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It is a technical report....might be boring.
Sorry in advance.
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Weak Lensing
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Denote the surface brightness

>0

distribution of a galaxy as f(x)

x; = Jxs,

<0
o @
(1)
fi(x)) = fs(xs), Re[vy] O O

where the Jacobi matrix (J) is

J— <1+l€+’71 Y2 ) Im[Y]
Y2 1+k—m
(2)
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Systematics

V1,2 ™~ 0.02
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On-going surveys

KiDS: Kilg Degree Survey DES: Dark Energy Survey
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Estimator



Fourier Power Function Shapelets Shear Estimator

Fourier Power Function Shapelets
o PSF o Ellipticity Definition
e Centroid o Selection Bias
Zhang & Komatsu 2011, Refregier & Bacon 2003,
Zhang, Luo & Foucaud 2015. Massey & Refregier 2005.

HSC deblender+Calibration
Blending bias
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Fourier Power Function

Fourier Transform
The Fourier power function of the galaxy is defined as

fo(k) :/fo(xo)e_""""dzx07

Top-hat aperture
Before Fourier Transform

T(x) = {1, |x — xc| < rewt ’ 3)

0, |X - Xc‘ Z Feut

The aperture radius ratio a = reut/rg
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Noise Power Function

Model the noise
power function and
subtract it for each

galaxy

Fo—F, (4

0.00058 0.031 0.091 021 045 093 19 38
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PSF Revision

PSF Effect
PSF Effect is regarded as a convolution between lensed galaxy (f;) and
PSF (g).

o) = / Pxfi(xo — x)g(x) (5)

The PSF effect can be removed by dividing the PSF Fourier power

function (G) from the observed galaxy Fourier power function
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Polar Shapelets

Polar shapelet basis vectors (Quantum Harmonic Oscillator in polar
coordinates)

C1)=1mD/2 ([ — (ml)/2 ) 2
o) = S { o Iy

glml+1 m[(n+ |m|)/2]!

2
m| y|m| r —r2/202 _—imf
ALy o=l (G2>e /27" e,

where L‘ l‘m‘ is the Laguerre polynomials.

PrOJectmg Fourier Power function onto shapelet basis
Mpm = / i F(r,0)rdrdd. (7)

Denote 3 = 0 /rpze and § < 1.
« defines the boundary of galaxies and § defines the smoothing scale.
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Shapelet basis vectors

M22¢
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Transform of shapelet modes

Transformation of shapelet modes (Ma;) under influence of shear:

M = Moo — 771(/\400 — Mao) + V371 Maace + V32 Mags,

/3 (8)
Maos = Mops — 772(/\400 — Mao) — V372 Maac + V371 Maas.
(Maae) = — =71 (Moo — Mao) ,
9)
(Maos) = —==~2 (Moo — Mao)

Only need 4 shapelet modes to infer shear (Zhang & Komatsu 2011).
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Normalization

o Mo o Moo
. M00+C7 2 MOO"’C.
fo V2 MMy s

2 My +C

the transformation of the FPFS ellipticity under the influence of shear is
given as follows

M M.
e = & — 71R1+\f’y1- +\f2 fas

Moo + Moo + C’

Maa Myq
R, — V3 X VB
=& — ks 3vo=—"— Moo c L Moo + C
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Shear Estimator

_ _ Maas
61 = & — R+ VB [3y, Mt
! Dt rhMoo'FC 72M00+C
Maac Maas
Ro — vV3v,— +V3y
=& — ks 3vo=—"— Moo + C 1M00+C

With unbiased selection, the shear estimator is
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Test and Calibration

Great3 HSC-like simulations

A2 = (L+mi2)ve + o, (11)

where my > is termed multiplicative bias, ¢ o is termed additive bias. 17/35



Simulation v.s. Observation
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< Mhoe + Nooc > ” < Moo > (12)
Moo + C + Noo Moo + C
Taylor expansion

M. N, M. N,
22¢ + N2oc _ 22¢ (1+( 00 )2) (13)
In order to limit noise bias below one percent, it is necessary to adjust
C > 100p.
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Noise bias and weight

Weight dependence on v

Accuracy dependence on v Precision dependence on v
10° 0.60
1071 4 0.55
_ © 0.50
e g 1072 ‘g’"
- S
0.45
107t
1073 4
v=8 040+ —— Shape Noise
v=16 —— Shape+ Pixel Noise
20 40 60 80 1 2 3 a 1 2 3 4
snr v v
C .
v=x, which

is the normalized weighting parameter.
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Boundary («) and Smoothing (/)

m(1072)
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Selection bias

\
D

7
Galaxies randomly
Slight alignment

distributed

average Q average 0

The FPFS flux is defined as
—
Moo + C’
and the transformation of FPFS flux under the influence of shear

s=5+V2mea(l-s)+vV2ne(l-s).
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Selection bias

m(1072)

. S/N Resolution FPFS Flux
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Blending

Deblend or not

sample & setup ~ m;(1072) c1(107%) m(1072) c(107%)

S3ND —0.25+0.22 0.75+056 0.034+0.23 —0.714+0.59

S3D —571+£024 333£060 —-559+0.24 —1.06=+0.60

S4ND —-168+£0.27 024+£0.71 -1.11+£0.23 0.19 + 0.57

S4D —5.83+041 127+1.06 —-559+0.30 —-0.714+0.75
Note

For these simulations, blended galaxies are influenced by the same share.
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Blending

Realistic samples containing blended galaxies.

Calibrated Estimator

Model the multiplicative bias as a 00
function of FPFS flux (s) and then -2s
revise the shear estimator. o
A (e1,2) T s
812= 57— vpo - g
((1+ m(s))Ru2) ® oo
The calibration factor (m) is s
determined by sample 4 of the -150
GREAT3 HSC-like simulations s
(Mandelbaum et al. 2018). ° 2° 0 o
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Calibration uncertainty

Sub-Sample with different PSF properties
sample §m(1072) §c(107)
1st quartile 0.88£ 056 —2.15+1.48
2nd quartile  —0.36 4+ 0.30 2.034+0.73
3rd quartile  —0.49 4+ 0.54 1.83+1.35
4th quartile —0.70+0.86 —1.33+2.23
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Application to Hyper
Suprime-Cam (HSC)




According to Lu et. al (2016),

Choose bright stars, and the corresponding PSF;

Simulate galaxies distorted by input shears;

Convolve with star image and deconvolve with PSF image;

estimate input shear and get biases m and ¢y ».
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<rxgr>(arcmin x 1072)

<rxgx>(arcmin x 1072)

Random Point
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Esys( 107°)

star galaxy correlation
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Lens Catalogs

Lens catalogs
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Galaxy-galaxy lensing

Results
Excess Surface Density Ratio
102 1.8
CAMIRA <ratio>=0.98 £ 0.01
SDSS-Group 1] <ratio>=0.96+0.03
SDSS-ICG <ratio>=0.99 +0.05

AS  (hMo/pc?)

1071 4
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1.0 10.0 1.0 10.0

R(h~Mpc) R(h~Mpc)
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mass map

HECTOMAP
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E(B)-mode

PDF of E(B)-mode

10°
® E-mode
&<
1 ,l‘ '\‘ X  B-mode
10771 ,’ \ === Gaussian
/ \\!
102 4 * \
2 / \ 0@
o %/ \\><
2 -3 [} e
c 1073 4 / \
/
> / \ [ J
c §l “x
1074 4 / \ Py
ll \‘ [ J °
1073 5 §l' \ X
/ \
]
1076 L —! . . . — .
-8 -6 -4 -2 0 2 4 6 8
Klo

35/35



Thanks




	Weak Lensing
	Fourier Power Function Shapelets (FPFS) Shear Estimator
	Fourier Power Function
	Shapelets

	Application to Hyper Suprime-Cam (HSC)
	PSF Tests
	Null Tests
	Galaxy-galaxy lensing
	Mass Map Reconstruction

	Thanks

