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Gravitational Lensing
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Lensing Geometry & Lensing Equation

Narayan & Blandford 1996
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Weak Lensing Subclass

@ Cluster lensing in a deeper survey SUBARU,
CFHTLens, HST...

@ Galaxy-galaxy lensing



Cluster Lensing
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Figure 1. Left panel: An example of our weak lensing measurement for A2390. The size of Each panel is 12’ x 12’. The stick in each 1’ x’1
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Oquri et al 2010



Galaxy-Galaxy Lensing

Vi(R) 2y = 2(S R) — X(R) = AX(R).

&Es{;Rlﬂs} — &Es,sub{;Ri} + &ES,IIDE'[(_R‘RS}-



01 1 10 01 1 10 01 1 10 01 1 10 3 L ’
r (h' Mpc) r (h' Mpc) r (h' Mpc) r (h' Mpc) 0.1 10 0.1 1 10 0.1 1 10

r (h" Mpc) r (h" Mpc) r (h" Mpc)

Johnston et al 2007



Ellipticity parameters

e.=(Mxx-Myy)/(Mxx+Myy)
ex_(ZMxy)/ (N\xx+N\yy)




How to measure & How weak
e%bs=e"L 2Y7R, R™1-<e?>
Assuming an isofropic distribution of galaxy shape
<e%sy=2R<Y >




Poisson Noise
PN~<e%s5=0+0.14/ /N

Num®= 6x102,| | Num= 8600, Num=1000,PN~0.0044
PN=0.00018| | PN=0.0015 SN~1a for a typical
Shear value

In the absence of other
systematics !!,However... ...




System atics

Calibration bias (per cent)
PSF dilution [=2.2,42.9] [-2.2,440] [-2.8 +3.9
PSF reconstruction == 2l 424 52256
Selection bias 0,5.7] 0, 10.3] [0,11.1]
Shear responsivity error 0.0, 1.7] 0.0, 1.7] 0.0, 1.7]
Noise rectification [—1.0, 0] [—3.8, 0] [—1.2, 0]

Total 20 v/~ (per cent) [—5, +12] [—8, +18] [—6, +19]

Mandelbaum et al 2005




Point Spread Function

B BRE

Intrinsic star Atmosphere and telescope  Detectors measure Image also
{point source) cause a convolution a pixelated image CONLAINS Noise

Intrinsic galaxy Gravitational lensing  Atmosphere and telescope  Detectors measure Image also
(shape unknown) causes a shear (g) cause a convolution a pixelated image contains noise

GREATO8 Handbook, Bridle et
al 2008
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The Structure of Our
Pipeline

| ’J_‘.

Input Gaussianize
Image d image

PSE

: L[W Qe
image age

convolved
with Kernel

Bernstein & Jarvis 2002; Hirata & Seljak 2003



Various Testing Data

@ STEP 2 Massey et al 2007
@ NASA Kaggle competition

® SHERA Mandelbaum et al 2011



Shear TEsting Program 2

Image set PSF description Galaxy type

A D ;

3 3 Typical Subaru PSF (~ 0.6") shapelets

; : Typical Subaru PSF (~ 0.6") pure exponential
: : Enlarged Subaru PSF (~ 0.8") shapelets

Elliptical PSF aligned along x-axis shapelets
Elliptical PSF aligned at 45° shapelets
Circularly symmetric Subaru PSF shapelets

B E |
il (eobs,unrot g eobs,rot)/2 . (4)

i

int,unrot int int,rot

Since e =LlO0, A € , We can use equation (2) to find

 C F ;

: eint+7 —eint—|—7

: | . iy
: <1+7*€1nt i 1_/7*611’113)/
-‘“"\\\\‘\\\\‘\\\\‘\\\\‘\\\““‘:

s ,7* (eint)Q

1 2 3 4 5 6 ™ (e fint \ 27
z [arcsec] 1 (’Y & )
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Averaging this shear estimator over INV/? galaxy pairs now gives a
shot noise error in () of

(gl s

SN error ~ v{(e™)?) =0+~ \© |

(6)










pst type
A
B

C
D
E

F

el_psf
—0.0084
—0.0127
—0.0046

0.1142
—0.0395
—0.0006

ed_psf
0.0114
0.0123
0.0091
0.0220
0.1815
0.0002

el_psf KSB+
—0.0068 £ 0.0010
—0.0066 £ 0.0007
—0.0047 £ 0.0007
0.1149 £ 0.0110
—0.0221 = 0.0014
—0.0001 = 0.0012

e2_pst KSB+
0.0121 £ 0.0007
0.0128 £ 0.0005
0.0097 £ 0.0006
0.0220 £ 0.0014
0.1129 £ 0.0016
0.0001 £ 0.0001

b0

0.35435

0.34930
0.28248
0.29742
0.31819
0.30144

h22
0.01390
0.01737
0.01533
0.02187
0.02561
0.01788

b21
0.00386
0.00139
0.00099
-0.00372
0.00291
-0.00040




STEP2 PSF F
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NASA kaggle competition
$3000.00 bonus
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Last Submission UTC
# Alw Team Name RMSE Entries (Best Submission - Last)

Deepiot’ 0.0150907 16 Sat, 13 Aug 20111 23:38:22 {-26.9h)

Zooma 0.0151276 70 Wed, 17 Aug 2011 17:05:33 (-25.5h)

— e =

Wentao Luo 00170657 Fri, 28 Sep 2012 02:59:05 Post-Deadline

mwilhelm 0.0171998 - sun, 17 Jul 2011 06:04:14
NSchneider 0.0172156 1- Woed, 17 Aug 2011 16:24:53 (-36.1d)
Miaden 0.0174832 Sun, 07 Aug 2011 03:06:53

Wentao Luo 0.0175070 Sun, 14 Aug 2011 22:33:13




SHERA Mandelbaum et
al 2011

Keality /s creel!!
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Group-galaxy lensing from x ray-
optical cross identified groups

Galaxy Groups from SDSS Survey

Galaxies (N=23594)

Yang et al 2007

S
Groups | 14,)

LA

0.01<z<0.20
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12.0<log[M, ]<12.5

o Central
a R,=0.1+0.05 Mpc/h
m R=0.2+0.05 Mpc/h
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o

Yang et al 2006

14.0<log[M, ]<14.5

0 Central
s R.=0.2+0.05 Mpec/h
m R.=04+0.05 Mpec/h
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log [R] (h~'Mpc)




Goerge et al 2012

K ﬂ1 o '“”1'.'{1_'””&11 1 1.0
Physical transverse distance, R (h;, Mpc)




Wang et al 2012



SDSS /Xray
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Luo et al in prep



Accurate PSF Challenge

@ PSF modeling Moffatlets G. Li & W. Luo in
Rek

@ Re-test our pipeline using step2 and
GREATIO in future to make 100% sure



.' 7 - 1 L [.,1”;] [1 + ( T_

g Td,

d

One star in different
data set

Principal Component

Analysis (PCA)

Moffatlets

Gaussianlets

G. Li & W. Luo in prep



° PSF attribute Metrics
G. L l & W. L uo -E[ E} = M'II(L{FNE:: - E.rrue-}z::] ."rz

PSF Ellipticity
arle) = stdev (eoar — e,me],.-‘ﬁf VN

In prep o = ] 10

o (R?) = stdev (R:, — R2,.) [(R2,.) | VN

Index of data set




Y Y

Method Name 1/a(e) a(e)/107% 1/[a(R*)/R?] [o(R%)/R%]/1073

- B-Splines 3053 253 1348 0.742

g = 2pWolp(fi —6:)(6; —6;) [DW 3448 2.90 1212 0.825

- Syl I RBF 3155 3.17 1259 0.704
Lup PP

REBF-thin 2085 3.35 258 (0.795

q11 — gz2 + 2iq12 Kriging 1049 9.53 2.042

2.548

3.604

2.647

2.642

3.1580

2.331

304 3.237

F-'h
-]
]

Gaussianlets 1473

11 + g2z + El"—fll"—?.:'.': — 15 [DW Stk 1058
PSFEx 12749

Shapelets 1256

PCA+Kriging 1339

MoffatGP 2545

Stacking 1441
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Li et al 2010



Why flexion in future?

@ Complementary to shear analysis at smaller
scales

® Sensitive to substructure
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Quantification of Flexion
components

)
v L A B 45 U A 4V A B A\ O 44 82)/1)

G = (01y1 — hyr) +1(01y2 + 0ay1).
Bacon et al 2006; Kaiser 1995 G]. 62




~qu11 + qi122 +1(q112 + g222)
q1111 + 2g1122 + @2222
gi11 — 3qi22 + 1(3q112 — q222)

)

1111 + 2q1122 + q2222

Okura et al 2007; Rowe et al 2012




0.0282 +/—- 0.0130
0.0001 +/— 0.0005

Rowe et
al 2012

—0.3404 +/— 0.0527
-0.0010 +/— 0.0011

0.02 0.04
FIPY Taresec™]




Shear — Fitted
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Velander et al 2011



F=0.009-10.002;G=0.001+10.014



Next Step

® We have to figure our a new high moment
measurement method, because a gaussian
adaptive moment can weight out flexion
information

@ Various systematics: PSF, Poisson noise, light
from central galaxy... ...



Conclusion

@ Accurate image processing are needed to
constraints the systematics under 1% which
is comparable to the statistical error for
LSST

@ Group-galaxy lensing study preliminary
results shows that the most massive galaxies
are closer to the real potential center

@ Moderate flexion can be a powerful fool to
study substructures and complementary to
g-g lensing shear



Thank you!



