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Chapter 1

—t% - FHAFHODEL

|

1.1 —RiAHIERICE E DK FH

FEHEEDY A F I 7206 T0iMELZED &) BT, EHBEIARICR S, K
2. ZABA—)L (BX) NFHOMNREAr — sk 3 &, —HN RIS &0
BRI DIARENC 5, RN EEEG I B U 2B AR THAL T A v a4 VIR
N

1
Gu =87G T, GL =R~ SRS, (1.1)

LI s, HAD G, BREORMZTRT 27 v ay L vT YL, HUAD T,
DYEYS T EoiEE) - R b2 LRI =L ¥ — EEg T v YL Tth b, ZoHERADL
S FHER DL Z R T 2 12iE, Wi ZNFi, FHOKM L FiH 2z ITWE - =
INVF—DEREA Ty bTERLENRD B,

1.2 AN—=RkY>-UA—h—EtE

TAVvyad A vARROEAZ BRNICHET21Ch 720, 33T H2 BT 51K
EDRMPIRET DHERH 2, ZOBE, bo b5 LWREZEGA T NS LD, F
HEH (Hrwida =7 2FEM) ThHs, ZOFMICH LI L, FHIFKRIBWIC
— Mk OESLNTH S, ZOYH. IWREDERIZT N— Y -7+ — 71— (Robertson -
Walker) fHE EMEZN 2 b DTEE, A7 — VKT a(t) DABTHBEDO YA F 32 7 X
BOMIEBME—DNFEERER D, aNN—F Y -0 —h—FHRICH LD HBEIEX
DEkHichEzens

ds® = —dt* + {a(t)}? dl? (1.2)

>
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220, di? F 3RILEMOMET, UTDXk ) IcEINSG

dr?
1— Kr?

de? = + 72(0% 4 sin? 0 d¢?) (1.3)

dx? 4 x* (d6? + sin® 0 d¢?) ; (K=0)
_ . 2
dx? + (% V_;(KX) (d6® +sin®0dg?®) ; (K #0)

= &+ {r(0)) (d6° +sin 0 d?), (1.4)

RIS EH K 2O & BIRT 2 e, 2 OfIE L T BIL 254 (K > 0).
BV 7259 (K < 0). THHATH (K = 0) LS. 50 O MH 2 BT 2. %
Foo BB RSETITREE & IR, BRIEEE » L MUF O X 5 IR 2

== (15)

1.3 IXRILF¥X—- -E@H=ETUVI

ON— Y - 4 — A —EIETIRREORMBIE D, 74 v a ¥ A4 v HBRROEAN
BIRTE S L) koD T, SR, WHYOME) - R {LZIR T2 L X — -
HEIRT VYNV EEZ DL, —k - FHNGFEHTIE, WES LK - FHNICR 720,
R D ADBIECRlIb S 15, FH 272 TYWHEED ORI T ciddI s
E5E, ZRNF— - EHEET VVIVIIMTO L)L S

Ty = diag(—p(t), P(t), P(t), P(t)), (1.6)
ZIT, p3Z VX —%E, PIENTHS, FHOFEI NI —HEL LTI, K

ST, WY REERIRIT) . WEY GEMXERIAIT) . 2R 2L ¥ —
DIWIDBEZ 6D

p = pr+ pm+ Por (L.7)
ZNFNDREFERNIRD L) ITHEZ65
1
Przgpry szo, PDE:wpDE (]—8)

BRI 2 LF—DIEERNARHTH 28, ZOREHREREHNZ AT A =7 — w 128
. BOMEZIS &, L OB EBEFED ACDM ETFILTIE -1 ERET S, 2D
A BRI ALY -3, TA VS 294 UPEAL LTHER SR D, T2V ¥ —
B IIIRFRIIC L L W 2 S22 305, w DIARMIZ —1 D E I 2 K-> TRESBOK
BEREHICIEN DT 6N D Z LIk, REREMEDRH 2 2 L HHEEL T, BHchiERT
INVFX—ZHIRT 256803, w DT X = =2 LIELIZUTD X HITEKT :

w(a) = wy + we(1 — a). (1.9)



1.4. 79V —F=vifEk

1.4 ZV—KRIYYVHAER

TAVY a4 VABRROMAZEE T 220Dy b7y IR TE DT, BRI
RO RELZ o X £ 2 @8 R 28 HT 25, FREIUTO LIk 3

N
K

3<E> =81Gp——,
a a

1
GL=87GT!: Gi=Ri—;RS — (1.10)

J

3¢ = 4rG(p+3P).
a

FIRDZEZFC7 Y — Py HBALES, 2k, 74 vy a8 4 VIR /A5
N 220N, VX — - H#HEET VY VORI T, =0 26365 T DL
LS MEPIE T S ¢

p+3%@+}ﬁ:o. (1.11)

1.5 FHE/INFA—F5—

7)==y ARy E O FEHBPROELZ B SHEE - RET LB, LT X )
% (XRIL) NI A=Y —2BALTEL L, BHERZNSICEIKGET 202 R
LT, FHERICOWTOEHRZF EHIT I ENTES .

Ny TNRGTA—F— H=", (1.12)
a

BRI A= —: O, = ?chp*, (* =r, m, DE) (1.13)
K

LG R—F— Qo= —— 1.14

Eﬁﬂﬁ 7 o4 K 32 H2 ( )

BT L 789 X — & —l, BHIEIC KA L T 2 5ICiEE, Chs oltid, BIED
AN B TIEFIC, Ho, Qug, Qoi 7 8 E TREBAFEDTTRT,

BMALINIxA= =2t L X (110)DFE1XNTEZ N7 ) — P v
RFAT D & 9 iciiflizeRAic k% ¢

Q(a) + Qn(a) + Qpp(a) + Qi (a) = 1. (1.15)

51T, HXANF—Hy ORI LR EAZ b L, BITEORZ O 4G S 7 X —
Y —flio THEERT L (KRB ERAT—VRTOBR 1+ 2=1/a ZHWT)

H(2)\? 14+ w(2
( (Z)> = Qr,O (1 + Z)4 + Qm70 (1 + 2)3 + QDE,O €xXp |:3 / dz'%(;)

—_— Q 1 2,
H, }+ o (1+2)

(1.16)

PEEoNS,
INg TNRFIRA—F— H ZRICER OO THE,




8 CHAPTER 1. —kk - 758 O tab

Table 1.1: Planck 2015 OfEHRICH L9 < ACDM € T IVIZE T 2 FHim N7 X — % — [46]

Qmo  0.315
Qo 0.049
Qoo 0.265
QI/,O —
Qpeo  0.6851
ht 0.673

*ACDM €71V T, =a— MY 2 IdEREXYeZET 5, 72721 Planck 2015 T, E&A m, = 0.06eV
(Q.0h? = Y m,/93.04eV ~ 0.0006), D> OEEHEMEDOGRIHARLL Nog = 3.046 ZREL T 5

TACDM €7 )ViE, FHFTH, 2FD Qo=0) ZIKRET 2, L7 >T, Qpro=1—Qmo &I BIHF
BH 5,

Phid, BIEDNY NG A =% — Hy &, Hy =100 hkms ' Mpc™! @ X ) ICBIR T 2 ERILETH 5,

C2ET, FHOFEIRI XL L TR R VY — WHEE, WSO =R

%%zfﬁ FH DB - %‘Wﬁ%%z%W\%EF\%%%moufugaybm
<7 7“(%(«%?5)50 HARIZIEZ, NVA Y (b)), WROIERYE (¢), =2—F
U/ (v), ZLTOES () TH 2, ”Uﬁ/\QKWEEWEi#Mﬁ w7z pE T (2
ib%%ﬁﬁﬁpzomﬁi)lzw%—mﬁi Poc < a® D X ITIRFHIZALT % 23,
HeAIHRFRINT py ca™ DX YIS ML TH B, —F, =a— Y JITHE
DI T . TR IR S 2 £ 9 5, R 2 ~ 200 TIE, FEHN
MIC %, DX WIRWZ@EYNCERT 5L, 7V — P2y HERIER (1.16) £ 0.

SIZBLTD X ) IT#EE 5 [31]

(zzvngw{1+Qm7mﬁf(ij%i5>}u+¢f

+ (Dm0 + Qo) (14 2)° + Qoo exp {B/d - :——11—0,(2 =

:|+QK0(1+Z)
(1.17)
T, N 1d=2— b 7 ORI (BMEGEIX Ny = 3.046), m, 3= 2—} Y/

DHEET (22 CREHREFERZKE), and T,o ZBED = 2 — bV ERE OWRE
T, T0= 4/1)Y3T, 0 = 1.945K TH %, BIEL f X

\U]]:g (y

N

120 2/
77]_4/1 e;;ly ~ {1+ (0.3173y) 53} /183, (1.18)

Thzon 35,

1.6 FHRICH|TDEH

o YEREERERE: =K1K o U SN DWW EA» G2 ER L 72 b D, #xHE
EDBER DKM (FRHDEE) 1L T, BS N2 /0D 7 7y 7 A (2 V¥ —
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TE) Z b EICATOL) ITERT S ¢

_ IR ~
%@*:¢@rxﬁ@w@77yﬁz‘*l+”““”> (1.19)

o AR ﬁﬁ;Lﬁfwﬁt<i%L%®E#H@ﬁ4x@%%%%ﬁﬁﬁé FEH 4
Ao TWHBERE - &Y (BEHEL O X L) IR LT, BlllEns Bt of
YA X% d LICRDEIICERET S ¢

Ef4 R

ﬁ#ﬁ@ﬁﬁﬁ4x“‘a+@TW@D (1.20)

da(z) =

PLED 2 oDMEEL, di(z) = (14 2)%da(2), &9 BIRIC ZOBIfRIE, —hk - ST
%ﬁ?ﬁW%é?%~%0ﬁbioﬁ%kLTﬂBhKI#U/FV®ﬁE%@DL%H
PREEBOS BIER (distance-duality relation) & FEIX#L 5,

BARTTRYE z < 1 I2B8WTE, LMD &) REFRRKDET 2

() = (14 2)2da(2) ~ H31+;“_%”+”" wo=_4

2T q [ FFGRE R T A =8 — LMEEN 5,






Chapter 2
BER B DRz R

COETIE, R (18] ZX—2RI2, FUEHGERICD LD EHEW S EDiEl & 2 DHEIC
DWTIRFHT 5,

2.1 18R

BIEEIH S N2 FH O RBEEG X, FHYHO/NS REEQ & EWENALEREICS &
DEMILLTE, A v 7L —vaVyBETIE, ZORVIOETDH 2 FIREED S X1,
BTQS IR -7 LT 2, WICEZ S NAEEW S XIXRRTEE OB T,
FHZECYWENAEROME LB ZIT 5, 2070, BEEROBEICH & < Bl
E D6, FHFHDO AL S THFHERPFHOL ALY — - PWEHHAK R ED I X
FREME AL 2 EDHEETH B,

HEW S FDMEZEZ 5 LT, HELRA Y P 2FEPTE

ZHRARDEL  HiETHLRREBFHIITRZI L ST TWE, EH. Z2UcizRs 2
WX —DFAEL, B 203 S S ICEEWE, NV A v, . =a—bV 2 &0
FoNnd, ZNSEMTDEED S X, WER O HIERHRTHEIZR O RIS
UCsH2 0P ELD | KREEREEOFE VS ISR 2B 2 5% 3, Fric, )
T —_RA G EDBHIIT T — 7T 3 A7 — )L T3, TRSHESD S VBB
P COEEW & EDMENEE T, HILMMET - N A (BT) MOER
MHER (F&AY v EED) P65 FD585 F0ICKEHET S,

HEXIREELE @ o TOEMY A X2REO 2 (E6) HEREIZFEHEO R —VIRTIC
3 2720, TommRic I »niEs L, FHEPRORINA T — L ThH 5Ny 7L
et (HFEEY) ¢/H KO RSBV I 2, ZDX) Bl A7 — LTk, =2—
F UMD T TE RS D BRI D E DWW TW 5 EDENMME
L& Z 5080 H %,

DFE D, HEY S FORREN 2L T 2 72 D ITid,

o LR DY L TDORHFEE - BEEWE, NVA v, HF., =a2a—FJ /DKL
v v R

o —AHNEICS EDCEIEN —» TA v ad A VITRA
DMHE Z HAGDETER LMEDVDH 5,

11



12 CHAPTER 2. W& DRI
2.2 WS5TOERAER

ZOEITIE, A v ad Ay Ry =y RICNT 2B EE O FERE Rz BRI
HEDT,

& (F)

ds® = —(1+20)dt> + {a(t)}* (1 + 20) 6;; da’ da’. (21)
REE
-1
KT - Ha) = oo { g b — 1]
CDM : o(z), ulx)
(2.2)
N F v : on(x), ()
-1
—a—FVY/ fyz[exp{ﬁ}Jrl}
7Y IEH
Bk »
&w%=/<%y6@»ék% (2:3)
Pk ik A

Note—. A7 7 —HIEHEFHOA TR b)L -« 7 vV LVBIOGHREBEEN . WiGE, HEY ¢ 1
A7y e Vi (W4 L) & LCiRiBEns o, 7Y TRy ORESIEAH 7 —&
I -o T\ 5,

EEHEN
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() ® 4 3H (D — }ﬁm—AwGEZMZ, (2.5)
k
(E) (P+0)=-8rGIl;  II=4(p,Oy+ p, No) (2.6)
o + (@—l—\IJ)—i-(I)—neaT {@o—@—i-i,uvb— 7322(,u) O], (2.7)
. .
b——v+3d=0, (2.8)
?'J+Hv+§\1f:O, (2.9)
) k .
O — a vp + 30 =0, (2.10)
k . 3
bt Hopt =0 = ="20 (301 +0) 5 R=2 (2.11)
4p,
N+z ( N+ » >+¢:m E? =m?2 + p? (2.12)

o &Y VEKELORIIKAEIZME L T3

o T bt=ma—b) /) DOWLEFERTEIERTHS 0 L N X, HEEXY LD
WIS HEAET 2, MZAT=a2—FY 2k, HEDXD 50T 6 TR ILHE) &
DREZSICHKET %, 5T, pu=(k-p)/(kp) amﬁmé%wa%x@m %
NZN, Ok, p) Nk, p,p) ERIND I LITh D, SEBEIBIC 2 > THD s
ﬁ@%m&%ﬁ\@@%@ﬁﬁ%ﬁﬁmomfu%ﬁﬁ@%%@m?%k%ﬁb#
K %%:

Ok, 1) = 3 (=)' (20 + 1) O (k) Pe(p), (2.13)

¢

N(k,p,p) =Y (=0)" (20 + 1) No(k, p) Pel(p). (2.14)

14

RILY R VRSB

X (2.13) (2.14) DL HEMMERZ T, Ak A2 Kb 28Xz &, X (27) (2.12) F
ZEH, UF0 k9 AR ORI RIS T 5
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T DXLy <2 A
@0+§@y+¢:0, (2.15)
(L+f%@@2—@o—@):nWT<—@y—%ﬂ, (2.16)
@y+£ﬂﬂh—2@ﬁ:nwf<—6rkﬁ@a, (2.17)
@+iﬂ§Tﬁﬂﬂ+n@H—w@gg:—%JT@,(gzm. (2.18)
Za—FV /D (HEfHZE) Frvy~riiEk:
AL Y S (2.19)
PO
,M+£{7%%§@M—N@~ﬂ%?@m}za (2.20)
A@+—£; pj;nﬁ(awg—zA@):o, (2.21)
.M+K%inaVF%?EﬂﬂHWWH—@WA}:Q (¢>3). (2.22)

2.3  #EASE

W o DO

M o EDFRE AL, 2RO TR 6 %570, BEOMRBIHFLET
%, Z2OHTYH, KLY e ThWRT v v V252 RERIC THiEWS &, &
BESS, Z0LIAD (FRIZ7:) fRIE. ARSI O R T v o v iz a 205, WE oI
EAPFET 25DTHY, ML T "HEHFEDS T, LR, BIfE, R~ A 7 ujkly
SR OBLD & Wiz & 25 KT ARG NTWDS, BiEWwS XX, £ v 7
L=y avETADTET 204 EDEFET, TCHAREY b7y 7 TH B, M
TTIk, MWL EZ2REL TOSEDSLEDF0EFXTWLL,

Wi & EF DS

AV 7VL—2avHERTld, AA 7 —HORTWL ENA V7 L — a v A
7= (k< aH) IZHIEMEENT (HHPNARQ S E L LTo) FIREREO S & o, 234
RENTEEZD, T O, PEEEHOMICA 2 L LT, BAHEZANIC B O]
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AT =)V DW & D37 TRIRZE L &

O = No = 5, (2.23)
5 =6, ;<I>p, (2.24)
=g (2.25)
YT TS H Y '
k
VA P :
61 =N = ———-a, (2.26)
O =N, =0, (£>2) (2.27)

DRSNS,

Note-. FAXTlZ.=a2—1M) /o EDIEME—X Y P N, ZHEEHTLZ LT O+ =0
L LTGRO0, KD IEMEICIE, N OWBRI) ANS I ET, &+ U =
(2/5) R,U 23 BHEASKE D . =a— kU 2 OFSAEIAM T 5,

2.4 WS5Z0E: BRHEZHEISYEEIIN
COHITH, BORD, Za— by JEREEDE LT (m, = 0), R ADSE

BEEOS EDELz ROV, Za—FY VEHEPGROGAEDOHEIZOWTIE, 2.8
filiz 2,

BWERRT—ILOEIL (k< aH)

P2® 21y + 54y + 32 dP P ( a )
dy?  2y(y+1)By+4)dy  yly+1)By+4) Qeq (2.28)

WIS @ — @, at y — 0 272 TR,

o, 1
()= 303 [16\/1 4+ 9y + 2% — 8y — 16} (2.29)
y>1 9
=P 2.

HEHR T — VAT ORI (k> al)

O+ 2H6 — 4G p. 6 =0

d%§ y+2 do 3 1
- @ —+————————0=0, (Meszaros equation 2.31
dy* ~ 2y(y+1) dy  2y(y+1) ( ) @3
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2
S= DDy, 8 2.32)
= Dh(y) + 2 Da(y), Vy+1+1 2.32
Ds(y) = D1(y) In lm} —2yy+1
EREIHICE T DMERAT—ILEEDIRSEW
HIREE 5 % G (adn = dt) RIEHBERZREFF L,
5" + %/5’ — 30" + k*P — 3%@' = S(n), (2.33)
<I>”+4<I>’+k2<1>—0 (2.34)
Mt ‘
22T, () I FIERE n Ic X AR RT, .
X (2.33) D—MRITRD K 5 IcRE S ¢
/ -1
§=di Ina+dy + /77 dif {Ina(f) — na(n)} (‘““d_‘;f”)) (). (2.35)
0

R (2.24) 1I2H BWEWD & EDUBHUSAITHE ) &, FREL dyy dy B ZENZEN dy = 00 dy =
(3/2)®, LIRE %, EFARMBD L2 F 0z X DIRIICEEZ T3, K (2.34) 6K
TV & DIRLZFEOCERD 20D 5, HHITFRA 7 — VT (k< aH) & — @,
% i 72 3R

_— ( jsin(kn/v/3) — (kn//3) cos(kn/@) (236
(kn/ V3
knp>1 B cos(kn/v/3)
— O, ( 9—(]{:77)2 ) (2.37)

FPRM (2.37) 230 (2.35) ITRAT % &, W5 TORRKRDMTHR 2 #iY] > Th o i -
WHESEEM E TOMM (e < a K aeq) « @5 T DIHE(LIZ

5~ Ad,In (Bi) (2.38)
an

D& BIRBERNICHR D, B A, B IO TS OREED S (B ER%E 7 — oo
EBWT)A~9, B~06 %2155 (OCHR [26] D Appendix B2 ),

R D
X (2.38) (2.32) 6o NRAFEEZE LD B L

Horizon crossing at RD epoch [Eq. (2.38)] : 6~ A®,In (Bi> :

Qeq

Sub-horizon at MD/RD epoch [Eq. (2.32)] : d =¢; Dy (i> + oDy (i>

eq aeq

(2.39)
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B 1 o ICDWTE, B gy = A /aeq 10T yn < ym < 1 E0I) FElEZ T
TR LR 2 DM T A LD O IRDB I ENRNTEX S, I 2 TIIRET— Ficig
BHBHDT, BAENIZ ¢ DAEETTIT L,

dDQ Ym 1
— |y, M(B—) — DoY) —
4yl (B) = Daly)

Ym
aD, aD, 4%

D1<ym)d_y|ym - Dz(ym)d—y|ym

9 2 m) 2. (4 3 4B
St 2 S (B ) —ZSm (=) +2[ =240, In — ). (2.40)
4| 3 vu) 3 \Unm 2 Yn

THLE D G - PRI 5 1 2 TS 4 T (CDM) 05 FD 52 £,

C1 =

k
5::;A®pm<%¢§Begg—>[h®% (k> keq), (2.41)

eq

AL BIZ, Z2NFN A~9and B~ 0.6 TH 5,

VEES - BEIXILF—EBHICE T ZMFERY 1 XUTOP S5 EDE(L

TS - WEEEER X D BRORZTIE, KT IEERETE X912k ) ., FHIZT
AV ad L V-F Py ¥ —FHEFENLIYWELOADFHFHE T HEIN (o
EFD Qno=1,0%0=0=Qpgg). BRERDYS ZIFAT7—VIRTFIHHBI L TRET S, L
Lo, BRIV —DMERALBEIEDC L, O5ZDRERTA v ad 4 -
FePy ¥ —FHDOZN»OREIITNS, BHINICHRD BRI S 2 YWEESIH & R
I 2V X — RN BT 2B ER D, 13,

Di+2HD, —4nGpD1=0; p= pm+ poE. (2.42)
TalhI NG, ZofE (REE—F) Z2LIELIERD X HIcLT :
Di(a) x ag(a). (2.43)

B g 37 A v a ¥ A4 v-F - Py —FHroDTNERL, W5 FDOHREDIIF%
KO %, BRI ALY —ERMCEB 200 T0EZROT 528 E LT, RO
TERER S B E ol LIELITHWS LS ¢

dln Di(a
fla) = dm;X

BRI FLX —DPFHERDOHS (w=-1), ETERL7B% g(a) & f(a) 1T, BIT
DI (749 T74v7) RATHEELSREZZ LM NTWS (CFHTRWSH
THHEMRE) [12]

(2.44)

g@)ngmM)Fﬁf@)—QAm)+{1+g%§Q}{1+£%%2}]4, (2.45)

f@):(ﬁf@)+§gg){l+g%§®}. (2.46)
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PHFHOGEICIE, BRI FLX — DRI ART A —F — w PEBTH 5 LR
ET D E, BEMPREL ZEDASNT WS, ZOHA, B gla) & fla) 1ZH8%AM
BBz FVWTRD & 5 IcRE S (eg., [44]):

1 w-1 5)
=GR (—— 12— 2.47
g((l) 2 1( 3?1)’ w ) 6w7 q(a)), ( )
3w—1 3w—1 12w —5
3 —q(a)
—1) 2 1[ ) ) ) q :|
6w —5 F[ 1 w—1 6w—-5>5 (ﬂ
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gobs<8 ) Mg ) _5 (87 MS> ) Hﬁd ugbs (324)

M; = Sh/sl = FB(Mobs>
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7L, BRMTFTERSINS !

s = () () - () foeor. o

INT—=ZART NI

R)—AXR7 FLVOEES, HEEEO 7 —) &2 E L T, EOFHETILTD
PR 7 bL e, WURFHET IS DSBS BB I NP7 P LD
Ay FWEL 5 ETRMENEADEL 5, K (3.23) 225

1
K, = dgjdkfm, ﬂ—-§§¥%kfm (3:26)
fE-oT, K (3.24) &b
K=k a(ug™)
P (jebs, o) — H (%)2#8)(]{;’ e (3.27)
obs » Mk Heg da » FkJ H u%bs

o) = J (dgjd>2 ¥ { (Hi> - (dgjd)z} (12 (3.28)

A (3.24) (3.27) THEA SN A EAL, HOFHET W EBMTHRE L ZFHET VIC
Ay THH 5L, FEHEDERDLEMLITDBIN D Z L 2FHKL Tw5, RIS
EHEADIFET L, AP =R TIE 0 =0,2,4 DR S 1553 [ (3.18)(3.19)].
B AINEADG G, BIGERIDR D LD TH (> 4 DA BEo s, 2L, %
ff2AITE AL BT Db DT, B SHBABIE - ST —2ART V2RO BERITE L
TFHETUDIE L FIURIEFEFIZEC R0, Mool L 2FHL T, EOFHE
T, DFED, FHPERZFHEUO U 2FHiwm 7 XA — 8 — 2T LI LN TE S, 20
B%, W RICRHII R A — A EFNT0B L XD XS FHET VA RD LI ENT
&2, F2ETHR KT, MBS - ST =27 PV, 2ODFRBINA T — L H
AENT VDS, DS - WEHEEER Oy 7OVHIHRT, b ) —23 N v 58
IREN DO HEHIT-HRTDH 5, FFICHEREIZ, Bl Sy — XA Bl RAMGIC X 0 RFE I
ns L)k, EER~OHRIC b b T s,
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3.4 BHEALVAME

EHOL VR BAH RGNS X D PESINZBIRT, HORBEIENFRICL > TEDS
N2, BRI ORI —RADBMTONDE X ) IX%> T, L DEHL v BRI
MENBEHckh, EZENL Y X 2o FHmOMIEDEHTH S, BEHL VR
EVoTh, LYAKRKEL VRTFEDY A4 X206 OIREEIC X o THE I ZiEnss
H B, FHOKBEEEZ DL DL v AP L 2o ORIFIRM DS D2 ED, Bl
Lﬁﬁ@%%ﬁ%ﬁ@%u\%Eﬁvyf@%u“@ém%oL®%$ﬁV/Xﬁ%M
LD v PN B> THIET S LT, BEBEEQS X2EHT 5 TFRICLL S,

ZOfiTIE, SENL Y XOBERNELBIC O W TR, HREREEWS T LEHNL VX
BRI E S FEOXD I o3 B L TnwZ 9,

LY XAER

KBERE DRI L v AR L > TH ER I I NG, ETH DA X —2 DEA
ZFRHZ, 3 A2y 7 ¥ 7 (cosmic shear) LW, THOARIv 7 7k, HEEEDS
EIIZRMEICHBE 2 Fio o, BinZGirc o MBIz > (BAVEEN M E) Lo
ARX—=YDEALIMHET2), ZOHEDES I

o HEZEW 5 X 0IFFLFE
o DR HICih-> CHHEDEAD D5 720, FHIEE
ISR T E 5,

e IEEFEIE (brightness theorem) ~

—

obs( ) [true(gs) (329)

Lops © B S N 28 SO REREE (EHL > XHD)
Lie: b D EOERINTOLRMMEE (HEHL v Ak L)

J

BV v R30S o7 0&:%&%&@%%ﬁﬂ®u 0. D% 7% CHIR
. Ly ARk > TEZB NS, DUT, FHFH (e, K =0) DT TL Y A1
L2EHT 5,

FE DAl thiz

d?z! ; dz® dz? .
pe gy gy =0 (=1~3) (330)

v HeTo (B MEER TR ERTRT S L (11, 22,75) = (X0, x). 2L, x(2) =
Z cdZ
0 HY

AN TTALUNTRA—H—

SHE (PE) : ds?= — {1+20(D)} d +a3(t) {1 +20(F) } 6, duida?

X (3.30) THA B MHATRRE . 77 4 ¥ 89 A= —Che . B y % i
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7-RRICEEHZ 5, 2O, UTOBE®RZHWS

dx _dxdt _ 1o P gy, 2 i

TR S el GRS e (3.31)

(t' gup'p’ =0 =

— (1+2%) (p°)* + gi;'P’ =0 >

FRARICN L TERT 240, 34bb i=1,2 OFDICRICERT % L. K (3.30)

2IHIZZNZ N

d?a’
d\?

DIEAHE 1T

&t{:%o Z pf? ])X }\ V4 73111/;:137:7 FU
F;O - 51] (H + (I)) F]k; - FJO - 61](I),k + (5qu),' -
HIHEER A R UIRD & 9 1c3HE

Az2FLDBI LT,

=§;um>

e

2 % [% % (x 91)} (" pa = const.) (3.32)
P wrr, A

g;“@-@L—QaH——@Wﬂ (3.33)

. BHODO1IRETTLY, = ¥/’ T,
jk:(I),i E?@?ﬂ% k%}zﬁb)ﬁ:o ko2
XEE D

d [1 d ; 1 d e
@[&dx(w E{@—®M—%H;;uw}—o (3.34)
ZONIFE oI TE ., BRI,
d2
d—XQ(XQ) (®—1V), (3.35)

X (335) 2, x =0T =0,

X=xs(>0) T =0 L7423 k) RERFMATHES D

ETUTMBRo NS ¢
KbyZﬁEﬂ I
1
=0+~ [T [ e {(a0na) - w@oa)}
;1 -

= - [T [ {20 - v

i ;) Xs — X . )
\ =g+ [ 2 faa ))—‘I’(SC(XD}J .
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mE, FHEBAT () & B &= L4 2 %7,

AVN=I IV REYT

X (3.36) 1k, BRI D S FsE & IR O KHBREEMEL EI R T v > v
TSN TEZFBL T3, ZoX%2 ) FSHHT S ETHERIMOA X =
DEDEIICEG» OB TE S, BAMICIE, 0 & 0 OBIRZEEEL L L5 2, DL
ToYavefisl A, ZFHii§ 2 ¢

_ 00, _ 6 =X
Az] = 8_6(3) = 57,] +/0 dXT (q) - \P),z]

EREDZZEERHVE (0 2i=x0). 2OYaAAIEMTD L)

(3.37)

> d d
T, a7 — X

s Etm Y2
Ay = b, < - K_%) (3.38)

TR DA X =Y Ba/NI e A X =2 EOKRBENL v A%)R 28 U <R

VRBZAA=DICE ) B IND D, LTI 2T IBA TR T Z L3 CTE 5, 1T

G A, DAL 20, ALY RICE3EAEELTED . k & v BZHEN,
with x and ~; being defined by

> ° N 1 X s 62 82
AYN=T VA /1(9)2—5/0 dx x XX>X (83:2+83:2) (& —W) (3.39)
s 1 2

Xs
7 (3.40)

N X (Xs — X)X 0?
wd= - [T @)

= L (X (xs—x)x (9 0
- - d — d—T

LEED, kA R—DDIEK - M &y EBHOIET 2 IS L TA X =3
DI TO 5, BB, BEAL Y XD TR, s 200RIEHa/hE <
(5, 7] < 1), 2 CFFIOFFIRAL TSRS L5 7 2 Lkt

HIOLYRIZE DA A=Y DEAVERELED ST L EHIEEIOD0T0E0E /575D,
AVN=Y VA RICHEHL, W Oaflz T 2L TRAZMEPLL L9 (LiFw
ZFEMLE, +oERBERICZR>TWDS), Ny ZIVHIPERM T O A r — LTk & = -0
DD IDTEZHNT (& —T) = 20 EETI LIl T, 3 (3.39) (3.40) DHETY
B EEN AU ZUTO L) ICESHET -

> 0> ) 0

— 4 — U= VP = | U= V2P — [ =— | U 3.41

{&ﬁ_%&%} { aﬁ} { x?ﬁx(xék)l (3.41)

RBEOROE 2T IZ, BT v v )UICHT BRI A>T 5, F2HETH Rk,

L ¥ AOBMATE S LI Rz, K7V v LIBIFERICE>TE D, 20
1 % |y B 1 MR ZBAIZROENL VR LR,
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B CIZ Z oREMoIEIZ, B 1 HEICHRTEETE S, 2ol t2EEICANT, KX
(3.39) DERAHESHET L

5:/ 0 = X0X Gz, )

2 [, (xs — X)X (T x)
QmH/O dx 0 o) (3.42)

FH2AcEA7TY vHBAEH VL, Ik, BHOL VY ARROBEIZ, BERELEY S
%%an%f*%ﬁnﬁéﬁﬂﬁifﬁ FLEEDDICHHIL T0d 2 Ebh %, BEA
*EﬁﬂﬁéﬁM%if®%%#EA$ 2 BIRICIRRICE S,
0. FHIIRHT, BT  ZUBEN RIS E RS H 2 562 %
ztﬁ\ﬁcmmmﬁbf AT D &9 e — AL v[BETdH 5 -

o VFHTHRWLWFHTHDIAVY =Y 2V A:
B BB B 2 SL B Rt « 2 BN AEEEERE () = da/{1 + 2(x)} ICIESHZ
T [ (1.4) (1.20) = ],

n_ 3 5 [ (s —x)r(x) 8T x)
k(0) = 2QmHO /0 dx ) R (3.43)

o WEIRMDIAGICIEN D DD B LED Ay NN—2 2 V!
TSR S LB EE DRI E LAY 28> T L TV LK, ZDIARD %
wy(x) TRENS LT3 L, FHTHOFHT,

K(BzgghiﬁLAMqu%Cm)AdeT“E_X%NX)Mﬁxﬂ

:Zfdxﬂﬁ5@w) (3.44)

ZZCEBLg(x) BT THEZoNS

o) = 30 [ I (3.45)

RAMZEALEOIYN=I T VREVT

X (3.39) (3.40) THALN/LAYN=Y 2V AL T, AT VYT Y VZBLTERLWL
BIRDOWT VB 2 Eb 50, FMEMETES LT LEZOBRIEL R VHMEICR S,
E oy IFREKIA L CERSINAEZ DT, dAMEEIE B IZBREFA B £ 2 F o 7o 28
27 205, BIICHEE T 23D G E X, BRI Z O Z Ik ) 2 LT
. 7=V ZEHICX Z2FMEMSTE S

R(0) = /d2§ eizgm( 9) (3.46)
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Z DRz (3.39) (3.40) 1S 5 & A% (7 — Y 222[H) TOBARIZMIT D X
I B

() = 5= R(D), (3.47)
Wl = 292 K@, (3.48)

7elZl, P =040 ThHdb, 2RIL7 — Y T2 Z (cosgy, singy) = ((1/0, b)) &F&
gL, AR

—

0) = cos(26) R (D), (3.49)
0) = sin(2¢,) 7(0) (3.50)

~—

Eb, ZOBRAIE, y=9 +iv, TEBRINIE RS TIIAECY 20ME 2> &
ZRLTWS, ZOWEZAHATEE, RDL ) BDREEITHIZET, 2HOTHBS TH
SLYARRE L TYHNICERDOD 2 a2 M) BT ENTES

- E-/B-E— KR8 h
’YE@) :( cos(2¢y) Sin(2¢z)) 71@ (3.51)
ve(0) |~ \ —sin(2¢;) cos(2¢) Y2(0)

= () + iw(l) = e [%(ﬁ) + i%(ﬁ)] (3.52)

. J

ZDIRETERS NS v p IFRBRA DM L TALARIC R >Tw b, K (3.49)

(3.50) & ZDIRIANAT 5 &,

w(@ =D, (@) =0, (359)

PROND, DFD, B-E—FDY 7 g ld, HEEED S HRDOET L v A TIRAKS
nig\e,

AZIwY 7 OEA

INETEHNL V ZOWEIZOWTBRRTE LD, mEIC, M —xAhofion
LEHT =2 2flioTE IR TENL VAZHIE - T 20, ZDFEHIC O W CiFES
95,

HYEY —RA T, |7 =5 %2 b IR oRIc>wWTofERbEons, EH
LY RADH 5 ERPITOERIMDOA A=Y IZARDZNLIDBALZDLDIZED, Ly
ZOEAF, BHL Y AZE| SR THIROEREEW S I X - T, MMM %
D, DF D, flL4 ORI DOIARICH§ 2B (Fl 2138 2 mikial) 203 2 ETEAOL
VAT A ENTE S,
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HEIRMOIRZ RO 2 i fdm e LT, UTD X ) RPUEME—X v b %
E2X19
/ﬁ@hﬁ@@@
obs — (3.54)

4;; = _, -
/ d?0 1y (0)

I°%(0) (2B X 415 5 EHR O FRRBRE S AT © b 2, HRESERE D & 75 S o F L
BARLETH 2720, Lp(0) = Lnwe(0,) 7%, 22T, 6, 1 & (EHLY R H0) bk
DEZPTCORKIN LOAETH 5, —T, BHIIN2MEEE, BHL Y ADH 5 L,
b EDHEAIOMIE L IZ, SCER LAY TR S 0, = (A7), 0, LREDD L,
ooz CS L.

(/}F@|dmnﬂ1LmJ9Q(AUM9?@41%m9;
obs

4;; =

/ 20, |det A Ie(6))
~ (At A jm Gorn (3.55)
EEZER S, F2ATIE, WEEMOA XA —2I3hSwE L, Y aeirdlof R
2L THTDOMH L7z, 22T, ¢, 3R OEHT Tl > 7 556 O Y ERE —
AVETHD,
/ 0, oo (01) 03 0
/ 0P, el )

TERINS, BEMC, varfiiloRK (4.17) 2RAL, BHL v X% 3%Z\) 72 VUE
E—X Vv FBavNN=C2 VA, T EERELIZLRTHL, ¥ aeirdowiirsl,

(3.56)

S __
4;; =

_ 1 1—k+m Yo
ANy — 3.57
R ey err] (I (357
2K (3.55) ICfRAL T, BEANL Y ADMRT (kv < 1), T8l g 2HE T &
¢~ (1+201) Gy + 292 Gos (3.58)
455" = (1= 291) Go + 2 92 G (3.59)
q?gs ~ Q1o + 92 (@11 + G3o), (3.60)

BEHOND (g5 =q; THHIEWHE) ., 22T, @ =q,/(1—r)?>THY, g 135
> 7 (reduced shear) & W-E#L,

_ T
TEFRING, ZOWEY 7% BRI BT, RD X ) BIEMHREFIIN S B2 EFHR
75

obs obs obs

411 — Goo 2475
1= = €9 = ——————. (3.62)
g7 + 453" g7 + 453"
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e 123 (3.58)(3.59) ZRAL T, BHL Y X %2R 2HOKEMNEK ¢ L DBRERD 2 &

_ Q1 — G2+ 291 (411 + ¢39)
@1+ Go +291 (651 — GB2) +492G3

_ €+2q

142016 + 2026

Thbt, FEHLVADMRRT

€1

6~ E+2g (3.63)
2135, [ARRIC,

€2 ~ €+ 2¢; (3.64)
L5,

DF D, STHEOROEAE DEME ¢ Bbhiud, HRIEMOFEHE,LSHEL v
ADTTEPWET % ENTE S, BHE S IZRFIN LRI HGERICHR L TAh L
RS L BENERIME S LTI LB 2 o b, H AR, KERED b 2 fEis
WIZEEN LNV T 20, BN ES Lo 2 siftil 2 did s 2 L ¢, HhL
YADHRDEE W T I LOAREIC R S, 2O, EAEDEME ¢ IZEL v XD
BN LT/ A4 X203, RO EEZECT 2 LTSNS, 202 %
INELTE, By 7L ) A XWTHEHNDL VY ADMENTES k) Ickhsb, BE, 2
DEFEMHEZS L2, HEY—_RADL5aRA 3y 7 O T7OHER TN TS,

SEGE DB & Nygar ~ O(10) arcmin ™2



Chapter 4
IERRE RS R DB 70—F

DS FOREAREF 20, LIDED L ERYEBERIC X 2HL) oo i3 ilhe L. IRIESS
1282 % LW FOREIZIEMIZERICA S, B, BHS 03 noRnE 2 EoX
HRIZIEIZELD D L THEANINLZLDTH S, 29 LERIEORIZIZ, BB
TG DG - WIGETR % & & 7 G HME e JERZRIR IS 72 2 3, FERYE AR Z ISR - T
b, WEROEIIZNEECNES 2 2L —3 a vis EOBUERIT BN TH B, 777 L.
Ml %2 B U 72 0 | FERIBED 99 BB IR A R 2 & | TN 2 LD 002 & B Y
RBfRZED . ERNGHGTTENEICR S, 2 2T, EHIERBIICNT 2 HLD
Pzl U CTRBEZ IS BE 9 2 JERTERI R D W T 5,

4.1 ERMEIREFTIL

WSS SEAIERIZEE IC A S &, BEEa Y b7 A FDPEVHEKRCIEY—7 <& —n
00— EIEEN S HOENRMADERINDS, 29 LERORMENAZEEZ2 8325740
WCHWS N DBERIFET IV TH S,

Hig M T R O—KREEREZZEZ 25, EIMHAEHZTEZS L, ZORDOKH
AL IR R OB & L Cadib S, B R,
d*R GM
@ (4.1)
CHZBNB, BE M LR R B p ORICIE, M = (47/3) p RS L s 3 BIURASR
D3> Tw3, £7. ZORD M6 05 —HREROMIN 2 RRFEEN L U<, AREZIT
R—0thaaihThL), BAEEO ZH\T (0<0<2nm)

GM GM

il _
R 2|E]( cosf), t <2|ED3/2(

LFEIND, TITERRDIFNX -2 KTEBOEHRTH S (E=R*/2—-GM/R <
0)o ZDRIZ. KA by, = t(r) £ TERERTH O X 9 I R BHEFNTHRT 205, 2
DBIFEITHE L . R toon = t(27) = 2t TEEBERICE S,

K (4.2) &Y —HRBROEEIX, LT TEZS6N5 ¢

_ M 6 |EP
P= (n/3)R3 ~ 7 G3MP

6 —sinf). (4.2)

(1 —cosf)>. (4.3)

37
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Rl teon (O FED 0 =21) TEEIIFHERTEI EDBDNS,

— kB L) EAWRFEHEL T, PA vy a4 v-F Py —FrEL 5, &
REED p = 3H?/87G) = 1/(6rGt?) THZAOLNE I EZHOWTEHEEDS E § Zif
%?% &\

(4.4)

B, X (44) BUTOREHEZMHT I L0002 (Z2OEKRICOWTIIBASH)

%5 ) ) 4 o\’

EVUZIEEL

BROSFRE TOUICHN 2 BIEDOFEUI ML\ Th 5, FIFIBEREIC A - 7 i E
S IREN T EIPGERICIE L 28D 5 2D H A ZIFKRELSED 52 %0 Kl tooy Tl
B 7OV & WEEI D SIS PERIEICE B B LE A OGNS, TOEZEICH ED0
TEY 7R BB W RIROEE Y F 7 A pon/pm ZROTHL S, EY T
P CITEF I AL — K ERTF VY VIR F— U OIS 2K+U =0 &9 BE
JRDLD, ZHUSZRVX—RF K+U = E ZflAatbe s L E=U/2 = -GM/(2R:)
Do, BV TIUTERREEDRIL Ry, = —GM/(2|E|) £RE 22 L3005, X (4.2)
ZHIETE, BUTARERIE Ry = R/2 E£IND, ZTHED, pxRPTHB I L
ZHWS L

vir 8 ta
Avi pvie__ 80lta) _qgeq77g (4.6)

pr%ds (tcoll) pEldS (tta)/4

EREDY Buteon) BRI ty COFHOBAHETH 2, DY 7PLEME Ay, 13,
i AR 1 — DO T A S O IURIETH D . BIHRY S 2L —v a v s
n—% ST 2BOLER 52 2,

RREEPSE

I, BRI HEIC D E DS L T & LT, B PILPEICET 5 IS
WoERENLITREL LE2PREMBboTALI, K (42) BIO (44) 257X =% —
O IZOWTTA 7—BT % &, 2Nt ~ {GM/(2|E|)?/2}6/6 =, § ~ (3/20)0* %3
5, ZNXD, BIEOEED S EiX oy, = (3|E)/10) {6t/ (GM)?3 LRI, KAl ten
IZEY POVEENCET 2 LD L BIEEEW S T ORIEIX.

5Crit = 5lin<tcoll) = %(127‘1’)2/3 ~ 168647 (47)

2By 7AHEHIE, ST ORI 2OV —HE p, IO 2BEH2 S, BT 2L X — %

pe IR LTEY PUVBELATERT 2 MO H 2, T4V 2 ¥4 V-8 Py ¥ —F4CIEmEI3 57
D, FHIEDD 3 X 5 BFHHE TN L B B IS % 5 - ORI TH B,




4.2. IV FE Yy FEL 39

EB Do i V&, =78 =0 =PRI ND ETDIA LA T — V252, #IE
HEWS o 0 —DEBFEELZFE T 2 EREEBIRICE W Tfibh s,

ACDM ETFTILADILER [42, 8, 40]

Lo ) P VERE, HREEOSEWET7A v a A v-F Py ¥y —FHIIBITS
DT, FHEXH S ACDM €T VD L ) BFHET IV CIRNEFELIER 720, #
ToBEZ%21I2%, UTTEZ6N57 4y T 4y 7R RESBHIICRINTED ., K
RXERCTHOW SN TV S ¢

5crit = 1-686{Qm(tcoll)}o'055 (48)

1872 + 82y — 39y*
Qm (tcoll) ’

4.2 EILREYw FiEMR
Z DR [36] ITH ED VT Vw3,

AVir =

Yy = Qm<tcoll) - 1. (49)

YU FEy FERIE, 777 v 2BEEROREKICNT 2§ 2 b DT, HEHRIZERRE
DEBRHEEYSEDSELF0EGNRT 2 HEE L TELFEy FIck D FEAMINE
LhETH % [55], BT TV LIRS, ¥V FEy FERZ ) LI E 2 7%
FES OGRS EIBEIC X D EFFEL Tl o, EHEMICERT 2 2 LN TE 5, &R
MBI CIE. FHA N A S 2L —3 a v OS2 AT 2 EER ik L L TR
Ll fibnTE7,

FRdRO@ED ., L FEy FOPUIEEER OEEHZ 500 T2 7 77 ¥ affifRicd &
SDERITH B, BEERFOEIHNIUTDOI /77y ch26015 :

L:%m&ﬁ—mw@, (4.10)
B LRL Ty FEVEN
¢+2Hm+$§mwm)=0 (4.11)

OB E RN T 5720, WIIHOEERR OMNEEE q (777 vy 2B 2 ¥R
2, A A 7 —EEETONE ¢ ~NDEREZRTEBRYG LWFITNZ82EAT 5, £B5IF
P(q) EEEINBE 575V Y L OB TH 3 -

z(q,t) = q+(q.t). (4.12)

20 OB E ST 3 HEAZ MM T 20, R (411) DUL B V, % (]
T%:

V@(¢—#2Hﬂ0::—4ﬁGpm&Jm) (4.13)
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40
BT, IR V, B X EHEEEY 0, 1344 7 —BETEIN T S8, L (4.12)
bEOKE, 7V T AR TOL ) ICBERLTw5
ox|™t 1
o (ox\'o _ . 9
—HLTOERS ¢ OV TERIERBERICL>Tws 2 b5, ¥V FEY F
Ik, TOZEBYE ¢ 28R L L Tikv, REROA - —CiHlidT 2, 2% 0.
1
J = éeijkepqrjipjjqjkr ~1 -+ Vq . ’lp, (416)
(4.17)

_ 1
(J l)ij = Zjejkpeiqrt]kqur s 5ij + O<¢)

Iz b lic, K (4.13) 2HSET L REXT,

(‘]_ )Ua ('I# + 2H'¢> = —4rw Gpm (% - 1>
= (Vg ) +2H(Vy ¢) — 47 Gpw(Vy - ) = 0.

E7 %, 3 (4.18) 13, MIPEEWS EORESFEALEFAUBZ L5, K (4.16) & D
TINCIE (= 0) 0~ =V, - EVCIBRBESN S Z L2 6, BB IZHIINIEHIE

(4.18)

(4.19)

i 0p ZHWT,
Vie(q) = 0(q).

¥(q;a) = — Di(a) Vyp(q),

EREBLI LD, 22T D, IRERERTTH B,
IR E Yy FRPMORKE LD EIXRE LI, BELZ/NIWE LEMTIER W9,
W 2B R O P 2 2 TEEw S ToifbE b cE 5 2k

RARR DL E 1
WZH s, X (4.19) 2 (4.16) ITRALTAHD &,
1

L+0u(@) > G S A D ) = D)

TN BT, DEAEEZR T, Zoix, wIHI ’%&i%h#*ﬁ%@ﬁ/%#ﬁ%ﬁ
ZRAL T3, A N 23A%ELWGEZRE. —RICIE

DEDOE EIEMT %
ﬁki‘j‘ﬁitﬁgﬂﬁﬂiﬁ 7 b )\1 > )\2, )\3 oV — *’E’Jtﬁﬁﬂiﬁ )\1 ~ )\2 > )\3 674
7 AV MR RRERDEZ B,

(4.20)

EILRE Y FiRLlIZBX A KL

k»bt/%ﬁUi777//;ﬁ@ MORMERTH Y, 777y 28HEmcd &
D LMY % Rl ﬁﬁ@%tfw<_&f\mA@ﬁE%WDAmtaﬁ@fﬁé
@&@ALNJLMJwOMTTi Z DEBY; o R oD EEET
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LTEL, ZBGIEXZ FPLvTehh, HEHE L LTHE (longitudinal) €— F &I 2
JRIT E (Yrr) B (transverse) €— F EMEHINDKIDH 5 (eiuthjn) o ENFE Y FIE
PBlZ kD BBV (4.13) 251, MEE— FOREABRAVPB NI, He—TF
DFERESTEAIII (4.11) TR L TAA 7 —FEEONEZ EH 5 2 L THo6N 5, OF
D. Vx(Z+2H2) =0 Thb, CNODEREZ T 7Ty 2 BEL T THENT L
A& 7 BEE TR 5 1 5 [36) ¢

82 a 82 8
<@ +2H Erie Am Gpm> Yk = — €ijk€ipg Vjp (ﬁ +2H 5 27TGPm> Vrg
1 0? 0 4w
— 5 Eijkepqr@h,pi/fjg <@ +2H a - ?ﬂm) 77Z}I<:,7’7 (4'21)
0? 0 0? 0
<@ +2H E)Ez‘jk Vik = — €ijk Vpj (@ +2H &)%,k, (4.22)

D 2T i = Oy 0q. ERDELII, BBEBOIILENG EINT VS, JHEEX
ST 3 C & RGN A EBR AT 2 B, HEE— FEBEE— O dp, cpnthin)
BENZNOHRRD 6F 5176, BEOAT v 7CERY ¢ 2HET 5, LT3
LIDORT Y FEAITIR AT — U TR A ROMELS TS 2 (e,
36)).

4.3 (A1 7—mM) BEhE

BEHRRNLVYIVAERR (VIFYV7-R7VYVR)
P & 72 2 HBE R A2 HE T ¢

9. p 0  0VO
ot ma?ox Ox Op

} flx,p) =0, (4.23)

supplemented with the Poisson equation:

m

V20 (3) = dr G o {; / &p (. p) — pm] | (4.24)

22T, m i CDM (41N A V) kT O HBEZHET,

VTR —LERL

R PG D B /T 2 L 72 IR b AR DR E 21T 7% 5 723, CDM (+23Y F V) Kif
T, FHOWENED S LIRS, I8 ok EEZGNTOLS, BIAR,
Za— MY RNTORERMIE, 72V I-T 1 7y 236077 7 aMmichtv, %
NS DA DI IFIRE TR 1T ST 5, TREDS R LA DIEDEA < | v &
Lo, DF D, v ISR QRS T -7- L) T ERERLTED,
PRI LT, MO &) BB o252 % 2 LITHET 5 ¢

f(x,p) =na® {1+ bu(x)} ép[p — mav(x)]. (4.25)
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DT CiE, SEIBEOIERIZBE T O D 2 LAKE L, BEY 6, LHES v M€
FAZEC (Y I NVA Y —LER), ERloa iz (4.23) ITfRAL, 0K &
IRDE—AV 2 LD, OF ), BEERLY >y HEROWLZNEFNr2ERE, b2
WIES R p 220 7 L CHEEIEZETHI T 5, $5 L. 20z nd oo R, T
ruikicndd st 4 7 -8R 605

00 1
- 1 = 4.2
T V(L 6n)o] =0, (4.26)
ov 1 10U
¥, A7y vaRAE LT
1
= VAU = 47 G ppy O (4.28)

2155,

EIAT, 72Uy Al 4 =2 0.V 219 & K (4.26)-(4.28) 225 BT
D) BIHEAPBR NS ¢

d*6,, ddy, 4 dom
+2H <dt

2
3 ’ )
— = H2 1 5 _in 5Hl 1] i — 1] i )
at? dt 3(1+0m) ) (1+ )(2 (@) 0w + 00y — w wj)

Z DFESRIENFE Tl (45) E X BPEBR L TRS, 2L, £l
CIXEEL T TR OHEEY T VYL 0 BE, wy ZEATOVS !

1 81)1' 3vj 2

%5 = 2aH<8xj * dr; §(v.v)5ij)’
1 81)@' 81)]-

“ = 307 e~ 90 )

0ij BT 7 —Z2RTHTHY, 7 wy FHERY FVORMRET (D 2\ IFHE) 1TH
KT 2mTHS, 72770, UG E LTRAA T —FIRICH EDLRIEW S 215 2
SNEAITME XY e T, FERIEAR TR (4.26)-(4.28) 2F 2 Tb Y ud oL e
RENZZ, HEoT, MEZBELZETF vy v e LCEES 2Tk vwa &
252, DFEh, BEBLEERT Vv LD 20D A 7 —BE FAREE LT
A afitko it ziuTuifidiwl tick s,

DU T, BEZEEY §, DINZT2MEL T £RT Z Lzl kA ERZ2ZREH
MNZENT WL Z LIz T 3,

7V IEFHICEFIREFER

27720, K (4.26)-(4.28) 3ZH K FTT Y IILA P Y —23ERICH EDL AR DT, WTLERDS
Wz iR, 20, LEZMEPPHICER T, ¥ Y VR MY — 2OERIDEN 2 IERE S T
TEEHAERE N 5,
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BTV v Vi HTHER 2 AT 21 E LT, 9= V.- v/(aH) TH 2 51258
Fes 2 MAT 2, HEFHEE 7 — Y TR OOMERTHIE L 25k W, W
B, R (4.26)-(4.28) 27 — V) T ORCEEET &

do (k) [ Pk,
a— = 0(k) = — / W(SD(IC — ki2) alk, ko) 0(k1)d(k2), (4.29)

do(k) H 3 k1 d’k;
a—- (2 + ﬁ) O(k) + 5u(a) o(k) = — / W&a(kz — kiz) B(k1, k2) 0(k1)0(Kk2)

(4.30)

MEoNns, 2T a. fIRBHRELREPOKIIEREE—FAy ) v 72 E£TE
T, UM THEZo6Nn3

ki ko
|kuf?

(kq - ko)|k1 + k2|2

ki.ky) =1
a(ky, ka) + 2 k1 [2[ o2

(4.31)

Bk, ko) =

FREEIRICE T S EBERH

EEEE EEG & XN S BT, BEGPHESOIRES/NIWELTUTD X &
JEBEZ 1T 93 !

k)= Do, (k), 0(k)=—f) Dyb,(k). (4.32)

CoOERZ. 3 (4.29) (4.30) ITARA L THERBIFICH 72 TN ERE 2 BRKD T DR
D3, TrEEDSRE B IR € — FOSRC 556, n RDME 6, & 0, 13, RD X ) ITEE 5 ¢

k- Pk,

o) = | %%(k Enn) Galkr, oK) Golkr) - Golkn)  (4.34)

2T, kg =k 4+t kno B S EEIRITEQ 5 & O, ICHET 2 PIEEY©
b5 [ (2.50) 22H]. BEBE, & G, (dEHERA — z\»aus?cm\ o DOREEIE
L3z o TRIEICHIR T E %,

BEERH—RIVDOBRAE
RDH—FZNHEEERTS

F (K, k) = < gz((zlli ’:3 ) (4.35)

SFEBEDEZ A, K (4.32) THEAONBIERMIZ, Dy =aZiliTTA Y284 VR Py ¥ —FHT
DAHIELV, ACDMETADL I % Dy #a LBRBZFHETLNTIES £ THLUSGHE 20D, BEEGD
AN IO 22 D w2 AN T WS,
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5 &, 3 (4.29)(4.30) 26U T D &) il Ad S 54

n—1

fén)(klv T k") = Z Ut(zz) 7bcd(q17 Q2) -Fc(m)(klv T 7km>f¢§nim)<km+la the 7kn)a (4'36)
m=1

L, FO=(1,1) Z22C.q =ki+ +kn q=knsi+--+k, EFiL%, 1T

5 60 L F YUY v BENZRUITCEA 6N (FIZIE, Sk [3, 16, 43] Z22H)

(n) 1 2n + 1 2
4.37
Tab (2n+3)(n—1) ( 3 2n )’ (437)

(a(ky, k1)/2 (a,b,c) =(1,1,2)

a(ky, ka)/2 (a,b,c) =(1,2,1)
’Yabc(klykZ) = (438)
B(khkb) (a,b, C) = (27272)

L 0 Z st

P B 615 6 2 BEFH A — 23, B Ky, -k, DAREZICH LT
MFFIZR > TR VDT (k) < ky). Iz ThiaHRZEHE T 2 BICiE b L <
PG

FOUr o o)== S FO(ker, o k). (4.39)

n!
permutations

HEIFRA—RILOEFHRT

DUR, Wifb=Ncd & D TR S Bl — 2 VR %2 3 X TEENICEZ
TLTEBL:

5 1 kl . kfg k’l k2 2 (kl . k2)2
Fy(k k =+ = — 4 — - 4.40
2k, k2) 7+2km2(hf%h> TR (4.40)
3 1ky-ke (ki ko) 4 (Kp- ko)
Golki, ky) = = + = — + = —— 4.41
21, k2) 7+2km2(@+k) T kK3 (1.41)
17 (k123 : kz) 7 (k123 : k12) 2 k%gg(’c:} : ’4312) )
SF3(ki, ko, ks) = = | =————>°F5(ky. k — - SGal(ky, k
5(k1, ko, k3) 619 2 5 (K1, 2)+{9 W2, 9 1212, } 2 (K1, 2)_
+ (cyclic perm.) , (4.42)
s 111 (kizs - ks) 1(Kioz - ki2) | 2kips(ks - kio)\ ]
Gs(ki, ko, ks) = G gk—g Fy(ky, ks) + {§ 2, 3 K22, } GQ(kl,kQ)_
+ (cyclic perm.) . (4.43)

LWL RIZ T A v a2 F A4 VR - Py Y —FHOGAIZDAME T, ZNUNDOFEE T IVICEH
T AEEARTH B,
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BIBDBIIEZ S ZEbH Y, HRITHR 51 ELNFEHEIC R > Tw (G

BEERA — RV T WL O OEELRWEHICOWTE EHTEL [3):
o k=k +ky+- - BERITEDC S, FE—F k; BARTER THLGE

Fo (ki -, ky) o< k2. (4.44)

o =3I E, DFIEDOOPDBREVCD, Ml k=q,+ - +q,_, PWARTHEIEM
%%O%D\ﬁ—%wuﬁZ%MK%oT@nmﬁ<oOib\p>%k&%%—
LT,

k‘2
SFn(qla'“ ydn—9,P, _p) X ]? (445)

EIRDEES
FEOWEIZ A —F L G, I LTHFEBEICEK D D,

DU, Wbt > TR L 72 B85 7 — oV IZdE icuib Iz b o L Az L,
SF, % *G, & F,. G, Litd 2 &Iic§ 5,

2952 1188 E DRI

22T, BHEEBERE 777 v a BEEmOBRICOWTA LM TE L, 777
¥ 2 BEE IR, B § PHEERES 0 BT 50 Tldk (R (4.32)) BERE
VBRI Z 2777 Y 22 BAL (q, BREROHILR), FEREROME) %2
R (R FV) p 1Tk > TRt d % [ (4.12)]:

x(q,t) = q+1P(q.t).

T MRt =0Ty 0%k TETSE, 7= 2B TIOERY,Z2EE
#£I ¢

vk )= [ dqwla e k=3 Dita

bk =i | %%(k—pm) Lu(py 2, 00(p1) - 0o(p,). (4.46)

ERICHEN BB L, 37 77 v 2 BEEmc B 28I —F NV TH D, BB, 77
oY 2 BHEGD 1 RIFEILFEy FIEMTH D, Ly 3L FE Y FEMDH — 2L
jil‘ﬁﬁ:‘a—‘ Z’ [e)

ZDH—3)V L, LTEEEEEICBITAA—F IV F, LOBRIERD LI IcRkE 3, £
T, 7=V B REES R ARG EMio TEERLTAS, MR B = {1+6(z)}dPx
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I
MM:i/fm&mM4hw

__/}pqe4k{qqu»__@WféD“ﬂ7 (T &ﬁ)_'gg _1)
_ Z (/ %%(k - p12“.n> % {k; . ¢(k1)} ... {k . TP(’%)}) _ (27T)35D(k:)

(4.47)

#1942, EIn Eck (446) ZRAL, &4 —F—Z L1277 7 v 2885w
A—2N%K (4.33) THEZ N L EHEBEERD A — )L LT 5 &

Fi(k)=1=k- Li(k),
Fy(ky, ky) =k - Lay(ky, ky) + %{k Ly(k1)}Hk - Li(k2)},

1 .
Fg(kl, kQ, kg) =k- Lg(kl, kg, kg) + g [{k . Ll(kl)}{k : Lz(kg, kg)} + (CyCllC perm.)}

+ é{k - Ly(k1) H{k - L1(k2) H{k - L1(k3)}-

VBRGNS, ZNoDOBRZM) & Y ¢ OEF2ENPTLEL 7T 0Y a2
FimD A —F )V L, DfitE— F (longitudinal mode) ZKD 5 Z LN TE S, 7L, T
LTS N7 — 2OVIIEEE — 1 (transverse mode) ZHUD A1 5 2 L3 TE I\, K
% iSJ\U\J:iP%fﬁﬂZ) EDFSINTE Y it - BEE— Fili/F o H 28] &Y
W) icix, EBGoMEH) %z BERD 5 [ (4.21) (4.21) 22, @b OWTIEX
me%ﬁﬁk

Ao ARMEASEHE

INF TR XY I, BEE IR I NS SRRV EY 6 OB E L TR
T2 [ (4.33) (4.34), ZHUT (4.46)], T OEESIIFREL Y & EOMWE Z2H ) 1
RKGch D, 2OWHERFIE, BEEROMIEE D & IkL 2GR Z E T 5 2
aﬁfgéo@%%@%%@%E@%&%+ﬁ&@ﬁ#%gﬁﬁ\A@& 5. I A
at TRl I N5 & § 2CERBIHIIC S T %Y L b Tw s, Zo5A, YINEE
B OG- X, X7 =R 7 bV Py(k) DATREO T 62 2 Licik b, B
% O CHIEREREIS TR T E 2 2 TOMEHRIZ Z ORI N7 — 27 bV By 2 W
THERT I EDVTEDL, BT AFINHED 6 FATD X9 2BRZ AT

(do(k)) =0, (4.48)
<50(k71)50(k72)> :( ) oD (k?12)P0(k) (4-49)
(J0(K1)do (k2)d0(Ks)) = 0, (4.50)
(80 (K1) 80 (k2)00 (Ks)do(Ka)) = (2 w)ﬁ[5D(klg)dD(k34)fb(k1)fb(k2)%—(cychc pernL)],

(4.51)
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DF D, —fic, IEDEE n LT,
(Go(k1) - - do(kant1)) = 0, (4.52)
(Go(ker) -+ G (Kzn)) = > [T (Go(ki)do(k;)). (4.53)

all pair associations p pairs (,5)

NS DWHEIZT 4 v 7 DEM (Wick’s theorem) H L < 13, A €LY ZADEM (Isserlis’
theorem) & WEEN 5,

BEimic & S FMEtEE
HRM 7228 B3 G- 720 ¢, BHEEmICH D&, W OMEIEZFEL TA X9,
o IST—ARI NI - (5(k1)5(ko)) = (27)%0p (ka) P(ky)
SR T 2 BIEBROR DA — 5 — (1 b—7 EWER) £ TEMAMICHES FT &

(0(k1)d(k2)) =~ (01(k1)d1(Kka)) + (J2(k1)02(K2)) + (01(K1)d3(k2)) + (03(k1)d1(k2)) + - - - .

(4.54)
INED, NT—=ZAXR7 P LDOEAELT
P(k,a) ~ {D:(a)}* Po(k) + {D1(a)}* { Poo(k) + Pi3(k)}. (4.55)

2145, A% 1HBBIEDONT — 2 X7 FLC, HFEINN OIEDS SR E) 5> 5 2k
LAIEETH 5, BANICESZ T L

Poa(k) = 2 / %{&(k ~p.0)} Pollk — B Polp). (4.56)
Palh) =6 Bo) [ %{ka,p, )Y Ryp). (457)

L7 %, BEIOSRECRRMRIFEDN R 2720, 205 mRMIESRE 87 — 2
R MNWVICRENDZZLET, NT—ART PILVOBEREIFA T —NVIKET S X1
%5,

[ ] l\“fZ’\°7 I\)ll . <5(k)1)5(k2)5(k§3)> = (27T)3 5]3(](3123) B(kl,kg, kg)

NAAZARY MVIZ3RMETETH D, A — 5 — DN AR M OVISHIE LY
WA AMFRHHED Ted X RIZe b, 7272, BROEBE#2E 2% LT Thw
GRDONL AR FVDBBND, RIERD A — 5 —DFHlli <,
(6(F1)0(k2)d(ks3)) == (01(k1)01(k2)02(k3)) + (d2(k1)01(k2)d1(ks3))
+ <(51(k¢1)(52(k2)51(k3)> + - (4.58)
NN ART P LoERAUL,
B(k',l, kg, kg) ~ {Dl(CL)}4 {2F2(ki1, k2)P0<k1)P0(k2) + (CYCHC perm.) } (459)
%, ZORELS LD LX) I, EHODIERIEIE—MIZIES Y A% 4
AT 72, 3 BT A OER DGR (4 5., 5 RFEN R E) b IERIB DR I

BHIZoN, WMEHTERS RS, BOHEZEZLE, bEDHENRNT—ZAXRT ML
GENTCOWIISOEERIZ. EHIERIEZIC L > T SRRSO RN T» L,
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<Y ZHiEER

In order to improve the performance of PT-based prediction, we need to include the
higher-order PT corrections. A crucial remark is that the applicable range of the PT
prediction largely depends on the PT scheme itself. Indeed, standard PT is known to
have bad convergence properties, and produces ill-behaved higher-order corrections. The
resummation or renormalization is one of the techniques to improve the convergence of
PT expansion.

Among various methods proposed so far (e.g., [53, 45, 34, 16, 50]), we here present a
specific prescription for resummed PT treatment, called multi-point propagator expansion
or I'-expansion [4, 35]

For the evolved (nonlinear) density field 6(k, a), one defines

P (k, a) 1

1
) <650<k1> ooty ) = ok k) G T k) (460)

The function I'® is called (p+1)-point propagator. This is the non-perturbative statistical
quantity characterizing nonlinear mode-coupling. In terms of the standard PT expansion,
it is expressed as

DOkt by 0) = (DAY Fyll, = K)o 3 AP (@} Tl (b, Ky
(4.61)
with higher-order correction Fffi )loop given by
L hoop (R By)
= Cgp)/%Fﬁﬁ-p(ql?_QU'” v Gy — s k1, k) Po(qn) -+ Po(gn)-
(4.62)
with the symmetric factor P = (2 — 1)!9,4,C,. Using these expressions, it is straight-

forward to show that the standard PT expansion of the power spectrum is re-organized
in terms of the multi-point propagators as follows:

P(k,a) = {T(k;a)}* P ( )

+ Zn' / d qn(SD(k - qu---n) {F(n)(‘ha Ay @)}2 Po(Ch) T Po(q")'

(4.63)

Similarly, other statistical quantities such as bispectrum and trispectrum are systemati-
cally constructed with multi-point propagators [4, 5, 54].

A crucial point is how to accurately construct a regularized multi-point propagator that
can describe their global shape, i.e., their whole k-dependence. A couple of important
properties to be noted is
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e High-k behaviors: In the limit £ — oo, resummation of the standard PT expansion
at all order is possible, and one gets [4, 6]

TP (ky, - kya) =5 {Di(a)} Fy(ky,- - k) e ¥ (4.64)
with o4 being the rms of the displacement field given by

= (D@ [ LR, (1.65)

e Low-k behaviors: At low-k, a perturbative calculation with standard PT expansion
may be applied. While this should be restricted to a certain low-k regime, each
perturbative correction in Eq. (4.62) possesses the following asymptotic form:

k—00 1 kQO' 2\"
(gl i) 5 (S5 D@ Bl ) (100)

The above properties indicate that there exists well-defined matching scheme that
smoothly interpolates between the low-k and high-k results of any multi-point propagator
[5]. Construction of such a regularized propagator is given by

Ly (k- Ky a) = {Di(a)}”
2 2 2 2

< [k, ) {1+ T2 (D@ T R R e {55

}, (4.67)

which consistently reproduces one-loop PT results at low-k. At high-k, it approaches the
asymptotic behavior in Eq. (4.64). This construction is easily generalized to include the
higher-order PT corrections at low-k.

Finally, comments to be noted (or advertisement) are

e Code to compute power spectrum based on this resummed PT scheme is publicly
available [52]°.

e Based on this resummed scheme, an algorithm that allows accelerated power spec-
trum calculations is proposed and is implemented in the public code [52].

4.4 I\A—FEFI

Halo model provides a qualitative view of gravitational clustering of large-scale structure
on both large and small scales, and it can be even applied for a quantitative study of
matter /halo clustering. The underlying assumption of the halo model is that the spatial
volume of the Universe is entirely filled with the self-gravitating bound objects called dark
matter halos, and all the CDM particles (and baryons) constitute these halos.

To start with, consider the two-point correlation function as the Fourier counter-
part of the power spectrum, £(r) = (6(x)dé(x + 7)). The two-point correlation function

Shttp://ascl.net/1404.012
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measures the excess probability above the Poisson distribution of finding pair of objects
(CDM particles) with separation 7. We can write the contributions to £ as two separate
terms, one from particle pairs in the same halo, and the other from pairs that reside in
two different halos. The dark matter halos exhibit a spectrum of masses that can be
characterized by a distribution function ny,,(M) called the halo mass function, and the
halo centers are spatially correlated. Taking these factors into consideration, we can write
the two- point correlation function in terms of the halo density profile pya0(r), halo mass
function nya0 (M), and halo-halo correlation &y, (r):

§(1) = &inato (1) + Eo-hato (1) ; (4.68)

M M
§1-nalo (1) = /dMnhab(M)/d?’mphalO(pw’ ) phalo<wp+ A >, (4.69)

ot — @) = / M s (M) / My s (M)

alo - ) M alo " — ) M.
X /d3m1ph ! (w T 1) /d3:131 Phal (w T2 2> §hh(m1 — &9, Ml,MQ).

Pm Pm
(4.70)
Then, the corresponding Fourier counter-part (power spectrum) becomes
P(k) = Pl—halo<k) + P2—halo(k) 3 (471)
bnalo (k5 M) |?
Pl—halo(k) - /dM nhalo(M) % ’ (472>

ﬁhalo(k; Ml) ﬁhalo(k; MQ)
Pm Pm

Phh(k§ M1,M2)-
(4.73)

Prato(k) = / M, 1o (M) / My s (M)

where the quantities ppa, and Py, are the Fourier transform of the density profile and
correlation function, respectively.

Given the explicit functional forms of nya0, Pral, and &un, the above equations describe
the nonlinear matter clustering reasonably well. In particular, halo model description is
powerful to predict the statistics at small scales, where the perturbation theory treat-
ment cannot reach. For more detail, see Ref. [15] for applications and extension to the
galaxy clustering (for recent interesting applications, see Ref. [23] to the redshift-space
distortions, Refs. [51, 29] to the non-Gaussian covariance).

4.5 $RA - \NO—INA1F7 R

So far, we have focused on the dark matter clustering on large scales. However, the
fundamental observables of the large-scale structure by the galaxy redshift surveys are the
galaxies. To be precise, what we can observe/measure is the number density fluctuations of
galaxies, which differs from the mass density fluctuations we have so far considered. In this
respect, the galaxy distribution may be a biased tracer of large-scale matter distribution.
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Connecting the dark matter clustering with galaxy clustering is important and crucial
issues, and needs to be addressed®.

Sp(m) = 28T 1y §(z) = ~1 (4.74)

Prescriptions for galaxy bias’

e Linear bias: the simplest prescription that has been first invented by Ref. [27]:

dgal(T) = b (). (4.75)

e Nonlinear bias : the second simplest prescription (e.g., [22])

(@) = 32 2 [(5ul@)}” — {{oula)})] (4.76)

n

A more general prescription of the bias may be non-local, nonlinear and stochastic
bias. But, generic prescription of it looks intractable.

Toy models for bias

Representative models of galaxy biasing are halo bias and peak bias. These are clas-
sified as the Lagrangian bias model, and the density fields are defined in Lagrangian
space:

halo (9; M
Halo bias: 1 + Onao(q; M) = %, (4.77)
halo M
. n eak(q; Vc)
Peak bias: 14 Opeax(q; ve) = 25227 22 4.78
p k(q ) npeak(Vc) ( )

where fipalo and fpeax are the random fields, and npa1, and npeax represent their mean, i.e.,
(Mhalo) = Mhalo aNd (Npeak) = Npeak- Explicit expression for Ny, is (see Ref. [37]):

. N
alo\ g, M)=-2— — 4] M) — (5cri 4.79
with © being the Heaviside step function. The quantity d.. is the critical density deter-
mined by the spherical collapse model [see Eq. (4.7) or (4.8)], and §(q|M) is the linearly

extrapolated density field smoothed over the radius {M/(47 py,/3)}/? with top-hat filter.

SFor comprehensive review on galaxy bias, see V. Desjacques, D. Jeong, and F. Schmidt [17].
"Examples presented here are regarded as Eulerian local bias. Another class of local bias prescription
in terms of the Lagrangian quantities is called Lagrangian local bias.
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For the peak, it is defined in terms of the smoothed linear density field with Gaussian
filter [37]:
33/2

R p (v — ve)dp (1) O(A3)|det(()] (4.80)

ﬁpeak(q; VC) =

with R, = \/501/02, v=2>0/o,n =V;0/o1, and (;; = V;V;0/0,. Here, o, is defined by
on = ((V"9)?).

The halo/peak density fields in Lagrangian space are given as nonlinear and scale-

dependent functions of linear density field. Moreover, they are mapped into Eulerian
space:

1+ x(x) = /dsq 1+ 0x(q)] op (a: —q-— ¢(q)), (X = halo, peak). (4.81)

This further induces non-locality of the bias through the gravitational evolution (see
Ref [39] for some attempts).

Practical bias parameterization ?

For practical application to observed galaxy power spectrum or correlation function
(specifically BOSS), the bias prescription recently used in the literature is [47, 38, 14]

by

Saal) = by 8() + 2 [5(@)? — {8(@))] + 5 b [s(2)? — (sl + - (482)

with the non-local field s defined by

s(x)? = sij(zc)sij(zc) pos(x) = (VZV]- V- ééij) d(x) (4.83)

Note that when you go to third-order, another non-local correction arises from the coupling
between the tidal fields of density and velocity, whose coefficient is called bgy [47]. At the
end, on top of the cosmological parameters of our interest, there additionally appear 5 free
parameters in the galaxy power spectrum, which have to be determined simultaneously
from the measured power spectrum [7]%:

Ppa(k) = b} Pss(k) + 2boby Py 5(k) + 2bsaby Posa s(k) + 2b3mby 03 (k) Pin (k)

+ b5 Pz (k) + 2 babey Prasa (k) + b2y Praaa (k) + N, (4.84)

where Pss and P;, are the nonlinear and linear matter power spectrum. The definitions
and expressions for other power spectra are given in Ref. [47, 7].

8In redshift space, one more free parameter arises from the Finger-of-God damping factor.
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BRBAN

A(x) = / (;Z:); A(k) L
A(k) = / B A(z) e FT,

Dirac’s delta-function:

Relation between £(r) and P(k) (Wiener-Khintchine relation):

&(r) = / <C2l7:§3 P(|k:])€ik:.az’

P(k) = /d?’rg(\ﬂ)eik-"“.

A2 LYy Y RILZER

d*Py(p) dPe(p)
J— 2 J— f—
(1—p?) " 2 in + 00+ 1) Py(p) =0
! 2
/_1 dpPe(p) Pe () = 55— Oew

(Pe(p) = (20 = DpPe-r(p) + (€ = 1)Prs(p) = 0

0 = 1 4 Pu) = Pecslp)) = (€4 D Pes) = 1Pecs (1)

93

(A.1)

(A.2)
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Po(p) =0,

Pi(p) = p,

Pa(p) = 5(31° ~ 1)

Ps(n) = %(515” —3p),

Pu(p) = %(35;/‘ — 30p° + 3), (A.10)
Polk - &) = 2543: 1 D Yonlk) Yy, (2). (A.11)

A3 IIL=—+ZER
H,(z) = "/ <—%) e/ (A.12)

2 T +nH,(z)=0. (A.13)
Hy(x) =z Hy(x) +nH,_1(z) =0, (A.14)
H1<].) =T
HQ(Z’) = .1'2 — 1,
Hs(z) = 2® — 3z,
Hy(z) = 2* — 62° +3
Hs(z) = 2° — 102° + 15z (A.15)

A.4 BRRvEIUEE

d_2_|_gi_|_1_€<£+1)
dr?  xdz 2

Je(z) =0 (A.16)

, L 1d\"sinz
je(x) =z (—;%> ; (A.17)
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) sinx

jo(l’) — T ;

) sinx — xcosx

j1<x) = T?

, 3 —22)sinx — 3z coszx

ja(x) = ( : 3 ’

, 15 — 622)sinx — (15 — z2) cos

Ja(w) = ( ) = ( ) : (A.18)
e RT =57 (204 1) jolka) Polk - 2). (A.19)

=0
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