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Abstract

FHERKE (CMB) o#fselid. BUNFEHROHEO—2 L 5> Tnb, TEOENHEM OB LI,
S4% 5-10 FEDORNCHER T — VLT U 25 90° ICELH 6B AT — VT, BEREED CMB < v 728
FIIALZRBLTHS, TNHEFBADELEREZBOLRWT—FTHY, Tl CMB OEIZED LS RF
HEZBALDEA I, TOFETIE, EANERRLRNS, Thdd CMB 2L T LT kI g
MWIRA VN ZI 0 EBEEOHF TR ERT 5. FORREAREL T NE (1) CMB OEBEEHO £
. (2) BB L ZOMROT LD, (3) FHM/N AT A Y —IFAYITREZDH, (4) CMB IZHEIFH
HRICLZETEENLZON, 5) I AR —ADSMARZEIDOM, (6) Thh b BN FEHERTBNT,
CMB OR=TE OBE & 13ah, 2 ORI, RABEFITE 5 TD CMB OMESIT2EX TR,

1 GECMB»

FHERMSE (CMB) 1%, BHINFEHROEO—2TH 5, CMBIFFHAPIOEREZ IFITEERKR L T2 A
BT, FHORBEMEECE LR H 5 WILBHEOEHHIE & 138> Tnwb, FFEETANE &L CMB
DWW 6 EVHIEHGR TR TE 5720, W 6 TGN S A RO TRNEZ OFEHHIHE O FE1MBY TIE
WnEThs, SVEANE CMBIEA V7L —Y g VERE COPPFEFHRERICTFS IS, W6 XY
RGO TANCRETHL L TR S,

2z ~ 1100 KB 2FHOBEN EMNVFITIE, CMBIXESBH Y — /< ¥ 1L >TELLENRT
V¥ INWHE NUFVEHEERAL2OEHL TS, ZOEHOEFIEICMB, NVA Y, F—r<2F—D
FEICL>THROLENTBY, Zhe 32075 X% —& CMBW S EOBHRIEHEICFSIN TS (Hu &
Sugiyama, 1995; Seljak & Zaldarriaga, 1996). fit> T, CMB O#HIZHANTING 3 DDNRT X F — 2]
LEMNTE, ZhACMB PFEHFRNT A Y —OWREBICBWTENTWS, EEDLNLEWDIATH S,

FHOBEN AV LK. CMB W6 EDOKEAIIAN S bEEBELZITTICZOEEHLIEL, 0Bk, K
hEMYFOW S oS FRRANCTEAHE) &, BIERIR LTl S 2000 & oBafRlE. Bh By
B ¥ COREBEIC L D 8MFARER THRES, 250, CMB Z2HWTHEN ENY B E ToRR2 0 25N
TE5bFTH 5 (Kamionkowski et al., 1994), Z OEEEEITFH OZZRIMEICHE IKEL TBY, Lo 3>
DNRFT AT =IIMATCMB TRARESFHEBNTAT —Lho>T5,

LU, 8lT 527 —)VT &k > T, CMB IZFHOHERE (2 < 30) REFEFH (2 < 5) TORBUEME
DFIE (BNRT V¥ v )VORREFR, EH LV VAR, Sunyaev-Zel'dovich BIR, 2 &) Ik > THELR
. 2005 EOEMHMIIHENENVBEOY DL IIRL ST 5, ZOWEEFATLEICLY, WSS
DRSS T, ZTOBRDFHRIEDON L —H -2 L TCMB 2HNWAENTEX5S,

IheDERERAEL TREHEICLY, BAITZCMB 2EL T W5 ToWIASRME. TFHR/NNTAF —],
Z LT LEfEFEHokElt) 2HMEENTELDTHS,



2 CMB OXEMEIR

CMB OME 2D 2WHIFIRAER LM EINTWS, I 2 TIIEAWLEELEEIRARS A, L WEETA
HRORABAS>TLED D, BERDHLFIFINCHBLAE — M OMIGTE5EEZSHL T EE 20,

2.1 FHTERLELWEEEH

CMB I3FHZEEBTROVELWELKIFEHRTH Y., TOHREDEEIT COBE FHEICK > T 2.73 K LHEEIHIE
SN T 5 (Mather et al., 1990; Fixsen et al., 1996), 7z, CMBIZKIKEDOEZEZRTH 273 K TH Y,
FHNEEWIC—ETHLELRL TS, [CMB2ELWERAIEFTHL ] WIHIEL, IFHIXILS KO
FTHNPTHo] LEVEIALELTES, L0IHDIE, b LLEEN LMY UBITERN T X ILE — DR
H2HY, CMBIZZDIZRNVF—=DNENZ e T 50 51FE, CMB DAXRYZ MVIIESICEELSTHhTLED
NoTHL, Pl BEOSNLBEFICLLHE LT N UBELT CMB D AR MVBEDSNLEEELE X
% (Zeldovich & Sunyaev, 1969), Z DRDANRY "MVDFERIT y NT A —MINLE (/ — b 1 E 7.2 )
TEEIINTBY, COBERS y<1.5x107° MF5N T3 (Fixsen et al., 1996), T3 )L ¥ —HHANE
Z o B E TCONEMNEI L 7c & LT

kBTe

S <15x107° (1)

Yy=Tc

MeC

LY., BEFOEET kT, < 26 eV (7¢/0.3) " BBV T, < 3.0x 10° K (7¢/0.3) " LH#llRENhE, =2

T10=031Fz~30 CEHIEEHL ZEEHITHIGL TBY, Tz ~30 TEHETZ2 30 HELLLICT ST %)L
¥—oRMIC L 2FHOBEBRHIIFF IR EWHEITRD,

2.2 EEWLEFE
2.2.1 BIBHAD S EFLFHANPSF

CMB OEHEEIT 2.713 K 1208, BEZ 10fZ LTS e —RREENPSDOXL, BEWSENRITL S, ¥
FTIENDL DA 3.35 mK OBBAD &5 T, ZIEFK4H CMB OFERISHL T, L LEDHFHANS

AT
V= e 370 km s™* (2)

TEHT LS LTERENS, 20, LLEOFRIFEEN 3.35 mK & <. #5E 3.35 mK KW
(Smoot et al., 1991; Lineweaver et al., 1996).

SOICRELZ 10015 % &, S LR NE — 2 2> HIEEW S ENREKEICHNS, FH)
HICAER S W THRERLZ BV TV S, FHRNAREY S I THL, 205 TR SITEMT 5HEA
=R CTHETET S, HIAIE T A7 —) VTl 35 uK(Smoot et al., 1992), 1° AF — )L TIE 70 uK ¢
% 5 (de Bernardis et al., 2000),

2.2.2 MEXNRAWP S EFLREDHFAPDPS E

CMB OFHRIRREY 6 IR E LT T 2HDEN SR> T T, TSR Ay —)Vv  Bh
ERYBEDRG A XA Z—CHTBENTES, Q = 0.3 CEEMBNEOOEHLRFHFERET S L.
BN ENYBEDRT A X HFRIE ~0.28 b~ Gpe THEN LAY E ToARERIL ~ 11 h~! Gpec THEHN5,
RIA XAV HFRE RACAEIL 15, BERZ RAGAEIL3 B65h5,

ZOMEL FICEET HIRES S X1, Fh EASY BroWELER (I AIE N 4 L oMEMER) IcE s
NTBLT, MRS TSR GERL b D > TS, 2 DAY — )L TOEED & FIIHRISM

L http://astro.princeton.edu/~ komatsu/cmb/H @, F##&H/ — & MEEHERME .
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Figure 1: KBk BOOMERanG 12 k> TH 6Nz CMB @< v 7 (de Bernardis et al., 2000), 2K 3%IC
ST 5 1800 FHEEX < v BV 7L T05S, BHlOE—L% A R 10 7208, 2Oy TIZAL—T 2 Zhh
ToNTWEDT, Iy 7 EOE—LH A Rd 225 =0%375 (A TORMN). BEOEVARyY hHEVBARY
MUK Y A X% Fo THHL TOLD0B5 05, [HZDARY NOFRIT~08FBETHY., N2 DK
HWDOE =7 DNBICHIGL TW5E, ZORMTDOY A XN EMYBEEDTEDRT A XV A7 —)b & IR
LZHEICE ST, BNENVEEE CORENSD S,

& Sachs-Wolfe Zh5R (Sachs & Wolfe, 1967) & FHIN 2 — AR FRIVAIR T E > T 5720, [HXGRIVHISR
WKEBP 5] LS, FIZIE WD S OWHISRG T BEY S SFENRT U ¥ Ve &) LT
AT)T = ®5/3 £EESL (/— b 1E5H), COBEIC k> THIREINAE 7° Ay = VTOEED S ED ram.s. B
E (AT )T~ 11 1075 CH BB, TORF —~LTORT ¥ % h@ rms. lild (83)% ~ 3.3 x 1075
eRkwoEND?,

—H T3 LY B/PNSORT —VTEET 5 6 Fid, HRERIIRIRICIA T CMB— NU 4 AHEERIC &
% [FEFZFHINR] Ik > TEL TS 720 (Peebles & Yu, 1970).

(BFEDRTA X)) ~ — (BT A XH4E) ~0.16 ! Gpe (3)

Sl

WG T 6 A = VEREICHE>, bODLERBMICE D &, TR TR T RN 6 ETFRO KT A X
VR BB TCE R WD, CMBEEW S Tk 3"/\/?_) ~1TRBREDENY ZEHO>ARy ho&EF Y L
2%, B, K[EREL BOOMERanG IZ & - TH 5Nz CMB < v 7%7R7 (de Bernardis et al., 2000).
D7y T EOSREET 22/5 = 09375 DT, 4D CMB ARy REHRTE TS, <9 7LD, ~2°F
EDRFBARIEDSY 2o ARy NBERICH ZENSNS,

ARy FORMAITIE. CMB— NUF VHEERICE > TRELBET a7y A VDRSNS, o7 0
Tr7ANVDEIELCMB, NUA Y, =<7 —DEEL>TRESTEY, SohIzoarr A
ZHIETEET, INE3DDNFTRAE —2ROLENTELDITH S,

LU, ZLOFERBANHET 501EMEA D ARy o7z » A N Tldnl. Hetiik EEYS &
DNT —=ARTZ RV Oy, EVEXNT HERAFr— VOB E L TOREWSTDREE] tHbH, 22T
1~ 180°/0 WA AWELT. 11+ 1)Cy/(27m) 1 0 ~ 180° /L ITHIGT 2 AEA T — )LD, BEWDS EDHHER

2. b LBHED b FOMIRAERNE AT/T =20, t2srd, (93) ~55x 1076,

3
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Figure 2: CMBIREW 5 EDNT =27 MV G, FRE ERITIRENSFH /ST X F —IHIGT 5w T
SHHR T, v — 73BT — & (Wang et al., 2002), 70y SN TWLEIZ. HLAEAT —)V 0 ~ 180°/1
THIE SN HIEED & EOHHISHIGL Tnd, FIZIET = 220 (0 ~ 0%8) TIEHELAS ~ 5000 uK? TH 50
5. BEPSLED rms 1 AT ~ 70 pK., EFEY 0 ~ 08 IR O ¥ — 7 2 Fo>FWIRE OE€— N (HEH
FHREEW S X)) PO TH LI, TREDV ZNID O REBRMEAT -V TIRRED S ENRAT — VI
EEAERSIRNEDRGD S, KAEA — )V TCIHEEW & SI3WHARG 2 1 2ITEERM L TS5 720, Wi
DO EFDHEY A — UL A RSV, EEZHND,



LTws, M2ilZhETHES N C LHERTE LOHKERT., Thib, WIBINE (1 +1)C/(27)
131~ 220 (0B) ITE— 2 2RKO>EBHN 5, BRHIRIE—ED [Ta—- 2571y -0 ] OFEZTFET S
B, T=HHTNERL—HLTNEEIITRAS,

CDTA=AT 4y P ¥ =7 (B 5OITFWIRE) 1. CMB Ol 4 D ARy MIVEROKE S (S ofTid
~ 1°7) ZFf> TS EIERE T 5 b D TH 5 (Bashinsky & Bertschinger, 2001), fti5, CMB, NUF > ¥—
U< —DEEIL, CMB ARy hOBET AT 7 A VEBLIELENS, O DEE—7 DE S DHR/NA
= (KI)RMAMIFLETOREIREZRD TS (Hu & Sugiyama, 1995) (/ — h 4FE. HLWIE
136,8,9,13 1), K-> CC, DBEUET L2ETCTNLORERDLIENTE S, 35T, BAOE—7 Df
BEIIENEDRVBEDRT A X ¥FE ~0.16 b ! Gpe ITHIGL TS0, T~ 08 TRATWSE L1
ENSHEN LY ETOEMNKRED, Thi VFEHOZZMMFEZHE T & 5 (Kamionkowski et al., 1994),
X 2 OEFHEIT — 22 51%, FHOEBMRII YR, TbbHERFEHRIR TR I TS,

2.3 {®X%

CMB IZEMEHAL T 5, ZOREEOKRESITRBED S ED 1/10RE, bbb FHE ~ 107 oA —
F— BECLT~ K DA —F—TbH5, HEDLEDNE -T2~ 1100 IKTEFIT & > TREAICHKILS
NN ED Y BEORBERE L TOT @AY — Vb RBOBENC & > TER S W @EOREL RE
LTws, Zh &b, CMB OfRMGE LIRED 5 00 ORICISHHRNS 2 FEB5 05,

RHIFAE Y 2 2 FHFOHRDT, FNEERTEAN=ALE ALY 2 ETHRITLENTES, Zh&Y
RKAFANT—E—F (AEV 0. BEPLE), XV F¥—FE— KN (REV 1, #@). TVy¥—FE—F (A2,
BEAW) THELBRAENY -2, RHL CHET SENRICRD, ANT—BETHLIREPSELITRAT
WD T, ERDO3IHSIFEI v 7 AIhTLE S TRATEDIFH L <25,

CMB DRKAEDOEDIE. EE—Re BE—RNEIINE 2 BEOMS TRT ONEREL T E, AT
F—F—RIZEE—RLPERET, XV ¥ —FE—RIEBE—-RNL2ERET, To9—F—NI@HL bE
CLEVOKREITERT S (Hu & White, 1997), AATF—FE— RNICk->THEL S EE—- ROKRE ST, B
HEOREDPSEDT—F N6 1 ~400 T~ 4—5 yK oA =¥ —ifFEh T3 (K3), EE— NeEEDS
TOMBIANRY bV CIE R, EE— FLREY S SOMBEEYTH L1280 EE— RDONT =ART bV CFF
LU HIRIEA 10 FHFEKRE Y, BE—NE W THEED S EDOREINLEDL SRS T
DFETLOMHL VA, BHISHTOERAT = VOYEENETCT P —FE—-ReLTHE— (I~ 100)
DET 0.2 uKLAFTTH 5,

RYGIEFIC L SBEDEET IERKEN S DT, FHIVFEH SNIRICOERS NS, ZomiGIFHE4
e TUIRAEAT —VTERSINIEEIICRALDT, BB3ITRT LIS~ 10FEI OFF R CT P idkE
Ny 7o & 91378 5 (Zaldarriaga, 1997), C)p D 1¢ W T SKEMIE, 20z CFF o« 72, CF'F « ¢
ThHb, BHEOFHIRTIIHEEBHEPRE DT 2 <30 THY. ZHITHICT H2FEHONFHESIE ¢ < 0.3
TH5H, TNE3 LY. I~ 10T+ 1)CEE/(2r) < 1 uK2 114+ 1)CFE/(2m) < 20 pK? LHAFFS N 5.

I < 10 Tofm¥ld. HEHEFPOBROALICES>TNE, Thbb, TORFr—VTo CFE HH0IT
CIE ZJEL TRNE, ¢ VEEREL0THL, HEPLEDNT =AY MV CIT RFHGWTHS &,
CIT x 02e™2™ THDH 128 7 1T 03 LIFIEREITHHEL T 5, H->T. AT 7c 2RO SLEIE. CMB %
FAWT 05 ZIRDLEFIIORDLEDTH S, o3 [ IPWEPSEDRKEIZPRDLNRT AT —TH Y, KHMERE
DEHEICEBERM INSEREWRNT AT —TH L0, CMBM»6 03 XPETLDITEETH S,
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Figure 3: CMB @} ® E €— RONT—2X7 MV CFF (EX) &, CMBREY%D E€£— NEiEEDS D
FRIANRZ MV OTE (FX), SRk, 222 BEHEE COFHFOAFNES o HVTNS, £
MUIBRE OB TEFr a5 LRRIE 70 = 0.3, IEMRITBFEEERL 70 = 0ITHIGL T 5, C D 7 1T 54K
FHEE. 20z CFF g, CF'FP 1 TH 5.



3 BEOER & RETE
3.1 COBE#'5 BOOMERanG. %LTMAP A

1992 £ COBE HEMRHE L 2EED S X 7° A7 — Lo b O, HMHND 5 1Y T 5, COBE LA
B, HRAZHO TN —TE ~ 3° A7 = VUTIKEET SMBENFEAS S E, $hbb7a—A5 19787
BT, BIRE L M E ST 52, 20004206 2002 124, BOOMERanG (de Bernardis et al.,
2000) (1) ® MAXIMA (Hanany et al., 2000) 12K & 15 SERERAIR, CBI (Pearson et al., 2002) %> DASI
(Halverson et al., 2002) ICfRE SN S FHFTEAOLERICE Y, M2ITRSN D L D42 <1 <20001BF
5C 0 IBBEMNR] EVPHLMIR->TE T,

BIEAER R R/ T A & — IS 2 HER AR & B & O —HUIFIREC D O3B 553, #IT CMB 6
FHBNANT A —FIEHICKRODBIEELRERLET Y ORERLRRLTH L, Zhid, HICSAERY O
T — ZEN 25 [ER DI L TEHRNAT AT =135 LHATY O, ( N A VEE), Qopy (CDM ), Qa
(=X VX —FE), Q, (a— M) JEBE), w (F— 7 TZXNVX—DEN2 ZXNVT—-EETEH b D),
h (7N ZVER), 7 (FHOBEMORHAE TOMNFEMEL), 05 (8 k! Mpc DA =V TCOYED S EDK
&), ng (RBAFBED S EDNRT—ART NVOR), nt (RIBEHNWEO/NNT —AXRT NVOR), S/T (FIE%
EPSELENEOL) O LI, Dl e 1LEUEZIEET S, LMV ATRAY —ofTTAENITEDL
MRL T2 b0bZHH L0, BEDOT - IHKPELRT TIEINSDNRT XY — 22RO 2 EIIHEHT
b5,

Z 2 CrBROBHNTHIFI R 2 DI M, ETHESFITER SN D DI 200146 A 30 BIZHTH TS
n, JEFICT — % ZEIFL T 5 NASA @ MAP (=Microwave Anisotropy Probe) 2T % (Page, 2000),
2L COBE 2 & FAkIC CMB O2KY — XA B TH 555 EVIIRESBFORE L HEETH L, K41
COBE DT —% &, MAP DY al—Yarsy—4 &5, DRAEDEVIE SN TH L LI, MAP
DYIal—YaryT—HIUIEH O CMB DARy ERRA TS, Zhbld ) A AT, Rz kR
3B 1 ® BOOMERanG &<y FICRENE LDV TNVIRCMB TH5H, 2OV Ialb—Yariden Ao
F=ZIEDLETHE>TH B, 20034F 1 AIKIEMAP OBRFIOT—2 V) —A& LT 1EDOBHT — &)
RNEEINDLGTFETHS, MAP DI v ¥ a AAENE 20054F 9 AL TO 4FHET, ZHUTE->TCFE2 <1 <800
DFPHICE > THRO TFHMICHIE I . ZLOFEHFRNATA Y —2f 5 LI TS, L2rL. CMB
BRI NAT A S —RERICE—2EBRERIER SRV ELDH L, ZHRKRET TR,

3.2 MAP M5 ACTA

MAP LARETIE, 2KV — A BT S 510 RRE L RE 2 £ S 72 ESA @ Planck RN H 5 (2007 4ELA
BEFTH ETFE). Zhid 2 <1< 3000 DfEKD C, ZREFRRETH 5, HEPSOBME L TEHShLD
t&. University of Chicago @ John Carlstrom #v>% SPT (South Pole Telescope) 31 €. 8-m DB LR
ERMICECT UV BEONRET ~ 4000 FFEZ <y ¥V 75, BICFRYLDWLTWT, 2007 FEHIBILE
FRETHS, LML SPTIE CMB OflliE & Y b Sunyaev—Zel'dovich (SZ) &5 % v 7@ 5 SRR HIREIC h %
ANTWT (Carlstrom et al., 2002), SERHZHRHETE 5 ) A AV XV 2 EEICL TERIGTE 22T T 57
O, vy TOEIFHE YRR,

SPT @5 A /N)ViE, Princeton University @ Lyman Page 23T 72 - C University of Pennsylvania & 3t
I BAR—-ZXL T5 ACT (=Atacama Cosmology Telescope) 3THITH 5, ZNUEF VIT 6-m OLEESHLE
WTC, UTREDOHDRIET ~ 200 — 400 F 5 ERZ <y BV 7 T5Hb0TH L, B, HRAEOREIL SPT &Y
TTHLM, T4 ACT FHEIF< v TOEICHEANTEY, CMB D L v XZHROEH SZ 3 & ONEENH SZ
R (Ostriker—Vishniac B & bFHINS) @ C; DFITE. & 51213 Rees—Sciama AR & MEITN 5 KIS
DERIC L LEHNRT V¥ v VOBRIEE O%MFER EOWIEL HIEL Tnb, N6 ORBRETED ) 2 £ 0fE
EHETZE,PE2E5IRT, ZOMEY. ACT Z VAT 800 < I < 10000 DFFET C;, 2WETE. MAP



Figure 4: X% COBE #2537z 4B DT— % ? 53 GHz &£ 90 GHz 2 R L H e/ b D, HXIE MAP #
BO6n AMOT 2% 3alb—varyLibDT, 60CHz £ 94 GHz 2R LHDLETH 5, £XIL COBE
DE—LY A RHIETE 7 DH I TV TCAL—=D VTN THL, AT~ 1°BED CMB ofEx
RB1ZDIT30 DAL= ITIWNTTH S (ORMREIF 13). ¥ 2l =Y a /BB T CMBIET ¥ & A
WERL TW5b7®, ZHEARD CMB OREIIBBICIT—H L RWEISHEE,
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Figure 5: [2£X] MAP, Planck, SPT, ACT FtE D /X7 — A7 MV CICBT 5, HL{E->TH LN
MAP. EWDA Planck ® O, OFHEINE LT —N—, SP LE NN TWAHRIE SPT 5. ACT 1Z ACT
SED ) A XD C, [FAE] ACT 351HED O DT —N—& | $472 CMB 5L ol F EDRy 7 A3E
FU Y ZEHRICKHT LEE T, LOfRE TOMDEVIL. EHH UV X8R EZ ARG SRR T & 2 WEHR
DE,



EACT 28bENIE 2 < 1 < 10000 DFBFH., 2B U 15 90° DA — VI - T C) 2HIETEL5ED
Dn5,

4 FHW/NAIAS—

CMB Z HWFEHRNNT A F —REIL, FWRBHISN-C, 074y Mk UThNE, Bk O 2F
HR/NTRAZ OB E LGHEL, Bl FTES2E8DLETINTRAT—2RWDLDOTH L, ZOFETHRD
FEMWELITNIZELWFEHR/NSNT AT —2525 0L, MAP ® LI O OF —F HhY~ 800, RNtd
EHHETI000 A EDLHNIE, 10 BEOFEHRHATAY —2RERLIDLDIFL b6 LLAEZIR S, %
NTIE. ELERENTHSE LI, CMBICk > TFEHABNNT A —IFREDLDES 50,

K 2o HROTE WWHERBLRLSTUIRSRY, KLl HHPE6ZF0PHKHOH & To CMB @
RBIZIEFICERSHEMBL T EM, FIHRGZob DIl oW T EREEL MR 0WNETHE, T, 4
VI V=g VR COPMIFEHEREZ AW, B0 S FOoWHIRA L REL (RELENRHL, 20
EOICHLMHITML L REL TROIZFHB/NT A Y —d, REAFRANT T —N=2Y &L TYH, HEDOR
EBHICEEZT—2EATHS, 20, JHFHERICBT S HHNAENE] KXk —2EICHEITE W,
TBEIPRITE 570,

—F. ZOWEEZPIHE > TRNUE, CMB %> TG 2D 2 ENTE L, ZORDICITSEIIFE
Wi /ST X F = I LT L ODHIREZRL TR ELEVRD L, FIAIENYy TVERTIHST X -7y =
7 N OfE h = 0.72 £ 0.08 (Freedman et al., 2001) 2 iy, NV A VEEICIIE v 7N VTR ERIE®R L&
(z = 2.504, 2.536, 2.799, 3.752) THIE SN /EKBHEEEOHED S5 5 N B O, = 0.0205 £+ 0.0018 h 2
(O’Meara et al., 2001) Z WV, FHOZEHMBRIIHEIILOL LTS, FTHL,

¥/, CMB DiEEW S X1, BN ENY DRI A4 X0 2L 2T Nz, T2bb, 3° (I ~60)
ZREOWEVWOREE LT, KABEAT —VIEHHERSEEZ L —A L Tnw5 NGRS E] THY., NMIEA
I — VITHIASRMICT CMB- Y A VHHEEAIC L 5 TREHZHO S &) Bilb>boTho7. RAT —
WITFEERNT AT IS L BHBRIFTL A LZT TR0, WG % 5 5 RERETL0IHR 5, FiH
8T AL = ANDOFIRIZINAT =SB/ ENLEDT, FIFERAT — N 6B TMARGOERE INA T —
NICHMET 2T, FHANTAY —2ROLENTEL, bbAANAT — VO HIIIREICET 5 15RE &
ATNLDT, FHm/NNTAY —DHBEL T ONLHEANTHNIE KA —I)vd 6 OFMEZ UICwIfAgM:
ERODLENTE, XTRY —REOEHEMEEZ LT LENTEL, Zhds. CMB 2 AW THIRIRG L Fim
INT AL —2RDLEBDBBENREHTH 5,

BREENCIE, L2 HAE0E THIRG L FHR/XT A Y —2EKIC. HOLREEIEHIC (NI RXAF —DR
ZI~0%EAT) KDL DWT =)V 225725 5,

5 #IHiFHE CMB®WLHE

Z OFTE TR, BAARRZARICIEMN TIC THHRE) L EO5ELRFE-> Tk, ZOHEITIXZ N EMERIC
EHAYNIBIRTH LM, 7L T CMB P SMMBNENTONTHNS,

5.1 FROTWBED

T R AAIMICT 572010, SRR 0 OEREHEREL T C ZUTO L) A TEEH 5T,
2 . . . .
Ci=— / K2k [Po(k)gti™ (k) + Ps (k)gti? (k) + 2Pc (k)gty' (k)i (k) + Pa(k)giy™ (k)] (4)

™

ZZTC. Pp(k) I EENEMYVRAORT Vo v VDS E @y D, Pg(k) 1Z CMB & CDM (H5WIINY T >,
HHWE=a2— MY )OOy v -5 & S D, P(k) I XEHNE h O/XNT — AT NV, Po(k) %



Py & SOMBAANRY MV THD, FTo. gali(k) 1T Py LTRED S ERFEC DTS THHERK < KAF—
IV TTHIR R & ¥ (Sachs—Wolfe BJ5R) O ARPEEIRBEIT L) (kraec) TH D (raec (ZHEN LMY T TOHE)
PREE). FIBRIC giso(k) 12 S LIREW & E&FEA TW T, SachsWolfe BR Tl fg]l(krdec) ThHbH, WiEh%
W & EWEEITR D &, ¢3di(k) V& cos(krg)ji(krdec) P & D10 ¢33 (k) 1F sin(krg)ji(krdec) D & D ITHREE D
(rs N LMY B OFHDOR T A X2 H4E) (Hu & White, 1996). g4 (k) IZEDFE L BED S E 2>
T, KA = VTHDLIARAS % L T35 (Starobinsky, 1985), 24 & Ok o BAKRI 21
@ 5 FOMIEIERIC L > TREICHRE SN T T, FHm/ST X ¥ — DRIUKE L T & T OYARMAIHKE
LRWEEZEHEL B,

5.2 4?7&—937@%&@

A v 7 V= a VERO L S RAHFEEER D 5 NE L DL, Py(k), Ps(k), Po(k), Pu(k) ® 42> OR$T
b5, OV UTINIA TV —T g /%T}I« B—DAR TG REoPRRT ooy L 2d - L VEED S
TWBEE, 22 b L, P@(k) = Aadiknad‘74, Ps(k) =0, Pc(k) =0, Ph(k) = Atenk™en—* 2155, Z D¥;
RELT, 2200AN T —EBRTNTNRT Vv ViP5 K VEED S TOASEAETIE. Po(k) = Augiha 4,
Ps(k) = Ajsok™=o~%, Po(k) = Acorck™ 4, Pp(k) = Agenk™e—* 2185 (Wands et al., 2002), A T —Fh
WK VEHLTWED, 2TCOnidFELITHSLE, 2o 22008% R TYH, WIHIFEEFHICET SR
EMNC, 2hdE ETCENZIEEENPNSNS

BRLL 7V =Y a VETIVIL, &éA%n@ﬁ@%%%? T5, ft>T C DHEENS AR n &R
DELENTENIE, A7 — /a/%rw«wﬁmwoﬁgné At TCMB % - THIEASM 2 ke
5] LB RO—DTHL, LML, A7V — g HE kaofiféﬁﬁ$i Aigor B L LIE Acorr
MEaNrE > »ThHs, bLEaThHhE RO I IICBE—-2AhT—HFITkE A 7 V- g VR ERL
X HEIC &é(iaﬁa&ioﬁé\amofbﬁwﬁbbﬂ&wﬁbﬁw\Bbﬁﬁ®Amw%mbﬁ
HEhhid, ChiZBE—DBITLEA 07—V a v B2FENTLL0WIBIRT, A7 L—Y g VHERICE
TIEFICKELFREFRF->TL 5, 61T, T hAE—W 5 TOFEH (CMB & CDM, CMB &Y AV, &
LZWECDM & =a— kU /) MREETCENIE. CDM HOFFEAHA & 2072 2 REMEA S U, B2 R RIS
DIEM5,

BHRICE ST Y —F— RO, DX VERD Aen ORHOEEEFRED—2TH L, EBHEITA
TJU—v g VoA N v 7 0B EEHEN - TBY., SbiEA 7 —Y a VEZEEENL Cn5E
WKRENPETHDL, bBAA, CMBZEL TRET TR, BEHEREHRTA 7L - g VERITHHE S
EHERENE PEEREIINE, KVEBIRA TV a VEROT AN RS,

INED CIIRTEHEL, SDEZA1 <100 &) HBHKAERr —)VTEEIIRS EBbhTn
5, M6 ICENKELEMEDPS ED O NDOFELRT, 1z7ZL. CMB & CDM OOy haE—wp 6 &
PIRGEL., ®p & S ORICIEDOHEVRS L & Lz, 200 O, L TCIZAOHEL LTHN, SRy 5 X
[ <100 CC 2S5 T LIIBNTWS, #HiT, EHKIFALT —F— REMHBELZF> THRVOT, EITC
ZHERTHENCE <, IS 2 DRHRIT, ﬁ V72 B DT L AEIBRAME - T A DI LT
AREME D B, T ORIEIL. B0 CRRTF v —F— RORKEOBEBIC L > TR TE 555, Lx
L. EAEE— FORNIE < 0.2 uK LIEFEITNI WD, BHEIFIICF Yy LYV I TH S,

53 WoFEFOHIIT UM

SUTINRA T U=V g VRN TFETAIRBO L EOHE L LT ) —DEELRDON, o5 INHTUT7
VIRENITHED . L WO ETH S, Sachs Wolfe SIRICEIUT AT «x ®p THEMNE, FIE A W6 ENHT Y
FUTHNEAT AT T7 IR BIETTHY, CMBEEDSLEDOH IS T oWMIZA 7V — a VHH
DEBHIRT AN R D,

HEE T, FROOEDOHT 7 RO DX VIR STy, &y OIET V7 o okEid THE
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Figure 6: [ LX) FHAEHED C) ~NOFE, FHRUIAN T —F— ROAKT, TOERIT VI —F—RDHD
Ci. —FHEOFERIIMG O, [T B2 F>FHE (= hab—) s T8, CMB & CDM O
I habE—WoEEREL THSH, FIIIHED S EDHRT, TOEMIIMHEL &0 &R PS D O,
R OERRITE S OF, FRPRT —ZITROELED X IGBATH S, £2T0Y 5 EDORHPITAT — VAE
IRJFAG/NT —ART MV (n =1) ZARE L 27280, EHELFMERDSEL, RAT -V TOREEL LT
W5, iz, B & S ORICIEOHBEZREL TW5DT O ETIFADHBEE LTENTBY, KA —)VT
FEHERD S FLC 2RWS T LI TWE, EHE. FliFRD S FOKRE SITERITERAL,
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MREINT X Z — fyp) TREDT 5N TEY (Komatsu & Spergel, 2001), Po = Pgaus — fNL (@;aus - <<I>§aus>)
IR LT3 COBE 25 | fai| < 1.5 x 10° 2% 51T % (Komatsu et al., 2002),

COBE A7 —)VCD &p O r.m.s. [IWED S D33 x 10° TH -6, IEHTY V7 VS DI (5 2
) WIH T 7 VSO (3 118) O 5%LAT TH LEMD 5, MAP ZAVIIE, ZoFIRIZ2HTRL 25
(fnp ~ 20 £ CHIERHE) LA S T 5 (Komatsu & Spergel, 2001), £ D & D RINSBRIEHT > 7 T
HoTHA 7 V=Y a VRIS TRAERF Y LUV THD,

6 19BREDO/NAT—ILHSALYHIBH

A RE SEATC, SPT R ACT #ETHDN TS &5 R/MIERY — )b, 2000 < | < 10000 O FEiEk T
MRASMIHIND, ZOEKTIE. B ERYRICERSNEED S ST Silk %= (/ — b 1 E 6 ) I
Lo THFEITNE K> TLE S 20, W6 T ofFRIIHEN LAV ETIERL, & LAEHEFH (2 < 10) T
H5,

RERR b DL LUE, RN OERR AT AT & S8 Sunyaev Zel’dovich(SZ) &R (/ — b 1 E 7 i), R
I O E A EE)IC Kk 5EB)HY SZ X (Ostriker Vishniac(OV) FR & b FRIENS), EH LV VAR, K
BEDHRICKDENRT V¥ v VOB TH EEZ ShLHEEWD S E (Rees-Sciama(RS) R & TN 5),
NEFENG, o NAT—NVORED S ETD< vy T

BEPLED<y ) = (EHVVAZLGWELS<Y T)
+ (B SZ IT L BRI~ v )
+(OVITkoHEEHZ D= v )
+(RSICEBRT V¥ VOBELED< v ) (5)

DEIT, BARKBREFEED N —Y —D<y T L TEIRTENTX D,

ZD5bB, RS EZRRHESIE M5 0AMTACT FIEORE L HEL TH 5, B SZHRICES C 1L ACT
DRBFEITHNTHRAHKREL, HEERICUETE L R IN5, B SZ O/NT —AXT MV Cp oc (h)%0]
CIFEAL 0y DR TRES>TNBED, o3 DIEICERATH S, Foli. FiFsto CBI & BIMA 28, h b
Y EED CMB TR T ERVNAT — )V ORED 6 EDRMH 2 #HE L 72 (Mason et al., 2002; Dawson et al.,
2002), ZHESZ THLEREMNDH Y (K 7). bLZI%251F 05 =1.04 £0.12F 5N EENGN->THD
(Komatsu & Seljak, 2002).

B SZ NRITIER IR R T ANV E - 2ART MV EFESTBY (/— N 1ETH). <VF AT RTHR
TLEICE S MDY DT LENTEL D, INEWMY RO T VBEOERSZHET 2EN TR TH S
(Cooray et al., 2000), £7z. Z OMWFET SZEBRM DA ¥V BELEMNTE, ZhMSPT HEOHETSH 5.

B SZ DIRICHAS W DIX OVEIR T, Zhd ACT ORRER SBMETFRETH 5, OV IR ZHE ThIZERE
A DR DA T 5 EHAYE 5N 5 HY (Vishniac, 1987; Ostriker & Vishniac, 1986), Z s & BAKH)
WWEDEILENFTALEMNE, FRIE-ZT Y LHFEIN TR,

BV Y ZHRIIINAT = VD C D7 A= AT 4y VIREELREL TCZD LIPS EE DL BRVBH Y
(Seljak, 1996a). 2 H ACT THRHETEZREL THSH, EHL ¥ AFRIMNUE TENIIYE DT — AN
7 NVEBEBENALZENTEL-0, FAT — IV TCORFDNT — ZAR7 ML L BT 2 ECEERDONA T A %
RODLEMNTE S,

RS#RIT OVEIR LV B & 5I1T/NE < (Seljak, 1996b). C; THEMRE T2 0IXFEETHS, LAL RSH
ROy TEIEHRT VY y VOBALED T v 7% L WD T (Tuluie et al., 1996). #ES L ML FEz e
WRT T2 VOREZL L HEZ R & O Rt oBHE (FI AT IE2EREETHEONLIEN L VXD y

3 A3 Bardeen OHIFW 5 & oy VT Py = Pi gaus + f, (22

Hgaus_<¢’2 >) LEBEINTVD, LHL dp = —dy
ROT, THORDLY 12

H,gaus

12
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Figure 7: CBIEHID 4 7 — %) & BIMA(BRKED 2 77— ) Ik > TR SNINA T = VOEED S E &,
B SZRIFIC LD O (FIV 3 RDFERE, ThZhERD og IHIG) DL (Komatsu & Seljak, 2002), ik

N ENVERICER SN S CMB T, KWEMIT og =1.05 D SZ & CMB Ofl, ZDF—% % S7 L f#HRT
LEITLY, 05 =1.041+0.12 2155,
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7) LHHBIE S TR AETCRSERDA LYy 77y T I LENARETH L, ZHTENRT V¥ v VOREE
AL ZHEL THBEDT, Q) OEEZEL. T42b5 w il L TEHREMEONLDTIERnr e iGEhs,
PAED &SI, INAT = VORED & ST KFEREE R4 RV ONS RV —Y— o Tn5, &
ne oflliEz MAP T/ 615 | < 800 ® CMB 7 —# ZilA&bENIE, RBEWS T2 HNW5S/2YT CMB
E RKBEREE DIFHRME AT D ELENTE, FHRNAT A Y — DWFERL T T LERF DA 7 2RI,
KHEBFE O CICEERBEHRPEONELES D,

7 IhDSANTES? HERICHAT)

CHhET. CMBEROBBEDRIESPHL T2, CEIhA»SBLIIMEITRERDOEAI D, M
ALBR T, 320 RENRH S L HIEbNS,

o KAKEAT —)V (I < 600) THIAFHEHES
A7 V=V a oz o2E s, HEVIEIRERBOEENTRIRINED? A7V —2 3T
BHAIITbN TS LI, TUV—rRA N U 7HHEZHWT CMBEEWD S RO —
WL TR TE L TAHENTELEN? WEZIDIEN 7 U HREMRD 6 ENHNLED, /28
DEIICHNED, BEAHWICLEFET L S, B P 6 TNy —2AXT MLof, %
iR} & T, FETV 7 UMOBEE EHEFEOEEEN Ny XY SELZENREERETCH S,

o AR —)V (100 < 1 < 2000) CFHM/ ST AZ —2RD 5

CMB * OFHHAREN ZHAELE T, EZECIEMIINTI AT -2 ohD5D, EL, ©5
EDORIARMICEET BAEIC, TELZHRS TR S FME L, £72 CMB 720 TldfmE L Tk
DOENTNNT XF — 2D L DIIENH L, FHHF — 7 ZRXNF—DREFER w2 &2 ETHRD
ENLMDS, FHHNATAZ —OH TCURICHEH SN TL 57259, BERE w kRO LENY -7 T
FIE — DIERIRIANDLER N L 2 TH DL, ey TDAT—)IVTNRITAZ—=NL >N YHID 5
nhid, VHIFEEFERAOFIR LB R 5IETTH S, REDT—F LHHAEDLELEICLY, FHD
HBHENOD, OIS 2E DN

o INAFER ) — )V (1 > 2000) CRIFHREE RS
BEDSLE TRV AN ABEMEDY Y EV T, 7V =V y BV TR RITTTHSL, OV
ROy TNEMEZERLEN? 2720 OVHIRO< Y B 72T L5HIIFREN? 2R — VDR
B S XL EAY — NV OKBEBEOBEU X AEDLETTINRNERA L £, £D &5 2BHEH
AREDELNEN? ZOHEFIIDIRL &Y 2007 £ F TIHEREIT — 2 DL FITALRWIRER DT, &
DI BICHBLEML (BILEVLDHSL,

e, 55 WIEET SN TS OMB 7 — ¥ OB LI RIS L L Bk e 7 — ¥ OFEM72 il
AR L 2o TnB, Eo. AV F =%y hOBYRRAVEa—F—N—F/V 7 hIZT7ORHILY,
HTHBBICHIR S NBT — 2 2> TR TE 50 bERTAREETH S, CMB T5AUE MAP 2K 4
INCF — 2% U Y —2F5h SDSS OF — ¥ bEBHICY U —AFETH 5. 2003 4F 1 FILRBHEL. EHseE
DF —HHUENP AL, BT R R OB L R ORI L IER S,

UL, SICSATHESIILT 5. LI ETLH L, T T A S EBICEL BV I EL D
DABDT, 2007 8EDHLYETHLVHATHALLEST. SRNEHERZEXHNENEL D,
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