OB THIFNIZHE > Tzl 2 WEZ#T 572013,
BUHIEI 2 5 FEi Lc 2 21k v, 8 H & 11 H olis oI Chsy & o 2 4 HT A
Roh, AW EZEDLT—2 D55, 11 HOBHloT — % % @A T & 2#iHIE, M54
D a DWIRD I & 72 5 7. Suprime-Cam 7V — T 61822017 6 57— % o BN 2K & D
B S, BIRFE TR a o EMloF v FI2o0nT ORI 2175 T 5.,

BUEIIRIKDINET — & DB LRt STz, HDEBEIC IS < e 2 i 4
REHITHED TN Z 2 L2 b R, 2001 4F 2 HOERET, IB10 TOEMD R NV R TOFHEK
LU BHLINY DRI ONT, B, ¢ TOREDOHIREIT>72. K5.15~5171I22 16 DKRIK
D—PNTHONT, 4D2DNY RTOGERT.

WThoRMKY, BENZHPEE T, IB10 TOFEND RNV RTOFRHARTH 1 Ffe
JEIHZ { 725> Tn b, OO REN IB10 TENR VLS FSs T HIEL T, 2hb
DRAEDIBI0 TIEHE K Fo T D D050 5, Lyman-a DR & 1ZKTE T E 20408, 1B10
DNV RCDOBR SPDILEDORINNCE D T Ty 7 AL WA THLu[REWNH 5 L HEHI S 5.
F7z, K516 &X5.17 DKKTIE, IB10 TOKKDGBIRRIL > TSRk bR s h 5.

TS DRKITONTUL, KKK D BRI O u]REVERYSH 5 2%, FFRAY Lyman-a 12 & 5 b OM»
EIMTONTUE, BAY RTOFEM LRI Re%2d, LEN-T, SRINGD
KIRITOWTOFMEWIFET H1cH Tz > TE, HPEEZITICL 2 S HICEH L WRITZED 2 2
CICEDIHENMIENDE b DL HFFL T b,



5.9.

T 4 )V E — KR R L C R R AR

X 5.15: IB10 7 1 v % — T2 < it S 72 Rk 1(RED).
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B 57 9135 Suprime-Cam 12 & 5P —XA

I 5.16: IB10 7 1 V& — T 25 < M S h = Kk 2(KH]), o8> Re iRl ¢, 1B10
TIEREDEIARMLTZRIC R > T B,



5.9.

T 4 )V E — KR R L C R R AR

[ 5.17: IB10 7 4 v & — T 5 <Mt & e Kk 3(RED. o> R e HIRL T, 1B10
TIEREDEB AR RTARIT 7 5> T B,
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BeE SEDEREFHE

xRk T 4 )V F =12 &k B Lyman-a FfRR KD — X A2 LD, high-2 1IZBT 5 KR
BRI OBETE L 4R O - Lo\ EZFANL Z e 2 HNE LT, A¥Y 23y MBS
FOTIE2EHEFUC L BB Z T > C& 2, BlfFD & 25, ZROKHMRKERAT 5121
Wz o TOROAS, LI ZBIHIT 5 2 & TRk W 2L o Rtk ML, [ERICZ
DLZEMAZHYE T 2 2 KD Ko 2 e MfFEh s, 4T, W5 ETHRATE
fz kD1, ERHEENTIEROABIKRFENKEKY Hod > TETEHY, SRoBHl oMb &
D &SI RIED T L DEDD 5.

ATETHE, TNETICIRAP TR > TERKRE Y 2 Iy FBETTIES TOY —A 2
THLEHIL, SROV—RAIZMIT TCOEHE L OHEHICOWTERRT 5.

6.1 KEPaIy pH—Rog
6.1.1 WEFTOHKIE

INETORE Y23y MLV —_A1F, £& L THDF 4% ful& L7 50 x50 OB
Feonirabh, HHLE74VE =B, V, I D 3KDILERE, 1B577, 1B620, 1B661,
IB700, IB745, IB795 ® 6 KOsk~ 4 V& — (72721 IB795 W3 fATICiEmA 9°), & 61
Ptk NBs 0 10 KTH 5.

2000 F 1 H DRI Lyman-a FI#R R FFETE 5 b DT E RO 5> THRWAY, NB5
DIREAR T 4 W E — T DOBPMDONY RTOBREHARTIS L, KRE LM 5 T B KIED
HEh, 2~ 291CH 5555 Lyman-o Ff KA TH 2 nlfEME 2 7> T 5,

EHIT, NBs 2Rt oMo 7 4 Va7 —ic k PR Z TS, HPENIRGWBEHEIC LS »
DHEEZRR, 2 < 1.0 D 60 HDRLIT OV T CFGRS DAMEBIHIIC L VR b hTns 2 &
DHIREATIR 5Tz 25, LRDR] 80% DR D 2 2% |Az| < 0.2 DRIHT Lz, %7,
high-z @ LBG DWW COML #1157 2 A, 40K 2545 CINY REHRMN 21555 L0
HH 2 BRI A% 4 ik S iz,

6.1.2 K& 213y b—RADESE

KEH—RACBT B2 LEOHHEICONT, KT 5. EARNRIF -1 0S8t LT
i, 2 E CICii] OB IO FEEIRE SN T L4 (WIThd o/ x9 B L IE9 <18
PR OB 1L ¢, & ORGP TR 7 1 V7 — & O TR IR 2 R E 247725 &
xR FEIRE TS, ZoOBEERICKY, LWHIRICH 725 high-z DIH 5V Lyman-a FifRK KD 5>
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Mz#HEL, KBEMEEZROM RN EED 572007 — & oliff 2 HiET.

BT ON TS EHITRERKIIONTY, BMBIHIZ T8> TH L REDH 5. NB5S
T SN 2IR A% 5 72 Lyman-o BULTRE b 5 KIKIZDOWTE, SRS HITNB5IC K B
W TR Z P L S/NHO LD EWEEE2E2 22T, ZOREKPSEDT T v 7 AHM
DNV RICHARTNBS TN Z & & 75y 7 ZDORBTEWNE R > T b Z e 2R To2 b
12, BT AEMTOBHILIEML RIKD AR M\ VoELZEE 2T sy, /-,
Hok 2 22 BRI BBk 5 2 & 2HHA TV S, Z DI 2O UER#EERED K
H#tal, HYKXEOIHFS 07 )V —TF o/ ic kv, 2001 4F 3 HIZ Hawaii K@ 2.2m @
BEHIC K VB Z TR A D TEL > TBY, BUFEHEZIED TN5,

7z, photo-z IZ X Vi 7z 4 DD high-z @ LBG BE#IRIKICOWTY, Ricnic
KBARY MV DAERITRGIZVE B TBY, o5 NV —7 & oli/jb BEIc A
N2 SENHBHNC OV THET 2 LT b,

S8E, BUERE TH — XA 21778 5 TSk CHr 7272 high-z @ Lyman-a FiREK R DB
N HEOD S B A, BB L 2IEMBIHIZ TR B Y L \Ihoiises ot /1% 1+
TR A2 % 2T S BHREIED bRETL TB A RLERD 5.

6.2 Suprime-Cam ¥ —~A
6.2.1 Suprime-Cam [C & 28R D#HBFE

Suprime-Cam & & B H1 - FHAR 7 4+ V& —I1T X 2P —XA1F 2000 FFHICUH E 5 72130 T
HY, BUED & 2 AIREARD R NV R & ko IB10 (CW=5736A, BW=280A) @ 2D
T4 V=& BT — & LRI HATBE TR0,

L2 L, BUEDRBMET, IB10 THONY KLY S L Fo T L R L & h,
Lyman-o PSR RIRDBAI CTH BB 2 FF2. 2 b D RIEKD > b {22, IB10 D
TUV—LTOMMNRDT L —LTCOBRTHNRTULN>TEY, WL OSRTEENATHT 2 Eu
HI H A2 & @ Lyman-o FiiR 2l 6 A T B a[BEMH 5. F7z, Zh &I @ic IB10 7
V—LTT799 7 AWKELBINENIEL 225 TS KK oY, Thbidz <3718
B L REDPS DD, RIKHEG OS5 3Fk4 & oW 50 Eicdh 5 HI A D0 i
Rl DT 4 Z712 &5 Lyman-a DI ESZTF T Lu[fEE b H L. L 25 THD L Thid,
NS DOKRIKD DS high-z TO HI HAD MR HEHIT 2 = L Su[BBICAR 6720, 2hb
DRKICHFEHL T DERD 5.

6.2.2 Suprime-Cam % —~A D45E

BUED & Z A 5.4 D b WD L &> TORWW 20, §5% a HIROMTICE b IcHF§
LINEWH D, a, bHHBEGOETLLIKD CCD Fv 7D 5 b DENDMFET LR,
Z ZIZH 5 T B KIRBUINE K2 BUC DIE S 7o O S R BT S ETH 5. FR4DD
MR THIL L 72 Lyman-a FifRA S & O Lyman-o IRICRARD AT DN TIE, WIhb kY



6.3. £&® 31

JRNORBOT — 7 i L7230 ETH 5. BUE Suprime-Cam BIFEZ NV — T 6D 11
HWHSE S NI RHAR T 4 Vo — 0T = Z 2T 5 TET, 77— 2R E Yy 77
7L Iz RAKIZ DWW T o il 72 fidT 2 e 5.

LSEDOTIEL TOY —_AGHilIE L TiE, HRTERL22H 5% - Rtk 4 V& —1ck b
FERRR R — A ZHEHEL T Z 2L T b, 22 D7 1 )V F =1 &k % — A H3ulfE
w2, EEIO » 128 LT ORI RAR Y — S A DS BEIC e B L [AES, 1O ORIk A~
7 MNVE2KDT7 4 VE =TT 8 28T, EAMDAXT MABESH, Zhe photo-z
PHAGHLELZ L THIFNO KBORIKD » 2 —FICEH T 5 e T, KRy —%
R— 2% RT 5 Z e aERC R 5.

KAl 29 Lkt —~A oKBUTRY, o - PR 7 1 V5 — o i o HESd - 5%
HART 4 W F =12 & B high-2 OFERRIEY — XAITBT B EER O 4 & oFAHN 2 if5E
HIED TN D,

6.3 F&&

- JREAR T 4 )V —IZ & B high-z OFEERABEEIZITFBHI FiEko—2 & LTS hD
25V, ZL OHFEEIC K BRENBIHFE RS RE S h>2H 5. FK41E, high-z B 5
KBRS OPEE 3 & ORI DR - EALOWfFEZ HI e LT - k7 4 V& —1c L B8
MRRY — XA ZEFHAIL, KRBT 2 Iy MBETTIES Suprime-Cam TOBH X177 > TE
72. WThOERICBW T EERETIIRWLD, FHIREKAKbMSh>oH5. Ky
v a Iy MIREEHZ 2 D07 O M2 B DR SIZEBEY — XAIHRHETH
0, IKLADODHNE T HH—_XA BT HFNITHERFRER I NS, £/, Suprime-Cam bt
KOBEEFUNIRIZ RO & RO RAERE 7 S8 5 2 L ok BHIEE TH
0, H- PERT 4 NV — B HAREDRE Y —RAICL Y RERRBEEZZET SN D Z L 2IFF
Ihd.

IR T A VT Ik B —RANTE R Z DO B H B L ) REIRETH 503, K
B a3y b TIEBIC kAN R BHIASH BRC hid, R FHOMIEIERDE L O8Ri o
TERECOHERIC K ERERE 2 L 26 T IO BRRREZFET L Z KL DL EEL T b,
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T %A BEHROFMIE (Equivalent Width)

PR KARDBIHNC BT, ZOFIRRARY NV OifE % R OICEENE (equivalent width) &
FiIhs &% s,

SR 2 1, WA ORI, iR IS N BESIICB N, oIy 7 2
EANANY I TS5 KON E 1 200WfiE, HEBERIchblzs TR LD Z LT
5., Thbb, Zofirs, FHRAXYZ MRy 27572 R L TEoREAZ VO
WA, THITEY, FERROMEIHETE L LW INRTH 5.

flux

r-1

emission line

As A2 A

wavelength

A1 KRR OFME O E %

AR NVDT Ty 7 ADIEENY 7 750 RO E r, FifR LGRS N PR = )\
MHBAN=METTHLETHE, ZofugoEmiE w i,
A2

W = (r—1)dA
A1

ICkoTROEND, BLIUS, W =N — )\ THoRLHEEITIE, A\ 226 Ny OB THifED



84 ff 8% A FRROZEME (Equivalent Width)

MZ2R6 L TCHHICTE e, N2 7590 RDb ) oGS &llnsd I e 2Bkl Tn
5. F£lz, FMETEE (\) WKL 2> TOEDT, FIE : RE 2D e ZoMITk

Lo T, 212 THRAZZRR L 2 L oBRIC XY, FRAMM 2 O RKOFEROE (i
13, FHEROMED (14 2) fEICR2DTH 5.
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fT 8B SHhOEE

KDL S DRLDIFIHERNC TEEy BHWSNTE L, WIRTHS Z 2 oilikaHRY
BOEZ 6FL L, 20100 f50HZ S 1L b EHICEREERTSH. LT, %
Whs—o EAvs LB X134 2.5 5T 5.

Kk SHERT O 20 RICHE SIS &% TEMTOEHK LY, Zhicxt L Kikz
HIERD> & 10pc BENZZFEREICH 5 & IR B HX 205 &% THEEHy £v o). BEWR
TRVX —% WL BBRCIE 2 ORISR E RS, W 0k E m, HE0HEENE M, Kk
FCoOYREE d 2T 5 &, 2 00F KoM,

d

m — M = 5logy (m> (B.1)

2D BRANRY 7o, FIRITKEG OB E RGOS —26.81 5, RS 4.725ETH 5.
LEROILMER TRD H121E, ANRZ MV RNV E =M (SED) MEHICHHRENTWE b0
O DOMNEL, BUEIXZ LEDORHT D SED b - L bFERIFARGN TS0, 2k
BICHZ YO RTDHLIW0FELRD LDIICHKENRDLENTNE, ZOLIICTLTEDLHN
Il TNIEHR) LIFOCRFERNICHN O TE TN 2.

L2L, XFFERTERTOHZL EN0FL b I LT ndzslznizy, HPYEY A
TLDT 4 VE =N RIS 0FICH 257 Ty 7 AN > T L ENAEEWEL T, %
DI=DIRIT T, IR v D759 7 A f, [erg-sec™t-em™2-Hz 1 IZX L T,

maB = —2.5logq f, — 48.60 (B.2)

TEHRESNDER map WMEDONDE LD TETCBY, Z0%HE TABEHN SIS, &
TIXERE DA & TIEEIC ABFHOMEDIN S L D15 TETEBY, SDSSICTBWH
RS 27 ITE AB SRR S N T 5, iU BT ORI D 22 W ER Y JHHI &
L CAB&FHHEHW T2,






87

25 3R

(1] PR (S.Okamuura), 445 2 ST 6, HORO A2 R, (1999)
[2] B (Y.Suto), ¥ — 27 <& — LRI FH, 1%, (1993)
(3] NS (M. Kawasaki), BOEER 1999 4F 2 H5, 4 = 24t (1999)
[4] K.Yoshikawa, Y.P.Jing & Y.Suto, Astrophysical Journal, 535, 593, (2000)
[5] D.L.Tucker et al. , Monthly Notice of the Royal Astronomical Society, 285, 5, (1997)
[6] S.D.Landy et al. , American Astronomical Society Meeting, 187, #94.02, (1995)
[7] C.C.Steidel et al. , Astrophysical Journal, 492, 428, (1998)
[8] Y.P.Jing & Y.Suto, Astrophysical Journal Letters, 494, L5, (1998)
[9] WA T (S.Ikeuchi), BUHIM TG, HFURFHRS, (1997)
[10] RERHE (Y.Ozaki), FHE#AM, BOCR#HRS, (1996)
[11] /NE%ME (H.Kodama), MixTamiy 7 Ham, A3, (1991)
[12] FESCFE (H.Sato), FHHE CHBGEE BUNDYIHE:) | BEETE, (1995)
[13] C.Steidel et al. , ASP Conference Siries, 146, 428, (1998)
[14] J.E.Rhoads et al. , Astrophysical Journal, 545, 85, (2000)
[15] X.Fan et al. , Astronomical Journal, 120, 1167, (2000)
[16] P.J.Francis et al. , Astrophysical Journal, 373, 465, (1991)
[17] A.Dey & F.H.Chafee, Astrophysical Journal, 498, 1.93, (1998)
[18] L.L.Cowie & E.M.Hu, Astronomical Journal, 115, 1319, (1998)
[19] E.M.Hu, L.L.Cowie & R.G.McMahon, Astrophysical Journal, 502, 199, (1998)
[20] P.madau, Astrophysical Journal, 441, 18, (1995)

[21] C.C.Steidel et al. , Astrophysical Journal, 519, 1, (1999)



88

[22] M.J.Sawicki, H.Lin & H.K.Yee, Astronomical Journal, 113, 1, (1997)
[23] M.Sawicki & H.K.Yee, Astronomical Journal, 115, 1329, (1998)

[24] H.Furusawa et al. , Astrophysical Journal, 534, 624, (2000)

[25] D.W.Hogg et al. , Astronomical Journal, 115, 1418, (1998)

26] E.M.Hu, R.G.McMahon & E.Egami, Nature, 382, 281, (1996)

[27] E.M.Hu & R.G.McMahon, Astrophysical Journal Letters, 522, 1.9, (1999)
[28] C.C.Steidel et al. , Astrophysical Journal, 532f, 170, (2000)

[29] R.-P.Kudritzki et al. , Astrophysical Journal, 536, 19, (2000)

[30] A.Campos et al. , Astrophysical Journal, 511, L1, (1999)

[31] A.G.Bruzual & S.Charlot, Astrophysical Journal, 405, 538, (1993)

[32] C.Leitherer et al. , Publications of the Astronomical Society of the Pacific, 108, 996,
(1996)

[33] D.W.Hogg et al. , Astrophysical Journal Supplement Series, 127, 1, (2000)
[34] J.G.Cohen et al. , Astrophysical Journal, 538, 29, (2000)

[35] T.Yoshida et al. , Proceeding of the Physics of Galaxy Formation 2000 at Tsukuba
University (in press for ASP Conference Siries)

[36] Ti)llF#& (T.Ichikawa), KICH#, HAKF2, (1997)



89

i

T SLDHEICH 20, WL DFAPSEZRZITHRE, IV £ ZoFEEY
T L ET 7z SR E T,

M IACHIBEIIE, a8 4 FRE L 0 3AERICh 2 ) SRS % L=, HIERRDS, b
FAEEE D) LR R TR L Z ek E Lzob, Bt ofiffddh > ToboT
HY, DEVEHEPL LT ET. £7, 3EMERBLEL =2 — Y R 7 —
OYE - WH - ISR ORI, 2o ZIFRIHEZ W& E Lz LIt L BT
S

FURRR G BLUHIFT O H 085 S ATIFEAEI KB IR 2 L L biT, ZoROM
Wz ZICBNT Bl /12 W/ 72& £ L7z, Suprime-Cam FFEF —LDEI AL, T1E56T
OBIHNCBEL TR Y, 7K1 0FHET 5 « JREAR T 1 V& =12 & BFERRIRY — X
A DERICOIL T ZnTnE g, BT, WK RUEHE o KNIE BRI, Py
M7 4 NVE =Y —_A DHE[EFEE & LT D ZHEETHL & & I, Suprime-Cam [H{§D
FRNTICSH 720 vV 7 b DIfERRNT Tk o ZiRE R e 2K 1R THE £ L, BHERERT
FHEROHE - FEORLR I AL, ZLDOTHRETAL & & BT Suprime-Cam T DFFHE7K
T4 =Y — A OH[AFGEE & U TR 12 THE £ L2, DI EoBEic b 2 it
L EET.

WFe7 v — 7 D& TH M —8 & A —E3 T ot /12 LT L & big, #%6
LDOHMEMETEL DI 2SI HIRE L, 46 otff/172 LU TRAL DRI
< DB E LIz ET. 22 —0fffeH75 6 CICRIEATICY, KEBHEHCR
DELAEZCICHALEBL ETET. 72, oy — ot 0B RO R0k %
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