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TAE, M4 (Schneider) " TR, 55751 358 R BT P BRI T M2 —,
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T BTN BY DI DX BAE T AT R KA G R, e — BR R E R KGR . By
I NEGE TR (v < D FHAIATREAETLT 1 EB 1E 52 RN REGRIE
R, LA B R K BT VIRV JLF A R &

2.3 5| HiBEREICRIFRAEILL
2.3.1 333mMm

B T JGER BT S LA RS (XA BRSO G &S, — &5 I@ESEX N5
Yy AR Sg, R ] DU A s R il . R EFEERE, ST PUABEWE T &S
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BRI, XPFHE] 13t K s ma Rk h B A& B B TR) o R () &5 SR AN S 18 BT B AE IR = 1
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FAE B B SO, A TE BT SR B R T, B E
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WHEDEZE T LI B BB SR 2 B BN S, AR R Z KRG . 5 BT, Tt
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lensing) FMLIAEA"" (ray tracing) . EFRBAR KRR LS 7B GBS, £33
5 A SIS 4 A 45 B B A B B BT (R RIEE S, ARG 2 RE IR
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BB B G 250 BV E A B AT EE AR, B E i i X L nT bR PR
SRR R R AEFH SR, YREESRE RN S AAEARES, A2
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AR A 5.
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Ty ERAEA T LE AT PRI, X LR A SR R R AR B2 5N T RG22 AR

3.1 S| NBEBREMNENERAE: FHEY

BB ERWE AR FH Y, Bl g B RERNBRECE RN E. E&F
A SOBEER, ERIBERSMA FZ ZRENK GRRMEER), XMEHESRENERBRS
A ECR BN AT 45 5B SR R i . B i, BYYRWSE ML T 0 B R d S A E R
PSS EEI S, W5 BB 1S SR RITBIRIEAT T HLd M TS e ™ 7 %
HEX ERE RERRY AR A FH YD), HEE R T FH PR am. 5 RE
BT B YR AE20004E %, AT TAEA”™ ™ 4 BRI B TR B U5 5 IE104E3K, 5
BUE) B TR R B G R i S s T Ry —" ",

Y2 4 B 5 55 8 B YD 2 R 8 T 9 45 L B CFHTLSI K (Canada-France-Hawaii
telescope legacy survey) it . @hAT1AE A T CFHTLS3FEHE, AKX HARIESTAF 77
B, BEE2005 N R R £HAT TPSF GRIEYT REEO FEIEE, FIH B SAHC R
G T N ~ 4o/ BTYII B . 520004E () & VO B AE EL, (8 IE BE S I B AR
FEMERRE LA T EERRE, &EAWMAPKRS H T 6 T9) 55 B KosH ™ # R
H1° . 20078 MasseyZ N 7 FI BB ZHT AN COSMOS (B#1R37318 K)HEAT 447, 18
HEANEY R =40 . Massey% A [RIBB0AIE T G Y0 R RE L 10 g f sl K s, T
Ve B8 R T 7 VR K 1 VOB B2« 20104ESchrabback ™ 25 A K FI COSMOSHH T 58 4 4i 1
DAL 78 By P&, DARRHIFHE S8 AL T PSFALRY, AR %5 T 81 4t
TR ZE . Schrabback®E A\ Il & th 212 4 B iR I 1 By DI (el M2 4526.7 mag, {HR
X HA1.64F T,

fEE RENDGKRIHAT, AT ERWEGEH T U FEHEBIDINE, FHEVHERCS
R o BRI R R, N B ERRS B R (TR BT P R TR
ERBREKEHNE, FrUENH BERFERAMIRE, UHEFE SR RHE R R
SRRz, FEAFER RN B A ) B (intrinsic alignment) " AR EREZET T, B
Z AN EFE W ) AR IR E SR RFTBARIFA AT ER R KN AT BAERA T 1iES
MPER, BRERKIR F2 WIFEREYL A, REAR TS M EAAAE— & 1N AR
PEo TR SR RESMAE AN EGRIR AL, BRAIAT R EERNBI RG] IESR THE &=
ERZTGRAA RN FTEL, BRE AR T SR vy £, (B R W ELIg i
RS b AR ™ B AR 15 BN v R

FHEVITREN T RERNBREEHNE. TERAFETAHE, HFEFHBRAGR.
Bt DA T B R B 2R 8 SO R 2 RO R A 7 v, R4 i) 2 4R R =S BB Al 5k
ZERAR I, MBS F R BTYIVEE T (cosmic shear estimators) BI7E % [ PSFHITE &
T, WIS ERAELM, FHARERFRE . ZEEAPSFS5MRE, X ANEAR K55 5Y
VIVEAG T —AFEEN .. X8 T FH VIR T A — N RERZE, FF H2ENEHE EERTE:
THBRI o XAt 50 PRI T 8 BY DI EAS B s, IR E S KRB 5 DiEs v, &
AR T B RTBAR BN
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3.2 FIIANBRMHAE: FERAREXESH

KA 51 B 0 35V R AU T T N R
AR T T B 1S TR B 08, 3 HOK R T 40 TR0 1%t
SR HOR SR R RIS R RO 2 TR JOS |8 B B U 7
A GRRAER) . BRI T AR S50 2 F AT G 2 LA R, (A
RRHCIE. G AT AL B B S ORI , SU LI AL 2
FHE R TR F IS QR M Ko

W2 TR TR X B TR RO T e Bk
U 9 K805 B R B SR AT 18528 0 58 00 36 B
BRI, mEIERER. FE EXAMRBA R B, FATAT B 2 R 08 R
B2 TP R € Xo. P 0GR R BAATERTE R, FATRZ B — AN
SRR EERIHES. 5N E])B BT 77, B TR K b TRk
E (RERBRE) . BOKRE TR IRET I EER SR MBI YV RE (H2.27),
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A R R TN, EVBRATERR (6) /b FON, KSR R B
HIRRSY, XAE R T BEAE RN T-0R, XAME B T IOKE 7 ik “ 4/ fIFEH .

BRI BEHRMER: BMONG HFMS(f), BXRING £) = [Tn(f)df.
SCRE R0 B O B o B XA P AT 3% T AU 2 SR AU
ARBIER, TOA BEEX BEMMEFAEE—T. He#SHs BRI NBN,
SN(> HAATRERRRETE, N3 B0 ERHEIETT. HER 9

L L 1 fL 1 L dN L L
v =t (> D) < 3 ve e S ). (12

St A LR OB SRR O ER, 30AFAs THOKB T4 T K B Ok
AR EBRZEA R 5 B, BN AL =1+ 2xIFFREE—M I, N

1 fLdN /1 1 L danN
Nt =N K; + f——(E — ﬂ)] = N[l—?m—?m%ﬁ} = N[1+2(a™ —1)x], (13)
Hoh BRI HORER oV SON -

v fFAN _ dInN(> fH)

dlgN(> fb) 5 5dlgN(< m)
T ONdft T dln f- o dlgfr 7T dAm
DA AR R IE AR FERS T SR P 4 K2 5. e — Rl SCERHLEZE (m) M, X8
KRR RS RS R AT R. HIRESMY B RIE N, Sn(f) N ERK
WEHERE, R MRS REIT R E I

(14)

nL(fL):iQn<ﬁ) :% I:n(fL)+d—n fL

(% et M) (15
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53 2 AEETRER TRZML. B TREEBBOK T pfEfdh, B e B T pff, B
DL AR R OB RS T 1/ p2 o UK (12) A1 (13) #ET, fREE Bkl

Lq
nt in[1—4m—2ﬁ%#] = n[l+2(a" — 1)x], (16)
Hrp B R R R o U -
" fE dn ~dlnn(f) - dlgn(m)
T R (17)

TR PE, XA E R T RAE WG EGEEA SRR (NEDCERED S
ELFESE B AN T REANTE R 200 B AR I ) B T BR B, P LU #8248 i B 0N IS D
FEREAE, XX T F W RN R B H 2 — DM RHEE, AL AT NPT IETEAS [
e X (R (14, A7) ) ATLE W, R EOCEREBOA TR EER(n(f) = %), W
HaN = ano KARTTRERSCIR™ " M i BB BOLE RO BRI 2R e SR
MR Z —. FEFHBORHRISERR N AT, BES — BRERIR LSS, A7 20 AN [ 5 i
et COMBCED , Br A 2 B A G B e S ICueRe kit B, B R v 0 2ort
Rad AU EHEFP o, JEHoR T RESE GRE) HREBSIMNE R R
3.3 FHEAMEHMPHREZRE

FRBK I FREMEGIE (Menard) 7E20024F B IRIIHAIR I ™ o B RIARIRIERD 56 TRT
SR RME RS AR R E AR B 59 E Bl UK SRR I FRESHD ), ZE201H 28904F
ARtk D4R E S (Bartelmann) FJEME (Schneider) o HERER (HIX— N AEIRA I 8] Y
B AT 5 —Fh A B BOK IR AE. (Magnification Bias) TMAEISE B — M BN, &40 FH
R 2 T 2 SRR PR R TBOR AL AN TBCR i AEL A5 S PR B AT 93 b2, LN 5 R B
— T AR P JE OAIE SR BT 4 5 o SRR A IR T P TR (A S A 7 L A A A — AR S
W, I I _E—E AR LR RS

20054F AR UL I AN I BE FEA IR 43 T X MuRAS . 1 45 I B B KRB, Scranton®s:
N FI FISDSS AT 5 R SRR AR, 55— AR T 5 B TR 1 o A
W, HRR IS EIRVERBIS, KA Pen Ue-Li™" ™ IR 1 b B T 52 8 O UM
JR R AHE IS K AR T H P E R B R O AR RATNE D o« 58 B BN 7] LA
o BT U] — R FIRIR I G 4 ST MG e &, 3 mT DARR ) 5= H i LT AN 51 0 M. 2 )5 S TBOK
— TS S W B AR T RO e AL, BRIV 224 e P DA 52 B BY VAR T8 1) 55 — P 59 B B AN .
BRI B UV AR LG, TBOR BN B AR D AT, B2 WA B2 b iy DR 2 i |
FIPRHE Canfrl BEAT B A5 e BEPPA S5

RIERMARZE AR TAE™ ™, HhRZER (16) (k< 1) XN RBH 358 K% s -

6 =044 2(a — 1)K, (18)

n—(n)

X HL B BE KV 0 XPREE B [ % (Contrast), HE XA = e TR ERME R
RiMUE, REEE IS FEMMN PR MREIFARMRE S, SR A RS =5
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AR S, AR WE LSRR WAEX PR R Bk HBLKEC, ME—)
REML K B T8 S ERKDCLZ B R 2R L LR S E R 5 ESEEm. AR
ARG R MIT 3 (tracer, PEZ—NERMBEY U HKmMAER T, TR
SAERERE AR

<6fL5€> = 2(0&}) — 1><K/b(5f> + 2<Oéf - 1><K/f6b> + 4<Oéf - 1)(0&}) - 1></ﬁ)f/ﬁ)b> y (19)

K, “f” ARITRER D" HARBERER, (- REBWZERRKFY, E5HLEL
(0501, ) BT A BE R I 2, BN THE B BARFIIAT R AT R ERA AR I,
TOHEERHIE, (nop) WM IZETE, RNET AW RAERN RG] DEFENERER™
R, AR L RS B EX A R AR AR, R RO RN R A
B SR RO, CLMEE 2 — &M BGESD B EANK (ku0r), ANAFLE T FBOR Nk T 52
FR 00 I AR R (kedn) o 55 I BB — TUZ AT SOBCRAE SRR ARG, % 18 2 4L A5 72
T (k) HE(8g) DI EEL, Bl (kerp,) ATARBEA T, TRA

(SFSE) = 2(an — 1) (), (20)

BOB R SRR TN A B A MR MBR O 0. AR AN A
ERMTAN, TR AN KA RS SR TF £ AR L, FICh %l
TOPM AN M. TR LI (. AR A I PR A5 1
i U2 P AR R B TR B )
3.4 FEHARLER: FHOTELELENR

R T AT (MR AT FRHEIIZET R (A b

a0 _ (M2 + (Cyp + Con) (Coit + Ca) o)
! (2l 4+ 1) Al foxy ’

HA fa, W IR TR RIIEAE, Cs = 47 foey /No(or 1) B S (shot noise) s Ny(or 1) 4
Fi% S SElAT S A B X A B ERBH, ALY v E A B LB B 2 A5 /D
XH, —HEAl = 0.2l FEXFE X TNEREFEAQFER TS BRI BHKI)E
WCy b(or ) (intrinsic clustering, WELEEAME) ME MRS, HAER T E R BMHKIRIEC,E
TR T F KM AT 5O 9 EIX AR LRI, Pk 21 R0 5 2 2R P Lk A P 5,
KK T 5, CRELL R R BRAS: (RIS b T W0 e T ) 1 85 B2 Wik V& R 43 Tl BE 4L 7%
WEmAE L, CF M REY BB KT, P SAB IR R C AT RN TOS M (i
AR THN, HaEAB K ERCEWMHM D, AeARMISESER g IR .

FRBIMEFHECHAE SO IRIRE, T AT AR EI2(0p, — 1) (kpdf), BATFR—AL
MEEMAR AR E R BRI REW,. AW XS REREEERKE (X (18) ) M—AN Bk
PRAL R, A SRR e LU 2 ey

D Widh = Wibg, + > 2Wi(an, — ). (22)
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o, i RORAFKMESE N # . JEANBEHZEN T RABXE N, Witk LTI
& e BREL TR B R
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s (21 + DAl

bW)2Cm b+ (W?2)Csp *
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HA, w0 BRTEE (m) FMERRE, Wb, vIB T LRI KIRE, n(m) 22 RBTESE
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S5 Z0 3 347 TT LAAR H X — SR SE R AEAE IR . AT R o — 1/ A SR A B B AR E 3
W BB, HEEBITREE (WSDSS) FHEHKC, , > Cpyp X — I BB SR IE
Ml . RTTE RN A SRR T & RIS, RN AREC, 58 RECE R R . X
TR S T BB TR, 2 00 B B R R P B B ) A R, MR R 3 B At
B B0 0 BT AR A4 TT RS AR 6 2. BT BigBOSSIICrn 1/ Cs n BE AT LUK B0, 1 B 4, X AL
JEBigBOSS K Ll LMK, o — TR A RETERR A 5 8 JBOR ELAR % () e AL FE B 4

RIMNAEER TERLER (K (23) ), BT ARME 2RI 185 TR
FH MR EAMRRMREE . RATEER T WM ARG S ERR (REL M
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R B R 0 T RIS, BAER BN FTE RE (D A, Xk
T SR RO KR FORL T T S SO S, Wiol) o B — R T th R ELIE AR 1 T e R
BRI T BB, B R LR S5 1 R B0E R R BE (D IR, SXRE 5 7R 18 B2 i)
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SR TR FE R KKK R, IDES, BigBOSS, LSSTHISKA K& FH KR, FAE A
Mh R E AR R /N, AT URUE R 9 SRR P LR R AR, BT DA T B RS R AR R ok e 2
2 (B MUnACTE ., B THE R, X BigBOSSIK, {1 FH ki 34 b Sk
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Gravitational Lensing and the New Method in Weak

Gravitational Lensing

YANG Xiao-feng!?

(1. Key Laboratory for Research in Galazies and Cosmology, Shanghai Astronomical Observatory, Chi-
nese Academy of Sciences, Shanghai 200030, China; 2. Graduate University of Chinese Academy of
Sciences, Beijing 100049, China )

Abstract: Gravitational lensing is one of the most powerful tools in astrophysics. In par-
ticular it is significant in the explorations of extra-solar planets, in the investigations of the
dark universe (dark matter and dark energy), and in testing gravity at cosmological scales.
The great advantage of gravitational lensing is that it is directly dependent on gravity only,
and does not depend on the nature of dark matter or complicated baryonic physics.

First, we review the fundamental theory and approximations of gravitational lensing
in which matter distribution (such as a stars, galaxies, galaxy clusters or large scale struc-
ture(LSS)) bends light propagating between a distant source and the observer. We discuss
three types of gravitational lensing based on the scale of the lensing system: micro, weak,
and strong lensing and their applications in extra-solar planet searches (micro lensing) and
constraining density profile of dark matter halos (strong lensing). Then we report and review
new progresses in gravitational lensing and introduce a new interpretation of gravitational
lensing by employing the split of wavefront.

Second, we discuss the use of weak lensing in cosmology. Gravitational lensing can be
split into convergence and shear terms. The convergence magnifies the fluxes of background
galaxies by increasing their sizes, while the shear stretches them tangentially around the
foreground mass. Since the distortion of the shape and size of the galaxies is weak and tiny,
significant shear effects can only be detected statistically using large number of background
galaxies. This effect is known as cosmic shear. In the past decade, there are a number of
works focusing on using cosmic shear effect to study the LSS and to constrain cosmological
parameters. However, weak lensing measurements through cosmic shear still suffers from

observational uncertainties and systematics such as the intrinsic alignment and the shape
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error of galaxies.

Finally, we introduce a new method to reconstruct weak lensing through cosmic mag-
nification. The cosmic magnification changes the galaxy number density with respect to the
distortion of images by cosmic shear. The magnification effect of increasing flux and solid
angle either enhances or suppresses galaxy number density, depending on the logarithmic
slope («) of the galaxy luminosity function at the observational flux limit. Cosmic magni-
fication effect introduces extra correlations in galaxy clustering and correlates galaxies at
widely separated redshifts. It has been shown that weighting each background object by its
a—1 can significantly improve the cosmic magnification measurement. However, we find that
this weighting function is optimal only for sparse background populations in which intrinsic
clustering is negligible with respect to shot noise. We derive the optimal weighting function
for the general case including scale dependent and scale independent weights. Our weight-
ing function outperforms the commonly used weighting function o — 1 by larger factors for
surveys with denser background populations. We believe our optimal weighting function for
cosmic magnification measurement will be useful in BigBOSS, CFHTLS, COSMOS, DES,
Euclid, LSST, SKA, WFIRST, etc.

Key words: Gravitational lensing; wave front; cosmic magnification; cosmology; dark

matter; dark energy



