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LEZOGNTOYHI 2 KEL A S 27 = VORBEWNFET L2 e oz, &
NIEFHOKBBREE L 1FIZN T b, CIA F—_XA DRICYH. T AN U F ARG —
A, 2dF R TS — A, A= T I NVAN AP —A (SDSS) % & KB
Y= AT TEY, CIA VY —_A LY BEMIL S ENBIHIC LY, ITBEFHTIRE
DFAZBNTHRA KRR L — b7 4 — )LD & D REEINER & e > TnE 2 e b
T3,

—75. BB om Fick V. 22 5 FETHRIGHEBEN 3 2 A 5 FHOMANKE LA S
7zo BUEE CICRRENBKOESTORIL 2 = 6.6 THY., FHIUNE>TrO6bTH10E
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WE E CITHFHT LIS PITR - TR 5 L FHO KBS (2 < 0.3) TH o 7228 A
LI OREGIME TCORTObroTE, SEMTLR5/2DIE Steidel et al. 12k5 2~ 3
DIA <7V —27 8 (Lyman Break Galaxy; LBG) DHf7ETH 5, #5130 DKk
T LBG BEE 217720, SR DR TN & X7z, FROGUIFCOBIHITH - 72 720 KB
R OFEICIZE SR 5 Tehd, EoV —_XAHICBHTY, W% K& < B2 8o
LBG MREDFSMBICERAT L " 284 7 " SRl & hiz, 1T SSA22(FR#E = 220 17™ IR
it = +00°15") D z = 3.1 Ti&, JFHED 5 50 D LBG -7 2 WL TH Y, 613,
IR H oK EFOZTH L, LEREL TS, £z, Pz s V¥ —2HWTZ 0
KD 2 = 3.1 10 U FiERI o BEsR 2 17700, HIFC— RN 2589 70 0 Lyo FiiieR
WEMRE Lz, 20 CERITYRIO N TWEIEEof e Tthbrz e 2R AL, L
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R TR AR DZE RIS T A FFEIIC b R &N TBY, KERAY — )V TOH @
RSPV I T 5,
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% T =BHIZ T2, Ke e SABRDRTNEBHIT S 2 23 ek, L, —f#k
WS KHEEE OGN IBAARETH Y., —ZICBHITE 5 D13 2 = 3 Tl 10Mpce FBEE 4T
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JEAIR DL Y Z2FN L 721, TIEL K EFHBH (7R -9V ID : S02A-122) IZHBWT
2 =3.11CH 5 Lyo PRI D004l % . Steidel et al. @ 10 f5DJAHHEFCRIHIL 72, Lya(1216A)
It 2 = 3.1 TIlE4970A ISR FTMB L TL 5, Zhzilis 2 5 2oL 49704, /N> Rig
80A DIREIR T 4 W& — NB497 ZH 2, £/, HHEERINS X 5 DI LT 4 V& —
B,V,R,i, 2 W,

BHIDAKEH. 300 18D Ly FifgERu M L7z, 2L CZDZElpM iz Nz 24, Lya
TSR VAL 2 & B RIS T TV MROBUIRICEF L, ZELIEL > 60Mpe. 1 ~ 20Mpc
DRMBEEIZRL THDHZ EBHSP L7572, Steidel et al. 2MBHI L 7241E,. = o gl
DD 8 x9 MATHY, 16 DR L EEEWIKIEZ OKEED N TH > 7=, HiE
FERDOBGRIC & 5 &, SR DBCHIETES & 6, 135 — 7 <7 — 2 GOCHBREEILS & 6,005 &
Sgal = DOmass DB H B, ZDOIINA TANTG X =& LHIN, & ¥~ <5 —DfEs
T ORMIEOE N EZFRT, S02A-122 THBHIL 72 b 5 —D> D Kik Subaru-XMM Deep Field(SXDF;
Ak = 2h18™, Jii = —5°13") & DARCERE ok & . HEEREE S & 0K EMNGR» 6.
NATANRTGA=FFb=10 TH o7z, ZOFRIT. ZNETRDENINS T ANRT A —F
D& IR 5 LIEFICKERMETH 5.

ZOBHITIE, Lyo FiSR Oflc, 2 = 3.1 @ Lya TGRSR BRI S 80 IFER L 7z, &
512, MH O DRUELI LD K& & 127z 5 T Lya Fiifg 2 U3 2 B RKZEHT 2AE, Lya 7
2y TOWAE 55 MFERL 7=, FEARRMR, PGRRIR. Lya 70y 7 OZEM o3 A
H2H5 2By, 2 ZTRREINIZKMIEDT Ly FERRSRI 7217 T2 <. Lya WRDGRERR]
R Lya R =78y 7Y ZOMKRESRTH L ulfEEIEFICE . I =71y AiEHHEkENT
AMKBRICEEN T D E2 6N, HEMEOR, BRI TH S Lyo FIARERE usnk i
SR DZNHIRITATE L TWB 2 26, ZoMIRIEZE L DIRASE SI1THE L T B4,
ME RS CTH 2 HifFEh b,
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F1E BAFTFHEROME

BROFHmIFHITHELFTH L, L0 UE (FHEH) o T ¢ —eMiting v CFH
WikE LR T 2 2 e OUE 57z, Z DROKBBERU Y — XA D FHEFRERY OB & F
HITIERICRE R A — )V (> B 100Mpce) TSR] DML — kTR a7 2 & h3kg
POEN, BHENZET N E LTUAL T ANSGN TS, ZoETIH. —HEFELHRFHEHET
IV DIERRZ SOV THERLT 5.

1.1 Ev I N\UFEHR

1929 F. Hubble T & - TiE/7 D $RuN1E 2 OREEICHAI L 72 BRI CIRA 6 S > T
Wb ZEMRA SN, ZOFERIT, REBIC AR TH e O &, P - T 5 F
HEWOMEEAEAEL 72, oz e, FHAEE - SEEORENSFRL. ZoilfET
FHOM 4 ZBEMER ENBUEICW s TE 2 B2 6NE, ZOEIRFHETVEZE Y
TNV TH e S,

YIHFEETIE, HAEBADE I AVFEETELRVIICoEET, FHIIEN FoED
£ THoTeBEZALNTHD, RICEVEBIE TR0, 77— e RNarERSh,
By IR BTIEEMERES N, By ZN VGG FHEICFEET HH0TE (K&, ~
VoL, UFIL) oERTa 2% FHL, 2o THIEBHI S W2 CE0FFR & Jnv—&
ORY, 61T, FHIEERTH - HOBFHNIBUE 3K O FHiFRiR & L TRlHlEh 5,

FHFR rEofFER., FHYRBEU O 3 > oBHINGEILIC XV vy 7N BT H
MOBEMEGE L CHEZL., AT AL TS,

1.2 FARBERT—IVT 7o 48—

HLBWEZFRICL Y, 222658 E TCofifx r 295, ZhdFEL
YIZEL TH BIEHEEE (proper coodinate) THI- 72FiBETH 2. BUHIE & Z O[3 HIFk
ICE Y BHVTEHS D > T e, 2ol r 1R & il T <, 2L, #
IR T - - AT - 7= HERE « 2 5 R,

R(t) = a(t)x (1.1)
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LIEFT D L. THWRORKHZ I a(t) TRESND, ZDa(t) AT =NV T 70 2 —LIFFY
BUED(EZ 1 & L TERT S, £z, Pl R 25X 28K » % HEHEEE (comoving coodinate)
LIES,

WEX ¢ 123 % Rl & TR S N 7= BB 2 WAl o WS L 72 &9 5, Z ol T ato)/a(t)
TR L T2 6, BHISHh 2EBRIKOBEY a(ty)/a(t) f51272 5,

= 2
e VEEREBDBBE SN EDWETH DL, 22 THRIGWE 2 &

z:ﬁggf (1.3)
LA, alte) = 1 LB

“”:1iz (1.4)

20D AR O NS, ZoNITHRGMY : OFHIZBUED 1/(142) OKESITHS22
LERY, KEWImAICREE SN B LK VEST»S OFTIRA BT S5 FE TITLD
K& Tt % T 5, 1> TR0 L THWS Z 2 8 TE, FED
KERRKIBUEN S REL WS W EDTERETNDLZ LI b,

1.3 Friedmann AR

FHP—MFETNTH L EIET S L. ZTD 4 KITFFZE D% Robertson-Walker &t
CIHEN S RD kD i Em Tk e b,

ds® = 2dt* — a(t)? ( + r?do? + r2sin20d¢2> (1.5)

1— Kr2

Z 2T, e R, K 3o TH 5, ZofEE W T Einstein HTENZEHES TT
L. AT —=NVT7 v 75— ORMEEEILERT 2 T O FREABEIND,

-\ 2 K2 A2
(E) _8nG K A (1.6)
a 3 a? 3
a e P Ac?
-7 3L — 1.7
a 3 (p+ 02> + 3 (L.7)

ZZTCGIEEIER. 1, plET RV S A IFHIA K3 oME, pld
FEJ1cHh 5, ZDHER%Z Friedmann TN S, CoNIFAr—)NVT7 7 2 7 —ORERICE
T2 2 AN TR TH 2D TRI DT X F — L YIWIERME2 52 TRNMTE DR o F
WEDOK 25005, FHFEZRD LN S 0RE FHiG/SNT A —F LTS,
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N1.6 236K/ THOIL, N1.7 2 HRBZ 2T,

: pya _
BEOEND, Tk, ES]p RO IIEERE p oRE(Z IR T 22 e cE 5, WH
DEINE, T D & 5 1THERREZE DM G 8 Tl L T A G 0REEICRS, 2ok
&, WGEH I ST X BT p, 1T

Pr=3prc (1.9)

L7 T U2 )V F—EZIE, (1.8) & (1.9) 6,

pelt) = 2% (1.10)

LR, A=) T 7 2B —D 4 RIIXHMT B oD, PEOEENIENTER N 225
G I p lHEBTEL 06, PWHOT XN F—EEIX

= Lm0 (1.11)

R0, A=)V T e 2 E—0 3T S,

1.4 SFHFH/NAIA—4H

R 1.6, LTWEAY =T 72 5 —ORREL LR T 2R TH S, 2 oRPUITBHI TR
LK ODPDNTA—=EINEENTBY, Theoi®FETSZ 2ick . FHPEOMKTF
WEDSD, ZZTRZNG DN A — & QYKL BUEOfii 2 3T 5.

1.4.1 FHORKRE

IFEFH TR SRR 4 Ol 2> 6 O B HA L 72 8 T 2> Tvvd (Hubble @
EH),
v = Hoyd (1.12)

Z DHAHKE Hy % Hubble &8 & /5, Hubble ERUIBUED FHIWERTH Y. ZOHIE
ST o FhlE & BRI 2 ATk, BEARABGROME 2 NS Z LIk V¥ 5, Hubble FH
HEOX—TuY =y Mk TROSN-HBEIF OEIE

Hy =72 4 8Km s~ 'Mpc™! (1.13)
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BXIO‘ _I T T T I T T T T I T T T T I T T T '!.' I I_
| e I-band Tully-Fisher 8 AR
 « Fundamental Plane [
-  Surface Brightness i

= Superncvae Ia -l E
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104 " -

100 E
80 Ea'g
80 (oY
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1.1 PEEE-BOR L R (7], SRt o B ERRE & 8l & C o Bifk o EARE R, BOERI 0754 T
R TR RO 5T 5,

TH 2 [7]. £8Km s~ Mpc~! OFETEIH] OEFHERE DR R NEMEN S ETHBY, Ny
TIVER %
Hy = 100hKm s~ *Mpc~! (1.14)

EHOWTHNEMZHIOCED h TRTZ &ML, Fofildh =0.72+0.08 £7%25, FEEZ
YU RIYE) OFERERDOT. Ar—NVT7 77 &2 —%HNT

1 da(t)  alt)
at) dt  a(t)

H(t) (1.15)

LELZENTESD,

1.4.2 NEHEBHAOIRINVFX—EE
L. R p, BB o OWIRT ABE B D, BRORMCE W ZHMOLT RV F—13
E=—-ma® - —"1~ (1.16)
TH5, ZOETXNF—PIERSITHEAUTKEICERDOHL» S5 H S i), BR 61300
THOHPNTEL T, ZoBH R ERY p, b T5N1.15 £V

_3H?

L= 1.1
pe= g (1.17)



1.4, FH@NAITA—F 11
L5, ZORBEREREE LY, BHIC LS TRO SN Hy O S BUE DG RSB IT
peo ~ 2 x 1072h?g-cm ™3 (1.18)

L%, BHlS N/ FHOEE 2 RAREE TH > THRIUUEL 12 b 0 28T X — & LI,
QERT,

p 81Gp
—_rFr _Z7-F 1.19
pe  3H? (1.19)
BUEDAE Qq 13, o
Po TGP
Q= — = 1.2
‘ Pco 3H3 ( O)

ThH5s,

AR D & D IS T RV X — BRI HE & U TS R (L2 75, BiEOFHO T X VX —
RIEVIYIE RS 2 5L T B DS, WEEA -V Ty 77— D 3FEIC, T 4 FISXE
HlLTEALT 50T, FHOYIHNIIHNO T XN F—BENEMNIE s/ B2 615, K
WD T X)X — BTN 72 5 7R & BUHEB DK, WIEH O = 3 VX — BTN 72
R % W E AR D RRAR & 158,

FHICHAYED > b AU A v oRICE L L. FHON o tEGROMRE . WCERD
Hlg [8] %>, FHT RN OB [14] 225

Qpo ~ 0.02h 72 (1.21)
BEFENTHRS, LirL, BIET 2 & ICFHICTHET 2WEEI NV A v ofuc 5 — 2 < 5 —
NHY., BHEOBMEML TS, NUF e F =¥ —%GbEEBENT A Z — 35
Ml EEIERZH (9] R F HE =AU O BUHI [14] 5.

Qo ~ 0.3 (1.22)

NESEN TS,

1.4.3 FTHEH : EEZOIRIIVF—FX

FHERITL &b &, Einstein 25E L 72 FH 2 KBLT 5 72912 Einstein SO I A
U 72ERIICHR T 5, 087 AERKOAY " & 5> TINY T2 0HICHkT 5, 20
HIFF /12 LT s, FHERITHPROR F2REELGT 5, FHEBA %2
_ A

3H?

Y LTHEIOUEL /2 FHER ST XS — LY, IRFIC0 220 TBHEDfl 2R, HZE
DIXIVX —ERE pp &

Qa (1.23)

Ac?

PA = e (1.24)
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CIERTDH L. )
Ac PA
Q= == 1.25
A 87TGPCO Pco ( )
720, Quold. HZEDOTZ RV —ERBICHT HHEENT AT —ThHhb L fRTE5,
FHEBANT A — & OMITHFATE (10, 11] 2T HERBUS OBHI [14 256
Qpo ~ 0.7 (1.26)

NN TWS,

1.4.4 HENSRS AL —

FHZEIZ I > TBY, ZoMFRITIT XX —EEIUKFET 5, HEAT XY — K
WFZRAINE—FBELLITO L) REENH . ZERIDBFANTHE DT TS0 FHD, 2 n
I RD D,

K2
-ﬁ%:@m+QA—l (1.27)

—ISETT 724 2 3L % Robertson-Walker & (1.5) QEIERAD S LI T D Z L35,
K < 075613 FHIFEC THY, FHIIHAOZWARAROZE TH Y, FHOFRITWT
NIHFICHE L 5. K > 072 51EBV 2 FHICR Y, i3t TOa BT3B 67, F
IR EICREZ ST 5. K =072 63 FHIE PR Y, Zlid=—2 U v R[22 Cilk
T&%, 2ot b FHOWRITKEICHS .

1.5 SFEHDO/KA
FHim/3NT X —# ZH T Friedmann SEAZEHL &,

N
(g> = Hg [Qroa_4 + nga_3 — ]{30(1_2 + Qa (1.28)
a
LB, 22T, KR
b — Kc?
0 — Hg

LTS, ThEMadTse
1 e ada
= Fo/o (0 + Qmoa — koa? + Qpa)1/2 (1.29)
L7220, FHOWRAME SN, FRAREE 27 -7 77 & —oBF (1.4) Z IR
B FHFMOBMRORE L, FHEROFECHEOFTRETHANARAY -2 Db LT
FRNTFRIMFEL Tvd, [11.212 (Qn, Qa, k) = (0.3, 0.7, 0.7), (1.0, 0.0, 0.7), (0.3, 0.7, 0.7)
D 3FER O ET IV O FHEM & RGO ERERT,




1.6. FHE RN 13

14 T T T T
=03, Q,=0.7,h=0.7 ———

12

0Qn=0.3, Q4=0.0, h=0.7

x10° year

redshift z

X 1.2: AL FHETFE OB %R

1.6 FHEREN

Hubble IZ & 2 FHFEOFRRIC L V. AK O FHEHBUIN Tld2 SEIMICFR - 1T 5.
LI YD 5Tz, TolE LTHEYNoEE - FEEIRENZ 0k olFikic k> Tihi
T, WO %R EXHENTE S, FEFICEHERR > EYHFEHIIBVL UL, £2ToJHT
ITEREL CBY. HmE ACHBICHELE NS 20 Z 0RO ZBHIT 52 FTTERy, L
L. By N6 30 JIEMM T 2 & FlHZWZ L Tz FreE B Ra L. Fitkok
FIRTFEEL LD D, ZhllF I FHEEMEZEET 2 2PN TEL LTk, 2
Ol %Z " FHoOMN EASY " L 1S, 1949 4F. Alpher £ Herman 13" ‘FHOBH E23Y " o
KF OAERLIC LT 5K O BRI > T2 FETE Lz, 2 ORI 1965 IS Penzias
Y Wilson IC&k - THi & h, By ZRX U FHmITIEILEE NS 2 & 5Tz,

FHYREN (CMB) 138y Z NV EROTFHZER - S8 TH - RO TH L7215 T
70 ARY MVRZERIMT ORFE R HE LR B C CFHIHOBERZ R TN 252 T<{Nh5d
7z®. Penzias & Wilson I K 2FHLLK, S HICW2 5 & THZ L DWFE¥  Tb N TE T
%, ZDRITHRY RN ZUD 7z DAY 1989 4EIC NASA 23T 5 _EiF 7 ATHiE COBE(COsmic
Microwave Ezxplorer ) T#h %, COBEIC &> TiTb =Bl DAL

o AN NVIE, 1% DFKERE CHAKIRYT

o I, T =2.728 + 0.004K
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¥ 1.3: MAP IZ & - THBUHI & Iz F YR BUN o % 4,

o KERET10° N 2 ROERED S E1d. AT = (3.0£0.5) x 107°K

LV HDOTH -7 [12, 13]. ZOERED S S FHOHN LN ofoVEHOERD S &%
KL T3 6D TH5, E-> T, CMB DIREDHTH 0.01% D & T HBUEDF H O KK
HEAERLITHTHLEHEAO6ND,

CMB DIRED 5 ED/XT = AXT FVId S, BENT XY — L FHERSI A Y — 2RO 5
FNTE S, COBE OZERMMRAETIIARIBETH - 7228, 2000 FITIENASA & TV VA K
KT & > TALHIE MAP(Microwave Anisotropy Probe ) 2¥4TH LiF &7z, MAP 130.3°
D FLRAET FHTREU 2B L. 2003 4F 2 HIZZ O9HRTERFER S iz [14). £ DA
R FH/ST A= BEOREISRE o 2. i E2Y) ORF[ITORES EDIEH T 7
JIROMC b Fr 722 BRI T & /e,

1.7 AVI2b—>3VFES

By FNN VT IS —ME OFRIFZE &0 S lRZFZEO T VE W FHE. F
SRR 72 C OBl 2 RFICHIHT 2TV TH L, L LBEoBHohIcizey 7Ry
EFNE—RLTCFIETHRERMEEI 2 2H - /=,

— D IHEE B L IFIEh T b b o TH S, BUE. Bl S T FHILAHEIFICE - ¢
JFEFIC R TH 2D, ZHIFFHERBENIFHICHEE BN TEY, filkl 7z ko iceRicbiz>
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TO0I%DRET—HTHLHENHMSEN TS, LaL, VIRt oR S 22 Trb 6
RS FHMEE - Th AR OIS 5 57T O YRR 2 BERECIIRRE A
H5, ZOMREE PR EIES, 8> THPERRZBLA 72 BRI & 5 2 sl oW ELIRAEMS[E U T
H LT, FHEBEN A5 72 2 ~ 1000 DRFAT OHCERUIAEIC L T 2° BETH S,
%@ﬁﬁﬁmk%éQﬁ%i%@%mﬁmtntﬁ®m¥ﬁ®ﬁ%®90%b%hfwt:a
1220, FHEERBUNS—HTH L Z L 0FANORG, ZNHEERRIEITH 5,

b D — DL FHIMEREE  HEN A TH D, Q, +Qa Y1 L ONST I FEITIERICER
C. 1 &) RETNIFHIZKIZEIEZT 5, Q,, + Qx = 1 DIREBIIANLZE R FpRAET
HY, BEICLIFELITNE, ZoIIKEICIICFLWEETHS, L2rL, By I AVE
BICZOMEN1 EVIFAOLTLTLTN TS ., ZoTHIFRME & bIcRBckEL 2
%, ThiTpfL. BUE. ﬁméhfwéﬂ +Qp OMEIZ 0.1 ~ 2 OFIFICINE > T2, BIfE
DOFEHPWFHNTIT N 2DITiE, By IV 1 HRERD Q,, + Q) 21075 ORI T 1ITFEL R
T sn, FHGNATAY —OEIIMEETH Y. EFIVOBRNTHIRA 26 Nhs b D
TR, REBEOFHIFFHICTOWOTH A 5, &) EIXFHERE & HiEh s,

6 DR 2 —ZEITR T & B PERAY 1981 4RI Guth & ERRIC & - TR S iz A
YIV—=YavETNTHL, TIUTFHOMYINIHA RO ATBICSH - 723803, & 2
720 ] & 2 P CRBUTHFE LHEFRR 2 X TR S, 2 Wb ThHhd, 2ok IR
REEBT L1, FIAE. FEHERA DS 5. WEOBE pRE )] p iR TEMTK
TV UET XLV, Friedmann N 1.6 051D A DANOIAZHEHT 5 &

() -2 a0

a
[A

—ct
3

R0, FHITEREBMICET S 2 2ickhd, S0k RFEEA 7 V- g VigREE
S, A 7=y a k252 81k - FHIMRELRT L2 oW TE 5, BRSNS
A H— FHEB T A2 —, RO

L5, Zh&Y,

a(t) o< exp (1.31)

Kc?
a2H?2
DEEDHY, A 7L —2ardSEZ b L. a BSRAWBITHINL Q,, + Qa1 IS Tn L
Zebnb, 2FED, A7 V—va VHERITFEIEHTH L Z e 2 HEEL. IS EHE
MEIfR S bz b, 514 V7 b—3 3 YHERIBEHEBIH & T 2 R 04
M7 EoMEOHTHLYHOEED & ELMIT 52N TEL, A7 V—Ya VpkE
HEREToRFHOES EVNREL TWHOBED S IR BN TS, 20k

Qo+ Qp— 1= (1.32)
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()
T™T. T=T. T<Tc

0 @ 9@

X 1.4: Higgs ORT > ¥ ¥ W ORIEIRIF

) PR RIHBNICIE T 2 FHEIZEDE I RA N = AL E > TEBENDLDES 50?1980
AEIC Guth & MEREIE. Higegs BDORT ¥ ¥ VTR I)VE = A JHOMW) & %2 L TFHEEHZ R
MRS, & THETNVEIBIEL 2, 1.4 @& 9 7% Higgs BOREED S 555, &
FENSH 5 T, Dl Cld Higgs BBOBEZHFHENE T O & I3V F =282 0, oiFrdEds
ORWIREBTH 57z, 2L CREMNT, ITICR% & Higgs BEORT V¥ ¥ VTR )V X — D
WIS B DT g = ¢y 725, W Higgs M FEMEERICHEBETES LY DE 5> TSR
REMS THZE) 2D Z2llizd, LL., FRMIToRT Iy vollio/koic, FHOBERE
MT. LTS > TOHZREL o ~ 01T 2 2 2105, ZOHE, Higegs BOT RV X —
BEI Uy 0—EMOEETH S, o, FHIFN1.31 0 &5 2IFRHBNIPREZ 52 &
WY, ZoLIRRkEA T V- a gk nd, 47 V=Y a VIFHRkIE. Higes %
MR RNVRIRITED ¢ = ¢ 1BV, MIERIHKT 92 % Thitd. Z oM et ns
IR XF T KBOKF2RERL., TRRRICE VRO T2 2 FHZ MY 5,
I, Higgs ETMCEBA VTV —Yar - By I N0 F UL THS, BUE Higgs K
FZDLDONA TV =Y a RFoEeHd LI3HEALNTHROS, A T7V—YarEk
FIEEZ T, T2abbFHYMNICBOTTFHERD & 5 IR 8 5 (UK FHI3BUEIT A ~
7o hreEN TS, A7 b ACHEL UIRLARETADRHY, AT - gD
AN =R LT E AR LGB,

BHZEOMERANE 2 - BRI RIEAVEE . ZhABUE B IR > T4 o BEME & P
MicixBx6NE, Z0L) BMNMEBORMEIAAI vy AR Y ITRRAL VI3 — Ny
CIRINS, b LINOMEET 22 61F. 7D WEBTIIFREDHEN T o TR B2
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DIXINF—2F>TEY, ZNIFEFHICKEREBE2R L 28 K%kT 5, LdsTah
S513E TS FPMN O FHOMEIROMICY ¥ — 7 <& —ICb b Z LTk b, L LB
MIciE, FHTERY OB &2 6 Z DfFEICE LIEFITHROEIBR 2Dy > T b,

ZDEIT, AT V— a3 YT PR kS R B T B I 2R PR T B B 8,
BURCIEE R E RPN 2T @Zh oM TH L L 525,
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F2E EIDTEA L SR] DY)

K4 O FHIMEICH S HSN TS, FIEE CIEFHO—MEFTROMNIEH L TR TERZM,
TR — MR FHEIITOD» R ED TE X )2, — /5T, FHYEEIU 0B 5.
B E Y ORERTTCIEFHEIIND T TH L0, Uz & EVRBIHIT N TWS, Z DU
BSFITE/OMEICL S TRETAZEMTELE0. ZhWKE L CHEOHIEICE
Iz EZXLONHIRTH L, ZOEIBRE/NTL > THEMREWZLT5E2F2E/IR
TIEFE NI,

o, FHIAEFEMAFEH L2V, =2 <F — LIREN Y EEE OWE o8 10 15
FHETLZ 6N TS, BEERIZY -7 <7 —offix 2 LT ET. ZomH
* ZRICAN THEEROMMEZFL 2 L 13D TEETH 5,

COETI, EIIRESUC & DM RmOER 23T 5.

2.1 ¥—Uv4—

FEICIDE F e MEERE T, WH O ETIRRL CBRIT S 20 ESEEL, ToRiT
BHITE 2HFEOYHOBZEE L Tnb e EX6NTND, ZD &) RYHERIRL TH—
U< — LIES,

=225 — DIFEDANTIRIT S hiz 013 1930 EUH. Zwicky 288 & DS HIICIE T %
YT o FEPHME R HEL 2, ZORE, 2 FTHWE - TR 280 OB 6 TH &
NEHBED 100 fAEEOEE® 2T WIE/JNCFEM T2 b0 TERVKRERETHL Z L
Wz, Zwicky 32Nz vy YU 72 ROWICHE) LIFARD, ZHITBUESY — 2
v F = LMHEINT VS, Zofs, &SR ollEHERC AR 0 R v v v VichiE s h
CBERRHTADS O X OB S 5 — 7 < & — 13l 4 O E I BHThb 2 bb
Mo TE e, THHDTIFITRD ENIHBOEENT X =21 Q,, ~ 0.3 BETH SN
BUEE TICBIHIS NN F V DFENT XA —FT Yy = 001 BBETHD, TRHEY—I<2F—
DIEREIFRATH S D2 2l L T2 D DufREMEDNS 2,
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AU b

—oO o u[REMEE. WEOYHETH > ThML S h T3 2Rl oftuc, MBIz skan
ORI 2, BRI Z R L TR 2R KRICH L e nH 2 Thb, LaL, FHY)
BT 2 ICESROMSG & FEBOBHIN S .

Qp ~ 0.02h72

EVIHIRBDONTIBY, R NV A T T I#NITRD 6 N ZHEITFI T S,

FENVAET—HH—

b —DoouEE= a2 — MY R T 7 U v, HNRER FR BN FTHDH, FBhT
ity & — 27 < & — 3% OWEEINI I, JEMRERINIC k> T2 sonRlicni s n s,

MR N 22 5 Il § 5 5 — 7 <& =3k y ¥ — 2<% — (HDM) &IfiEhs, &N
AR e L O EOFEENC LV EERH L 2 LIRFIFHEICR > TBE=a— M) I 23H 5,
Sfio=—a— N VOHBZZN T m,,, My, s My, LI BHe. =a— MU Tk BEREN
I RA—H1%

my, + my, +my.

97[eV]h2
5, 02<0,<03T, O ~0.0272DT, =a—h Y ) ETTCF—-r<x—%23HTS
12l

Q, = (2.1)

10[eV] < m,, +my, +m,, < 30[eV] (2.2)

THDZeMEREND, Super-Kamiokande R TEBIHI S L =2 — MY VIREID v, & v,
DR TEE b LT, 56 BRI R IE

Im?2_ + mzu| ~ 1073 (2.3)
ThY, =a— kY OEEIERHTRE SN TS ZEEFEL Tm,, > m,, &THUT
my, ~ 3 x 1072[eV] (2.4)

L5, ZofiE ETERSNAAEICHAIEFITNS L, Za— MY JRHTCIH T —7 < ¥ —
PLTURDEZR RN D005, £z, HEBEORKEN M ¥ — 2 <& — i
THHIHE. A —Vo/NSREREERES 1. "o ShTLlLEwn, FHoWMIIBWTH
P2 — NV E D /NS REERFLZ e N TERLRS>TLED, TOFEKTIE, ==2—h
U 2IZBRS 9. HDM 2 UE L THIERKROET NV EESL Z L IZN#ETH 5,

FEMITRIN 20 R CllH) 95 ¥ — 7 < # —1da— )V K ¥ —=2r <% — (CDM) &iEhd, <
Ol & U CER I oEmc BT 5K 727 7 o F Vi EMEZ 5 hTnh 5,
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KEANICHEE STy FiZ, 2h b oZER FICIM4 RETNVWFEET 5729 CDM O
BOGFHER2TPET2 23R ETH L, LAL, MEFEKRE W) EKIB W T CDM 21X
ELEETVEBIHIE Jn—RE2RL. BINEZIND TS, LL, B NUF > e IHE]E
bW, 1FEACHAFHLZRWIZT O CDM OFEE/NT A E —1Z N T OBEINT X F —
DI0GREETH Y. HINITWMEIZR > THE 00, W IR R# Y ko T35,

2.2 EBEELSETOREHRE

M CIEFHEO - MEHRD O ERE T L2010, ZEHNIE—MME 2 EHL TRE2 kO F
IR LT p(t) 2 HIOTE e, UL, SR CHEEBOSHICFET 2 Ml oIS i
I, LIdt- T 2 2 TR & GIMRFET 28 p(t, z) 2 5 A, FEIEE» 60§
nz

p(t,x) = po(t)(1+0(t, x)) (2.5)
LR,

EIEFE & & ORI ZEUT N CElik s h a2, FXBYHEREOIES EWWVhal, &H
JIGDEGN 2D ZER DAY W TE L2 26, =a— bV JPETHMNTHZ M TE S,

FHITIAA S A OIENTELR ik e E2 65 DT, Tk 1o iBNE D,

Do Vp

2V _ VP gy 2.
Di P \% (2.6)
Dp
V20 = 47Gp (2.8)

ZZCD/Dt=0/0t+v-V THD, £z, pldE/L v I TWEOHE, ©13ES EIC kb HE
JNRT VoY VTCHDL, ZONTEEIES & (25) 2RAL. § D1 KETCOHEFHPIKE &
Ik T 2B CE L & ST AN

%8 a 96 VZp
i = — - 14 2.
ot? * adt  poa? 3 +AnGpod (2:9)

PEEND, FMl e, e, = \/Op/dp LBDBDT, §=§(t)e FT L LT L DE-REE
Abe. N291%

0% a dé c2k?
b7 + 255 - ( 47TG,00> =0 (2.10)
b,

CoRNFs R FONEE AR LIc=a— O TR 070y —-CE525B8E

EZDEDLETNON5E, Thbb, f1HITK FoNEE. 3 2 JHITWEICHA L 728501,
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B3IHIIH FOMNED 2IREBORT Vv Ao /je et s, 20, KMIA2H H
5. RT %)V —(c2k?/a? — 47Gp)6% /2 DH T DKL 0 1 ITOEBITRER & FEMiTH 2.,
L2 o>T RF U2 v v —(c2k?/a? — 4nGpo)d?/2 D P THITIREI L 22235 513
IO T, ZAERFEPIRE GG T, BRSO OICE N L /12 LR
LCL ¥ 2RIUSHIET 5, B RIS 2B EEE 200 6 o2 20 s kET 52 &
MTEDL, CORT UV VW § ) EXIIRD X RIGEROBEE by LT 5L,

2ma ™
— = gy | — 2.11
AJ i Csy / G (2.11)

KO YNIBRAT — Vg S EFREIL TRRTET, KEVBAT —VOFES FIFREL T
Z b, ZOERADEE%E Jeans & LIS,

FESH EDORKE ID Jeans RICHANTHARE RS, B/PHIIEHTES, Ay—NVT 77
5 —DRFHZME 1.6 6RO O6NE, ROHZDITQ,, =1.0,Q4 = 0.0 DETIVIT,

§(x,t) = A(x)t>? + B(z)t ™! (2.12)

LD —fREME NS, N 212 0N 1 HITREM. B2 IILREMTHY. S TokEE
BEALROIIE1HDORE LA T LG, ZOFFTNVCRIAT =V T 727 ¥ —1Fa(t) x t2/3 &
RBHDT, doxalt) &2b,

—fRD Qp, Qn PFE. REME

a [*da
— — 2.1
50(@/0 3 Xa (2.13)

LIRBN. BB (O, Qp) 1FER 2 EEE S EoMixHEZ X 5, Einstein-de Sitter T ®
BUEDEERES & 1 & T2 LLED Q,,, Q) O TFHmDOBUEDHELES F1ILL T IR T
KE 5 15,

—1
9 Up 2= 0) A~ gnm [Qf,{? O+t (1 + %Qm> (1 + %QAH (2.14)

2.3 SRA[MMDEERFRR
2.3.1 24HMBEBEK

FHZERNC B 2 8] oM I —FCldze <. SR RS 7n Ak 4 72 27 — )L o ki 8
HoD, ThoDfmk. ELEZPMNICERT IR Mo TIE—FE ) Z2ERMNICERE R
S TER B0,

1Qm =1.0,Q4 = 0.0 DETIVE Einstein - de Sitter FH & L&,
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JFE—REERTEDICELELHVONL DT 2 AMEEKE FEIZhs b0 THE, Rufo
TR E neT5 L, HLBUIMEE AV IC 1 2D % RO HHER dP 1

AP = ndV (2.15)

TH5, 2 RMBEEEITERRE » BEN 2 2 D DRUIMERR dVy,dVe DI [ERFICER &2 BT
THERE TERSND,
dP = n2dVidVa(1 + £(r)) (2.16)

ERo e(r) 2 2 RNEBEBE IES, b LR o MiMsTERIC—RTT v ¥ L b, HUMER
dVi,dVy O ORHHC L &7, HRIE—ELRY, £(r)=0 275, &(r) > 0 7% & VXR0HE - #E
iz 2 ENTEIAMESSD 5 2 212720, W £(r) < 0 DIFEE r ZTHEN 28RN 13 700,
FEEE DY M 6 2 MBI EFET 5123 52 F LR (E(r) = 0) & EBEDH
MZHETE Ry, FilE - 12d 5. 507 L0 X7 ook 2E85%
(RR(r)). KO OX7 OBOLRITKHTT 28 E5% (DD(r)). T > & LI RABN & FE
DR DR DLRITH T HEE% (DR(r)) £ EHL &,

_ (DD(r))
L) = RRm)

_ (DD(r)
L0 = DRy
e — <Dz><g2(<§;§<r>>

¥, WO DEHEENRD 2,
Z 9 L CRERO ]2 6 HE S iz 2 AR B RO
T

(r) = (—>_W (2.17)

o
DITIEN S Z SN TEBY, KPR — XA 25
ro ~ 6h ' Mpe, v~ 1.8 (2.18)

PEONTNWD, v =108, ik 2 0tom Hicatil, v =2 oa, ik 1 K0T
DR EWTHIT B 21k b, BHlShZ it 1 < B < 20T, Sl o Eor & i
EAANRAEL 72 & O ZlRiBE L CHIfR S W B,

2.3.2 HBE 2 A4HMBEREK

KERDGR] A & 7 7 IR & BN 5 T 2 5503 K RER LofE L 29 H
SIRNGFENEL, SR M OKEK ETONMEZ B LI OME %KD % 7R AL 2 4Rl
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BT, DITo L ITEFRI NS, KRERETHIE § ZTBEN /27K A8 dO, & dQy DXTTD
MR AMEET DR %

dP = N?dQ,dQs[1 + w(h)] (2.19)

L BN w(6) DT 2 MBI CH 2, N & KR ECOMRE O TSR THS, 31K
TE 2 KA £ () 2 BTSN T 5 2 210 £ 0. 7% 2 (AT AL 2 o BEASRE 5.
3UKTC 2 MBI BRCR €(r) = (r/ro) Y x f(2) £ T B E. INSRALE (9 < 1) TIF

w(f) = A0~ (2.20)

7% (7, TZT f(2) 330002 MR OIELZRINTFTHL, I A, 13
22 _ dN 2 29 dN —2
A, = Crg/z f(z)D; 7(2) (E) g Y(2)dz x [/2 (E) dz] (2.21)

. Dy(2) 35K » CoREMAG M e KR Lo 0 & MR, dN/dz 334 o5
i g(z) & CIRLIToRTERSND,

g@):i%ﬂ1+@%1+9mﬂﬂy4 (2.22)
C = \/%W (2.23)

ZoNPIMC Y. 3URIT 2 A BIR & A 7 2 (R B B o [ o BIEIEUE T 5 ¢(r) DK
AT L > THANARIEDO L OB 5,
FEROBHIT — 2 25 1% 2 A B 2 KD 5 7zoi2id, 2 RMBEE R S [k, 5> %
LA AR » o7 o e oilkE T 5, RFENLIFERIC
(DD(0)) — 2(DR(0)) + (RR(0))
i) = (RE(6))
w(8) = (DD(0)) / (DR(H)) — 1 (2.25)

(2.24)

nHb,

2.3.3 /ND—ART bV

2.1 i CIEEREIES & §(x) DMIUREOR T2 I, FERICHIKL S 2 DI13H 55 ED
TS oM Tl BEMIDZEM Y — D LD RIRERFOES EE
REPELLTRS>TWHAD, LD 22 Thbd, Z0EDIC, e T—1) &

it k) = /5(t, x) exp(ik - x)dx (2.26)

2T S RERE & S,
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RMAT S, 561

P(k) = (|0 2) (2.27)
LT ZDP(k) &N —ART MVEIES, ST —AXT MUid, 2 BB L Ko &5
R BB 5,

_ Vv 2 _—ik-r ;3
5@1__(2ﬂy;/}5k|e B (2.28)
FHIES T 5 =0, HHRANE ERT 08I0, LehisT ERIE
B %4 sin kr 9
5@y_@m3/Pw)kr4mmm (2.29)

rET B,
INETR AT — NS E R 6 LT, FHLEWAF — VoL EZINV BT 2T 4L
BY TN,

/f&Mrzl (2.30)
Rl L, p| 2% BHLEVWES R IV ONS R ZATIHEREL, +AKkEREZAT
WBYace s KRB E A v OB EES, (AENR A4 RoEBIEIDITo b ons
H5b,

Ny TNy MY f = 43—‘/3 (r<Rr) = fi= %(siny —ycosy) (2.31)
TRy Y
V 2 2 2 P2
Hoe7oM = —— "R o =R G2 (2.32)
TR

FRT friFpzEficov 4 Y ROBBERL, N231Dyld. y=kRr THAH, V1KY
BT EINZ AT — VOIS FONHIE. NT—ZAXRY MU A > Ry Bl o 2 Fx b
JC k2 THEAT A2 Ik YRE S,

o2 = % / PR f1[2d%k (2.33)

WS RDOFE & 22 B JFY DBIEE S ED AR MUIED LI RV DESTz0h, L)
W FEHGOHLHHEDO—DTH D, 4 7V — a YHGIEEARIO 1970 4E. Hurrison 13/
0 =27 Mo BB

P(k) = Ak™ (2.34)

TRENDIRFOELIEL, n OHBICOWTERL 72, RRORBEPLBEBHI SN T3
RESOME L HBLT 2EMENS, n = 10%EmS iz, 1972 FFIC Zel'dovichi 13 Z DIZD A
X7 MVERHONE NIA Ve TFOBERERATLZ N TELZ e 2RLE, ZOF
DAY N )v% Hurrison-Zel’dovichi A7 MV ETES, ZZE T, P(k) = Ak DAXRY MU
EROJFHIONE S EoftJliT e H0F ., XFOWE L /NT X —F n il 2 ERE DI
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Ta#amINTE, LA2L, 1980 RIS N/ 7 Lb—Y a VR T E T 5 T r )V X —
BEOBR TS E1XZ @ Hurrison-Zel’dovichi A X7 "NVZF Db D TH -2, T4 > 71—
va GBS EhA KRELRMBO—DTH D,

2.4 H—UTH—LIBEER

FHEFRR OBHIN S W EAYY ORI (2 ~ 1000) O FHH T O O T3V X —EREFR
5EXTS, ~ 105 FE, L) Zedtbhho T, FHMBIEN EBNLET, NI v o%E
%5 13U & o BRMAEERIC K VRETET, 6, ~ 0, ~107° ORETH L, BUERIHI
N T DI (5l ORIE 2 ~ 6.73TH Y. 2 ~ 1000 DIES WA — VT 7 7 & —IHAI
(1/(142)1HA) LTRELTY, ZoR 25 BICIIRETERnz s, Lkds
THEIRO DI F e MAFRH LR, =0 <8 — %5200 % 6780,

FHoOYIMCTY — 7 <& —ofiF b HRNRE# 2 L Tk Exohd, T0 k5%
FRNICIE, KRR e & BTkl T, 2o NOHERRE U b/ St A XfE s 13 &
hTLEH., 81 FHOZ RN —EENHEBL TR E TSN O &3 5N,
KETERW,

¥ =<4 =B KE R HR 2O FCH - 2855 (CDM). ki1 OIEEN LSS
> SRS 72 B4 2., £ 0 BIENICENCIFMRSGRINICZR Y, IO HETE SR/ E W,
L7zh35 T, FHOT RN X — BB SN 2 12/ 6 22 CRLIZE D RIKEEZT S
ZeMTED, HZ AT MNVEUET 2 2. 156 EORIEIHEDHNI LK EVDT, /NE
BRIES EMI SATE, T REE S TRERAT - NVOREBEIEL Z 2125, LENS
TCDM ETWVIEIRNLT v THUTH 5,

F—H—=0=a— R ) 0 LIFEFICECYE oSG (HDM), EEIASTEM xRN
RHDIFT o L SHITE/IBIBTE R, TORIR Jeans Kld t,., £ THML AL, H
D2 —NTHIS T HIEL E LD B/NERFES FIFKEL CLE S, LA THDM
EFNVIE Ny TE T VTH B,

BB

CD LT, BERES EOEJREIIIML REEBDSATEBY, B2548 7<% —otk
HiCk > URERREOIRAENIELR 5 TL b, 2oL ToMREL2 AR ol
PRTEOIC, W LB ABEOIRS EORIEL . FHWE 2 1B T 518 FolRIEOH

_ 0k(z2=0)

T = 5, D0

(2.35)

SBUE O FHER D 6%REE
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REWAL., 20T, 2 BBEB LTS, D) 3WERELZRTNFTH L, ZoBBEK I
L& RIS 2 2 L AES S0 E ) JRE Th ARG 25, By Ialb—Ya i
kB2, Q< Qpy @ CDM EF)IE HDM EFNVOBBEEOT 195 4 > 7B LI
D XS5 TS [16],

In(1+ 2.34q)

CDM T, = ——3317—41+38mp+061@2+(54mﬁ4-mﬁqwﬂ—ﬂ4@3@
HDM T, = exp(—3.9¢—2.1¢%) (2.37)
ZZT
k/hMpc~!
:JL%E— (2.38)

THb, TIEY=A TR A=Z LFEIN, NUF DR G5E2HBRICANGIODINNT A—4
THD, YA TNRITRA=FIE, F—I <7 —DIRBBEENT K > TR B 70508 CDMIC
oL T,

@ﬂ (2.39)

r=9Q, - |1+ —
hexpl b<+Qm

EWIOETHMEShL Z BN TS [17. ORI Q) <« Qpy THREWVITMUEFX 5
W, F—=r<8 =T BNV A Y DEIGHRE b e firnlieb,
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BIE AFEBEERE L SHFAMBRESEA D
B

RITE S TIFH O £ SRR OMRN AWM E L, AT, BRmERKE K
BUMHEE OBUEE COBMIC>VTHIAL. AR OB, BHITFEC>W TR,

3.1 FHOAFEELE

FHIIT—RICYEMMFEL TUIB ST, WEIESRI WS T L Tnd, S 518
DAY — KRS ClEe <, RITFVEF > TEET 2N H 5., 1Mpe FEE O#IFHIC
S0 TR E 5> T LM Z PRI BE L 1T5, TR4 O RIT M31 % Jul & 5 8- BRI
JELTHY, Z oRuBRIRATRE L FHEh s,

SHITKERAT =T &, B Mpe OFIFICE 100 DL E DR 2 EH L Tnd b o %
Sl e S, SRHNIH CoE/ N LY FHIPE» SYIVBES h T s R e L UIFTHRK
DYDTHD, P20 SR OITHETHITE & OESREICH 5, S50 S DRk 15Mpe.
TR LT 0.0039 12H 5 Z DRETHI2IE 1000 THLLED X U N 4Ru AR A ST b,
SRTENI L DR A ER L TB Y, SR [EEDM EAFHAREBICIE Z > T o, $RiI
IRDEERITH R > T 5,

51T, BB ORI 4R BEA 2 U B > T 30Mpe B itz 2 G 2 {Fo e &2 h
T R L 1E5, 7 o I3 OB DRR DN — 3B 0. LRkofeb REH]
H5, 20k RHEHTFEOWL 2o IR SN, BRNRFEETH DI L2%b
Mo TE, ZZETHII70 FNETITHLMI RS TH S,

1980 SEICAD &, N=NR—=R2RI V=7 RIKYFEE > ¥ — (CfA) D Geller 13, FAHE
9 1A HIH o $Rin] DR % HIZE L L. B 10Mpe 127z o THRE AT & A E1FE1E L 22 OAl
(RA R) =, 100Mpc Z iz TR AEERICEP L T B4 (7 V— N7 a—)V) BFEET S
ZEEFEALEZ19, 20L& RTFHRERKOMEZ KBRS L IES,

VAR FH O KBRS OBIHNE. Geller I & D CIA V= RA DEICH, T AR NF R
HI Y — XA 20, 2dF $RE[HRSTWBY — XA [21]. A=V TP I NAHA P =4
(SDSS)[22] 7 &, KBy —_A 2T bh T b, FTYHBUEIEITHO SDSS 13, HH o

LZ D & g PR E AT — XA LIRS,
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2dF Galaxy Redshift Survey

82821 galaxies

X 3.1: 2dF 7RS5BT — XA &> THES N i, iz A" RA K7
Y7 R A% 100Mpe L EICh 7z > TR > T g " 7L — N —)L 7" 23 5 T b (23],

2.5m HFEHZ TR KD AND 112biz 5 1 EHoM oLtk e 19F X VIS0 100
JIEDH OAABHIZT2 O LD THY, B EREH KB —_XATH D,

NS DKBBY — XA S, FTETIE 100Mpe A7 — VO KAEEIEIRWNIFEET 5 2 &
WHHS ML 705 T b,

3.2 EFRARBRE

KBRS IR H (2 < 0.3) TIEHWNICIR A3 T B 2 2RI S TR > TS A%
W, BHOKRKIZER S RDD T, 2 > 0.5 T SDSS D & 5 RN U KRB — XA 21772
D DIFAJRETH 2, RSB OREIT, IRENIHITCORNBH (T4 — T —A) %
17 Z itk TR e h 5. DIMICERTT MR R SR e . BUE £ T OB oBUR
PEL®D,

3.21 Jzx—Y%—

7 = =Y — 13RO FHEICBIH S N B IEFICHL WADEHETH V. KPR K& S
Eoa >y Nt SIE O D 100 L EO T XNV F -2 BT 2 RIKTH 5,
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X 3.20 7 ==Y —DERANT bV 24], BHDY = =P —DAXRT MV EHKT 5 Z &I
koo, NGRS =P —DAXT MV TH S,

SRR e Ui, RIS O R FRICHA) Lz it e . KESLEITTE DO OFIRR A &
N2 eThHd, SOEIBRRKREKDAN=ALL LT, R NCERTS v 7 R—=L3H Y.
ZIZATADEL TP METE/JZ RNV — 2L T INTn s e HE2 6 Tn5,

7 = —H—13IEFICHH 2 < @O DT, RO FRITIC & 0 B o Rl WIE o a4 M E
BHNRDZLINTED, I, 2> 507 =—H—HSDSSICT & > TRAIFHER SN TEY [25]
BEFCICRAIN T AR E NS = =P —1ESDSS TRA SN 2 =643 Db DTHD
[26].

3.2.2 SAIVIT LA U4ERA

SR D Lya DR (1216A) & 0 b RHEOKIE. KR4 OB EICH 2 8-l ] Ak E T 212
Lo TRINESAT 5, 61T, KEDOERET X IVX —I1THY T SRR T 9124 X0 B5EW
WROEFEGERPGC L > TEL AIRREL TEY, 91201 T4 v Ve FENn b, 2 > 2.7
D DANE, WX % 52T B RA[BEICy 7 N T 20, WHENONY RTHIEe A
PRI T ERVELICRE 5, FIZIE, 2 = 3 DR ORITFTTMIC & 0 IEN 4 fFITH =
EIZIND 2D, Lya 13 4864A 12, T4 < UHhild 3648A IC2 > TRIHIE N2, Zok®. i
MR T 4 VE —D U NV RTIE ZTh&E ) REEONY RICHARTRBICHEL 25, 2084
F Ry 77 heifEiEh, Ray 77 Mk TRiiEha80 2514 < T LA 74
(Lyman Break Galaxy;LBG) & IFE.5,

LBG 13ia  ERIMREDE 2 I L TR 0., WERZREKE L TR ThHs e 516N T
Wb, BUE, 2=3~4TIE1000 %2 2 LBG il & h, ZoRoNeBiilic & v &/
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[X] 3.3: Steidel et al. I2&% 2z ~ 3 @ LBG DA/ WIEIMi [27], & ORI b HBEEE O & —
I IMFET B Z &b,
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X 3.4: 2 ~ 3D LBG DAY KV [28]. Lya FEfR$RI & LTl SN 513 & ofiiik% o
LBG b H 5,
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BIE SN Tns, J3.3. [ 3.41C Steidel et al. 1&&k > TEHI SNz DART ML e
FHWEAN 2 RT, ZhsoBHITIE. YoV —XA 4B TH WL 2RI
AT DY — 7 DMFET S Z LAVREN DS, Z OEBEHI L. BUE D FH O BB E
SR & DOBIHEILEH & 272 5 Ty,

3.2.3 SAITVTIVD 7 EERSRA]

TR B EZAT D $RNITiE. oW KEHBOBFBOWEMEET 5, TOLI REDORT
% SEINR TSR h D H ZABOKEHF 2 RET 5720, $R1E Lya Fif 2 B2 2 Ex2 6h
% [29]e 2D & D 2R % Lya FifRSRI] & .5,

Ly FiFRRI] OFFE & LT, FifRASEREIC LIEFCR <. MR IR & ik
I & BRI D728 Lya FROIARDIENFRIC R B Z e EWETF N5, £z, EcEEOD
RENS, Lya FifIE CE L ToOBEVNR TH L L EX LN TN D,

7 ==Y —RERERN 72 E DR U EZ BT 5. T 7 T4 =V R —=RAITBNT,
1FC® T Ly Fi#8R Z it L 72 D13 1998 D Cowie et al. [30] TH 5, 5 1% Keck Hix$i
ZRHWT 2 = 3412 12l @ Lya iR 2 R A L7z, 208V TS5V T4 — )V RP—A
I &5 Lya FEfR[ ¥ — XA 13 70bhTB Y, RAERNL DL LT Large Area Lyman
Alpha " —XA (LALA ¥ —XA)[31] ®913 2% HEH Suprime-Cam 7 )V — 712 k% 2 = 4.86
DY —RA (32, HURKIXENTABHITRKT2Y =27 kD Subaru Deep Field (SDF) 71
Ve b33 %EMNHSH, SDF 7Y =7 hTlE HLER 9196 A offdsk 7 «+ v & —%
WT 2~ 6512 20D Lya FERM MR INTBY, oo hE cic Sk
HHORKTH 5,

T/, BRCRA SN TO L EEREMIRC 7 = — Y —, BESR 722 £V 23 - T Lya Fifg
R ZPRTH =y T4 R =AYb Tnd, RENZY DIE. Steidel et al. AT
Boleh—=_RATHS, KH61E LBG OEGERMIMICHT L T Lya BRI Y — XA 217720,
AR D Cowie et al. 1 & 2 $RU[HEE D 6 5 DEEL D Lya Fifs[ 2t L 7z, 561, 22T
F Lya 7Ry T 2MHINS, WHE ORI O 10 O KE SITb > T Lya Fifk 2 BT 2 B
KAKEHAELFRR IO T2,

3.3 EHRARBORFIEIEE

FHOKEEIX 2 ~ 0 CEFHO LD HuERTHL RO BN 2D TH L, DK
AL, PERMICITE AL EGC L VI 5 Z L5 R 6 T 508, BRIl Tl
AHEE TV EPBHIC & > TRHNS Z IFEFICERTH 5,

BIE, YL ZTANSNTWS CDM EFNVCIE, BERS EWREL T, IL®HICT
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[ 3.5: Suprime-Cam F— L OBHNC & % SDF 2 = 4.86 @ Lya FifR$RI o 5341 [32].

E L DR R ERKTH Y. ZhMBEE > TR KBREEDO 7' L — h T — L7 &K
2= VORI D e HEX 5N TWD, ZNEMEET 5 72 OICIEER o8l 4 % i
BT X kv,

JTAE. LBG % Lyo FifgsRin] oBHIC £ 0. SR73 B SR O GRS S . K
BIEROWEN DTN T OTIEH LB RAED TE /2, {ijik L 7 Steidel et al. 1% LBG O%
Y — 7 & Z UK 5 Lya FifRe o8 HE 2 SR L 72 [34). 5 oBHIL 2fkE. 2o
FEEMOY A XL ONEDSsT2lzDd, ZOHIRREN L SEWAN S TS NI 6%
Moz, e, TIEGYHESLO Suprime-Cam F— Lld. 2z = 4.86 D Lya fiigsRif o 75 > 7
Y=o 217700 [32]. HEIEEREIC LTI 10Mpe DR 7 — Vo KifiE 2 FER L 7=, 826 DR
L 7= M1E S S0 e T E > UIB 69 W 10Mpe &Y KERAT = IV TAA ST D
borllbnhs, 5% ZoOHBOBHKREZESL L T 2 e2%HNIhTB Y, BUEDF
HOAKBBREE L [ U A — VORBERES» 28 LA,
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B4B TEZDEEL L BSFATBERTY —
A

4.1 TIEBERE

TIEH G, AUk 19 152 49 > 43 B, VERF 155 5% 28 4> 50 b, K5if 4200 A — b LoD
A B~ 37 7INTHICH B FRIMEEESE CH 5, <~ U+ 7 7INTHITE O REK L EL -
D 7z HHIER F T o KXBIHNCE L T BIFF0—2>TH Y, T35 Ofic b Keck Hix
$i%° Gemini HiEi 2 E O RKAFEBEMWFRE I NTNDE, KE2ED L EHOANORIT -2 X —
MUVTHY, —REEOHFER e L QUIHRRRDObDTH S, HOHOERE 264 A u[H)\
7 =LA THRATCHEIT 2 THEEZ R . HEE T DY oZ=Roilhg i/ 147 < 5 )8
WIS EA SN TH Y, JERFICEWEE 2355, HEFIII0A. BEEA O 2 THl
W, 1P ofRME L 0.07 WA OIBRRE LS, Eald. FE A7V y, F 2
IR (uJB. I D 4-0%fiiATHEY., BHIHNRDBREIC KD 70 oBHIZEE 2 V0T 5,
FHC 30 %27 OfEF & 2 FHEAUL 8 A — MUkoEHEH & L CUXBRMoAHEFTH Y, TI
LORERFRETHLENZ D,

[F 20 GRIEL o 2ida)
BAEHEE 058

FPrimary Focus
Facal ratio: 2.0 {with comecton] )
¥ Field of wiew. 30 azcmin

ey

At B BEYS ToXeegzATLY
Tihustrarion bar Toleastsn Endo, takeen from Mitked Scivnse 1996

B 4.1: TIEHHEEH DO K — L e IR () & Ui Rl (£5), EI KA
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4.2 Suprime-Cam

Suprime-Cam (Subaru Prime Focus Camera) (&, 9135 8O FE MUK SO 5]l
KD CCD A AT TH 5 [35]. 2048x4096 IHFED CCD F v 7% 10 BRI WX, EFEHRD
3427 OB W N—F 5, FEMOWEZHIET 5 720 DK E LAl E¥5% (Prime Focus
Corrector;PFC) 2§, CCD Fv FIE MIT U v A — VIS clifF I iz b o T 1 10%E
DOKE S 15um. KERETD 0.2 HAICHIYET 5, Keck® VLT 2 &, oo 8 A— MVPLE
WMOBHEFD EHE A A T DT EN BB AULGEETH Y. 810 AL LT 2 K>
MMDILBE A X 134 A — MIVROHEHICE i S hL b oLk, LER->T, T35+
Suprime-Cam {FHR TR BN RGO VIBE LI T LI L OTELEETH Y., x
LT 4 =T —_NAICHLZBHRETH S, LER 5,

CCDF v/ MIT Y > % — el T 2048 x 4096 ()3
CCD ¥ v 7O 10F v 7 (5 x 2 DUWL)
ey A X 0.15um
¥ 72N — ) 0.2 Ff4 /pixel
ki 30" x 27/
CCD DA v 2.5 ¢~ /ADU
JARIEL AR 10e~
FeAIE L RERY 60
YFal—ay 80000e~

3% 4.1: Suprime-Cam DIEARZ Xy 7

4.3 2 =3.1ICB 3R] DAFREBLEH—A
4.3.1 N9V ITS5HUFR

SSA22(R.A.=22"M7™ Dec=+00°15") I&. Steidel et al. IC&k>T 2z = 3.1 1T LBG HEDE—
I IRR SN HIRTH 5 27, 28], W HIE. Z OO LBG @ ¥ — 2 Gb¥ 7 sk 7 4
VE —% T Lya FIfRSRHIEEE 21778 5 72 [34). ZOFEHR. Mih S hiz LAE 1349 9 54
FH ORI L TBY, ZMEZIZZhETHSLNTHMD 6 f5TH -7z, Lya Fil
FRER D & DEFEEHIRAY LBC OBEE — 7 IHHL T2 b D TH5H 2 LIZHLENTH S
W, S OBHITIIBITORE DIz, £ DREGERAINE ZETLMB > T 00, 2%
FEED A — VIS 6725 7z,
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[ 4.2: Suprime-Cam DO#HERFE, CCD O FRIH & FEAHIE PSR (PFC) OFEwm*x % &G

BUE, BEENRMERET VSN CDMETNMC LD L, f 7 V—V g VIFOR T
RO ENEOM L 2D, ZhME/IREL UBEZEL e H5XA 6N TS, ZOWETITE
FINSIR A — VOFEEMRTRICTE, ZNETE > TRERRAT - )VORIEICR 5 & X 61,
FETE RS AR & PRIEN D, —fRICKE R A7 — )V OREEIE IR S NSRRIV £ 25
N oT, R OMBEERZICL THHOKERD 6 ff2 ). 2 = 3.1 DZ DFEENE DFERE D A
= IVTCIR > T2 O, [NOEEF & S OIR T RVERE TIN5 2 & 3T EIIMER
RETIVIZHEL FIRZ DT 5 2 MM TE B4,

Steidel et al. 12 &V W SN/ EBRENIRDIL Y 2FNRD 2DITE, 2 = 3.1 DR &2 K
R BRI T2 ek 6NE, COHNDEOIIE, [LEIRT7 4 VF — DRI K
% LBG ML TR MBOREI LY 72y, Fiz, BT, BV TR E -
ETELLDD, 8 A— M7 5 Z2OWHEFEHT b HHE T 25 SHFEESBHIBRA & 72 5 i,
O SPOBIHITELBMRENTLE D, — . k7 4 V& — 2 HOToBHITI
7 4 )V H — OFEBEAT IR IERASA % $Ri0] DI S IR IRIC A S & 2122 b 720,
U 7= 8Ri] o5 5 e O R RIEH DL AR 7 4 )V 7 —BIHICHARTEW Y lce b, Lichis
TR O RBINSREE 23N 51218, JROBEFFCEROIREAIR T 4 V& —iRfG & 1r72n. £
i k- T &7z LAE 23X\ 2 O R b ISRV, §132 +Suprime-Cam+ 3kl 7 4
N —DOMGEITROMENLZHEETH S,

Dk ko hails@dob &, RAIPESRT « V7 =2 FHOT, BEEHIREH- ¥ VRA
YN TR 572, 2 = 3.1 WD EWNFHICR A G 7o KBRS IE % Suprime-Cam D1
FCFRMICIING 2 &, 2 BT B HHMRN . TRRRSRIf oM 23X 5 Z L RHINTH 5,
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4.3.2 Suprime-Cam FFk#HIET 1 V5 — DHEERE

T4 NVE —OWHEREO T LRITI 3 2H L, HLIE (Center Wavelength; CW) &, N
> Rl (Band Width; BW). BIEHE —27 (Tpeak) TdH 5, CW I FEHIIHRE BMEOEL %
D WEOFETHY, HHROELTH D, BW IZEHEIHMOLMEEIETH 5, Tpeak
X, Blfhior—27cH 5,

AWFFETIE, k7 4 V2 =% T 2 = 3.1 OREEMOL Y Z2BHIT 2 02 H N
THDHD, z=3.1 DR OB EFERINH T 250K 7 + V& — %3G WFL. 2ok
M2 LI HHATBLL ZEPETH D, £, GEEVIOZMNLNY 253aT 20 THS
o, HEFFOHT 2 = 3.1 DR Z LT LEE/ 10—k S, Tbb 74 VF—D CW, BW,
Tpeak O—F(MENRD SN B,

HS5 AR FHREEBL 727 4 VE =13, 74 & —HISH LRIDISES AR T 5 & i
T OWEPEEASHIHAR TR RS bW Rtk 2>, §135 FENONFRIZFLI L1 D
WHOENL DTH B0, FIOICAIIL TL 2HDEANELL, Z DFENKE SR TK
%, £z TIELD0FHERTIE CCDICHHE T S D)Cld 7 4 )V ¥ —[fi L TIXEL 30mm D
MicZe s, FH7 1 vy —o@Eimthitz KR <5 DI HER BN TTIES FEA
LEU. 74 V% —MHETHEE 30mm € F1.9 OYHEE HBT0ENH 5, ZOoHEDEH
MEERTRT, DL RHUER T4 VT — ETEARAZR LSO EETZ 13 IS OO T TR
v, — R ORER b 1T 5 Tz,

4.3.3 B ETFT—50—RUE

2z = 3.1 THUS S N7z Lyo FifR (A = 1216 A) 3R ARBIC L . 4970A1C 7 LT b7
. 2= 3.1 DY — A 217785 7201, HFULEHR 4970A, /2 Rl 80A Dkl 7 1 v
5 — NBA97 # - CEBIHI 2175 7=, NBA9T 13 E ML 57200/ RE, fifificfibhzz
F O WCHEROCFEEFHAEN TR b, CW/BW=4970/80A TH 5 = & RSNz, £
R E MR T 2 720N T 4+ V& — BV, R, i, 2 N> ROIRGE L1172 - 7=,

U5 H[ER B (72 R =PIV ID : S02A-122) 1B W, 2002 F9 HICBIHIL 7z, &5
12 Z OBLHITIE NB497 12 & - T Subaru-XMM Deep Field (SXDF) ©F — % blXfF L7z, &
DKIIE Suprime-Cam OFREBIH TEHRORGT — ¥ BN TBY, F/2. 20024F10 H& Y
g - LEIRKLENTABHTRT O Y =227 hDT 4 — TP =L DTRbN T L4 T
b, LMo T BT 4 VW — DT — 7 BPRcF s Th Y, R3S 1
N B — DB TR Z ML T 22 6N TCEDL, ZDT 10—V Rk, SR O RS EENIR
R = —H—, BRI EMRAENTORWAIR (TF0 7 74—V R) THY, 2 =3.1
DFEN 72 % SSA22 L[] CRIFTHNL Z LW TE 5,

fF SN BT — ZIMMPERTIRL 2 & D 2R Y e T—HRomfic Gl vz, s hiz
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N2 R || SSA22 | SXDF
B 26.8 26.8

NB497 26.5 25.4
A% 26.9 25.9
R 26.9 25.7
i’ 26.6 25.4
7’ 25.8 -

£ 4.9: BNV RORRFZERK

FEIE SSA22 Tl 699 “F /54y, SXDF Tld 606 ‘FANTH S, ThhZhoNY KD 50 DRRA
IR 42ITRLIZIY TH B,

Tz, BNV RoBIED TN TIEH LN ZNZFNEATEY, BT & [u]fiz 720 ClE(E
U RAEDE CJEENC 22 5 L DICTERY, ZF0D/ N RT, [6 0 KRRk JEE D §h % 211
RT74v bL, ZTOMBELZHNCUIEEZ ERZGMIET 5, 2D XIS TR U RENRETON
Y ROMWYETRIL 2,y DMZFFO L DIC L&, KM Z L. SSA22 IZER 2 M. SXDF
WFEE 24 WA O7 R—F ¥ —THPEL 72,

4.3.4 Lyo FEARSRAI R DIES

NBA9TIE B RV RE VXY RoORICH 728, Fik. IDGERERN 2t 4 5 729D 4970A
ffTodEte LT, BAY R, VAV Roliif§% 2:1 oG TEKRL BV N2 K] o
B2 ERL 7z,

SSA22

Vi RIKZ I T 5720 D h & 1 7V NB497 DE{$E T RIEME 2030, Z BT &2 &N
RTCHPELZ=b 0 TH B, RN 2K 4.31TRT. 2 o okiiid NB497 OFFEHK. Ml
BV — NB497 TH V., HHEITH A NB497 THH A WRIKIE BV — NB497 > 0 OHilic 71y
cEhd,

FHRRR IR & L CGRIET B 413,

1. NB497 < 26.2
2. BV — NB497 > 1.2

3. B-V >02
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BV-NB497

1 L
22 23 24 25 26 27 28

NB497

X1 4.3: NB497 THrili L 7z RIK (EERIN, M o BT BV — NB497 = 1.2, NB497 = 26.2
ZRL. HfE BV — NB497 D 40 2R T, FROAEIBETORMEZ W72 U 2 iR KAk 2 R T,

4. V<279
5. V—i <15

L7, (1) DRIE NBA9T DFERIBSAT A ) A XD 7o £ B IFORRIIME DR, 2D
ZEeTHD, (2) DRMFIFIFROBIHIZ ZTOFEMIEL L T EW,pe > 160A ZFREL 72 Z 21Tk
JBT 5, L., ML 72FifR2 2 = 3.1 @ Lya Fif THIIE, kR ToOFEMET W, > 39A
EWIRMEERRLIZZ 21T, O OFIRONE S 215D Lyo PRI BZ L FET 2.
L2 L. Z OFffAY [OIA3727 CTHIIRTMWMIL 0.33 1D Z 212720, HiukROF i
S EWy > 120A ORI Z oRAF &M 2 L1k b, WRI T RbNLBHIZ S, (011 @
Fik 5 OFEMibEIE 100A FECHITHICR5 2 26N TEY [36). & ORI
KA DR AZ B S BIR 2 Hf > T b, 72, 2 = 3.1 o IxhtAkZZoRINIc LY B
NYRPV Y RICHAREE] 0.3 F G b, —H, ORI ORIRERINE Z 0 & 5 72 ikiIX
T2 T b e b EHORMMNEZND T, (3) DRI & o TE BITITRIT BFHRR 1T 5 5
wigeshs, LPLVAYREDBENE BV O THYEY ERTERLR>TLEIDT, V
NYREFAIA I AZRD 20 P EDT Ty 7 AL EN TS Z EWNEFFEN, (4)V < 27.9
DRI ERTZ L5, iz, ZD3DDFRMETIIIFFITHRVIRIBA ST 2 3B 5,
EARTIRED Lya FifgRI 1345 < HOEOFIERE b2 0T, Z 0D & 5 RO
ISR TH D, Lhts T (5) FREE T,

D& DRFMT, 300 D Ly FIfR KRB 2 FER U 72, X 4.4 120 <O o pilifg &K
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B 4.4: 2 = 3.1 OFEFERIMMEG DO, NB497 THZ 725> TS Db b,
NHARY MV EIRT,

SXDF

SXDF IZ2WT b, [AfkDfftr e L TR RIKDEER 21170 -5 7z, 72721, SXDF @ NB497
1. BIHIRFRIAS SSA22 DFI 4 4D 1. TA—F ¥ =23 1215CH 5720, 7o DIRFFERIE SSA22
LD 08FXRN2B4FETHS, £, VAV NOBRBEERE 1 F X, Lh>T (1) oFftE
% NB497 < 25413, (4) 2V < 26.9I1ICEE L, fMOFRMPFILIE—ICL T SXDF @ » = 3.1 iR
RIKERATE, ZORH, 48 MOBEIRIKE R 72, 2 OYIRITE RIS 7 = — 3 —.
PSR 72 EFRA ENHIRTIE RO T, 2 2 THIE SN EBERED 2 = 3.1 O FHO
FEIN A HBUEE CTH D L EX D DIERYTH D,

4.3.5 Lyo $ERRSRA] D22/

AIffD & 512 L Tl S 72 Fiisiin] o KEKIAT L o3 Al % ] 4.5 1R, FiRReRi).  mRDURR
] & BT S BRI DT TV MRoFUICEHR L. Z LI L > 60Mpc. i ~ 20Mpc
DRIEEZIERL T5 (Q,, = 0.3,Q4 = 0.7,h = 0.7 DFHETIVEIUE). Steidel et al. D
BUHIL 725013 Z oW O L 9 AHIUTTTH 5 2D T, ZDORBEEDLAY B ENIZ T 72D
WS oTz, LBLZOT—F1E, 20—y TF TV F)IVAHA Y —A (SDSS) FETHH
SNDITFHOKBBREEIC LT 2 A =V TH D Z L 2Wil> T b,

SSA22 & SXDF DiissRin] DMEBUHRL 2 R d 5 72912, SXDF 12019 2 iR R & 1
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4.5: FERRSRM o2l hi, ElomifE NB497 TR ST v 7 Al L T b,
comoving length 1% Q,, = 0.3,Qy = 0.7, h = 0.7 DFHWET WIC L Y RD /=, fftADUA I
Steidel et al. DEHIBIKTH 5, EEEFUNIALH- FEO )V MROFUIRKIRP L T2,



4.3. z =3.11TBJ S8R OKBBRIEY — A 43

[fiFR (*F7or) | 68 | &R *F/54Y) | SXDF & ot
SSA22 itk 699 91 0.13 1.6
SSA22 [ AR 318 75 0.24 3.0
SSA22 I RE Hitak 381 16 0.042 0.53
SXDF 606 48 0.079 1.0

3% 4.3: SSA22 ¥ SXDF D Lyo K] BB o g

% SSA22ICH AT S L. MBS AIEBUL 1 il L 725, SSA22 DFIRERIE] DEREIX SXDF
WICHART 16 fRGRWI LI b, EBITSSA22 DR TOREMiZFHimT 572D o =1.55
HOHTT TV AL—T U T &k > TRERREFEMEZ RD 7z, % LT SSA22 ARk FHBURRE
F U B EEME O L SEENER E ERT S (M4.6). I OEHEEFUIKIEICED & BRI »
JC 2 LR R SIS HOTCB Y. HiftE 318 P TH S, Z OB
SRIJBUEREIE. SSA22 2RO FEIBIERE D 1.8 f5CH V. SXDF THIHI S W/ EE 2 FHF
Hledze, 2o LD 3.0 fOBEETHL I LIhD, TNE pyo = pgar(l+ dgar) T
EFREND 5y TRT L,

Sgal = 2.0 £ 0.5 (4.1)

278%, 2T poo EBHIS N IR OBCEERL. pgos 1T THERT O OFEEELTH 2,

—7i. MERETAP S TFHIEND, ¥—2 <8 -2 S5O HEEEES ST oRETH
A9 ? NB497 DY RiRE 80A TH Y. Q,, = 0.3,Qr = 0.7, h = 0.7 DFHiGZ ET 5
. BATEIX61Mpe & 25, MM, MR 318 “F A4 CH L T 18 M f DIE I
AU TH D, 18 41T 2 = 3.1 TlF 3dMpc ISH Y T2 DT, Z OEEEHoKRIE
71000Mpc3 &5, Z 2 CTEFHRL EEEEMIRITO OO REE LT 0, oo K
71000Mpc? L2 HERDOEELE S T2 H X 5, JRIGERFE S & & L T Hurrison-Zel’dovichi A X
7 NV (HZ AT SV RIUET B &, NT—ZX7 MU BIES E2RD LR 2.33 £ CDM
EFNVOBREE (N 2.36) 226, 2 =3.09 D r = 26Mpc DERN OEBREFEIE & & DIRIE D B
MR

o~ 0.15 (4.2)

ERb, %Rﬂ@ﬁ%ﬁij% 5& 5gal ZS Pmass = p_mass(l + 5mass) T}iﬁé N F—U<d—%
GUHBERIES L
5gal = b(smass (43)

DOEENH DB L EZOENT VDS, ZDbENALTANRT A—F LIES,
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TRz o DEITHBZBEIES ED 10 DIETH DM, Z OFHIE Steidel et al. D LBG D
DABUR T & NIRRT O h Tl b B OB IR % A Tl b o Th b 7
O, HEEBEOMES ELRELRoTHDEEEXLND, NB497 THIHIS S Lya Fifgsiin] o
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FIMBOMEIX Az = 0.06 TH Y. Steidel et al. BXBHIL 7= LBC ORI 2 = 2.75 ~ 3.35
FEEOHHIC A% DT, NB497 OIild Steidel et al. DBLHIL 72HC 10 HAS Z &2/ b, H
BB S EOMREEMBN e = 0150077 THD LIUET 5 &, Bl SN D RN
1/10 £ 725 D3 1.30 THH DT, HEHEES F130.20 TH D, L7M> T Lya iR o
R &

5gal

b= =10+3 (4.4)

5mass

&5,

4.3.6 Lyo g 0RERSR] &4l D €|

R RARDENE, BV WBHE TR L 72 2 a ZIC o0 T T8 - 12, 4970A (1T TR %
T THDBYDEET DT, NBA97 THMIL SN E IR0 5 ThH b, B 4.71C BV TH
U 72 RIKDEER R 2 RT, DITOFREZHZT O D2 IRIGERIKE Lz,

1. BV < 26.7

2. BV — NB497 < —0.7

3. B— NB497 < —0.6

4.V — NB497 < —0.7

5. BV — NB497 DAY, #HED 30 LD b REW

(1) DRFE BV BAHA I A XD 70 LYV BHB W, &) Z 2IxET 5. (2) &R
EWps < —T2AHTET 5. (3),(4) DFRIFIE NB49T 2B & V 05 L0 LG, FEFICIK
WD & D e AT M IVEFRFDORIKD BN N E W79, SN DL BV TH5 <, SN oHn
NB497 THEONRAKICERZ YT TWBE DT, BV — NB497 DFRENKE IR Y on3Zn, HPE
HEIC & B RBORIRRIKDBEAZ B < 72012 (5) DFAF LR L 72,

Z D& FAFET 80 O RIKZ M U7z, X 4.8 IR RIKD Al %, 22541 % [X]
4.91RT,
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BV-NB497
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X 4.7: BV TR L 2 Ktk KN, R oE#fld BV — NB497 = —0.7, BV = 26.7 & 5%
L. Mi#iI BV — NB497 @ 30 2R 7., FROAEIRETORMFEZ W72 L 2Rk 2R T,
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X 4.8: HaIRPGRRIADOA], NB497 TIEIMIL TELRWIFERE > THEH Db LN,
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X 4.9: GRISIPGRRR AR D ZE [/ 3 i

4.3.7 Lya70Ov 7

SSA22 @ z = 3.1, W ORI OB 10 DK E S1Th 7z > T Lya FifZ BT 5 E K
KFEH AL, Lya 70y TH Steidel et al. IC& > THRAINTNS 34, HR ZD Lya 7
0y FIIRA DEYE T ORI SN T, K4 OEG L 2RI S 0 b D kD HEEC20,
BCHIRSIE L < RCe b (M 4.10), Lya 70y 7 ORCIFITHET 28T & 2 Rl RE T,
WHRAHH 2TV, S (ED E'F N, BENr = —F — I kB XERET Ve &,
WL ODPDEFTIIPREENTOBED, KEZDIEARITH &I - T, T EEFIC
KB E TN EZNF AND &, FUNTH 2 SRl TIEAFER 1 80— 2 THIFT £ EERANE &
TW5Z IRy, ZDR—RFFK4 OIR[HD 1000 fFLND O TH S, WIhiZt X, Lya
Ty N3 Z ORI EBENIRICHL 72 b THL L BEX 6. RJolgmk - Elicilb b
HERBETHLZ LIIEIETHLR,

N B497 DD & BV DlE§ % HI L Z 212 & 5 T NB497 7 & HFp LR % 51 72 iR
NDOBRDEUGEAFY . ZDOHILAYY ZFf o o RIKAE > TR OGN, Lya 712y 7ML
WKHRWPEEL THTz, o EHME T, WHEORRRKEKIE T I 20 mic, IIPGRR K
<A FADTFHEICFWHM T 1 BAREOMMNEZELM, b L Lya 78y I3 NI
Wbl s TTIADMEFFOMIREL 2> THAZIZTTH S, MHEEEERSZLICE>T
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X 4.10: £ [EBEHI & N7z Steidel et al. @ Lya 7By 7 Olfg, W{EokE &1 125 40 B
THY., KNS, B,NB497,V, NB497 — BV DI{TH 5,

D& DI KRIEKELEL, 206 oAz FERL 72,

ERMICIE. 2hS OREKEER 2 A DO T AT v — L EE 4B O7 N —F % —THPE (X
411, M412B) L. aBAO7X—F v —DITT9 I A F, 6207 XFv— F, %
GRS HIEUED AN A ) A XD 4o LI L THSTeb D% [Lya I =70y T LIE
#95, 2F0, hA 6 2 ~ 4 P OFEEC BT, MEHNICHERERZFR YD T T v 7 A
MHLMNE S EHREEEL Lz, ZOfHE. AN A XD 40 DT 5y 7 A3k &
Nizod 55 HTH -7z, W 4.131Hl%ERT,

Lyo FEARSRIE], PGSR, Lya I =7 vy ToZEflpiicidimoMEln e nz, ohb
ERTTay ML, [4.15 THDH, Lya I =Ty TITIEIHHEKRET ADKRICE $
Tz e HER 6N, HiEORE W, ORI TH 5 Lya FERRSR iR IRIGRER] D 2w Vit
WAL T 2 26, 2ol R A E XA L T 240k, TERSRIZR
Mk THDeFFEN D,
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M 4.11: 7ay THEMT7 N—=F % —, RN TS 9 7 22HEL. LBV BHL0E

MWEFNRL,
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X 4.13: SlaloBHI CRAIN Lya I =71y T,
DR TH 5, MOKRESIFT10HHTH 2,

kS B, NB497,V, NB497 — BV
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X 4.15: Ly FifgaRnl, DGR, Lya 2 =72y TOZERM, BAUT Lya FERRERN. IR
PUFIE Lyo WRAPGRRERI], FIUA L Lya S =78y 7. JROEIE Lya FERRERN O BEE L /04T
53K T EGE LR, ARORRIT Steidel et al. 2000[34] CBIHI SN WK TH 5. 3 FH DT
mOMBENETEND,
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BrE SEODERRLEE

AHFFETIE. LBG OB E AR 7 4 V7 — Tl 2Bl 247725 Z 21k 0, {FED
& 22720 520 % 5 AR/ O KRG Z, 13T TIILOKFEITEIHIT S 2 &
MT&E, L»L. Suprime-Cam DA ZE > TL TOSuRRLL L AEEOLEKE B
ADIFE-TBELT, CORMED A =V E5E0I121E, & SICBHRRE 2T &
METH 5, HHFEIT O RIROBIHI 21772 5 0 R 6. MEDRITTRB O H 5 R
W OPERZITIR D Z LIk, KRB D 3 X0t~ v & v FSu[pEL 72 5,

%7z, NB497 T Lya Fifg %2l 6 2 5 2 & O TE 5 GMBOIEE. Az ~0.06 TH D, &
FUIHBIFEREC L C 61Mpe OBATEITHS L. ML 72 Lya FIRSRNIEHR L TZodo
ZIKHZ0N. LI HRIEE RN, KEBEOF L WEE 2 N2 2013l & -
T &V ISR % R 2 1% 5,

Sl BT Lyo FiiRn] O Lya BRI DA Lya 72y T OHiNRTH 5.
Lya =70y 7 ZRFEL Lz, LY. Z0 6 O Lya Fiissiin] & FEFITIROAM A3
HY. ZOKMIEE Lyo FHERN 720 T <. Lya PG Lya I =70y 7Y Z ok
KEZTHSHZ LT 61 TH S, Lya DURIXR Lya FfR T OB HAENZ T LICLE
WIEET 5 2 2. oM E B kFL EA TS Z & 2R, SRUTEZRANEFICAT
BONTODLEFTTHDE Z & RET L, —HISERARBOFHEZELSBHTS 2 21X
WHTH 270, CHFEEKRBRAY — )V T—FIRUTERIE E T HIT 2 F TICHRA
INTWHZRW,

L8, ZOWITORMOMEZFHEL <HFRD 2 L1k V. BRI RBBREE kot
DOHIKE DENEZIH SN L T TETH 5.

& 512FK41E. Suprime-Cam FIFEZ IV — T RONT A KL OFE[EFFET, SSA22 D 2 = 5.7
D Lyo B ¥ — XA o F — 7 2 f@fih ©H 5, 7z, SXDF W ClL. N R 240A~
320A OHEAKT 4 NV F — & TRHOEBHIL T2 > T b (FaR =9V ID : S02B-163). Z
o OBHNTEEEAIRR 7 = — Y — R EAYEET 2R OBIHI TI3a . FHOFEINRE
BT e TER b L iIfFE NG, Zh o DT EIE LT, SR FEOFEIN
BREFICOWTHMDEE L, & 2 CRASh A KBBEEBEoMERK. ElohcofE
DSUMHLENTRDE1EA D,






55

T4 A T4 —FBEEDOAIE

REFZETIE, FEER 7 4 Vv — R HWT 2 = 3.1 DRBEENIROL 2 2BHIT 202 HINT
DL, 2= 3.1 DR DB EEIRNITHI T A7 + V7 — 238G WFEL. 2 of
HE L <HATBEL Z LR ETH L, £ FHEPIROZEHNANY 23w T 20 TH L
o, GO T 2 = 3.1 ORI 2B/ jo—kk &, Thbb 74V ¥ —D CW, BW,
Tpeak D—FRHEAKD SN 5,

Z 2 CHYRH KSHERR IR~ & — 12T, BEEEEE UV-3100PC D F16 £ — X4
%74 )V —[ L CEA 30mm T F1.9 OYSREGIENRT 2 ez 2 WE L &7 1 V5 — o Foitil
MOWEEIToTz, ZOAFRE ST, F=1.940.05. 74 NVE —[HTOELE Dyeg, = 30mm
DY EAFD Z LT E, HFROMELN AVORT, £/, FEMT 4V — 1T KM
(205mm X 170mm) T 5 7= FlH, bz, N> NFEEO— 2 T 5 72912 1K
DI 4 NE—=1ZDE 1388, WEZT- T,

RAIAWZECH B N5 NB497, NB816 D 2 K DIHEAR T 4 )V &2 — DAtic, 6 D Suprime-
Cam AR T 4 V5 — & 20 MO HEAXT 4 )V & — (N2 Rl 200 ~ 400A) OR-IE 21772 -
TWb, ThooflliEY Lok ik cHEL, AR
http:/ /www.awa.tohoku.ac.jp/ tamura/filter.html T/AFJL T\ 5,

light filter
source i
(UV-3100PC)

detector

F16
monochromatic beam

lens1 | F1.90+/-0.05

30mm diameter

2% bandpass coated side

X A.1: F1.9 X220 MR,



56

8 A T4 VF —FEEOHE

X A.2: 71 V5 —EiEEOHERGR
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T $%B BT —4 O—RALEE

W OHRFEHITIX. CCD oftlfil (FF 2L — 3 ) [k 1 232 RIgD & 10~20 [
I B E L3 ARETS LT (T4 U ) HAT 5. & HIC Suprime-Cam 13 10 KD
CCD F v 76 R Vo T 57280, 1HIOFES (13 ay b)) T 10 DG T 7 A V34K
Ihad, 20, 1Y ROBHNCD & 100 ~ 200 HOWEHEL T 7 A WAIF I NE Z LIk 5,
—D—D DT — Z ITFEAMF TN DT SN 2L, CCD DEMREIC & 5 ERD AR
HWERBRDIEE LT %> T b 7, YR MEGLEIC & > T2 6 ik 2 XY B 7z
ETC—o ol ICERT 2 2 EWRETH L, Z DG E —KILEE 2 v D,

o] DM Tl Suprime-Cam FIFET NV — T DX U N—=TH L HETKXHEO/\AKRHEIR. B
FOHEFRFORNIECIKDBHAEL 2V 7 b =TIk ) — KWL 2 {772 5 7=,
PIMic— R o R TEEZ LD 5,

INA P AF|&E

CCD OF — % & TS, Erf R iRk T 2 /- OICHET (/N1 7 AER) 2 7Y, EoT —
FIUIZ OBERIC L D H T Y M- Tnd, . 0 RS Tl L 2§y — % (A
TAZV—=b) 2, WREEDFHEHICE > TINA T RADA TV el E LD,

L72»L. Suprime-Cam Tl¥. CCD DD —HLERMWERLZVWEIICLTEE, &
taf & g 9 RRIC Z DD H1EFINA 7 AERL PRI T I RNEIICL TH L, Z o4z
[T —=N—=2%y U4k & &S A—N—=2AFy 4O 7 LD T MEIFNA 7 Al
CELWETIE CoZ2EkP S 2 LITL DAL 7RG EEINEENE LS,

T —=N—= A% » VPIREINA 7 A ERITIAETH L DT, 2O TEIMNK S 7RIS lgh»
510N,

259y b4 —=NTa T

CCD Dl % DE 7 )V DREEIIREIII R TlERy, SHICHERS 74V E —28T
HEZLERONEL HFHN T—RTIERY, LENST, 20k REELIIZEEET — &1
o THBY, ZNEZHIEL 2T TIE L WHPEEDE S e,

ZFDRDIT, — MY 2HEICAHL S EURELI Dy T2ED, 2oL 175y
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N7 V=54 &N E, N 7AGEROMEE T Ty b7 U —LTEE L TONTREE A
FIdEEShE Z 2iCRY, ZOITEEZ7 Iy N7 4 —VT 1 T LIES,

75y M7 U—AIZ0LOEFRH Y. R—LAMICKREINIZA 7V — i A%
BCTCZDA7 ) =V RBELTEOND R=LT7 5y b, YRGS Rihe 1z28%
B L hIAL 94 75y b, HEOKKDRWHIRDIEHE 2 X T4 7 o EKR L, KKz
L CAHARTDOMHGEEDL Z LIk > THREONE AL TTy NB3H 5B,

Suprime-Cam O, F—ALT7F9y " hTUATA N T Ty ho—RERREI Lz i
P oslzlzd, DN TIEAIAT Ty MEMHL I,

F4 A=Y 3V (BEH)BE

Suprime-Cam DHYFICIE, FEEK ORJED & el rh MR R ELBMFET 5, ZDE
BTk 5T RIKOMEMNIEL < HEENZRWIEDY 2, ROMUEEROBRICIE L < [fi{g o
BZA OGN 250, ZOEREAIETSHZ BV ETHDH, ERTERHO»S DR
BN e LTIl b,

= ar + br? + e + dr? (B.1)

r

Z 2T RIEKER LTt 6 OFERE. 1% Suprime-Cam DRI T OYEHH /LA & D
HEEch 5, HEBHITHRSNAmEN S, a,b,c,d D& LT

a=716417x 1078 b= 3.03146 x 10719

c=5.69338 x 10~ d= —6.61572 x 10718

PHOWS EMEDOHEENR LV, tms TO1MARBEICRLZ - TEBY, Z0XIH
REeNT A= RHOCIEL2 LIRS TS,
EHI1T. ZOBETCIERTBNEUC & 2 KK T E ORIE Y 1772 > T 5,

PSF &bt

L EBHITTIIRSADRES 21l L CTRIZBIHIT 5720, HED LD RRIETULENY 28 5
IR LCBHlENG, oMY EGEERY —A VT2, BEDILNY ERA VN AT Uy
K777 ay (PSF) &I AT 7 AANEHT T 19 b LIRRoieiiz & L CEF
M5, KADFES SFBHIP. KaX 4 L ZETHDT, MBI K > T —A v 7 DffildER

L EBIHITIE. RIKOD» S oI RFUC L BJET TR E NS THRA %, B E B3 o K& 13K kolifgic
IFT B, W50 T RKD FEREANA SICHA TR A S, 2 offidr & Kilor = & I8, Suprime-Cam 13
BUFDNE N 72 OIS KRBT ZE IR T & 70,
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9, BICTHHUEERIIBE Y NVD AT 4 7o %1213 30 DIEDfEiZ > 7 2 V2 XY
W ETo 2 GIREOE 7 v IVo{iL T 5 DT, PSF OKE I [WEANES 5> Tnd
CIELL 79 v 7 A RFL THERTELRWVA[EEMERSH L, 2T {7V —LDd—A 27
. RO EOEGICEDELEDICH IS TV TCAL—Y U T 5, ZDLHITL TEL T
BEIFIZE LY — A Y PIHIZ 51812 PSF b L IE5,

AhA 5| &

RADFEHIT LY, "ZEIT—FRITH > T D, ZORIIKRERDEHGITIIN Y 7 TF TV KD
HELTHFSTBY, AAAT7Ty M 2ELRRCIEZ ot ML -, Zoiysblis: T2
A1 LS,

ANA OESIFMRIC & > TR L0, W2 GRT HAICANAICELD T T v 7 A%
DS HINTEPRITNIERSRN, TTIKTITIy b T4 —=NVTF 4 T2 LTH5LDTC, H
MITIE A T A AT —E CTHED» SITEREZ S RFIE LT TR, WH, TR 77y MIF
NN DTT7 Ty MEDOHHED TLIT MR- TB 6T ZoJE—FEMI AR A 7 &I
FoTHET 5, AAAHIEFLTOFIHTIRbh s,

9. {2 —1130 ~ 100 EZ CVEREOIEAEDO Ay ¥ 2 TRYIY, oo s 2o
{EORHUE (mode) ZZ DAy v ahROEIVIVDOEL T L, TOMOETRIIE, AyPa
RO 7 2 )VOEOMIAIRIC L > TRD L, 29 LTRDIEZE T VLD AH A DA% i
WAy 7 7o RoGEREaolifgzFb,

EHFA XY

CZETCHETIUV—LIFMT b DL LTk TEM, l4 ollif§% Gk L T—2 D KE7%
RIS T 5 I1C1E, MEGDEO TR0y 7 NRE[iliEfi, 7597 22 Eb¥ 50D T ¥
D a7 =%, QKT HZRXELTOHRITONTRO T TR 6720,

9. B CF v TOMUGIET > T b RIKOME N — o Z2HEG L GHEERAIZE5 2 &
MTED, 61T, BRI 25y Jolif§ kT 523, T4 VY U Tk TERV G
MIRICT > TOhBRIRD Y =T 5 X ) IHEmdT 5, 2ok LT & ToT L —
LIZOWTY 7 MR, Wi 79 v 7 Al ERD., Zh s ZHWTLEToll%%z 5L .
—MDOKE RIS ENED, FHGREDORKOHELIDIRINTC, o7 L— 2B 20T
LT DOE 7 vV OEN S KRE LN E 7 v VDR 2 72012, GRICIE® T L—4
DAED AT 4 7 > F I21Z cliping mean 2R ST 5,

2ERTHEZ VNVOETHEIZ L V. T T No DL EDEDE 7 v vB3HE, ThEzEb T 25,
CDfNICII N=3ThH 5,
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